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Invalidity of 8,582,789 in view of Digital Hearing Aid Systems

On information and belief, systems comprising a digital hearing aid, receiver, and remote transmitter (“Digital Hearing Aid systems” or “DHA
systems’’) were sold, on—sale, in public use, or otherwise publicly available prior to the earliest priority date of U.S. Patent No. 8,582,789 (“*789
patent”) and qualify as prior art to the *789 patent at least under pre-AIA 35 U.S.C. §§ 102(a) and/or (b). DHA systems anticipate or, alone or with
other references, render obvious, one or more of the Asserted Claims of the *789 patent.

The chart below illustrates how exemplary DHA system render the Asserted Claims of the *789 patent invalid as anticipated or obvious over the
DHA systems alone or in view of additional secondary references, including but not limited to the references listed below and prior art identified in
Defendant’s Invalidity Contentions. One exemplary DHA system identified in this claim chart includes, for example, the Phonak Perseo digital
hearing aid, MicroLink receiver, and Campus S transmitter (“Phonak system’), which were sold, on—sale, in public use, or otherwise publicly
available at least as early as April 2003. The Phonak system is evidenced by, for example, the Phonak Perseo Brochure, Phonak Campus S User
Guide, and Phonak — MicroLink User Guide, which published at least as early as the earliest claimed priority date of the *789 patent, as well as the
additional information cited herein.

The citations and descriptions provided herein refer to the Phonak system as a representative system demonstrating the relevant prior art features and
functionality of the DHA systems, and is not intended to limit the invalidity contentions to this specific implementation. On the contrary, as
demonstrated herein, components of the DHA systems, including the receiver and transmitter, could be used interchangeably with different hearing
aids or compatible systems. Additionally, the hearing aid device could have an integrated receiver within a unified assembly. Accordingly, the chart
identifies other examples of exemplary components that could be substituted for or used interchangeably with the Microlink receiver and/or Campus
S transmitter, including but not limited to the Oticon DigiFocus Compact digital hearing aid. Moreover, and as discussed in greater detail in the
following chart, the prior art DHA systems may comprise one or more of the following components which could be used interchangeably and include
substantially similar structures and functionality:

. Digital Hearing Aids: Phonak: Perseo, Perso with PersonalLogic, Claro 11, Claro 22, Claro 21dAZ, Claro dAZ, Claro dAZ FM, Supero 411,
Supero 412, PicoForte3 SC-D, PicoForte3, SuperFront, Clasica, Aero 11, Aero 22, Aero 23 mZ, Aero 33, MicroZoom P2 AZ, Astro SC, Astro MC,
Aero 211, Aero 211 AZ, Aero 311, Aero 311 AZ, Supero 412, Supero 413 AZ, Piconet 2 P2, Piconet P2 AZ, SonoForte P3 AZ, PowerZoom P4 AZ,
NovoForte E3, NovoForte E4, Conversa, Unison; Oticon, Inc.: DigiFocus Compact, Syncro; Starkey Hearing Technologies: Genesis 4, Genesis DX
with one or more of Precision Audio Imaging, Axent II, Sequel, Endeavour, Arista; Siemens Hearing Instruments, Inc.: Acuris with e2e wireless,
Triano, Signia Select, Prisma 2, Music, Music Digital, Phoenix, Phoenix Pro, Infiniti 3; GN ReSound: ReSound Air; Sonic Innovations Inc.: Natura 3
with DIRECTIONALplus, Natura 2 SE, Altair, Tribute, Adesso; Widex: Senso Diva; Micro-Tech: Denali, Caballo, Dx3; Microsound A/S:
Microsound Pilot with Eartunner; University Wisconsin + Nicolet Instrument Corp.: Project Phoenix; and any other prior art digital hearing aids
devices, including, but not limited to devices offered by the following manufacturers: Argosy, Audifon, Beltone, Danavox, Hanaston, Interton,
Oticon Philips, Phonak, Rexton, Siemens, Sonic Innovations, Unitron, and Widex.

. Receivers: Phonak: MicroLink (MLx S, ML 8, MLxi, ML3-ML7), MicroVox RX2

. Transmitters: Phonak: SmartLink, Campus S, ClearCall, SoundPilot FM, WatchPilot Classic, WatchPilot Elegance, MAXX, CrosLink,
HandyMic

On information and belief, other configurations, models, or embodiments may also satisfy one or more claim limitations, and the inclusion of the

examples identified in this chart do not preclude the existence or applicability of alternative implementations. Defendant reserves the right to
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supplement, amend, or otherwise update these contentions as additional information becomes available, including but not limited to information
obtained through discovery.

To the extent IngenioSpec contends the DHA systems do not disclose one or more limitations of the claims, it would have been obvious to combine
the DHA systems with the knowledge of a person of ordinary skill in the art (“POSITA”) and/or with one or more of the following references to
render the Asserted Claims the 789 patent invalid:

. US5721783 (“Anderson *783”) was filed on June 7, 1995, and issued on February 24, 1998, and is therefore prior art under 35 U.S.C. §§ 102
(a), (b), and (e).

. US2004/0136555A1 (“Enzmann *555”) was filed on January 13, 2003, and published on July 15, 2004, and issued on February 24, 1998, and
is therefore prior art under 35 U.S.C. § 102 (e). Enzmann ’555 is a printed patent publication that issued as U.S. Patent No. 5,721,783

(“Enzmann ’783”), which also qualifies as prior art to the *789 patent at least under pre-AIA 35 U.S.C. § 102(e). Enzmann ’555 and Enzmann ’783
all have corresponding disclosures, and citation herein to Enzmann ’555 includes and incorporates by reference citations to the corresponding
disclosures in Enzmann ’783.

. US20040170086A1 (“Mayer 086”) was filed on October 23, 2003 with a priority date of October 27, 2002, and published on September 2,
2004, and is therefore prior art under 35 U.S.C. § 102 (e).

. WO1998031193A1 (“Fretz *193”) was filed on January 9, 1998, and published on July 16, 1998, and is therefore prior art under 35 U.S.C. §
102(b), (e).

For any claim limitation, Defendant may rely on excerpts cited for any other limitation and/or additional excerpts not set forth fully herein to the
extent necessary to provide further explanation for a reference’s disclosure of a limitation. Where an excerpt refers to or discusses a figure or figure
items, that figure and any additional descriptions of that figure should be understood to be incorporated by reference as if set forth fully herein.

With respect to the proposed modifications to the DHA system, such modification would have been obvious to try, an obvious combination of prior
art elements according to known methods to yield predictable results, a simple substitution of one known element for another to obtain predictable
results, a use of known techniques to improve a similar devices or method in the same way, an application of a known technique to a known device
or method ready for improvement to yield predictable results, a variation of a known work in one field of endeavor for use in either the same field or
a different one based on design incentives or other market forces with variations that are predictable to a POSITA, and/or obvious in view of
teachings, suggestions, and motivations in the prior art that would have led a POSITA to modify or combine the prior art references.

To the extent that these Invalidity Contentions rely on or otherwise embody particular interpretations of terms or phrases in the asserted claims,
Defendant is not proposing any such interpretations as proper interpretations or constructions of those terms or phrases. Various positions put forth in
this document are predicated on IngenioSpec’s apparent interpretation of its claims as evidenced by its Infringement Contentions. Those positions are
not intended to and do not necessarily reflect Defendant’s interpretation of the true and proper scope of the asserted claims. Defendant further
incorporates by reference all reservations of rights set forth in the Invalidity Contentions, as if fully set forth herein.

Defendant’s arguments throughout these invalidity contentions are based on IngenioSpec’s apparent interpretation of the claims in its infringement
contentions. Defendant does not agree that such interpretation is proper and reserve the right to argue that the mapped actions do not infringe any
claims of the *789 patent. In the alternative, should the Court or factfinder construe and/or apply the claims in a manner consistent with
IngenioSpec’s interpretations in its infringement contentions for the 789 patent, the claims are invalid for at least the reasons set forth herein.
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Claims

Prior Art

I[pre]. A hearing enhancement
system for a user, comprising:

To the extent the preamble is limiting, DHA Systems and Anderson 783 expressly or inherently disclose “[a]
hearing enhancement system for a user.”

DHA Systems are hearing aids used in conjunction with a transmitter and/or a receiver, and are examples of
the claimed “hearing enhancement system.” The following citations show examples of where DHA Systems
practice this limitation.

Phonak — Perseo Brochure at Page 5

The Science of PersonallLogic*

Phonak has applied knowledge from new research and past experience to add a new dimension of individualized logic to
automatic hearing systems - Personal Logic. Combining new and proven features, Personal Logic optimizes the

functioning, operation and fitting of hearing systems for each individual user.

Thanks to Personal Logic, Perseo takes customization to a level beyond “custom-fitted” related to individual hearing loss.
The new digital system from Phonak is the first hearing system with customized automatic operation, as opposed

to operation based on factory set, unchangeable rules. Now, Perseo gives hearing professionals control over automatic
operation, allowing them to provide clients with a hearing system “custom-tailored” to their personal hearing requirements

and tastes.
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Claims

Prior Art

Phonak — Perseo Brochure at Page 7

Convenience and Comfort

Perseo is easier to wear and easier to fit

For true "wear and hear” convenience and comfort in
all situations, Perseo automatic operation is managed
by Phonak-exclusive Personal Logic.

This breakthrough intelligence for automatic hearing

instruments responds to acoustics, the listening

situation and personal listening pre

Persen is easily programmed for ind
the Listening Situation Manager.

Phonak — Perseo Brochure at Page 15

The perfectly integrated communication system

FM MicroLink

M technology has allowed thousands of
children to participate in standard education
settings and to be actively involved in social
activities. Fhonak pioneered this development
and the integration of FM into hearing
instruments to produce communication
systems that are effective in even the most
demanding situations. Since the innovation
of miniaturized Phonak Microlink systems,
FM has become an important solution also
for adults with a high communication need

in work and leisure environments.

All Persea BTEs have been designed to
incorporate MicroLink with its fully integrated
appearance and operation. This integrated

system is unigue to Phonak.

ferences.

mwidual needs using

Clarity

Enhanced performance in multiple listening situations

The Clarity Component Enhancement system realized
in Digital Perception Processing? (DPP2) increases the
clanty of speech and envirenmental sounds.

Rapid-tracking Adaptive digital AudioZoom [dAZ)
is automatically activated to improve speech
understanding in noisy situations.

For extra comfort and ease of listening, the Fine-scale
Moise Canceler selectively reduces background noise
in 20 channels.

Optional MicroLink FM provides the ultimate Speech-
to-Moise Ratio enhancement.

‘Specch-to-Noise Ratio (SNR) as a function of distance between speaker and listener

+20 dB 0dB -BdB
In noise as the a0 +30 == Speech
distance between the intensity
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Claims

Prior Art

Phonak — Perseo Brochure at Page 28

Perseo 311 dAZ Forte 4
Perseo 311 dAZ Forte FM Remote controls FM Transmitters

'[
.
FM solutions HandyMic*
Adaptive digital AudiaZoom

Telecail
TacTronic Switch

OFTIONS
Control beeps

Remate control WatchFilatz
and SoundFilot

Ear Simulator data
72 dB max gain
135 dB SPL max output

2ecdats®
65 dB max. gain
130 4B SPL max.output

TelCom™

i o

s boso leo hose baeoo oo e SoundPilot™ Campus 5*

ECERELEEE

Phonak and Other DHA — Manufacturers News Article at Page 1

STAFA, SWITZERLAND—Phonak has
introduced EduLink, which i predicis
will contribute greatly to the susccessdful
treatment d-fhildr:n w['lJ'i .I'l.l.di:nr}' FrD-
cessng disorders (ADs). This new device
i‘ an 'm 5|.'|.‘ lhu 'lmsmiu 1]" 1ﬂfh:r\=
voice, using FM technology, direaly to
|.I-|: d'lildl! car, II'".L‘ :ir:n[“l:f’ I'\Dl‘.l.m:ll.'lg
ambicnt and background nois for
improved speech discrimination. Edulink
is desipned 1o complement existing ther-
JPII'_E il.'l 11“ reatmeent ﬂr Ihumj.
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Claims

Prior Art

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 2

People with sensorineural hearing loss need a more favorable signal-to-noise ratio to
understand speech than do normal hearing listeners. Research has shown that hearing
impaired listeners may reqguire signal-to-noise improvements of 4 dB to 18 dB, depending
on the magnitude of their hearing loss to achieve word-recognition scores equivalent to
those with normal hearing.

FM systems are able to improve the signal-to-noise ratio. FM systems improve the user's
ahility to understand speech in the presence of noise. Since the sound is deliverad by FM
radic waves, the strength and quality of the sound remains constant (across the
operational distance) from the speaker to the hearing impaired individual. FM systems
consist of & microphone usually placed four to six inches from the sound source, and a
transmitter, which sends the signal via radio waves directly to the miniature FM receiver,
which is connected to the personal hearing instrument. In other words, the entire Fi
system is a complete broadcasting and receiving system.

Importantly, when using FM systems, the effects of background noise and reverberation
are minimal. These factors help reduce background noise while enhancing and stabilizing
the main sound source.,

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 4

Phonak FM systermns operate on an FM radio signal in the 216-217 MHz bands. These
bands have been assigned by the FCC for use with equipment by the hard of hearing.
There are 23 narrow band channels available from Phonak in this frequency range. In
order for the transmitter and receiver to operate as a system, they must be on the same
frequency or "channel”. All Phonak FR transmitters and receivers are compatible with
every other model of transmitter and receiver in the Phanak product line. Each transmitter
and receiver channel "frequency’ is identified with a number. The number of the
transmitter and FM receiver must be the same for these units to function together
correctly.

Fid Transmitters and FiM Receivers are available in many sizes and shapes to offer
increased functionality, We will detail some of the Phonak equipment below:
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Claims

Prior Art

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

2- HandyMic TX3

The microphone with a built-in transmitter, used primarily for adults. The rulti-
microphone technology of the HandyMic combines omni directional, directional, and
super directional microphones with an FM transmitter, The compact HandyMic transmits
the speaker's voice directly to the hearing instrurnent user's FM receiver.

The HandyMic can be set up directly in front of the sound source, slipped into the
speaker's shirt pocket, or aimead at the speaker manually. With an audio cablg, the
HandyMic can also be connected to a sound system. As with all other Phonak FM
products, the HandyMic has a range of 7 to 15 meters (23 to 50 feet).

For business meetings, round table discussions, family gatherings, in a car, on a noisy
street, at home

Phonak Campus-S-User-Manual at Page 8

1) Pres= one of the channel selection buttons for 2 seconds.
A = sclects a higher channel ¥ = selects a lower channel

7] Press the Direct Frequency Synchronization [DFS) button 5 for
2 seconds to send the selected fregquency to the receiver (MLxS or Perseo/Claro dAZ
FM).
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Claims

Prior Art

Phonak — Claro 211 Product Information at Page 1

M features ‘Warld's smallest FM microchip
Compatible with all Phonak M tansmitters
Cordle=s T¥ and Radio link up
M per L ponding to sudiclogical fitting
Soft Squelch system
Built in antenna
Band H {173~ 185 MHz); band 1 186201 MHz);
tand N [207-217 MHz)

Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the: sound source or even connected directhy to TW or HiFi

The transmitter wnit collects the desired signal and transmits it via radio
waves directly to the FM module integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is procesced

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or accoeding to an individual FM program.

Phonak — Collections 2002 Product List at Page 2

ar

{

Supero 413 AF
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Claims

Prior Art

Phonak — Collections 2002 Product List at Page 5

Elite

(Digital Perception

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise
control

«Claro’s digital sound processing with a human perspective
Pracessing)

- AutcSelect: Excellent speech intelligitility in any listening

Digital
me BIE Remote controls
| Claro 11 (Clare 11 dAZ SoundFilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Clar 77 (Clam 311 dA7 WatchFilot Classic
(Clare 111 dAZ FM
Claro 211 dAZ M
(Clar 311 dAZ M

Elite Line features:

- Clear, natural scund with
precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

- High lewel of wser convenience

with automatic hearing program
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.

BIE case [Claro dAZ FM)

+ M receiver fully integrated in the

Phonak — Collections 2002 Product List at Page 11

Aern Supera Fils2 E-FROM Astro
= IME ETE ETE ITE BTE BTE IME
Aero 11 Az 211 Supen 412 Microfoom F? AF || Piconel? P MNovolorte B3 Astmo 5C
Ao 37 Aemo 211 AF Supem 413 AF Mconel2 P2 AF Movolorte B4 Asiro MC
APrD 33mE AR 311 Somaforie? P3AS
Ao 313 A I AS PowerZoom P4 AT
Remote controls | Remote controls Remote controls
Soundfilot FM DHC-2 DESC-3
WaachFilot Blegance | DHC-4 SlimLine
WiatchFilot Oae=ic
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Claims

Prior Art

Phonak — Collections 2002 Product List at Page 31

Phonak FM provides a dramatic improvement of speech imtelligibility
because the signal is picked up directly at the source (the speaker’s woice,
the television’s audio channel, or the telephone receiver] and i then
trarsmitted without wires to the miniaturised receiver. The receiver
[Phonak Microlink MLx or MicroViox RX2) supplies a high-quality signal
directly to the speech processor of the user's cochllear implant.

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 6

Mizar Gt Hemsg  Winpmabetion ML pEnbtios
MLzt ot munment  Drcbied Enahied
Owokfd  OPAIMI  MiNEmshe  Fishbstion ingges
comecisd foa HI ‘between Wilxd on™
an"MLxiair fiong
r Nt peesaiie 1o pre
PR tnggle hrtween
" oM and HhdLxi o
& Ty <t e ogges
+ + . et M ooy
- and PR b
OwaicFd  OPAIY=  Midsmwhes  Finhition igyes

comecied ioa HI between ML on”

are "MLxialr fong
Selechon between  pres)

r P oy’ and

'I /% MM Em SeeSmbewe

piate inthe bearing Fhanly and
Inmament

.L. Thle M ke
+ + - placein the Beariag
DypamkiM PN Mo Midkonwhes  Pushbstion gy
comectedDaHl between M on
and WLl ol fong
f prezi
i
" ﬁ‘ '
L 4
++ =

DyumiciM DFAIFs  Midkonwhes  Fushbution oggies
comecied to 3 HI betwsen WL o™
and “MLx i flong

f P oy’ and
F b | MM bl Seterfion betwsen
.l ﬁ] | place inthe hearing  Fhoaky and
- \ arament
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Claims

Prior Art

Phonak — Media Release re Product Offerings in F2003/2004 at Page 3

Phonak Communications introduces the new MicroLink receivers with frequency
synthesizer

Phonak Communications will intreduce its new multi frequency MLx 5 and MLS 5 receivers
in the next few months. MLx 5 and ML8 5 are the counterpart of Campus 5 transmitters,
already introduced early 200Z. Together, they comprise the new synthesized FM system
generation, a system that transmits, without wires, speech to the hearing instrument in
difficult listening situations.

The key technology of the new system is its easy frequency adaptation. Given the exirems
design constraints (low voltage, low power, miniature dimensions), the development of this
technology represents an unprecedented breakthrough in wireless communication
techmaology.

Phonak — Microlink User Guide at Page 2

Phonak — Microlink User Guide at Page 6

The direct-input technique

Uszing the audio cable supplied with the system, the HandyMic can be
connccted directly to any sound system, including a TV, radio,
walkman, movie projector, amphfier, cassette-player etc.

e
-
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Claims

Prior Art

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 7

= & patient who uses 332 Power AudioZooms with 8% amd 20%
discrimination had not been able ta use the phone fior the past few
vears, After using the T4, he has been sble to communicate on the
phone and he feels that his understanding on the phone is now about
F5%.

# A patient with a severe-to-profound unilateral hearing loss vith
28% discrimination has been struggling to use the phone, He tried the
T¥4 and this allowed him to hear well on the phone for the first time in
AT YEars,

TelCom User Guide at Page 2

Thank you for choosing the TelCom FM transmitter.

The TelCom is a high-quality Swiss made preduct from Phonak, a world leader in
hearing technology, innovation and reliability. It enhances communication on the tele-
phone and optimizes hearing when watching television, or listening to other audio
equipment [e.g. radio, CD player, personal computer,).

The wireless TelCom FM transmitter [FM = Frequency Modulation) sends the sound
[eg. television or telephonie) to the FM receivers on the hearing instruments of the
person listening.

We recommend that you read this manwal carefully to fully benefit from the many
TelCom features. With proper care and usage, your TelCom will support your listening
and communication needs for many years.

Phonak - the leader in FM communication.

Lewis — Speech perception in noise: directional microphones (2004) at Page 428

study participanis. These subjects used a
Phonic Ear 805 CT) BTE hearing instrument
that had the capability to swilch between
omnidirectional and directional microphone
modes. The Phonic Ear 441T microphone
transmitier and the Phonic Ear 4458 FM
receiver served as the FM system. Speech
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Claims

Prior Art

Lewis — Speech perception in noise: directional microphones (2004) at Page 429

(2) binaural digital Phonak Claro 311
dA¥ BTE hearing aids alone in the
omnidirectional microphone mode;

(3) binaural digital Phonak Claro 311
dA¥ BTE hearing aids alone in the
directional (adaptive) microphone
maode;

(4) monaural digital Phonak Claro 311
dA¥ BTE HA utilized with one
Phonak Microlink FM receiver with
the EM attenuated (FM-only mode)
and one Phonak Clare 311 dAX BTE
HA in the omnidirectional
microphone mode worn on the
opposite ear; and

(5) binaural digital Phonak Claro 311
dAZ BTE hearing aids utilized with
binaural Phonak Microlink FM
receivere with the EM attenuated
(FM-only made).

Lewis — Speech perception in noise: directional microphones (2004) at Page 431

All subjects were fit with digital Phonak
Claro 311 dAZ BTE hearing aids hilaterally.
All earmolds had select-a-vent (SAY]) venting
and #13 or 3 mm horn tubing. In addition to
the hearing aids, subjects were fit with
Phonak Microlink MLE& FM receivers
bilaterally. These FM receivers attach to the
bottom of a BTE hearing aid and may be
utilized in either the “FM only™ mode, which
attenuates the hearing aid microphone by
20 dB, or in the FM plus hearing aid mode,
which allows for FM input and input of
environmental sounds via the hearing aid
microphones simultaneously at the same
output level. The Phonsk TX3 HandyMic FM
transmitier served as the FM transmitter.
This transmitter has three microphone
options: (1) Wide Angle, which picks up
sounds arriving from all directions around the
transmitter microphone equally; (2) #oom,
which provides reduced amplification to
signals arriving from the rear (eardioid); and
{3} SuperZoom, which provides reduced
amplification to signals originating from the
rear and the sides (hypercardicidl. The
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Claims

Prior Art

Oticon — DigiFocus Compact User Instructional Brochure at Page 11

5. Telecoil use in church, theatre, or cinema (optional feature)

An increasing number of churches, theatres and public buildings have
assistive listening devices installed, usually induction loops. These sys-
tems send out wireless sound to be intercepted by the telecoil in yvour
hearing instruments. Ask vour hearing care professional for details.

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ’783 discloses wireless
communication between an earpiece and a remote processing unit (RPU) connected to a wireless device such
as a cellular telephone, which is an example of the claimed “hearing enhancement system.” The following
citations show examples of where Anderson 783 discloses this limitation.

Anderson 783 at Abstract

A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.
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Claims

Prior Art

Anderson 783 at FIG. 1

Unit Circuitry

I 1=]
1Y ,\\S*Z/LK A !
T - L
N ) \ r“‘f\\{\\\ R a Optional
p gmote '] Secondary
AR w | TOCESSOT =M= i ratass Link
N\ |

FIG. |

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
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confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
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successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitation. Anderson 783 discloses a system that includes a hearing aid device and an RPU.
Anderson ’783 at Abstract. DHA Systems similarly include Digital Hearing Aids (with or without Receivers)
and Transmitters in wireless communication. Phonak — Fitting Guide for MLxi and MLxi Baha at Page 6. A
POSITA would have understood that Anderson *783’s RPU is analogous to DHA Systems’ Transmitters, and
Anderson 783’s hearing aid device is analogous to DHA Systems’ Digital Hearing Aids and/or Receivers.
Combining or substituting one or more of the teachings of Anderson ’783 with those of DHA Systems would
have been nothing more than the combination or substitution of known elements to obtain predictable results.
Moreover, such combinations or substitutions would have improved similar devices (those in Anderson *783
and DHA systems) in the same or similar ways. Thus, a POSITA would have been motivated to combine
DHA Systems with the teachings of Anderson *783 .

A POSITA would have had a reasonable expectation of success in combining DHA Systems with the
teachings of Anderson ’783. Anderson *783’s techniques are broadly applicable to hearing aid devices and
were “well-known techniques” used in hearing aids—analogous to DHA Systems’ Digital Hearing Aids.
Anderson *783, 1:5-18. Further, DHA Systems already utilize wireless controls and transmission, so
implementing the teachings of Anderson to apply controls and wireless transmission to a phone rather than a
Transmitter would have been routine and conventional in light of the teachings of Anderson *783. DHA
Systems and Anderson 789 are thus easily combined based on similar and familiar components to allow for
power amplification. The modifications made to combine Anderson 783 and DHA Systems would have been
routine and well within the level of a POSITA, who would have reasonably expected success in doing so.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[1a] an audio system configured to | DHA Systems and Anderson 783 expressly or inherently disclose “an audio system configured to receive
receive input signals for input signals for broadcasting, and configured to up-convert the received input signals into up-converted
broadcasting, and configured to signals to be wirelessly transmitted.”

up-convert the received input
signals into up-converted signals
to be wirelessly transmitted;

DHA Systems include Transmitters that receive audio signals from a microphone (e.g., input signals). DHA
Systems also transmits audio signals to the Digital Hearing Aids or Receivers through FM transmission,
which a POSITA would have understood includes “up-convert[ing]” by the Transmitter for wireless
transmission after the signals are up—converted by a processor to enhance those signals. The following
citations show examples of where DHA Systems practice this limitation.
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Phonak — Perseo Brochure at Page 15

The perfectly integrated communication system

FM MicroLink

M technology has allowed thousands of
children to participate in standard education
settings and to be actively involved in social
activities. Phonak pioneered this development
and the integration of FM into hearing
instruments to produce communication
systems that are effective in even the most
demanding situations. Since the innovation
of miniaturized Phonak MicroLink systems,
FM has become an important solution also
for adults with a high communication need

in work and leisure environments.

All Persea BTEs have been designed to
incorporate MicroLink with its fully integrated
appearance and operation. This integrated

system is unique to Phonak.

STAFA, SWITZERLAND—Phonak has
introduced EduLink, which i predicis
will contribute greatly to the susccessdful
treatment d-fhildr:n w['lJ'i .I'l.l.di:nl-f I.'er-
cessng disorders (ADs). This new device
i‘ an l.-I'.i.r 5|.'|.‘ lhu 'lmsmiu 1]" '|E.I:hl:r\=
voice, using FM technology, direaly to
|.I-|: d'lildl! car, II'".L‘ I:ir:n[wl:f' I'Dl‘.l.u.cll.‘lg
ambicnt and background nois for
improved speech discrimination. Edulink
is desipned 1o complement existing ther-
JPlI'_‘ il.'l 11“ reatmeent ﬂr Ihupl.].

Speech-to-Noise Ratio [SNR) as a function of distance between speaker and listener

+20 dB 0dE -8dB
In noise as the a0 +30 = Sllﬂ"-‘h
distance between the intensity
speaker and listener 80 +20
increases the SNR de- I — Ambicnt
creases dramatically. 70 < +10 Fe=
0 I < 60 dB SPL
[t~
50 1 -0
dB SPL SNR (dB)
20 cm 15m 4m
Speech-to-Noise Ratio without FM is distance dependent
15m ) 4m ,
P f {

=

..\\\\.I ﬂ ..\\'\\.I
b RIS 1K
W) | )

o o ot
) ) @

Without FM  SNR = 0 dB Without FM  5SNR = -8 dB

Phonak and Other DHA — Manufacturers News Article at Page 1
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Phonak and Other DHA — Manufacturers News Article at Page 2

Phonok applies frequency synthesizer
rq'lﬂnik .Ilu il'll.tgl‘l:d a now d.igiul rlt"
quency synthestoer into several produces
ll-t (hml:ﬂ.l! & lﬁ.l'lm'lill:r. -I‘.lr_iigl'll:d rﬂr
use in learning environments; dhe
Micralink MLx5S, the Persen, the Claro
dAZ FM 8, and the Micolink CI 5
mlm rﬂr ﬂD:I'lII'.:: [l'l'l P].II'II: sCrs. I-I't
digital synthesier simplifies frequency
mln%:rﬂ.tﬂl il.'l Khm]‘ lnd i‘ iﬂlcrlM
to close the gap between children with
ll'd wil:l.'lnul: l'lﬂ.l'lrlg IUB.

This mulei-frequency  technology
Cnﬂhll’_‘ d'lildltrl “{lh hEIrinE irﬂ'lrl.l.l'l'l:l'lu
to mewve fredy between clasrooms, with-
ot |l'|l: l'll:d rm' rltqu:m:«' rl:‘-ml.il.‘lg. FDr
wrarers and teachers, the now FM vech-
m‘lngf’ mcams :l'lmd ﬂﬂ;bl‘lil.}', cnsur-
ing that childnen ard ot tochnical Emees

ane II'II: fucus ﬂrl:l'll: ﬂll.lﬂ.l:;ﬂl'l Fm.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 2

People with sensorineural hearing loss need a more favorable signal-to-noise ratio to
understand speech than do normal hearing listeners, Research has shown that hearing
impaired listeners may reqguire signal-to-noise improvements of 4 dB to 18 dB, depending
an the magnitude of their hearing loss to achieve word-recognition scores equivalent to
those with normal hearing.

FM systems are able to improve the signal-to-noise ratio. FM systems improve the user's
ahility to understand speech in the presence of noise. Since the sound is delivered by FiM
radio waves, the strength and quality of the sound remains constant (across the
operational distance) from the speaker to the hearing impaired individual. FM systems
consist of & microphone usually placed four to six inches from the sound source, and a
transmitter, which sends the signal via radic waves directly to the miniature FM receiver,
which is connected to the personal hearing instrument. In other words, the entire Fid
system i5 a complete broadcasting and receiving system.

Importantly, when using FM systems, the effects of background noise and reverberation
are minimal. These factors help reduce background noise while enhancing and stabilizing
the main sound source.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 4

Phonak FM systemns operate on an FM radio signal in the 216-217 MHz bands. These
bands have been assigned by the FCC for use with equipment by the hard of hearing.
There are 23 narrow band channels available from Phonak in this freguency range. In
order for the transmitter and receiver to cperate as a system, they must be on the same
frequency or "channel”. All Phonak FB transmitters and receivers are compatible with
every other model of transmitter and receiver in the Phonak product line. Each transmitter
and receiver channel 'frequency’ is identified with a number. The number of the
transmitter and FM receiver must be the same for these units to function together
correctly.

Fr Transmitters and FM Receivers are available in many sizes and shapes to offer
increased functionality, We will detail some of the Phonak equipment bealow:

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

2- HandyMic TX3

The microphone with a built-in transmitter, used primarily for adults. The multi-
microphone technology of the HandyMic combines omni directional, directional, and
super directional microphones with an FM transmitter. The compact HandyMic transmits
the speaker's voice directly to the hearing instrurnent user's FM receiver,

The HandyMic can be set up directly in front of the sound source, slipped into the
speaker’s shirt pocket, or aimead at the speaker manually. With an audic cable, the
HandyMic can also be connected to a sound system. As with all other Phonak FM
products, the HandyMic has a range of 7 to 15 meters (23 to 50 feet).

For business meetings, round table discussions, family gatherings, in a car, on a noisy
street, at home
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

The Phonak Campus S is a new addition to the Phonak preduct line - this multi-channel
FM transmitter is developed for use in schools, universities and speech therapy. It is fully
compatible with current Phonak FM products, and ready for operation with future
generations of Phonak FM receivers.

Campus S special features include a channel selector with digital display, an ergonomic
user interface, a microphone with switchable directional [ omni directional characteristics,
handy storage for the microphone cable, connection to televisions, video recorders and
radios, and an easily exchanged rechargeable battery.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 6

4- TelCom

Phonak's TelCom is a stationary FM transmitter that allows optimized television,
telephone, and audio system usage. While the user watches TV or listens to music,
TelCom assures that the telephone will be heard when it rings. When the call is answered,
TelCom automatically mutes the audio signal and transmits the caller's voice to the FM
receiver. This does not affect the volume of the loudspeakers for others in the room.
When the handset is replaced, the audic signal transmitted to the hearing instruments is
returned to the previous volume setting. TelCom is equipped with a frequency synthesizer
for convenient setting of FM frequencies; it has a range of 7 to 15 meters (23 to 50 feet).

For televisicn, telephone, CD player, radio, perscnal computer and other equipment with
audio output

Phonak Campus-S-User-Manual at Page 1

Description

) On/off button r Carrying clip

£) Channel selection buttons {{) Battery compartment
£} FM channel in use £ Audio socket

([} Battery status indicator 1. Battery charger socket
& Direct frequency synchronization 1L Label for your initials

(& There are different microphone options
available [see page 6]
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Phonak Campus-S-User-Manual at Page 2

Welcome to the world of multi-frequency FM
communication.

By choosing the Campus 5, you now possess a state-of-the-art FM transmitter that
delivers maximum performance in conjunction with the latest multi-frequency

MicroLink receivers and the WallPilot, while retaining full compatibility with regular
MicroLink receivers.

This new FM system is extremely flexible in use and sets new standards for communi-
cation in the educational sector. It also performs excellently in other settings.

The Campus 5 is a Swiss quality product that will make your communication much
casier for many years to come.

Phonak Campus-S-User-Manual at Page 3

Multi-frequency FM system components

i} Campus 5:
Multi-frequency FM transmitter, specially recommended for educational applications.

£ WallPilot:
Automatic frequency synchronizer, tunes receivers to a room frequency as people enter.
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Phonak Campus-S-User-Manual at Page 12

Connecting the Campus 5 to a TV set, video recorder,
radio or CD player

Mudio cable

' Headphone symbal on TViradio et e

audio equipment like TV sets, video recorders, radios and CD players.

) Plug the audio cable into the headphone output of your audio equipment.
) Plug the other end of the cable into the audio input underneath your Campus 5.

Since the Campus 5 uses the microphone cable as an antenna, unroll the
microphone cable.

Phonak Campus-S-User-Manual at Page 13

& directional

omnidirectional

=y
™l

£} Switch on your Campus 5 and the microphone, then the audio equipment.

This microphone allows you to talk directly to listeners while

showing a video, for example. If you prefer not to speak, switch off (X) the microphone.

Should your audio equipment not have a 3.5 mm connector please ask your hearing
care professional for adapters for 6.3 mm jacks, RCAJCinch or SCART connectors.

Phonak — Claro 211 Product Information at Page 1

FM Features ‘Warld's smallest FM microchip
Compatible with all Phonak FW tansmitters
Cordless TV and Radio link up
M per L ponding to sudiclogical fitting
Soft Squelch system
Built in antenna
Band H {173~ 185 MHz); band 1 [ 1B6- 201 MHz;
band M (207217 MHz)

Page 25 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 25



Claims

Prior Art

Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the sound source or even connected directhy to TW ar HiFi

The transmitter wnit collects the desired signal and tramsmits it via radia
waves directly to the FM medule integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is procesced

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or accoeding to an individual FM program.

Phonak — Collections 2002 Product List at Page 3
]

FM 28

Phonak’s unique FM solutions deliver
unprecedented speech intelligibility to
overcome excessive noise, reverberation and
distance. Users of Phonak BTE instruments and
users of many other instrument brands can
benefit from FM solutions.

Campus 5 Mix
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Phonak — Collections 2002 Product List at Page 11

Digital Digitally programmabde
HAero Supera FilS2 E-FROM Astro
= ME ETE ETE ITE BTE BTE e
Ao 11 Aemo 211 Supem 412 Microfoom F? AF | Piconel? F? Movolorte E3 Asino 5C
Aero 77 Aem 21 A7 Supern 413 A7 Piconet? F? AF | Novoforte E4 Asino MC
ACTD 33 A 311 Sonoforte? PI AF
Aoro 13 Aerm 10 AF PowerZnom P4 AF
Remote controls | Remote controls Remote controls
Soundfilot F DHC-2 DHC-3
Waschfilot Blegance | DHC-A SlmLine
WizichFilot Oasic

Phonak — Collections 2002 Product List at Page 28

FM transmitters:

P -

HandyMic TelCom Campuz 5
The un | traremitter designed Optimizes the use of the telephone, Superh frequency flexibility - ideal
expecially for adults ¥, radio, and other sudfio sources for esfucationall envisonments.
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Phonak — Collections 2002 Product List at Page 29

Phonak’s FM solutions:

For maximum speech intelligibility

Whenever even Latest-

Phonak ions i the SNR by 12 to

instriments approach their physical fimits - naise,
reverberation, or distance - count an Phanak's FM
salutions to defiver maximum speech intelligibility:

The frequent diffculties encountered by hearing
instriment sers when watching TV and mating
phone calks can be avercome with Phonak’s FM
technology.

Recommended applications:

Dialog:
For examgle at home. an a busy street.
at the shapping mal o in a restaurant.

m Group discussions:
For example at a family get-together,
i 2 very noisy restaurant. at business
‘meetings ar eonferences.

E Making telephone calls:
The Phorsk FM system provides access to
the many capabiliies of madern
telecommunications devices.

Watching TV and listening to music:
Phanak FM provides access to the entire
spectrum of today’s information and
entertainment technologies.

048

‘The FM systems by Phonak can be used with the
majority of commercially available BTE instruments
and cochlear implants.

E Schools and eontinuing education:
Far examgle in classes at schoals and
universities, on outings and excursions, in
IeCtures or on mMuSeUm tours.

a Transportation:
Far examgle in cars, trains, trams and buses.

Sports of all kinds:
=) For example when cycling, plaving gol,
sking. jeging e hiking

B Events:
For example at the theater, in concerts, at
‘the mavies, in church services or at
‘community meetings.

Phonak — Collections 2002 Product List at Page 31

Phonak AW provides a dramatic improvement of speech intelligibility
because the signal is picked up directly at the source (the speaker’s woice,
the television's audio channel, or the telephone receiver] and is then
trarsmitted without wires to the miniaturised receiver. The receiver
{Pheonak Microlink MLx or Microbiox RE2) supplies a high-quality signal
directly to the speech processor of the user's cochllear implant.
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Phonak — Fitting Guide for MLxi and MLxi Baha at Page 6
i I

Do Ml DA Mo ML bon whes Furshbation ipggies

comecisd foa HI ‘between Wilxd on”
and WLl ol fong
r Nt persle 1 pre
f L oggiehetmen
" [ oM and L o
| T oniy” sharl paeh logges
+ + — ‘between M only”
and F N
ComkHd  DPAIF=  Mixboawhes  Fushbution loggies
comecied o a Hi ‘between Wiix on”
and WL ol fong
Selechonbetween  pren)
f P oy’ and
J o T Seberon between.
‘l I place i the hearing  Fhaaly” and
e inirament Fh N Lakes
+ + — place i the Beanng
DypamkiM PN Mo Midkonwhes  Pushbstion gy
comectedDaHl between M on

+
¥
]

DyumiciM DFAIFs  Midkonwhes  Fushbution oggies
comecied to 3 HI Ibetwsen Wil o™

and WLl ol fong
Sefecnbetween e
f il oty 3
AL T e Sebcon betwoes
.l | place inthe hearing  Fhoaky and
’ h. mstrament TFhls N t3krs
L — . place i the Beaniag
+ + = e

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 9

INSRIGm DynaMic SrmartLink+ Zoamlinkt Easylink+
imespire i 3 Dymamic FM DryraMic is the Smartlnks is the foomlink: & the Easglimks mthe
traremitter for teachers and peraround microphone for M transmitter for those FM transmitter for those who M tramsmitter that
suitzhie fior e in both e Mubtilzler whao want nothing bmeow what they want & Fiest o Operate.

requiar and spevial schook: Metwork with imspina le=zs tcan Ehee wery best.
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Phonak — Fitting Guide for MLxi and MLxi Baha at Page 9

inspira

Classic FM inspiro is ideally suited to the
meeds of both regular and sperial schood
teachers.

1 Easylink ) )

] An eazy-1o-use transmitter featuring one
| configurable microphone mode, 2 single

activation button, and an audis input.

Compatible with all Phonak FM receivers.

SmariLink

An advamced FM transmitter for teenagers
and adults. Smartlink features 3 microphaone
modes, Blueteoth connectivity for cellphone
use, an audio input and a hearing instrument
remuobe contred. [t is compatide with all Phonak
FM receivers.

Zoomlink

A wersatile tramsmitter that features

1 microphone modes and an sudio imput fior
multimedia wse. Compatible with @l Phonzk
M receivers

Phonak — FM Transmitters including Campus S and TelCom at Page 1

FM Transmitters on S
Campus 5
- Thanks to its advanced synthesizer technology,

Campus 3 is extremely flexible when it comes m

mulfi-classroom applications. When moving from

one room to the next, the channel selection feature
Campug 3 allowes the new channel settings to be made quickly and
{click to enlarge)  conveniently. The tamsmittes’s channals can be
preprogrammed to auit individoal needs.

These and other wseful features, as the lavpe-format LCD, the buili-m cabls
rewmd., the multifunctional microphone or the simplified power
management makes Campus 3 to the top transmitter in design, technology
and convenienoe.
For use in all teaching environments {class rooms. excorsions.
guided tours, conferences, and meetings),
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Phonak — FM Transmitters including Campus S and TelCom at Page 1

TelCom

Phonak's TelCom is the first stationary M transmsiter
that allowrs aptimized television, telephone, and
audio sysiem nsage.

While the user watches TV or L2tens to music, TelCom

TelCom assures that the telephone will be heard when it rings,
{click to enlarge) When the call is angwesed, TelCom automaticaily
mutes the audio signal and transmits the caller's voice

clearly and crizply. This does not affect the volume of the loudspeakers for
others in the room, When the handsget is replaced, the audio signal
trangmitted to the hearmyg mstruments 15 tumed back up to the preyvious
violume setting. The TelCom has an operating range of 7 o 15 meters (23
iz 50 fmet),

Faor television, telephone, C player, radin, personal compnter and

other equipment with audio owtput,

Phonak — History of Various Hearing Aid Manufacturers at Page 5

2001
TelCom - For combined television and telephone reception

TelCom is the first stationary FM transmitter for
combined use with television (also radio, personal
computer, CO-player) and telephone. Although the
television can be heard loud and clear, the
telephone ringing signal can be heard
simultaneausly . When the telephone is picked up,

Phonak — History of Various Hearing Aid Manufacturers at Page 6
Campus S = Top marks in FM Communication

|+ Campus 5 The Campus S is a state-of-the-art FM transmitter

FM transmitter specially developed for use in schools, universities,
and speach therapy. Thanks to its advanced
synthesizer technolagy, Campus 5 Is extremely
flexible when It comes ta multi-classroomm
applications.
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Phonak — Lewis Article re ML8 Improving Speech Perception in Noise with Directional Microphones and

Frequency Modulation (FM) Technology (2002) at Page 2

Personal FM systems have also been shown to improve speech intelligibility in noise
(Hawkins, 1984; Fabry, 1924; Crandell & Smalding, 2000). Past investigations have
dernonstrated that the utilization of FM technology can improve speech intelligibility in
noise by as much as 20-25 dB (see Crandell and Smaldino, 2000). With a personal Fi
system, the speaker's veice is picked-up via FM wireless microphone located near the
speaker's mouth - where the effects of reverberation, distance, and noise are minimal.
The FM system converts the acoustic signal to an electrical waveform at the microphane,
and the signal is transmitted via FM signal, from the transmitter to the receiver. Both the
transmitter and the receiver are tuned to the same transmitting and receiving frequency.
At the receiver end, the electrical signal is amplified, converted back to an acoustical
waveform and conveyed to the listener.

Phonak — Media Release re Product Offerings in F2003/2004 at Page 3

Phonak Communications introduces the new MicroLink receivers with frequency
synthesizer

Phonak Communications will introeduce its new multi frequency MLx 5 and MLS 5 receivers
in the next few months. MLx 5 and ML8 5 are the counterpart of Campus 5 transmitters,
already introduced early 200Z. Together, they comprise the new synthesized FM system
generation, a system that transmits, without wires, speech to the hearing instrument in
difficult listening situations.

The key technology of the new system is its easy frequency adaptation. Given the exirems
design constraints (low voltage, low power, miniature dimensions), the development of this
technology represents an unprecedented breakthrough in wireless communication
techmaology.

Phonak — Microlink User Guide at Page 2

The desired signal — for example, a speaker’s voice or
the sound from a TV — is picked up by the microphone
which iz placed near to the source of the sound. The
transmitter sends an FM signal to the receaver, which
immediately relays this to the hearing instrument for
you to hear — erystal clear!

Page 32 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 32



Claims

Prior Art

Phonak — Microlink User Guide at Page 2

Phonak — Microlink User Guide at Page 6

The direct-input technique

Using the audio cable supplicd with the system, the HandyMic can be
connected directly to any sound system, mcluding a TV, radio,
walkman, movie projector, amphfier, cassette-player etc.

Phonak — Microlink User Guide at Page 17
TX2

Description

@  Microphone socket

@ OnACd swilch

@ Auo Input socket for conneciing TX2 dirsclly
0 extemal sudo equipment

{e.g. TV, medio, lape reconder alc.)

‘Color code for chanme! identification
Humber code for exact channal ientiication

[Batiery compartment
LLow batiery warning light
Clip with naims and address label

B3B8 8
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Phonak — Microlink User Guide at Page 35
RX2 recelver PFM-1/COM-1

Description "

o Output Sockat B
& Hearing Instrument connecting cable wilh Infegraled serial =T 5
£ PlugHn, color-coded frequency module —
# Number coge for exact channe! identiication
% Baflery comparment

& Low batiery Indicator ight

i Mo bransmission waming Indcator

@ ONAOIT switch

@ Clip wilh name and eddress labal
© Volume controf =

| Q-
e
@ PFM-1: irequency commection switch (D)

COM-1: output Impedanca swiich (L) )
@ Hearng Instrument microphane aflenuating switch B "2?97;10
{onity avallaiie on PFM recelvers) ~—l

P

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 3

The transmitter can be worn around the neck, in a pocket, or set
on atable, There is 2 coated wire antenna approximately 12° lang
attached to the transmitter. The authors found it beneficial to
tape the antenna to the nedt loop cord prowvided with the syshem.
This keeps the antenna from maoving around where it is prone to
getting caught on clothing or other objects. We have had several
patients who returned with the antenna broken ar vha had the
protective tlp corme off,

The TX3 can be plugged Into external sources such as television,
radio, CD players, etc. Judging from anecdotal reparts, this
featura has increased our study participants’ enjoymeant of TV and
music substantially, They have been amazad at how they can walk
ot of & rooim and still hear the rmusic or TV program, [t has added
a lot of flexibility to thelr Ihves.

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 3

There Is also a new phome transmitter called the TX4 or Tel-Comn
(Flgure 2. It|s a conleal space-age-looking device that attaches to
the phone. It can also be used as an exbernal sound source for
television, radio, CD players, etc. This can serve 2s more of a
permanent system than the T3, which has to be

hooked ‘unhooked from an external source. Therafore, a patient
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Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 4

The TH4 can be used for television, radio, stereo, or CD player,
making it flexible for external sound sources. It also allows for
binawral hearing on the telephane. Cr, if the patient has good
dexterity, hefshe can have one ear listening to the phone and one
to the room conversation, if needed.

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 7

= & patient who uses 332 Power AudioZooms with 82 and 20%
discrimination had not been able ta use the phone fior the past few
vears, After using the T4, he has been sble to communicate on the
phone and he feels that his understanding on the phone is now about
F5%.

# A patient with a severe-to-profound unilateral hearing loss vith
28% discrimination has been struggling to use the phone, He tried the
T¥4 and this allowed him to hear well on the phone for the first time in
AT YEars,

TelCom User Guide at Page 2

Thank you for choosing the TelCom FM transmitter.

The TelCom is a high-quality Swiss made product from Phonak, a world leader in
hearing technology, innovation and reliability. It enhances communication on the tele-
phone and optimizes hearing when watching television, or listening to other audio
equipment [e.g. radio, CD player, personal computer,..).

The wireless TelCom FM transmitter [FM = Frequency Modulation) sends the sound
[e.g. television or telephonie) to the FM receivers on the hearing instruments of the
person listening.

We recommend that you read this manwal carefully to fully benefit from the many
TelCom features. With proper care and usage, your TelCom will support your listening
and communication needs for many years.

Phonak - the leader in FM communication.
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TelCom User Guide at Page 3
What is TelCom

* TelCom is a stationary FM transmitter.

It boosts the sound from television or any other audio equipment

[e.g.. Personal Computer, CD-player, radio) without disturbing others.

It allows you to hear the telephone ringing at any time.

The television sound is switched off automatically when the telephone is answered.
The person calling can be heard loud and clear.

When the telephone receiver is replaced, the television sound will return auto-
matically.

* To use this system hearing instruments fitted with FM receivers are required.

Lewis — Speech perception in noise: directional microphones (2004) at Page 428

study participanis. These subjects used a
Phonic Ear 805 CI) BTE hearing instrument
that had the capability to swilch between
omnidirectional and directional microphone
modes. The Phonic Ear 441T microphone
transmitter and the Phonic Ear 4458 FM
receiver served as the FM system. Speech

Lewis — Speech perception in noise: directional microphones (2004) at Page 429

FM technology was used. As previously
mentioned, Phonak Corporation developed a
new personal FM system receiver, the Phonak
Microlink, which does not utilize wires or a
body-worn box like its predecessors. This
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Lewis — Speech perception in noise: directional microphones (2004) at Page 429

(2) binaural digital Phonak Claro 311
dA¥ BTE hearing aids alone in the
omnidirectional microphone mode;

(3) binaural digital Phonak Claro 311
dA¥ BTE hearing aids alone in the
directional (adaptive) microphone
maode;

(4) monaural digital Phonak Claro 311
dA¥ BTE HA utilized with one
Phonak Microlink FM receiver with
the EM attenuated (FM-only mode)
and one Phonak Clare 311 dAX BTE
HA in the omnidirectional
microphone mode worn on the
opposite ear; and

(5) binaural digital Phonak Claro 311
dAZ BTE hearing aids utilized with
binaural Phonak Microlink FM
receivere with the EM attenuated
(FM-only made).

Lewis — Speech perception in noise: directional microphones (2004) at Page 431

All subjects were fit with digital Phonak
Claro 311 dAZ BTE hearing aids hilaterally.
All earmolds had select-a-vent (SAY]) venting
and #13 or 3 mm horn tubing. In addition to
the hearing aids, subjects were fit with
Phonak Microlink MLE& FM receivers
bilaterally. These FM receivers attach to the
bottom of a BTE hearing aid and may be
utilized in either the “FM only™ mode, which
attenuates the hearing aid microphone by
20 dB, or in the FM plus hearing aid mode,
which allows for FM input and input of
environmental sounds via the hearing aid
microphones simultaneously at the same
output level. The Phonsk TX3 HandyMic FM
transmitier served as the FM transmitter.
This transmitter has three microphone
options: (1) Wide Angle, which picks up
sounds arriving from all directions around the
transmitter microphone equally; (2) #oom,
which provides reduced amplification to
signals arriving from the rear (eardioid); and
{3} SuperZoom, which provides reduced
amplification to signals originating from the
rear and the sides (hypercardicidl. The
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Oticon — DigiFocus Compact User Instructional Brochure at Page 11

5. Telecoil use in church, theatre, or cinema (optional feature)

An increasing number of churches, theatres and public buildings have

assistive listening devices installed, usually induction loops. These sys-

tems send out wireless sound to be intercepted by the telecoil in yvour
hearing instruments. Ask vour hearing care professional for details.

Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomfiortable to be wired to @ computer This “con

&LFid il-:_' fpaling can bo avoided by uiing tha OtlSet programming balt, wiie h
I worn on the shoulder. The programming belt provides cordless infrared
communication betwean the PC and thi hearing Instrument while in the s
s Irernatively, vou may use the HI-PRO interface for a wined solution

(iSet offere & choice of three differant views of the fitting. The Audiological
View provides a visual guide to instrument perfonmance ||! Pomar Ly :I;'.
sound environments. The Technical View INustrates traditional technica
formation such as coupler data and Insertion gain at differant input levels
With (ke Binaural ".-lr-l:- vou am phle (o examine seitings for bath right anil
laft instruments at the same limo

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ’783 discloses that its
earpiece is configured to receive sounds from the ambient environment from a wireless device (e.g., input
signals), to be wirelessly transmitted to the earpiece (e.g., broadcast), after the signals are up—converted by the
RPU. The following citations show examples of where Anderson ’783 discloses this limitation.

Anderson 783 at Abstract

A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
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operation.

Anderson 783 at FIG. 1

-
~

Ta

6 19
[ .
8 Optional
FRP’"'“‘E | Sacondary
rur:e.ssor 1 wiratess Link
Unit Circuitry
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Anderson 783 at FIG. 2

Secondary
Wireless Link 29

Remote Processor

Earpiece Unit 23\\ Y
22~ e A -——
\_I,_ [ o7 /26 1
=== | : {
| Headset 21 | | M || Signal O—t—q |
| II F2 | | XMTR Enhancer | |
| ! |
| T | 24 '. I
|//| FM . H MIC
! LT R RCVR o~ |
| Wireless ./ | | / |
| Microphone 20 | | SDP'DTh Cordless or |
e | "iac Cellular I
| Telephone |
| Handset 28 |
R
FIG. 2
Anderson °783 at FIG. 4
e Hep-!.
Antanna
40
fl?'
— -M —3
' 5760 MHz | Ve
L._..__...___..._._I <
Interrogation —e ™
45 46
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44
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Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.
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Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson *783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson 783 at 6:50-52
For widespread application, it is preferred that the system allow operation of many units in close
proximity without mutual interference.

Anderson *783 at 10:21-24
Replies from the earpiece 10 transponder 13 to the RPU 16 reply processor contain a synchronizing pulse,
audio data from the earpiece 10 to the RPU 16, an auxiliary bit and a parity bit.
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Anderson 783 at 12:20-32
During the reply interval 52, a modulated (via modulator 830) low-power 60 MHz oscillator 835 is
applied to voltage point V1, causing the diode 43 to turn on and off at a 60 MHz rate and act as a mixer.
The mixer diode 43 generates frequency components centered at the difference frequency of 5700 MHz
and the sum frequency of 5820 MHz. The 5820 MHz sum component passes through the resonator 42,
and forms the reply which is wirelessly transmitted from the earpiece transponder antenna 40 to the RPU
reply processor circuitry. The earpiece 60 MHz oscillator 835, which is only turned on during the reply
interval, changes phase at specified points in time to generate the DPSK reply data.

Anderson 783 at 14:2-13
When the RPU interrogator must communicate with more than one earpiece transponder, the time slot and
antenna selection information is stored in the RPU DSP 948 separately for each transponder. The time slot
selection procedure may or may not force other interrogators to change their time slot selections due to
interference, depending on relative geometry considerations described later in this section. For all cases,
however, the procedure just described allows large numbers of similar units to operate in close proximity
even under conditions of worst-case mutual RF interference geometry.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
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optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

A POSITA would have been motivated to combine DHA Systems and the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[1b] a wireless receiver configured | DHA Systems and Anderson *783 expressly or inherently disclose “a wireless receiver configured to
to wirelessly receive the up- wirelessly receive the up-converted signals.”

converted signals; DHA Systems include Receivers and/or Digital Hearing Aids (e.g., the claimed “wireless receiver’”) which

receive audio signals from the Transmitters. The following citations show examples of where DHA Systems
practice this limitation.
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Phonak — Perseo Brochure at Page 15

The perfectly integrated communication system

FM MicroLink

M technology has allowed thousands of
children to participate in standard education
settings and to be actively involved in social
activities. Phonak pioneered this development
and the integration of FM into hearing
instruments to produce communication
systems that are effective in even the most
demanding situations. Since the innovation
of miniaturized Phonak MicroLink systems,
FM has become an important solution also
for adults with a high communication need

in work and leisure environments.

All Persea BTEs have been designed to
incorporate MicroLink with its fully integrated
appearance and operation. This integrated

system is unique to Phonak.

Speech-to-Noise Ratio [SNR) as a function of distance between speaker and listener

+20 dB 0dE -BdB
In noise as the a0 +30 = Spmh
distance between the intensity
speaker and listener 80 +20
increases the SNR de- I — Ambicnt
creases dramatically. 70 ~] +10 noise level

50 0 60 dB SPL

50 1 -0

dB SPL SNR (dB)
20 cm 15m 4m

Without FM  SNR = 0 dB

9

Without FM  5SNR = -8 dB
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Phonak — Perseo Brochure at Page 20
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Phonak — Perseo Brochure at Page 28

Perseo 311 dAZ Forte 4
Perseo 311 dAZ Forte FM Remote controls FM Transmitters

(r

FM solutions HandyMic*

Adaptive digital AudicZoom WatchPilot“2
Telecail
TacTronic Switch

OFTIONS

Contral beeps

Remate control WatchFilatz
and SoundFilot

Ear Simulator data
72 dB max gain
135 dB SPL max output

2ecdats®
65 dB max. gain
130 4B SPL max.output

TelCom™

™
™
- £ "
= “
-
b
®
=
w

s boso leo hose baeoo oo e SoundPilot™ Campus 5*
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Phonak — BTE Elite Article at Page 1

Persen — the ontstanding features place Perseo in a class of ity own

PersonalLagic makes Perseo the first digital hearing sysiem with
petsonalized automatic operation. PersonalLogie selects the
appropriate base program and continually adapts its paraneters to
suif the aeeds of the wearer,

Dual-base automatic allows processing and features to be
saparately adjusted for quiet and noisy sitgations for optimuam
automatic petformance. Adjustments for noise never disrupt
adjustments for quiet and vice versa.

Digital Perception Processing (DPP) with Clarity Component
Enhancement: Invreased clarty and sound quality also in loud
environments, Processing in 20 eritical bands.

Perzonal System Managers: Expericnce Manager, Dynamic
Feedback Manager, Occlusion Manages, and Liztening Situation
Manager for easy and individual adjustmaent of Personal Logie.
Multi-programs

Fust tracking Adaptive digital AvdieZoom (dAZ) to separate
actively speech from background noize.

Fine-scale Noise Canceler in 20 channels.

TacTronic program switch

Optignal remote control

FM compatible

Wind and weather protection

Fashion Color Line (choice among 12 attractive colors)
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 2

People with sensorineural hearing loss need a more favorable signal-to-noise ratio to
understand speech than do normal hearing listeners. Research has shown that hearing
impaired listeners may reqguire signal-to-noise improvements of 4 dB to 18 dB, depending
on the magnitude of their hearing loss to achieve word-recognition scores equivalent to
those with normal hearing.

FM systems are able to improve the signal-to-noise ratio. FM systems improve the user's
ahility to understand speech in the presence of noise. Since the sound is deliverad by FM
radic waves, the strength and quality of the sound remains constant (across the
operational distance) from the speaker to the hearing impaired individual. FM systems
consist of & microphone usually placed four to six inches from the sound source, and a
transmitter, which sends the signal via radio waves directly to the miniature FM receiver,
which is connected to the personal hearing instrument. In other words, the entire Fi
system is a complete broadcasting and receiving system.

Importantly, when using FM systems, the effects of background noise and reverberation
are minimal. These factors help reduce background noise while enhancing and stabilizing
the main sound source.,

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 4

Phonak FM systermns operate on an FM radio signal in the 216-217 MHz bands. These
bands have been assigned by the FCC for use with equipment by the hard of hearing.
There are 23 narrow band channels available from Phonak in this frequency range. In
order for the transmitter and receiver to operate as a system, they must be on the same
frequency or "channel”. All Phonak FR transmitters and receivers are compatible with
every other model of transmitter and receiver in the Phanak product line. Each transmitter
and receiver channel "frequency’ is identified with a number. The number of the
transmitter and FM receiver must be the same for these units to function together
correctly.

Fid Transmitters and FiM Receivers are available in many sizes and shapes to offer
increased functionality, We will detail some of the Phonak equipment below:
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 7
1- MicroLink ML3-7

MicroLink is the smallest FM receiver available on the market today. It is integrated inm an
audio shoe that simply clips on to the hearing instrurment. It can remain lockad in place or
removed again in seconds. AFC (automatic frequency control) effectively prevents
distortion. The soft-squelch system suppresses noise. The ML FM receiver features the
ability to easily switch between numerous frequency channels, The MicroLink receivers
are compatible with all Phonak BTE instruments.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 7

2- MicroLink MLx

This miniature FM receiver is compatible with all Phonak BTE instruments and has a
standardized Euro connector that allows it to be used with most other makes of ETE
hearing aids on the market today. Many leading hearing ald manufacturers such as
Oticon, GN Resound, Siemens, Sonic Innovations, Unitron, and Widex have developed
mechanical interfaces that allow users to combine their BTEs with MicroLink MLx. This
close cooperation with other major hearing instrument manufacturers has dramatically
expanded FM benefits for hearing-impaired children and adults.

The small, cubed-shaped MicroLink MLx attaches directly to the base of the audio shoe
and receives FM signals from all Phonak wireless transmitters. The MLx 'Universal' FM
receiver has a three-position switch. The three-position switch allows the MLx user to
change the function of the wireless receiver as listening conditions change.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 8
3~ MicroVox RX2 COM-1

The MicroVox RX2 COM-1is a small and lightweight FM receiver. With the COM-1 audio
interface, the connection of an induction loop is very simple. The loop is worn around the
neck, and the hearing aids receive the signal inductively via the telephone coil. A special
feature of the MicroVax RX2 COM-11is that it can also be connectad to the audio input of

the speech processor in a cochlea implant. Most implant manufacturers use compatible
audio inputs.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 8
4~ MicroVox RX2 PFM-1

This FM receiver has a direct output for hearing instruments so it can be connected to the
audio shoes of Phonak BTEs and other BTE instrument makes. Like the COM-1, this FM
receiver has easily interchangeable plug-in frequency modules. The color-coded
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 9
5- Claro dAZ FM

Claro dAZ FM combines two highly advanced systems for signal processing and signal
reception. The Signal-to-Noise Ratio is dramatically improved with Digital Perception
Processing, Adaptive digital AudicZ”oom, the Fine-scale Noise Canceler, and Phonak's FM
technology. The FM functions can be controlled directly at the instrument with the
TacTrenic switch or with the SoundPilot FM or WatchPilet remote controls,

Phonak Campus-S-User-Manual at Page 4

) N

Miniaturized multi-frequency FM receiver for BTE instruments from Phonak and most
other manufacterers.

Perseo/Claro dAZ FM:
Miniaturized multi-frequency FM receiver with the same functionality as the MLxS,

integrated with the shell design.
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Phonak — Claro 211 Product Information at Page 1
Digital, automatic, BTE hearing imnstrument with FM module integrated into the streamlined housing.
Featuring Phonak’s Digital Perception Processing (DPP), three hearing programs and automatic program selec-
tion for quiet and for environments with speech in broadband noise. Includes Adaptive digital AudioZoom for
optimization of Speech in noise and the Fine-scale Moise Canceler. Manual control wia the TacTronic switch or

the optional mini remate control SoundPilot FM or the remote control WatchPilot.

Phonak — Claro 211 Product Information at Page 1

M features ‘Warld's smallest M microchip
Compatible with all Phonak FM transmitters
Cordless TV and Radic link up
M performance comresponding to audiological fitting
Saft Squelch system
Built in antenna
Band H {173~ 165 MHz); band 1 186201 MHz);
band N (207217 MHz)

Phonak — Claro 211 Product Information at Page 1

Ear hook HE4 330

Broadband receiver

Miniature electret dual micro-
phanes (protected inputs)
TacTronic switch

FM socket with BTE serial num-
ber and integrated program-
ming sockef

FM module

Battery compartment with Fi
medule serial number

@ Battery cower combined with
optional LR identification
andjfor tamperproof system

m
@

3]

= 0m
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Phonak — Claro 211 Product Information at Page 1

Processing Digital Perception Processing (DPF)
features iin 20 critical bands
{Gaiin and output controdled by DPP
3 hearing prn-gmrns[f mute mode]:
* Quizthdapt for hearing in relative quist
* NoizeAdapt for kearing speech in noise
* Program 3 telephone default [other choices awailable)
Il programs: FM and P+
MurtoSelect: automatic switching between
DuietAdapt and NoiseAdapt
Claro's noise suppression technologies
= Adaptive digital Awdicfoom (4AF]
# Fine-scale Moize Canceler in 20 bands
* Soft squelch

Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the: sound source or even connected directhy to TW or HiFi

The transmitter wnit collects the desired signal and transmits it via radio
waves directly to the FM module integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is procesced

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or accoeding to an individual FM program.

Phonak Claro — A World First from Phonak at Page 1
Increased communication capabilities: top models with integrated FM technology

Ome of the outstanding features of the top-of-the-line Claro BTE (Behind-The-Ear] model is the
cordless FM technalogy found in the well-known Phonak MicroLink system. Far the first time ever,
this radio receiver has been completely Integrated In a hearing system. This means that the
instrument now has all the advantages of wireless communication technology, such as spasch
transmission over distance, in environmenis with a high level of reverberation amd in noiss
[conferences, schoaols, etc.). The hearng computer can be tumed info & fully-fledged communication
system which in many shtuations ls actually superlor to the natural, healthy ear.

Phonak Claro — Remote control WatchPilot and Claro dAZ at Page 1

Clarc from Phonak, the first bionic, fully digital hearing computer, sets new standards in
hearing instrument technology. At the 45th Infernational Congress of Hearing Aid
Aeousticians in Cologne (Octaber 5 = T) the Swiss company, whose name 2 synonymous
with high-tech innovation, presents twe more werld-firsts: WatchPilot, a wristwatceh with an
integrated hearing system remote control, and Claro dAZ FM haaring computers, a fully
digital hearing system with an integrated miniature radio receiver. At the same time, Phonak
will be unveiling Clare 311 dAZ, the most powerful behind-the-ear instrument in the Claro line
to date. "The new products represent major advances in hearing instrument technology,”
says Peter Pfluger, CED of the Phonak Group. "We are giving hearing impaired individuals an
improved quality of life and helping to turn the hearing instrument into a mademn
communication system."
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Phonak Claro - Technology of the Digital Future at Page 2

e T O T P e

L2 FM tecimology
The first hearing computer with an integrated FM
TECRIVEL
[nterference-free commumication, even with high
levels of ncise of echo, of at & distance, are the
Claro - integrated  advantages offersd by the degipn of the Claro series -
FM receiver integrating the smallest and most highly-developed
FM sysrem in the wocld.

Phonak Claro — World Premiere at Page 1

Cutting-edge chip technology points the way forward

This phenamenal technical breakthrough is based an six years of intsnse research and development
wark during which it was possible for the first time ever to fully integrate psychoacousiic perceptian
muodels of the ear. As a result, It has been possible to simulate the function of the so-called "20
critical bandg” in the inner ear and to achieve an unpracedented natural hearing experience. This
sophisticated, highly complex system goes by the name Digital Perception Procsssing (DFP) and is
based on the most advanced chip generstion currently availahle. The chip architecture is built
around 0.25um technology, which permits Fast Fourier Transformation (FFT) processes combined
with very low power consumplion. According to Andreas Rihs, it means there is slill a great deal of
potential for extanding the chip’s performance and this cpens the door to some highly interssting
developments on the same chip basis in the future.

The advent of a genuine communication'hearing computer

The impressive, state-of-the-art technology is combined with an exclusive, all-round communication
concept based on the components Diglsl Perception Processing (DPP), AufeSelect, Adapiive digiial
Audiodoom und Fing-scale Noise Cancelsr. |t provides a decisive boost to the power of the
audiological solution and, with if, the benefits to the user. The Adaptive digital AudicZoom
automafically locates and suppresses the main source of noise and at the same time clearly
separates the volee of the person speaking within the lIstener’s fleld of vislon. The result of this ks a
positive signal-lo-rciss ralio on a scale hat has never bean achieved before,

To round it off, the fop model in the new Clara range s the first ever to feature the wireless FM
techialogy found In the well-known Microlink system and thus has all the advantages of wireless
communication technology, such as speach ransmission over distance in noisy surroundings
{conferences, schools, efc.). As a result, the hearing computer has undergone a definitive transition
to & communication/hearing computer, which in many situations is indisputably superior to the
humar ear.,
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Phonak — Collections 2002 Product List at Page 5

Elite

(Digital Perception

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

«Claro’s digital sound processing with a human perspective
Pracessing)

- AutcSelect: Excellent speech intelligitility in any listening

control
Digital
me BIE Remote controls
| Claro 11 (Clare 11 dAZ SoundFilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Clar 77 (Clam 311 dA7 WatchFilot Classic
(Clare 111 dAZ FM
Claro 211 dAZ M
(Clar 311 dAZ M

Elite Line features:

- Clear, natural sound with
precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

- High lewel of wser convenience

with automatic hearing program
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.

+ M receiver fully integrated in the

BIE case [Claro dAZ FM)
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Phonak — Collections 2002 Product List at Page 9

Claro 111 dAZ
Claro 111 dAZ FM

— [

7 B

Claro 211 dAZ
Claro 211 dAZ FM

r mg@

Claro 311 dAZ
Claro 311 dAZ FM

(f

[ ZeA P

Pesk values G max | 0571 50 52 dBj126.48 571 2 dB135 40 5L 243135 dB SR
Festures Specially designed for sterp high- g
firegency and mild hearing loses bigher gain
Description Digital Perception Processing [FF) Digital Perception Processing [DIF} Digital Perception Procesing [DFF)
AuciSelect (45) Htoelect (45)

Fine-scale Noise Canceler NGO

Fine-scale Noise Canceler [FNC)

P madlule (1 dAZ M)
& hearing programs + “mute”

FM medule (211 dAZ FM)
& hearing programs » “mute"

FM medule (311 dAZ FM)
© hearing programs + “mete"

Telecril Telecsil Telecsil
Battery size 13 Battery s 13 Battery sive 13
Standand: i Standasd: i Standar:
switch switch witch
protzct Pr pr
Options Reemate controks Walchiidet and Remate controks Walchiot and Femote coniroks WalchPit and
SoundPice FM SoundFilt M SoundFilot FM
Hogks: HE4, HE4 330, HEL 1000 Hooks HEA, HE4 130, HEA 1000 Hacks HEA, HE4 220, HEA 1000
Tampesproof battery cover Tampesprof battery cover Tampesproof tattery cover
Colorline calors phes (75 [shverl, Colerline colors pls FJ fsves), Colierline colors ples F26 fsibves),
F13 milky trascsparent] F13 |milky tranparent] F13 [milky transgarens)
Programming i i with i with
ctiee Fiespomse Uit (ARL) Aective Response Unit AR hctive Response Unit (ARL)
e o . -
Phoack Digital St Skope and 051Gl DL o) OS2 il

Phonak — Collections 2002 Product List at Page 11

Digital Digitally programmabde
Aern Supera Fils2 E-FROM Astro
= ME ETE ETE IE BTE BTE e
Aero 11 Az 211 Supen 412 Microfoom F? AF || Piconel? P MNovolorte B3 Astmo 5C
Afro 17 Ao 21 AP Supem 413 AF Piconet? P2 AF Mowakorte B4 st MC
APrD 33mE AR 311 Somaforie? P3AS
AT 33 A 31 AL Power?oom P4 A
Remote controls | Remote controls Remote controls
Soundfilot Fk DHC-2 DHC-3
WaachFilot Blegance | DHC-4 SlimLine

WitchFilot Qarsic
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Acro 3117

(7] !

B Sl e

Acro 311 AZ[

1

[zl

Supcro 412°

{

22T MRS

Phonak — Collections 2002 Product List at Page 17

L W Y T TR S W T T

Supero 413 AZY™

{

el EIEN IS

77 dBj137 A SPL

7 dBJ137 4B S

B4 /144 B S

73 B [144 &8 S

High gainin 2 smaller case, digital
BIE

High gain plus Audiadoom in 2
smaller case, digital BTE

Digital high- powes BIE in the
hign

Digital igh.prower BTE with smique
 icrop

‘Iechnolegy

ital MulsiMode Signal Processing
i

3 heasing programs + "=
High-resclution digital Neise
Canceler [NC)

Feedhack mansger
TacTronic mulsi-Fanction switch

tal MultiMode Signal Processing
e

3 hearing pragrams + “mute”
High-resolution digital Neise
Canceler [NC)

Feedick manager
Taclionic

Digital MultiMcde Sagnal Processi
P s ng

€ hearing pregrams + “mulz"
Digital Noise Canceler (9NC)

Digial Wbl Saal rocesing
Chearing programs & “mute"
Digital Noise Canceler {8NC)

Dy
protertion withou! gain lox

Corstomised signl tones for program
==

Carstamised signal tones for program
¥ waming

batiery waming

Dyn
prolection without gain lox
Feedhack manager

c
Customised signal tenes for program

Customised signal tones for program

Telecad Telecal rmation and battery waming confinmation and battery warning
T - i Mudio Telecail Telecail
Battery sire 13 Ausicloam Audia s Hudic
Battery size 13 Battery size E75 Musiaioom

Eattery sie 615
Micralimk MLSMLx Microlink MLS/MLx Microlink ML&MLx Micralink M1 &MLz
Audia shoe AS5 Ausia shoe ASS Audia shoe AS4. udia shee ASH
Tampesproa battery cover K55 perpr y cover K56 npespe rp cover K5 5.3 nperpr o 5. 5.3
Calorline colors Colorline colors Cabarline colors Coberline colors
Hooks: HEZ, HEZ 680, HEZ 1000 Hooks: HEZ, HEZ €80, HEZ 1000 Hooks: HE, HED BB, HEZ 1000 Hooks: HE, HED 630, HE 1000
Wi ear hooks Misi ear hooks Femote control SoundPilat FM Femote comtrol Scundilat 1M

Femote control WatchPiot Femote control WiatchPilot
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Phonak — Collections 2002 Product List at Page 18

Piconet2 P2 Piconet2 P2 AZ

- -

e ﬂ a

ZiHT| A Z{H )

Peak values G max JOSM 90 E2 di 172 4B 5P E2 dE /172 48 5P

Features Phanak’s smallest digitally Phanak's sallest digitally
programmable B hesting computer  praarzmmatie Bt earing compates
ith Audicdoom

Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks
Femate contral=DHC. 2, DHC-4 Femote contral= DHC. 7, DHC 4
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SonoForte2 P23 AZ

[os)iZal[F |~

PowerZoom P4 AZ

(2|

Phonak — Collections 2002 Product List at Page 19

NovoForte E3

D

77T dB 137 48 5P

70 dBj 144 48 SPL

T aBNIT B S

High gain plus AudiaZaam in a smaller
2

High gain and Audicfoom

2 switch-selertable programes

Ml B Compresion Control Ml Dmamic Compreion Contol Signal rocesing sategy- WORC Sl procesing sateg: WORC,
7 heasing programs. 1 hearing programs 7 switch seleciable hearing programs 7 switch selectable hessing programs
Telecd Telecad Telecail Telecail

Rudi inputMicrolink compalile Ruic input Microlink compatile Audia s Pudia i i

Audicdoom [k available withut withzut P contsols Programemable wer controls

—Lx] L= Battery sive GI% Battery size 675

Battery sire 13 Battery size 675

Wicralink MLG/MLx Microlink MLTJMLx Microl sk M1 7jMix Micradink M1 T/Mix

Audic shoe ASG Muic shoe AST Mudia shoe AST Pudia shoe AST

Tamperproof battery cover K55 Tampesprock battery cover K57 Tampesprook kattery cover K57 Tampesprook kattery cover K57
Celorline colors Coloeline colors Cobiline colors Cobarline colors
Hoaks: HEZ, HEZ 680, HEZ 1000 Hoaks: HE3, HEZ 680, HEZ 1000 Hoaks: HE3, HEZ 680, HE3 1000 Hooks: HE3, HEZ 680, HE3 1000
Mini =ar hooks Mimi ear hooks Mini ear hoolks Mini ear ook

Femote contrak DHC-3, DHC 4

Fiemate comtrol: DHC-F, DHC 4

FReemate control: DHC-2

Remote contral: DHC-3
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Phonak — Collections 2002 Product List at Page 21

Value Line features:

- Digital technology s well + Superior amplifier power with
a5 proven, medern analog excellent acoustic quality
technology, full FM
compatibility - Reliable, easy-to-service

instruments

- Calibrated settings of the
AudioProgrammer switch
reproducible at all times

Classica Classica C-D SuperFront
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Phonak — Collections 2002 Product List at Page 24

BTE instruments

Supcro 411°

7| djal

PicoFortc3 5C-D

[72)[rv]

PicoForte3 PP-5C

(7]l

Peak vabues G max fOSTL 00 79481147 &8 5L EAdRNZT B L 78 dpj132 S0 SR
Features Digital bigh- powes EIE Diectional micraphane. High pawes
switchable
Description Super Compression with 2L Super Compression + L
1 hesring program + “mute” Telecsd Tekecad
Fowes Dymamic Control for masimum  Aasic- inputMicrolink rompatible e inputMicrolink compaiible
e Battery siee 13 Battery sire 13
Ferdback manager
TacTronic mul function switch
Customied signl fones for program
confirmation and battery waming
Tekeeod
Aeic-input/Mscrolink compatible
Babterysire 675
Optians Microlink MLA/MLx Microlink MLSMLx Mecrolink MISMLx
Aesic shoe A54 e shae ASEA e shoe ASEA
Tamperproaf battery cover K552 Tamperproaf battery cover 5 5.3 Tampesproof katiery cover K553
Colorline colors Colorline cabars Colorine cobars
Hosis: HEZ, HEZ 80, 12 1000 Hosies: HEZ, HEZ 680, H7 1000 Hoaik: HEZ, HEZ 680,12 1000
Mini ear hoaks Wi ear hoaks
Programming Programmtle with PCOBM.  1C:Low cut  leveks 1C: Low cut. 6 leveks
compatibic] and 1. TRO pogamming oy . Gutgut, 6 levels S5PL: Dutput, 6 levels
PG Saftware, verion B0 ar dbave mmm ion by FFG based mmm ion by FYG based
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Phonak — Collections 2002 Product List at Page 25

PicoForte3 PP-C-P PicoForte3 PP-C-L-P SuperFront PP-C-2 SuperFront PP-C-4

[Zi [Z|m| Zalrv] [rv]

7

B4 dB{137 48 5P B2 4B{137 &8 L 79 dB{147 4B L 87 dB 147 4B 7L
High gain Exira power in lowfrequency range High pawer instrument High-power imstrument
Fush-pull ampifier Push-pull ampifier Push-pull ampfics Pussh-pull ampiifies
Feak Clipping Feak Clipping Peak Clipping Peak Clipping
Telecod Telecail Teleceil Telecail
PP — Rt . P " P
Eattery sire 13 Battery size 11 Bttery sire G75 Battery size G5
Microlink MLS/MLx Micredini MIS/MLE Microdink M13jMLx Microdinkk ML3MLx
Audia shoe ASEA Audia shoe ASGA Audic shee ASTA Audic shoe ASIA
perpr ry cover K553 peepr oy cover K563 npespr y cover K53 nperpr oy cower K53
Colorline colors Caloline colors Coberline colors Ceberline colors
Hoaks: HE, HEZ E80, HZ 1000 Hodks: HE, HEZ £80, H2 1000 Hoaks: HE, HEEED, PD 1000 Hoaks: HE, HEEED, PD) 1000
Wi =ar hooks Wiisi car ook Wini ear beoks Wi zar brooks
LC: Low cut, B levels LC: Low cut, 6 levels Tene: Low cut, 5 levels 1C- Low cut, S levels.
S5 Dutput, G levels: SSPL: Dutut, § levels: S5 Dutpt, 7 levels: /B High cut, 3 evels; bypas, & levels
Fitfing recommendation by PG based  Fitting i bosed  Fitting boed  SSPL= Output, 6 levels
on audiogram on audiogram on audiogram - Gain Eevels

Fitting reveommendation by PYG based
on audiogram
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Phonak — Collections 2002 Product List at Page 26

SuperFront PP-C-L-4 SuperFront PP-5C Classica AGC
SuperFront PP-C-L-4+
BTE instruments ? e v i
| 7
[Zim 17| iZ|&
Peak values G max f05A 90 82 dB[142 dB 5P (PP-CL-4) B2 dB 140 48 5P 65 dB 132 a8 5P
B SH[147 dB SPL (PP-CL-44)
Features High-power low-freq. range (PF-CL 4] High-power AGL0 with 2L
Super low-freq. instrament (PP-C-L-44]
Description Push-pull smnglifier Push.pull amplifier Frnadhand response
Pealt Clipping Super Compression with a L1 Teleood
Tebecod Tebeood axdic. inputiMicrolink compatible
e a patibl Audio i ik compatible Battery sire 675
Bartery sire 675 Bartery sive 675
Options. Microlink ML3/MLx Microlink ML2MLx Microlink MLAMLx
Aadio shoe AS2 Audio shoe 53 Audio shoe AS4
Tamperproof battery cover K52 Tamperproal battery cover K53 Tamperproaf Eattery cover K54
Colorline colors. Colorine colors Colorline colors
Hooks: HE, HEGEO, PD 1000 Hooks: HE, HEEBO, PD 1000 Hooks: HE2, HET E80, HEZ 1000
Mini ear hooks Mini ear hooks: Miini ear hooks:
Programeming LC: Low cut, 9 levels LC: Low cut, 9 levels LC: Low cut, 5 levels

HE: High cut, & levels
S5 Dutput, 6 bevels

G: G, € leveds

Fitting recommendation by PIG based on
audicgram

BPIC: Bypass, § bevels; high cut, 3
leveds

SSPL: Dutput, 3 kevels
G Gz, leveks

Vitting recommendation by 195 based
on audicgram

SSPL: Duiput, & levels
Fitting recommendation by Y5 based
on audicgraan
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Phonak — Collections 2002 Product List at Page 27
Classica C-D Classica PP-SC Classica PP-C-P Classica PP-C-L-P
B[] B[] %]
10 48/139 dB SAL 80 dBJ137 dB S B4.d /144 dB 5P B0dB /144 8 S
Hroadhand BTE with directional High-power High gain Extra power im bow-freguency range
Parsh-pull amiplifiier Push-pull amplifier Push-pull amplifier Push-pull amgplifier
Peak Clipping Super Compression with 2 LT Peak Chipping Peak Chpping
Tedecoil Tederoil Broadband Broadband
Audio- i ink-compatibl Audio i i npatibl Tebecail Tebecail
Hattery sire 675 Battery siee 675 Audig i i npatibl Audic i ir npatibis
Battery sire 67% Battery sive 675
Microlink ML4MLx Micvolink MLAMLx Microlink ML4MLx Microlink ML4/MLx
Audio shoe AS4 Audio shoe K54 Audio shoe AS4 Audio shoe AS4
Tamperproof battery cover K54 4 [ K54
Colorline colors Colorlime colors Colorlime colors Colorline colors
Hooks: HEZ, HE2 680, HEI %000 Hooks: HEZ, HE3 680, HEZ 1000 Hooks: HEZ, HE2 £B0, HET 1000 Hooks: HE3, HET EBO, HEZ 1000
Mini ear hooks Mini ear hooks Mini ear hooks Mini ear hooks
1C Low cut, 5 leveds LC: Low cut, & leveds LC: Low cut, & levels 1C: Low cut, & levels
SR Dutput, & levels S5 Qutput, 5 bevels SSPL: Dutput, § lewels. SSPL: Dutput, 5 bewels.
Fitting recommendation by FFG based Fitting ion by ion by PFG based i
on audicgram on audicgram on audiogram on audiogram.
Phonak — Collections 2002 Product List at Page 29
FM receivers:
il-l.
yil
Clare dAT FM MLx ML3-MLT MicroVox FXZ
Microlink receiver directhy Universal Macrolink recefver Micralink receivers compatible with Chassic robust FM recesser for
integraied in the hearing compatible with most makes of Phonak hearing instruments cochlear implants and induction
instrument hearing instrument onils
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Phonak — Collections 2002 Product List at Page 30

ML, the mast flexible FM receiver ever made, can be used nat only with
Phonak BTEs but also with mast third-party hearing instruments
available on the market today. This is possible thanks to the standard
Eurg connector which simply plugs into the audio shoe of the hearing

instrment.
MLx compatible (Once again, Phonak demonstrates its commitment to innovative
BTE makes: developments that serve hearing-impaired adults and children.
—
oy —
- . L

Audifon Ty S :

| e
Beltone " o
Danavaox N et |
GN ReSound |- c gy 8.5

| \

Hansaton \ . - ’f;_,..-"
Interton y I'.I : J'_.
Oticon )
Philips Detailed, up-to-date compatibility lists t
Phonak of Phonak's MLx Microlink receiver "

are available online at =
R_“' on www.phonak.comfmlx
Siemens

Sonic Innovations
Unitron
Widex

Phonak — Collections 2002 Product List at Page 31

Phonak AW provides a dramatic improvement of speech intelligibility
because the signal is picked up directly at the source (the speaker’s woice,
the television's audio channel, or the telephone receiver] and is then
trarsmitted without wires to the miniaturised receiver. The receiver
{Pheonak Microlink MLx or Microbiox RE2) supplies a high-quality signal
directly to the speech processor of the user's cochllear implant.
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Phonak — Fitting Guide for MLxi and MLxi Baha at Page 2

Welcome 2. Instrument description

MiLxi is  universal Dynamic FM receiver. Compatible with virtually all
BTE hearing instrument brands and types, it offers unparallcled ease 2.1 ML
of aperation and is simply a case of plug and Esten. Featuring totally

automatic DPAl management, it also reduces the need for electra

coustic verification.

Uniiversal eurn
Designed to offer the ultimate in perfarmance, MLxi Baha has the conmector
same functianality as Mixi, but incorporates 2 ssall connectar for
Cochlear's Intensa, Divina and Compact Baha instraments.

The state-of -the-art, highly miniaturized technology inside MLx/MLxi
Baha enables users to benefit from features never seen before:

= Dygmamic F4l
= AutoConnest
= Manitoring

Please read this fitting guide carefully to make sure the Misi] Push bation
MLz Faha ix well fitted to your custamers hearing system o they can
benefit from all its Features.

The follawing symbal appears in this user guide: 22 Mix

é Important information for the fitter.

Baha connector

For detailed information on using the FM transmitter, which & part of
the averall FM schution, please refer to the appropriste FM transmitter
user quide [ako see www.phonsk.com.

MLxiMLi Baha are quality products developed by Phanak, the world
leader im FM technology, innovation and refiability.

Push battom

L H

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 5

However, Milxi can also be weed with the Following Classic FM tramsmitiens:
Campus 5¥, Eawylink, #oomlink, Smartlink and Classic P inspiro. For
these combinations, there is no Adaptive H Advaniage feature, which
automatically adjusts the Hdl Adwantage in noisy environments, and
no Voice Activity Detection, which sutomatically reduces the FM level
when no woice is present at the transmitter microphone.

Ini these cases the user needs to have the chance to select between
O™, "FM anly” and “FM M, 35 with 3 Classic FM receiver. For DAL
Yes hearing instruments this selection takes place by toggling between
different HI programs such as “ne FC, “HM only™ and “FM+ M. For

DOPAl Mo hearing imstruments: this selection takes place on the recefver.
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Phonak — Fitting Guide for MLxi and MLxi Baha at Page 6

Mixior Tomaiier Heaing  Mldipmhbeibn  Mixi prbuiion
MLxi Baha munment  Dbabied Enchied
Ok B DPAIMD Mixbmmhen  Fushbstion g
comecisd foa HI ‘between Wilxd on”
an"MLxiair fiong
r Nt peesaiie 1o pre
{ Loggle et meen
" [ oM and L o
| Tl oniy” sharl peh logges
+ 4+ = S
an FRT
OwzkcFd  OPAIY=  Midsmwhes  Fishition gy
comecied o a Hi between Wil on™
an "MLz air fiong
Sefrrion between
f P oy’ and
L M SN betwsen
'l I place i the hearing  Fhaaly” and
4 insamament s Lakes
+  + = o
Dyuamicid P Mo Mibmwhes  Fushbation ggies
romecisdinaHl betwsen M o
an "MLEiair fong
r Py
Fi
b ﬁ] L
] - |-
+ + =
DyumiciM OPAIY=  Midsmshes  Finhistion gy
romecsinaHl between Mixon
ang "MKl aIT" fiong
Seerhonbetween e
f il oty 3
JL T s Sriaciion behesen
.l | place inthe hearing  Fhoaky and
a4 enment AN 1zkes
= place m the Aearing
+ + = ndnupesl

Phonak — History of Various Hearing Aid Manufacturers at Page 5

MLxS - The breakthrough in miniaturized multi-frequency FM

The digital frequency synthesizer is the heart of the revoluticnary
multi-frequency MLx5. This technology breakthrough, the result of
years of meticulous development work, offers totally mew
communication possibilities.

2002

CEQ Peter Pfluger leaves Phonak. New CEQ Dr. Valentin Chapero
Rueda joins the company an October 1, 2002,

Phonak — History of Various Hearing Aid Manufacturers at Page 6

Claro dAZ FM

Claro dAZ FM is the world's first digital hearing computer with dasign
integrated FM receiver, The two moest advanced systermns for signal
processing and FM signal reception new form a perfect combinatien
of function and deslgn. The result is optimized speech understanding
In all adverse conditlons involving distance, reverberation and nolse,
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Phonak — History of Various Hearing Aid Manufacturers at Page 6

MicroLink MLx — The open platform for Phonak and other
brands

The first self-contained receiver with a standard interface enabling
connection to all Phonak instruments and most other behind-the-ear
hearing instruments.

Phonak — Lewis Article re ML8 Improving Speech Perception in Noise with Directional Microphones and

Frequency Modulation (FM) Technology (2002) at Page 2

Persanal FM systems have also been shown to improve speech intelligibility in noise
(Hawkins, 1984; Fabry, 1984; Crandell & Smaldino, 2000). Past investigations have
dernonstrated that the utilization of FM technology can improve speech intelligibility in
noise by as much as 20-25 dB (see Crandell and Smaldino, 2000). With a personal FiM
system, the speaker's voice is picked-up via FM wireless microphong located near the
speaker's mouth - where the effects of reverberation, distance, and noise are minimal.
The FM system converts the acoustic signal to an electrical waveform at the microphone,
and the signal is transmitted via FM signal, from the transmitter to the receiver. Both the
transmitter and the receiver are tunad to the same transmitting and receiving frequency.
At the recelver end, the electrical signal is amplified, converted back to an acoustical
waveform and conveyed to the listener.

Phonak — Media Release re Product Offerings in F2003/2004 at Page 3

Phonak Communications intreduces the new Microlink receivers with frequency
synthesizer

Phonak Communications will intreduce its new multi frequency MLx 5 and MLS 5 receivers
in the next few months. MLx 5 and ML8 S are the counterpart of Campus 5 transmitters,
already introduced early 200Z. Together, they comprise the new synthesized FM system
generation, a system that transmits, without wires, speech to the hearing instrument in
difficult listening situations.

The key technology of the new system is its easy frequency adaptation. Given the extreme
design constraints (low voltage, low power, miniature dimensions), the development of this
techmology represents an unprecedented breakthrough in wireless communication
techmology.
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Phonak MicroLink MLxS Product Information at Page 1

The MicroLink Mo & the first miniaturized FM receiver with a digital frequency synthesizer for full
multi-frequency fexibility. The recciver features fully automatic, non-contact frequency synchronization
with either a WallPilot or the Campus 5.

The MictoLink MixS is compatible with all Phonak FM transmitters and the WallPilot, and is recom-
mended for use with this equipment.

MLxS with ETE instrument MLxS with adapter for O pecket processor

Audio shoe
[e. g ASA-MLxS)
|’,-'/
d MixS
' MLeS
J i Microlink C1 5
- adapter Focket processor

connectar cable

Phonak — Microlink User Guide at Page 2

The desired signal — for example, a speaker’s voice or
the sound from a TV — is picked up by the microphone
which iz placed near to the source of the sound. The
transmitter sends an FM signal to the receaver, which
immediately relays this to the hearing instrument for
you to hear — erystal clear!

Phonak — Microlink User Guide at Page 2
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Phonak — Microlink User Guide at Page 6

The direct-input technique

Uszing the audio cable supplied with the systemn, the HandyMic can be
connccted directly to any sound system, including a TV, radio,
walkman, movie projector, amphfier, cassette-player etc.

Two versions of MicroLink MLx
Microlink MLx s avalable in two
versions which are differentiated by
the position of the plugs. The correct
version for your needs 15 defined by
the appropriate Audio-shoe. MLy wilh plugs MLY wilh plugs
orienied lengtiways.  onienied transversely
Important: Place the heanng mstrument with audio-shoe and
MicroLink MlLx m front of you as shown in the sketch. The green dots
must be visible at the top and bottom of the Microlink MLx wnit. If this
15 not the case please contact your heaning care professional.

Caomect MLX version Wrang MLx version
fitted bo hearing fitied 1o hearing
Instrument Instnamsnt
25
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Phonak — Microlink User Guide at Page 28

Description of the MicroLink models

@ Audio-shae

& Fraguency identification code
Number and color codes for exact frequency channel identificaion. To ensune proper
receplion, check ihat the chamned and rensmitier numbers ane ldeniical.

@ MICoLink receher
FM receiver with integrated anterna

@ Socket jor optional exiemal entenna (evaliabie for MLASMLASWMLES and MLE). The
threaded socket GCCapls A Sorew-in antenns o axtend the MicroLink recepiian range.

& Mute swich §o reduce the sensitivity of the heanng Instrument microphone by 20 dB, so
enhancing the affect of the FM systam (only applies o MLIS/MLAS and MLSS). With the
MILE, the muse funclian Is activeled wa the remole Gontrol.

© Fraguency module with integrated antenna. This module ks locked In place.
For spacial EppiicaBions the requency moduls may be replacesd. Your hearing cans
prodesslional will explain In detall this special feature.

@ Release bution

Phonak — Microlink User Guide at p. 52

The HandyMic and MicroVox TX2 are used by hearing impaired
people. To operate the HandyMic and MicroVox TX2, heanng
instruments with FM receivers (e.g., Microlink) are required. The user
benefit of FM is an improved signal-to-noise ratio which leads to an
optimized speech understanding even m very difficult istering
siuations.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 9

Liz Brassine/Phonak: It is a digital microphone on the CIC. There are several advantages
of a digital microphone over analeg mics, First, increased dynamic range is provided.
Additionally, with a digital mic, the analog-to-digital converter is housed within the
microphone itself. This eliminates the wire between the AD-converter and the
microphone. The wire is the source for ultra-high frequency interference, such as
Blustooth.

Phonak — Product Lines with Claro at Page 1
Elile

= (larn is the first hearing insfrument that
analyzes and responds o awdiiosy stimuli
virtwally like the healthy human ear.
Thanks to the further optimization of
Phonak's exciusive sighal processing
; sirategies, Clarm provide a very agh
Compleie Claro product line degres of nearing comfot and nptimized
speech mtelligbility, particularly in difficult hearing sifuations.

More about Elite ITE. BTE or BTE with inteerated FIV recejver
instruments
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Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 2

An Exarnple of an FM System for Adults

The FM system used in this study was the MicraLink system by
Phonak. This systemn has a receiver that is placed in 2n audioshoe
or "beat] and the boot |5 snapped onta the hearing Instrur:znt
over the battery door (Figure 1), Each manufacturer has its own
boot, and the FM receiver (called MLk} is attached with three
prongs that snap into the three holes of the boot. A switch on the
battom of the receiver offers control with the options "off) “Fii
only” and "Fid plus hearing ald”

" Figure 1. The MicroLink FM system shaps anfo the
hearing instrument cver the battery door. Many
manufacturers have their own boot. A switch on the bottom of the
receiver allows “off" “F only," and “FM plus hearing oid” modes.

The receiver is callad the "univarsal receiver” because it can be
used by different hearing instruments fram different
manufacturers. |t can also be switched to a different hearing
instrument from another manufacturer with a boot for that
device. Therefore, if a patient is using "Hearing Aid A" with a
Microlink system, and the patient changes to *Hearing Aid B”
from a different manufacturer, the Microlink system can be used
with the new aid. Inthis study, five different manufacturers’
products were used, demonstrating the versatility of the system,
[Author's Mate: Marry programmable or digital BTEs produced
during the past six years are MioroLink compatible. Analog BTEs
are usisally compatible if they have direct audio input {DAl)
capability.)

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 4

Study Methad

The study's Z8 participants viere all experienced users with behind-
the-gar (BTE) hearing instrumeants, OF the 28 participants in the studhy,
one patient was wearing analog aids, eight viore programmable, and
1%wveore digital hearing aids. BTE devices used by the participants
Included: one Phonak analog poveer device; four Phonak 332 power
AudioZoarn; two Phonak 232 AudisZaom; bwa Phonak £-44, three
Shernens Prismas; three Slemens Signlas; frse Wides Sensa's; four
Resound BZ5s; one Oticon Digifocus; and three Phanak Claros,

Twenty-two of the participants were binaural hearing instrument
users and six were monaural hearing instrument users. Twenty
participants were wearing devices with directional microphones. The
majority af these patlents utllized high-end technology devlces with
cptirnal 3ME cagabllities, They were already using exceptional devices
that impraved their hearing ability, but all were willing o try an FM
system if thers was the petential of improving their current benefit
from the aids.
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Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 7

= & patient who uses 332 Power AudioZooms with 8% amd 20%
discrimination had not been able ta use the phone fior the past few
vears, After using the T4, he has been sble to communicate on the
phone and he feels that his understanding on the phone is now about
F5%.

# A patient with a severe-to-profound unilateral hearing loss vith
28% discrimination has been struggling to use the phone, He tried the
T¥4 and this allowed him to hear well on the phone for the first time in
AT Years,

TelCom User Guide at Page 3
What is TelCom

TelCom is a stationary FM transmitter.

It boosts the sound from television or any other audio equipment

El:g._ Personal Computer, CD-player, radio) without distu rhing others.

It allows you to hear the telephone ringing at any time.

The television sound is switched off automatically when the telephone is answered.
The person calling can be heard loud and clear

When the telephone receiver is replaced, the television sound will return auto-
matically.

To use this system hearing instruments fitted with FM receivers are required.

TelCom User Guide at Page 12

Su

Clear sound while watching television without disturbing noise

Sound from awdio equipment, speech over telephone, and even the telephone
ringing signal heard through FM

The audio signal level

- is automatically switched off when the telephone is picked up

- automatically comes back if the telephone is hung-up

Fully automatic operation once the system is installed

Ready to operate 24 hours a day, 7 days a week

Mo cabling between the TelCom and the FM receivers

High-quality Swiss made equipment with high-tech design
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Lewis — Speech perception in noise: directional microphones (2004) at Page 428

study participants. These subjects used a
Phonic Ear 805 CI) BTE hearing instrument
that had the capability to switch betwesn
omnidirectional and directional microphone
modes. The Phonic Ear 441T microphone
transmitier and the Phonic Ear 445K FM
receiver served as the FM system. Speech

Lewis — Speech perception in noise: directional microphones (2004) at Page 429

(2) binaural digital Phonak Claro 311
dAZ BTE hearing aids alone in the
omnidirectional microphone mode;

(3) binaural digital Phonak Claro 311
dAX BTE hearing aids alone in the
directional (adaptive) microphone
made;

(4) monaural digital Phonak Claro 311
dA¥ BTE HA utilized with one
Phonak Microlink FM receiver with
the EM attenuated (FM-only mode)
and one Phonak Claro 311 dAX BTE
HA in the omnidirectional
microphone mode worn on the
opposite ear; and

(5) hinaural digital Phonak Claro 311
dA¥ BTE hearing aids utilized with
binaural Phonak Microlink FM
receivere with the EM attenuated
(FM-only mode).

Page 76 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144

Page 76



Claims

Prior Art

Lewis — Speech perception in noise: directional microphones (2004) at Page 431

All subjects were fit with digital Phonak
Claro 311 dAZ BTE hearing aids hilatarally.
All earmolds had selact-s-vent (5AY) venting
and #13 or 3 mm horn tubing. In addition to
the hearing aids, subjects were fit with
Phonak Microlink ML& FM receivers
bilaterally. These FM receivers attach to the
bottom of a BTE hearing aid and may be
utilized in either the “FM only™ mode, which
attenuates the hearing aid microphone by
20 dB, or in the FM plus hearing aid mode,
which allows for FM input and input of
environmental sounds via the hearing aid
microphones simultanecusly at the same
output level. The Phonak TX3 HandyMic FM
transmitter served as the FM transmitter.
This transmitter has three microphone
options: (1) Wide Angle, which picks up
sounds armving from all directions around the
transmitter microphone equally; (2) Zoom,
which provides reduced amplification to
signals arriving from the rear (cardioid); and
{3} BuperZoom, which provides reduced
amplification to signals originating from the
rear and the sides (hypercardicid). The

Lewis — Speech perception in noise: directional microphones (2004) at Page 437

Finally, this investigation was conducted
with just one particular model of hearing aid
and one model FM system. Currently, a
number of other companies manufacture FM
system Lechnology that is compatible with
hearing aid technology, including Phonic Ear
and AVR Communications Lid. Additionally,
the Phonak Microlink is compatible with
hearing aids manufactured by 16 other
companies. Since several studies have
reported a wide degree of electroacoustie
variability with the use of various FM
components, it should not be assumed that all
brands and models of these devices would
produce the same spesch perception resulis
obtained in this study (Freeman et al, 1980;
Bess et al, 1984; Thibedeau and Sancedo,
1941 )
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Oticon — DigiFocus Compact User Instructional Brochure at Page 4

Function switch

M: Hearing instrument switched on and micro-
phone connected. Normal use. s o

T: Hearing instrument switched on and telecoil
connected, Where a telemagnetic loop system
has been installed or when yvou talk on the
phone (in many countries), vou may then be
able to use vour hearing instruments with mini-
mum disturbance from background noise.

O: Hearing instrument switched off.

Oticon — DigiFocus Compact User Instructional Brochure at Page 6

Direct Audio Input socket (optional)

Your hearing instruments mav have a Direct
Audio Inpul socket (shoe). This facility allows
signals from external sound sources to bo re-
cieved directly by vour hearing instruments.
These sources include radio, casselle plaver,
TV, auditory training equipment and assistive
listening devices.

You will hear the external signal when the
function switch is set to the "M" position.

Oticon — DigiFocus Compact User Instructional Brochure at Page 11

5. Telecoil use in church, theatre, or cinema (optional feature)

An increasing number of churches, theatres and public buildings have
assistive listening devices installed, usually induction loops. These sys-
tems send out wireless sound to be intercepted by the telecoil in your
hearing instruments. Ask vour hearing care professional for details.
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Oticon — DigiFocus White Paper (1996) at Page 4

The input signal from the microphone or the telecoil 1s digitized and fod 1o
filterbank, which divides the signal into seven band-pass filtars with centre

frequendcies at: 250, 700, 1200, 2000, 3000, 4000 and 5000 He. The filtarbank
covars tho fregquency range freen 125 to about 8000 Hz. The output from each
hand-pass filter is equipped with an attenuator by which each filtered signal
can b wolghted, This allows for a very precise Otling in o nordance with the

sudiometric profile of the hearing impaired

Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomiortable to be wired b0 @ computer This “con-
strictod” faal ng can ho avoided by using tho OS5t programming balt, which
is worm on the shoulder. The programming belt provides cordless infrared
communication between the PC and 1he hearing instrumsnt w hile im tho

Alternatively, vou may use the HI-PRO interface for a wired solution

OiSet offers a choice of thees differant views of the fitting. The Audiological
View provides a visual guide to instrumsnt pe riormance In fomr typle :In'.
sound environments. The Technical View [llustrates teaditional technical in-
formation such as coupler data and insertion gain at different input levels
With (ke Binaural "-i-:'1:- woul arn phle (o examine seitings for both right aimil

laft instrumenis af I";|: & lIme

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson *783’s RPU includes
antennas and processing components, and Anderson *783’s earpiece includes a receiver (e.g., wireless
receiver) to wirelessly receive the transmitted signals (e.g., up—converted signals) from the wireless device
and RPU. The following citations show examples of where Anderson *783 discloses this limitation.

Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
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operation.

Anderson 783 at FIG. 1
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Anderson 783 at FIG. 2
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Anderson 783 at FIG. 9
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Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
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in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 3:52—4:14
One preferred embodiment of the invention herein described is shown in block diagram form in FIG. 1. In
this figure, the earpiece 10 shown worn in the ear 11 uses a standard completely-in-the-canal (CIC)
housing, well known in the art, although many other earpiece housing types known in the art (e.g.,
behind-the-ear, or BTE) can be used. The earpiece shown in FIG. 1 comprises a microphone 12, RF
transceiver 13 with an antenna that doubles as an earpiece extractor 14, and speaker 15. Although the
dual-use antenna/extractor arrangement shown in FIG. 1 is often desirable, a separate antenna or antennae
can be used in conjunction with many different types of earpiece extractors as appropriate for a particular
application. Antennae and extractors can be disguised as ear hair or jewelry (e.g., earrings), or conductive
filaments can be permanently implanted in the ear cartilage to act as antennae using a process similar to
ear piercing. The earpiece 10 communicates with a remote processor unit (RPU) 16 via a primary two-
way RF link 17, although many other wireless link media (e.g., ultrasonic or infrared) may be used
instead. The RPU is typically worn under clothing (e.g., carried in a pocket or purse), but may also be
worn in plain sight (e.g., on a belt) if desired. The RPU 16 may be connected (via wired or wireless means
18) to optional secondary wireless link circuitry 19 that allows wireless communication between the RPU
and other sources of information (e.g., the general subscriber telephone network) via a secondary wireless
link. Note that the optional secondary wireless link circuitry 19 may or may not be contained within the
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RPU case 70 of FIG. 7.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson *783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson *783 at 12:20-32
During the reply interval 52, a modulated (via modulator 830) low-power 60 MHz oscillator 835 is
applied to voltage point V1, causing the diode 43 to turn on and off at a 60 MHz rate and act as a mixer.
The mixer diode 43 generates frequency components centered at the difference frequency of 5700 MHz
and the sum frequency of 5820 MHz. The 5820 MHz sum component passes through the resonator 42,
and forms the reply which is wirelessly transmitted from the earpiece transponder antenna 40 to the RPU
reply processor circuitry. The earpiece 60 MHz oscillator 835, which is only turned on during the reply
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interval, changes phase at specified points in time to generate the DPSK reply data.

Anderson 783 at 12:47-13:22
Remote processor unit interrogator and reply processor: The RPU, shown in FIG. 9, may use any of a
wide variety of components well known in the art. The DSP 948 may contain several integrated circuits,
e.g., the Motorola DSP56L.002 single-chip digital signal processor, a Motorola DSP56200 cascadable-
adaptive digital filter chip and supporting memory devices well known in the art. Miniature components
such as dielectric resonance oscillators are available for the microwave oscillator 908, and the DPSK
replies can be decoded using surface acoustic wave (SAW) or glass bulk acoustic wave (BAW) delay
lines 936 in a standard delay-and-multiply demodulator circuit 934. An alternative demodulator that
achieves superior noise immunity can be implemented using a phase-locked loop in a squaring loop
configuration for carrier recovery instead of delay-and-multiply circuitry 934. Decoding of a DPSK
waveform using such coherent detection techniques is known in the art as differentially encoded coherent
phase shift keying, or DECPSK. Amplifiers using low noise pseudomorphic high electron mobility
transistors (e.g., the HP ATF-36077) may be used as needed (e.g., between the circulator 906 and routing
switch 922), and such amplifiers are not individually identified in FIG. 9. All switches shown in FIG. 9
are RF switches that can be implemented using, e.g., PIN diodes. Switch control connections from the
DSP 948 to the RF switches are shown in FIG. 9 for clarity, and all switches remain set as shown until
changed as noted. The system shown in FIG. 9 demodulates a received reply when the RF reply travels
through a selected antenna 900, antenna selection switch 902, circulator 906, routing switch 922 (set to
the position opposite that shown in FIG. 9 during the reply interval by DSP 948 via control signal 976),
bandpass filter 928 and IF mixer 930. The IF mixer 930 downconverts the reply by mixing it with a small
amount of RF power from the 5760 MHz oscillator 908 via switch 910 (which is set to the position
opposite that shown in FIG. 9 during the reply interval by DSP 948 via control signal 972) and power
splitter 920. The resulting DPSK reply has a center frequency of 60 MHz, a bandwidth of 100 MHz, and
is passed through the bandpass filter 932 to the DPSK demodulator 934 which, in this example, consists
of a 50 nsec delay line 936 and multiplier 938. The resulting bits are stored in the reply data register 940
for processing by the DSP 948.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
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successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson ’783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.
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Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[1c] a down-converter configured | DHA Systems and Anderson *783 expressly or inherently disclose “a down-converter configured to down-
to down-convert the received up- | convert the received up-converted signals into down-converted signals.”
converted signals into down-

. DHA Systems include Digital Hearing Aids which down—convert the received signals from the Transmitters
converted signals;

from the higher frequency to a lower frequency signal (e.g., audio). The following citations show examples of
where DHA Systems practice this limitation.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 4

Phonak FM systemns operate on an FM radio signal in the 216-217 MHz bands. These
bands have been assigned by the FCC for use with equipment by the hard of hearing.
There are 23 narrow band channels available from Phonak in this freguency range. In
order for the transmitter and receiver to cperate as a system, they must be on the same
frequency or "channel”. All Phonak FB transmitters and receivers are compatible with
every other model of transmitter and receiver in the Phonak product line. Each transmitter
and receiver channel 'frequency’ is identified with a number. The number of the
transmitter and FM receiver must be the same for these units to function together
correctly.

Fr Transmitters and FM Receivers are available in many sizes and shapes to offer
increased functionality, We will detail some of the Phonak equipment bealow:

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 9
5- Claro dAZ FM

Claro dAZ FM combines two highly advanced systems for signal processing and signal
reception. The Signal-to-MNoise Ratio is dramatically improved with Digital Perception
Processing, Adaptive digital AudicZoom, the Fine-scale Noise Canceler, and Phonak's FM
technology. The FM functions can be controlled directly at the instrument with the
TacTronic switch or with the SoundPilot FM or WatchPilot remote controls.
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Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the sound source or even connected directhy to TW ar HiFi

The transmitter wnit collects the desired signal and tramsmits it via radia
waves directly to the FM medule integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is procesced

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or accoeding to an individual FM program.

Phonak — Lewis Article re ML8 Improving Speech Perception in Noise with Directional Microphones and

Frequency Modulation (FM) Technology (2002) at Page 2

Personal FM systerns have also been shown to improve speech intelligibility in noise
(Hawkins, 1984; Fabry, 1994; Crandell & Smaldino, 2000). Past investigations have
dernonstrated that the utilization of FM technology can improve speech intelligibility in
noise by as much as 20-25 dB (see Crandell and Smaldino, 2000). With a personal FiM
system, the speaker's voice is picked-up via FM wireless microphone located near the
speaker's mouth - where the effects of reverberation, distance, and noise are minimal.
The FM system converts the acoustic signal to an electrical waveform at the microphone,
and the signal is transmitted via FM signal, from the transmitter to the receiver. Both the
transmitter and the receiver are tunad to the same transmitting and receiving frequency.
At the recelver end, the electrical signal is amplified, converted back to an acoustical
wavefarm and conveyed to the listener.
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Phonak MicroLink MLxS Product Information at Page 1

The MicroLink Mo & the first miniaturized FM receiver with a digital frequency synthesizer for full
multi-frequency fexibility. The recciver features fully automatic, non-contact frequency synchronization
with either a WallPilot or the Campus 5.

The MictoLink MixS is compatible with all Phonak FM transmitters and the WallPilot, and is recom-
mended for use with this equipment.

MLxS with ETE instrument MLxS with adapter for O pecket processor

Audio shoe

//r‘ [e. g ASA-MLxS)

MLx%
1 4/ Microlink C1 5
a adapter

Focket processor
connectar cable

Phonak — Microlink User Guide at Page 2

The desired signal — for example, a speaker’s voice or
the sound from a TV — is picked up by the microphone
which iz placed near to the source of the sound. The
transmitter sends an FM signal to the receaver, which
immediately relays this to the hearing instrument for
you to hear — erystal clear!

Phonak — Microlink User Guide at Page 6

The direct-input technique

Uszing the audio cable supplied with the systemn, the HandyMic can be
connccted directly to any sound system, including a TV, radio,
walkman, movie projector, amphfier, cassette-player etc.
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Phonak — Microlink User Guide at Page 25

Two versions of MicroLink MLx
Microlink MLx s available in two
versions which are differentiated by
the position of the plugs. The correct
version for your needs 1s defined by 2
the appropriate Audio-shoe. MLy wilh plugs MLY with plugs
orienied lengtivays.  orienied transversely
Important: Place the heanng mstrument with audio-shoe and
MicroLink Ml x in front of you as shown in the sketch. The preen dots
must be visible at the top and bottom of the Microlank MLx unit. If thas

15 not the case please contact your heanng care professional.

Comect MLx version Wvrong MLx verslon
fitied bo heaing fitied 1o hearng
Instrumenit Instnament
5

Phonak — Microlink User Guide at Page 28

Description of the MicroLink models

@ Audio-shoe

& Freguency identificalion code
Mumiber and color codes for exact frequency channed identiNcation. To ensure proper
recepiion, check hat the chamned and rensmitier numbers ane (deniical.

@ Micmlink recaiver
FM receiver with integrated antenna

& Socket for optional exiemal entenna {evallable for MLASMLASMLSS and MLE). The
threaded socke! Bocapls A SChew-in antenna 1o extend tha MicroLink receplion range.

& Mule SWRCH I rEduCe the sEnsitivity of the heamng INstrumant microphone by 20 dE, 50
erhancing the affect of the FM system (only apples 1 MLISMLAS Bnd MLSS). Wit the

MLE, the mute funclion |s activaled via the remale conirol.

& Fraguency module with integrated antenna. This module ks bocked In place.
For spacial appilcations the requency module may be replaced. Your headng cane
proessional will expisin In detall this specisl featune.

@ Release bufion
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellation can use up 1o 50% of a hearing aid's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Persec enables very precise control over gain in a narrow
frequency band to preserve audikility and loudnass for all listening situations while
preventing feedback with no additional influence cn pewer consumption. If you use fewer
compression andfor frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high freqguencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 9

Liz Brassine/Phonak: It is a digital microphone on the CIC. There are several advantages
of a digital microphone over analeg mics. First, increased dynamic range is provided,
Additionally, with a digital mic, the analog-to-digital converter is housed within the
microphone itself. This eliminates the wire between the AD-converter and the
microphone. The wire is the source for ultra-high frequency interference, such as
Bluetooth.

Oticon — DigiFocus Compact User Instructional Brochure at Page 4

Function switch

M: Hearing instrument switched on and micro-
phone connected. Normal use. S

T: Hearing instrument switched on and telecoil
connected, Where a telemagnetic loop system
has been installed or when you talk on the
phone (in many countries), vou may then be
able to use vour hearing instruments with mini-
mum disturbance from background noise.

O: Hearing instrument switched off.
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Oticon — DigiFocus Compact User Instructional Brochure at Page 11

5. Telecoil use in church, theatre, or cinema (optional feature)

An increasing number of churches, theatres and public buildings have
assistive listening devices installed, usually induction loops. These sys-
tems send out wireless sound to be intercepted by the telecoil in your
hearing instruments. Ask vour hearing care professional for details.

Oticon — DigiFocus White Paper (1996) at Page 2

Analogus basically means that the movements in the air that conatituto
souind are translated into one unified, but complex, electrical current. You
may think of analogue sound as making a photocopy: the sound is depicted
nmi you gl an averall pictur, Processing oF recopying can be done anly to a

certain axtent because it causes a deterioration of the original imprint.

Digital maans that sound is described mathematically. This miakes it much
mare prociss Lo actually process the sound, bit by bit, Descriptions of cortwin
details can be changed without affecting the general picture. Descriptions chn

I repealed accuratoly and endlessly without deterinration of thi guality

Oticon — DigiFocus White Paper (1996) at Page 3

After the A/D-conversion, the resulting digital code can b mathomatlcally
meanipulated, or processad [as il is normally expressed whan talking ateout
sound). This is where the real benafits of digital technology come in The
amount and types of processing that are possible with digital technology far
surpass the capabilities of analogue processing (Ince the processing I8 com
plata, the digital signal is converted hack to analogue form by the DV A-con-
verter. It is now ready for trangmission to the small receiver inside the hear

ing instrument, which makes the sound audibla. o
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Oticon — DigiFocus White Paper (1996) at Page 3

Im arder to be digitized, the changes in amplitude and time need to be con-
vertod into discreet points, Le. continuous rels of w'y coordinatos (ot time x1

the amplitude aquals ¥1, et

Digital technology includes two basic concepts: 5.1T|]1]il"7: and guantization.
re measured, Cuantd

Sampling sir iply means how oflen the w'v-coord inal
gation refors to how finely the amplitude variations are mansi e and is ™

ported as the number of bits used in the conversion process

In general, the higher the sampling rate and quantization the better the gqual
ity af the digital sound. This is illustrated in figure B, which shows what tho
original analogue signal will lock like if it is sampled ata low rate with a
large amplitude step sizo. Tho result s sn imprecise digital representation of
the original sound. In figure © the original sound is sampled with a higher

sampling rete and finer amp! itude stop size, leading to bettor Rcality

In general, the sempling frequency sha il bser at loast iwice as high as the
highest frequancy of interest (the Myquist frequency). Because a hearing in-

strument focuses on the informative parts of speech, the highest frequancy of

ntorast is around 7 KHz, Accordingly, the sampling rate of DigiFocus has
been st to 16 Klz Had this rule not besn followed, o phenomenon called ali
ssing would occur, which would result in audible distortion DigiFocus incor
porates a so-celled anti-aliasing filter that drastically attenuates frequencies

ahovie 7 KHe which could ethorwise cause distortion

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson *783 discloses that its
RPU includes an IF mixer that down—converts the received up—converted signals. The following citations
show examples of where Anderson *783 discloses this limitation.

Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
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operation.

Anderson 783 at FIG. 1
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Anderson 783 at FIG. 2
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Anderson 783 at FIG. 9
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Anderson 783 at 1:21-28
In the prior art, a basic hearing aid without remote control is a self-contained earpiece comprising a
microphone, speaker and associated processor electronics. In such hearing aids, the earpiece microphone
converts acoustic waves into electrical representations of the acoustic waves, the electrical signals are
amplified by the earpiece processor electronics and converted back into acoustic waves by the earpiece
speaker.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
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to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson 783 at 12:47-13:22
Remote processor unit interrogator and reply processor: The RPU, shown in FIG. 9, may use any of a
wide variety of components well known in the art. The DSP 948 may contain several integrated circuits,
e.g., the Motorola DSP56L.002 single-chip digital signal processor, a Motorola DSP56200 cascadable-
adaptive digital filter chip and supporting memory devices well known in the art. Miniature components
such as dielectric resonance oscillators are available for the microwave oscillator 908, and the DPSK
replies can be decoded using surface acoustic wave (SAW) or glass bulk acoustic wave (BAW) delay
lines 936 in a standard delay-and-multiply demodulator circuit 934. An alternative demodulator that
achieves superior noise immunity can be implemented using a phase-locked loop in a squaring loop
configuration for carrier recovery instead of delay-and-multiply circuitry 934. Decoding of a DPSK
waveform using such coherent detection techniques is known in the art as differentially encoded coherent
phase shift keying, or DECPSK. Amplifiers using low noise pseudomorphic high electron mobility
transistors (e.g., the HP ATF-36077) may be used as needed (e.g., between the circulator 906 and routing
switch 922), and such amplifiers are not individually identified in FIG. 9. All switches shown in FIG. 9
are RF switches that can be implemented using, e.g., PIN diodes. Switch control connections from the
DSP 948 to the RF switches are shown in FIG. 9 for clarity, and all switches remain set as shown until
changed as noted. The system shown in FIG. 9 demodulates a received reply when the RF reply travels
through a selected antenna 900, antenna selection switch 902, circulator 906, routing switch 922 (set to
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the position opposite that shown in FIG. 9 during the reply interval by DSP 948 via control signal 976),
bandpass filter 928 and IF mixer 930. The IF mixer 930 downconverts the reply by mixing it with a small
amount of RF power from the 5760 MHz oscillator 908 via switch 910 (which is set to the position
opposite that shown in FIG. 9 during the reply interval by DSP 948 via control signal 972) and power
splitter 920. The resulting DPSK reply has a center frequency of 60 MHz, a bandwidth of 100 MHz, and
is passed through the bandpass filter 932 to the DPSK demodulator 934 which, in this example, consists
of a 50 nsec delay line 936 and multiplier 938. The resulting bits are stored in the reply data register 940
for processing by the DSP 948.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems do not disclose any elements of this claim limitation, it would have been
obvious to a person having ordinary skill in the art to combine, with the teachings of DHA Systems , those
elements, as known to them or as disclosed by other prior art identified in the cover pleading.

[1d] a modifier configured to DHA Systems and Anderson ’783 expressly or inherently disclose “a modifier configured to modify the
modify the down-converted signals | down-converted signals into modified signals based on at least one hearing characteristic of the user to
into modified signals based on at | enhance the hearing of the user.”

least one hearing characteristic of
the user to enhance the hearing of
the user; and

DHA Systems include Digital Hearing Aids, which modify the audio signals based on a user’s hearing. The
following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 5

The Science of PersonalLogic*

Phonak has applied knowledge from new research and past experience to add a new dimension of individualized logic to
automatic hearing systems - Personal Logic. Combining new and proven features, Personal Logic optimizes the

functioning, operation and fitting of hearing systems for each individual user.

Thanks to Personal Logic, Perseo takes customization to a level beyond "custom-fitted” related to individual hearing loss.
The new digital system from Phonak is the first hearing system with customized automatic operation, as opposed

to operation based on factory set, unchangeable rules. Now, Perseo gives hearing professionals control over automatic
operation, allowing them to provide clients with a hearing system “custom-tailored” to their personal hearing requirements

and tastes.
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Phonak — Perseo Brochure at Page 7

Convenience and Comfort

Perseo is easier to wear and easier to fit

For true “"wear and hear” convenience and comfort in
all situations, Perseo automatic operation is managed

by Phonak-exclusive Personal Logic.

This breakthrough intelligence for automatic hearing
instruments responds to acoustics, the listening

situation and personal listening preferences.

Persen is easily programmed for individual needs using

the Listening Situation Manager.

Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting
Porsonal System Managers Al
Experience Dcchesion Fendhack Listening Situation
-
4 | off |
’ ' & (Lo
2 2
e )
PHONAK
“ v Ve 11 L]
The Experience Manager The Occlusion Manager The dynamic Feedback The Listening Situation
adjusts tonality and eliminates the feeling of Manager automatically Manager allows the fitter fo
loudness to match each blocked ears experienced i i program i
dient's experience with by some wearers. from feedback Processing according to the wearer’s
hearing instruments. An strategies are modified in preference for when to
effective and convenient these bands to prevent trigger a change of base
control to set and adjust the feedback while also programs, and the desired
client's hearing system as. increasing audibility for degree of sound contrast
they become accustomed to. saft sounds. The result is between the base-programs.
their new world of sound. casier listening without Additional personalization
feedback. is available, if required, by

directly programming either
of the base programs.

Clarity

Enhanced performance in multiple listening situations

The Clarity Component Enhancement system realized
in Digital Perception Processing? (DPP2) increases the
clanty of speech and envirenmental sounds.

Rapid-tracking Adaptive digital AudioZoom [dAZ)
is automatically activated to improve speech
understanding in noisy situations.

For extra comfort and ease of listening, the Fine-scale
Moise Canceler selectively reduces background noise
in 20 channels.

Optional MicroLink FM provides the ultimate Speech-
to-Moise Ratio enhancement.
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Phonak — BTE Elite Article at Page 1

Persen — the ontstanding features place Perseo in a class of ity own

PersonalLagic makes Perseo the first digital hearing sysiem with
petsonalized automatic operation. PersonalLogie selects the
appropriate base program and continually adapts its paraneters to
suif the aeeds of the wearer,

Dual-base automatic allows processing and features to be
saparately adjusted for quiet and noisy sitgations for optimuam
automatic petformance. Adjustments for noise never disrupt
adjustments for quiet and vice versa.

Digital Perception Processing (DPP) with Clarity Component
Enhancement: Invreased clarty and sound quality also in loud
environments, Processing in 20 eritical bands.

Perzonal System Managers: Expericnce Manager, Dynamic
Feedback Manager, Occlusion Manages, and Liztening Situation
Manager for easy and individual adjustmaent of Personal Logie.

+ Multi-programs

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 9

Fust tracking Adaptive digital AvdieZoom (dAZ) to separate
actively speech from background noize.

Fine-scale Noise Canceler in 20 channels.

TacTronic program switch

Crptignal remote control

FM compatible

Wind and weather protection

Fashion Color Line (choice among 12 attractive colors)

5- Claro dAZ FM

Claro dAZ FM combines two highly advanced systems for signal processing and signal
reception. The Signal-to-Noise Ratio is dramatically improved with Digital Perception
Processing, Adaptive digital AudicZoom, the Fine-scale Noise Canceler, and Phonak's FM
technology. The FM functions can be controlled directly at the instrument with the
TacTronic switch or with the SoundPilot FM or WatchPilot remate controls.
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Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the sound source or even connected directhy to TW ar HiFi

The transmitter wnit collects the desired signal and tramsmits it via radia
waves directly to the FM medule integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is procesced

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or accoeding to an individual FM program.

Phonak — Lewis Article re ML8 Improving Speech Perception in Noise with Directional Microphones and

Frequency Modulation (FM) Technology (2002) at Page 2

Personal FM systerns have also been shown to improve speech intelligibility in noise
(Hawkins, 1984; Fabry, 1994; Crandell & Smaldino, 2000). Past investigations have
dernonstrated that the utilization of FM technology can improve speech intelligibility in
noise by as much as 20-25 dB (see Crandell and Smaldino, 2000). With a personal FiM
system, the speaker's voice is picked-up via FM wireless microphone located near the
speaker's mouth - where the effects of reverberation, distance, and noise are minimal.
The FM system converts the acoustic signal to an electrical waveform at the microphane,
and the signal is transmitted via FM signal, from the transmitter to the receiver. Both the
transmitter and the receiver are tunad to the same transmitting and receiving frequency.
At the recelver end, the electrical signal is amplified, converted back to an acoustical
wavefarm and conveyed to the listener.

Oticon — DigiFocus White Paper (1996) at Page 3

After the A/D-conversion, the resulting digital eode can be mathomatlcally
manipulated, or processad [as it is normally expressed when talking atoot
sound). This Is where the real benafits of digital technology come in The
amount and types of processing that are possible with digital technology far
surpass the capabilities of analogue processing. Once the processing L8 com
plate, the digitnl signal is converted hack to analogue form by the IV A-con-
verter. It is now ready for transmission to the small raceivar inside the hear

ing instrument, which makes the sound audibla. r

Page 103 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 103



Claims Prior Art

Oticon — DigiFocus White Paper (1996) at Page 4

The weighted band-pass signals are summed with two summators which cre-
ate the low-pass and the high-pass channal of the hearing aid. The cut off fro
quaney hatwesn the two channels corresponds to 1500 Hz. [.e. the thrae
lower bends constitute the low-frequency channel and the four higher bands
tha ||i|-_i-. I""i"'"“ v channal

The signals from the two channels are processsd individually in two com-
prespors opemiing indepandoatly of vach othor

Finally tha two modified signals are summed into the output signal and sent

I the pecoiver

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

Audiologists at the Grunewald-Blitz Children's Clinic at The University of Arizona in
Tucson are testing what promises to be a long-awaited breakthrough in hearing
care - a fully automatic compact hearing aid that digitally processes sound. It
adjusis automatically to different noise levels.

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with anly
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be splitinto seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels to
automatically adjust for loudness levels and speech.”

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson 783 discloses that its
RPU includes a digital signal processor that performs amplification and signal enhancement on the down—
converted signals to compensate for the user’s hearing loss using a stored program. The following citations
show examples of where Anderson *783 discloses this limitation.
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Anderson 783 at FIG. 9
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Anderson 783 at 1:50-65

The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the

4 =972 940
ATTN f212 920 gi ________ ([r—=asem9m Nainl
Interrogation T _ Reply Data |
’7 Doto Register l I 'gﬁnl Register

Anderson 783 at 2:20-39

present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
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design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.
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Anderson 783 at 12:47-13:22
Remote processor unit interrogator and reply processor: The RPU, shown in FIG. 9, may use any of a
wide variety of components well known in the art. The DSP 948 may contain several integrated circuits,
e.g., the Motorola DSP56L.002 single-chip digital signal processor, a Motorola DSP56200 cascadable-
adaptive digital filter chip and supporting memory devices well known in the art. Miniature components
such as dielectric resonance oscillators are available for the microwave oscillator 908, and the DPSK
replies can be decoded using surface acoustic wave (SAW) or glass bulk acoustic wave (BAW) delay
lines 936 in a standard delay-and-multiply demodulator circuit 934. An alternative demodulator that
achieves superior noise immunity can be implemented using a phase-locked loop in a squaring loop
configuration for carrier recovery instead of delay-and-multiply circuitry 934. Decoding of a DPSK
waveform using such coherent detection techniques is known in the art as differentially encoded coherent
phase shift keying, or DECPSK. Amplifiers using low noise pseudomorphic high electron mobility
transistors (e.g., the HP ATF-36077) may be used as needed (e.g., between the circulator 906 and routing
switch 922), and such amplifiers are not individually identified in FIG. 9. All switches shown in FIG. 9
are RF switches that can be implemented using, e.g., PIN diodes. Switch control connections from the
DSP 948 to the RF switches are shown in FIG. 9 for clarity, and all switches remain set as shown until
changed as noted. The system shown in FIG. 9 demodulates a received reply when the RF reply travels
through a selected antenna 900, antenna selection switch 902, circulator 906, routing switch 922 (set to
the position opposite that shown in FIG. 9 during the reply interval by DSP 948 via control signal 976),
bandpass filter 928 and IF mixer 930. The IF mixer 930 downconverts the reply by mixing it with a small
amount of RF power from the 5760 MHz oscillator 908 via switch 910 (which is set to the position
opposite that shown in FIG. 9 during the reply interval by DSP 948 via control signal 972) and power
splitter 920. The resulting DPSK reply has a center frequency of 60 MHz, a bandwidth of 100 MHz, and
is passed through the bandpass filter 932 to the DPSK demodulator 934 which, in this example, consists
of a 50 nsec delay line 936 and multiplier 938. The resulting bits are stored in the reply data register 940
for processing by the DSP 948.

Anderson 783 at 22:61-23:35

Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
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of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[le] a speaker configured to
generate audio output signals from
the modified signals for the user.

DHA Systems and Anderson ’783 expressly or inherently disclose “a speaker configured to generate audio
output signals from the modified signals for the user.”

The Digital Hearing Aids of the DHA Systems include speakers. The following citations show examples of
where DHA Systems practice this limitation.

Oticon — DigiFocus Compact User Instructional Brochure at Page 4

Microphone opening Sound hook

Plastic tube

Cover for
programming

plug

' i |
Function switch Earmould

Battery compartment

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ’783 discloses that the
modified signals are transmitted to its ear piece where they are converted by a speaker into sounds that can be
heard by the user. The following citations show examples of where Anderson *783 discloses this limitation.
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Anderson 783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at FIG. 1
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Anderson 783 at FIG. 2
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Anderson *783 at 1:5-18

The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson *783 at 1:21-28
In the prior art, a basic hearing aid without remote control is a self-contained earpiece comprising a
microphone, speaker and associated processor electronics. In such hearing aids, the earpiece microphone
converts acoustic waves into electrical representations of the acoustic waves, the electrical signals are

amplified by the earpiece processor electronics and converted back into acoustic waves by the earpiece
speaker.
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Anderson °783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
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and not shown in FIG. 2.

Anderson ’783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
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DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

2. A hearing enhancement system | DHA Systems, Anderson *783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement
as recited in claim 1, wherein the system as recited in claim 1, wherein the up-converted signals are in the WiFi frequency band.”
up-converted signals are in the

WiFi frequency band. DHA Systems utilize several frequency bands for transmission, which at least suggests that DHA Systems

can transmit in the WiFi frequency band. The following citations show examples of where DHA Systems
practice this limitation.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 4

Phonak FM systermns operate on an FM radio signal in the 216-217 MHz bands. These
bands have been assigned by the FCC for use with equipment by the hard of hearing.
There are 23 narrow band channels available from Phonak in this frequency range. In
order for the transmitter and receiver to operate as a system, they must be on the same
frequency or "channel”. All Phonak FR transmitters and receivers are compatible with
every other model of transmitter and receiver in the Phanak product line. Each transmitter
and receiver channel "frequency’ is identified with a number. The number of the
transmitter and FM receiver must be the same for these units to function together
correctly.

Fid Transmitters and FiM Receivers are available in many sizes and shapes to offer
increased functionality, We will detail some of the Phonak equipment below:

Phonak Campus-S-User-Manual at Page 19

* Frequency synchronization
The Campus 5 can remotely re-tune your FM receiver to an alternative frequency
[sex page 8). This provides a quick and simple way to change the frequency, for
example when there are nearby FM users on the same channel, or to avoid inter-
ference from a mobile phone antenna.
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Phonak — Media Release re Product Offerings in F2003/2004 at Page 3

Phonak Communications introduces the new MicroLink receivers with frequency
synthesizer

Phonak Communications will intreduce its new multi frequency MLx 5 and MLS 5 receivers
in the next few months. MLx 5 and ML8 5 are the counterpart of Campus 5 transmitters,
already introduced early 200Z. Together, they comprise the new synthesized FM system
generation, a system that transmits, without wires, speech to the hearing instrument in
difficult listening situations.

The key technology of the new system is its easy frequency adaptation. Given the exirems
design constraints (low voltage, low power, miniature dimensions), the development of this
technology represents an unprecedented breakthrough in wireless communication
techmaology.

Phonak — Microlink User Guide at Page 12

Frequency Module

The repaceable plug-in frequency modules are numbered and color-
coded. They provide a simple and convemient way of changing the
operating frequency. To work correctly, however, the number and color
of the module must be the same as the MicroVox and MicroLink
receIver.

The frequency module is already installed when vou recelve your
HandyMic. If you need to change the operating frequency or channel,
procesd as follows:

Phonak — Microlink User Guide at Page 13

Exchanging the Frequency Module

I Press firmly on the cover of the com-
partment holding the frequency module
and slide it in the direction of the armmow.

) Flip up the holder as shown,

Pull out the frequency module.

Insert 3 new module. .

Close the holder. o

i Shde it back into place.

B 2amag
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Phonak — Microlink User Guide at Page 28

Description of the MicroLink models

@ Audic-shoe

& Freguency identiicalion code
Number and color codes for exact frequency channel identificaion. To ensune proper
receplion, check ihat the chamned and rensmitier numbers ane ldeniical.

@ MicroLink recahver
FM recelver with inlegrated anienna

& Socket lor optional exiemal antenna (evaliable for MLASMLASMLES and MLE). The
threaded socket GCCapls A Sorew-in antenns o axtend the MicroLink recepiian range.

& Mule swiich ko reduce the sensltivity of the hearng Instrumeant microphone by 20 dB, 50
enhancing the affect of the FM systam (only applies o MLIS/MLAS and MLSS). With the
MALE, the muie funclion is acliveled via the remole control.

& Fraguency module with integrabad anferma. This module ks locked In place.

For spacial appilcafions the frequency modle may be replaced. Your heanng cara
prodesslional will explain In detall this special feature.

@ Release bution

Phonak — Microlink User Guide at Page 42

Changing frequency modules

The transmission frequency channel can be changed by replacing the plug-
in frequency module. The color of the module and the number printed on
it indicate the channel code. To remove the module pull it forward away
from the MicroVox device.

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses that the
up—converted signals can be transmitted at a frequency between 900MHz and 6GHz, which includes the WiFi
frequency bands that range between 2.4GHz and 6GHz. The following citations show examples of where
Anderson ’783 discloses this limitation.

Anderson 783 at 7:39-8:3
Choice of radio frequency: Operating frequencies in the 900 MHz to 6 GHz range have long been used for
electronic article surveillance (EAS) anti-theft systems and RF identification tags (see the Hewlett
Packard "Communications Components Catalog" for a description of such systems and the associated
components). EAS technology has a proven ability to penetrate clothing and provide a short-range
wireless communication link. Operation of the full-featured preferred embodiment of the invention within
this frequency range is desirable due to the availability of low-cost components. In EAS and other
systems, a simple approach to RF antenna design is to provide a conductor which is one-quarter of the
wavelength at the RF operating frequency (see the discussion of antenna fundamentals in "The ARRL
Handbook for the Radio Amateur" for a description of the Marconi antenna). Since a quarter-wavelength
antenna at 6 GHz is 1.27 cm (one-half inch) long, an antenna at this frequency can easily be disguised as
an ear hair and can also serve as a hearing aid earpiece extractor 14 (although it is not required that the
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antenna or antennae act as an extractor nor be disguised as an ear hair). Note that frequencies lower than 6
GHz can be used (e.g., as previously described for the limited-feature embodiment), but components and
antennae generally become larger. Similarly, frequencies higher than 6 GHz can also be used for the
present invention but components are not as readily available. The range of frequencies near 6 GHz is
therefore chosen for the present description of the preferred embodiment due to the fact that 6 GHz is the
lowest frequency for which the antenna length is the same as that of a typical extractor or ear hair, and
miniature components that operate in the vicinity of 6 GHz are readily available.

Anderson 783 at 9:3-30
Operating power limitations: Operation in many frequency bands is possible as long as the applicable
requirements are met. A frequency band slightly below 6 GHz, the 5725 to 5875 MHz ISM (industrial,
scientific and medical) band, is used here to illustrate the operation of a full-featured preferred
embodiment. Non-licensed operation in this band is governed in the United States by 47 CFR Ch. 1, Para.
15.249, and other restrictions may apply depending upon the country in which the invention is used. For
the present discussion, only the constraints imposed on operation by the United States Federal
Communications Commission are considered. In the 5725 MHz to 5875 MHz ISM band, the average field
strength at three meters must be less than 50 mV/meter. For an isotropic radiator, the power in watts is
expressed as 3.33% of the square of the product of the field strength in V/meter and the range in meters.
See the section on antennas, especially with regard to field strength and radiated power from antennas in
free space, in "Reference Data for Radio Engineers," as well as Annex K of the "Manual of Regulations
and Procedures for Federal Radio Frequency Management" for derivations. For the stated range of three
meters and field strength of 50 mV/meter, the average power limit is 0.75 mW (-1.25 dBm). A peak field
strength value 20 dB (a factor of 10) higher is allowed (500 mV/meter), which leads to a peak power limit
of 75 mW (+18.75 dBm). Other restrictions also apply, but these restrictions are easily met by standard
design practices (see 47 CFR Part 15, Subpart C-Intentional Radiators).

Similarly, Enzmann ’555 at least suggests the signals sent from the wireless phone to the hearing aid/ear bud
device is in the WiFi frequency band because Enzmann ‘555 discloses that its connection between its ear bud
and cell phone can be “any kind of wireless connection.” The following citation shows an example of where
Enzmann ‘555 discloses this limitation.

Enzmann >555 at [0034]
The connection shown between the TX/RX unit 260 and the wireless phone 270 is preferably a wireless
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digital connection, such as Bluetooth, etc. However, it should be appreciated that the connection between

the TX/RX unit 260 and the wireless phone 270 can be any kind of wireless or wired connection, and may
be digital or analog, infrared (IR) or transmitted radio frequencies (RF) without, departing from the scope
of the invention.

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitation. Enzmann ’555 discloses a system that includes a hearing aid device and a wireless
phone. Enzmann 555 at [0001]. DHA Systems similarly include Digital Hearing Aids (with or without
Receivers) and Transmitters in wireless communication, including Transmitters that can connect to phones.
Phonak — Fitting Guide for MLxi and MLxi Baha at Page 6. A POSITA would have understood that
Enzmann ’555’s wireless phone is analogous to DHA Systems’ Transmitters, and Enzmann ’555°s hearing
aid device is analogous to DHA Systems’ Digital Hearing Aids and/or Receivers. Combining or substituting
one or more of the teachings of Enzmann ’555 with those of DHA Systems would have been nothing more
than the combination or substitution of known elements to obtain predictable results. Moreover, such
combinations or substitutions would have improved similar devices (those in Enzmann ’555 and DHA
systems) in the same or similar ways. Thus, a POSITA would have been motivated to combine DHA Systems
with the teachings of Enzmann 555 .

A POSITA would have had a reasonable expectation of success in combining DHA Systems with the
teachings of Enzmann ’555. Enzmann ’555 discloses using manners of digital connection such as Bluetooth
and RF. Enzmann ’555 at [0034]. DHA Systems are designed to use radio signals to transmit information
between the Transmitters and the Digital Hearing Aids. Phonak Campus S — Henry Article re Selection,
Application and Integration of FM Systems at Page 4. DHA Systems and Enzmann ’555 are thus easily
combined based on familiar components to allow wireless connections through up-converting into the WiFi
frequency band. The modifications made to combine Enzmann ’555 and DHA Systems would have been
routine and well within the level of a POSITA, who would have reasonably expected success in doing so.

A POSITA would have further been motivated to combine DHA Systems with the teachings of

Anderson ’783 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to Enzmann 555 and to claim 1[pre]. Specifically, Anderson *783 discloses transmission
between the RPU and hearing aid device using frequencies between 900MHz and 6GHz. Anderson 783 at
9:3-30.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
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teachings of DHA Systems, Anderson ’783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

3. A hearing enhancement system
as recited in claim 1, wherein the
audio system is selected from the
list consisting a television, a stereo
system, a CD player and a radio.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement system as
recited in claim 1, wherein the audio system is selected from the list consisting a television, a stereo system, a
CD player and a radio.”

The Transmitters of the DHA Systems can be connected to, for example, televisions and CD players. The
following citations show examples of where DHA Systems practice this limitation.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

2- HandyMic TX3

The microphone with a built-in transmitter, used primarily for adults. The multi-
microphone technology of the HandyMic combines omni directional, directional, and
super directional microphones with an FM transmitter. The compact HandyMic transmits
the speaker's voice directly to the hearing instrurnent user's FM receiver,

The HandyMic can be set up directly in front of the sound source, slipped into the
speaker’s shirt pocket, or aimead at the speaker manually. With an audic cable, the
HandyMic can also be connected to a sound system. As with all other Phonak FM
praducts, the HandyMic has a range of 7 to 15 meters (23 to 50 feet).

For business meetings, round table discussions, family gatherings, in a car, on a noisy
street, at home
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

The Phonak Campus S is a new addition to the Phonak preduct line - this multi-channel
FM transmitter is developed for use in schools, universities and speech therapy. It is fully
compatible with current Phonak FM products, and ready for operation with future
generations of Phonak FM receivers.

Campus S special features include a channel selector with digital display, an ergonomic
user interface, a microphone with switchable directional [ omni directional characteristics,
handy storage for the microphone cable, connection to televisions, video recorders and
radios, and an easily exchanged rechargeable battery.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 6
4- TelCom

i .

Phonak's TelCom is a stationary FM transmitter that allows optimized television,
telephone, and audio system usage. While the user watches TV or listens to music,
TelCom assures that the telephone will be heard when it rings. When the call is answered,
TelCom automatically mutes the audio signal and transmits the caller's voice to the FM
receiver. This does not affect the volume of the loudspeakers for others in the room.
When the handset is replaced, the audic signal transmitted to the hearing instruments is
returned to the previous volume setting. TelCom is equipped with a frequency synthesizer
for convenient setting of FM frequencies; it has a range of 7 to 15 meters (23 to 50 feet).

For televisicn, telephone, CD player, radio, perscnal computer and other equipment with
audio output

Phonak Campus-S-User-Manual at Page 12

Connecting the Campus 5 to a TV set, video recorder,
radio or CD player

Mudio cable

' Hesdphone symbol on Tradio et e

audio equipment like TV sets, video recorders, radios and CD players.

i} Plug the audio cable into the headphone output of your audio equipment.
) Plug the other end of the cable into the audio input underneath your Campus 5.

Since the Campus 5 uses the microphone cable as an antenna, unroll the
microphone cable.
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Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the sound source or even connected directhy to TW ar HiFi

The transmitter wnit collects the desired signal and tramsmits it via radia
waves directly to the FM medule integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is procesced

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or accoeding to an individual FM program.

Phonak — Collections 2002 Product List at Page 28

FM transmitters:

b 4
N g

HandyMic TelCom
The universal tramemitter designed Optimises the use of the telephone,
experially for adults ¥, radio, and other aasfio sources

o i

Supert frequency flexibility - ideal
for educational environmenis
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Phonak — Collections 2002 Product List at Page 29

Phonak’s FM solutions:

For maximum speech intelligibility

Whenever even Latest- t fir Phonak ions i the SNR by 17 to

instriments approach their physical imits - noise, 20 dB.

reverberation, or distance - count an Phanak's FM

salutions to deliver maximum speech intelligibility ‘Thie FM svstems by Phonak can be used with the
majority of commercially available BTE instruments

The frequent diffculties encountered by hearing and cochlear implants.

instriment sers when watching TV and mating

phone calls can be avercome with Fhonak’s FM
technology.

Recommended applications:

Dialog: Schools and eontinuing education:
For examgle at home. an a busy street. Far examgle in classes at schoals and
at the shapping mall ar in a restaurant. universities, on outings and excursions, in

lectures or on museum tours.

Group discussions: =) Transpartation:
For example at a family get-together, Far examgle in cars, trains, trams and buses.
in a very noisy restaurant. at business
meetings or conferences.

Sports of all kinds:

2] For example when crcing,plaring oot
Making telephone calls: skiing. jogging or hiking.
The Phorsk FM system provides access to
the many capailities of madern

telecommunications devices. Events:
For example at the theater. in concerts, at
&) Watching TV and listening to music: the mavies, in church services or at
Phanak FM provides access to the entire ‘community meetings.

spectrum of today's information and
entertzinment technolagies.

Phonak — FM Transmitters including Campus S and TelCom at Page 1
TelCom

Phonak's TelCeom is the first stationary M tansmitte:
ihat allovs optimized television, telephone, and
andio system nsage.
While the user watches TV or lztens to music, TelCom
TelCom assureg that the telephone will be heard when it rings,
{click to enlarge]  When the call is answesed, TelCom automaticaily
mutes the audic signal and transmits the galler's voice

clearly and crisply. This does not affect the valume of the loudspeakers for
wtfvers in the room, When the handset 15 replaced, the audio signal
frangmitted to the hearing instruments is turned back up to the preyious
volume setting. The TelCom has an operating range of 7 o 15 meters (23
tio 50 feet).

Far television, telephane, CI¥ player, radin, personal computer and

other equipment with audio owtput,
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Phonak — Microlink User Guide at Page 2

The desired signal — for example, a speaker’s voice or
the sound from a TV — s picked up by the microphone
which iz placed near to the source of the sound. The
transmitter sends an FM signal to the receiver, which
immediately relays this to the hearing instrument for
you to hear — crystal clear!

Phonak — Microlink User Guide at Page 2

Phonak — Microlink User Guide at Page 6

The direct-input technigue
Using the audio cable supphed with the system, the HandyMic can be

connccted directly to any sound system, including a TV, radio,
walkman, movie projector, amplifier, cassette-player etc.

.—""’f-'__\--\-\x\

",
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Phonak — Microlink User Guide at Page 9

Description A

2R g
.
3

Low bettery / changing inoicator =
& When the red Bght DInks, the bathary P f A y
neads racharging _
b. During recharge the red ight
Buminales contin '
&  Mullincton socost. THES Sliows e HandyMic 1o be connected N
D Ao equipment (2.g. TV, racko eic.). The exiemal E N
@eial can be plagoed in hare b exiend Me oparaling range of the system.
Stand

8§98

& ports
PlugHn frequency module

Phonak — Microlink User Guide at Page 17

TX2

Description

0 Microphons socket

@ OnioH swlich

@ Aucho Input SOCKET Tor connecling T2 direclly
10 Extemial Budio aquipment
{e.g. TV, radio, tape feconder aic.)

@  Color code for channel Idantification

Mumber code for exact channal identiicalion

Battery compartmeant
Low hatiery warning light
® Clip with name and address lsbel
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Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 3

The transmitter can be worn around the neck, in a pocket, or set
on atable, There is a coated wire antenna approximately 127 lang
attached to the transmitter. The authors found it beneficial to
tape the antenna to the nedt loop cord prowvided with the syshem.
This keeps the antenna from maoving around where it is prone to
getting caught on clothing or other objects. We have had several
patients who returned with the antenna broken ar vha had the
protective tlp corme off,

The TX3 can be plugged Into external sources such as television,
radio, CD players, etc. Judging from anecdotal reparts, this
featura has increased our study participants’ enjoymeant of TV and
music substantially, They have been amazad at how they can walk
ot of & rooim and still hear the rmusic or TV program, [t has added
a lot of flexibility to thelr Ihves.

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 3

There is also a new phome transmitter called the TX4 or Tel-Comn
(Flgure 21, It s a conlcal space-age-looking device that attaches to
the phone. It can also be used as an exbernal sound source for
television, radio, CD players, etc. This can serve 2s more of a
penmanent system than the TX3, which has to be

hooked ‘unhooked from an external source. Therafore, a patient

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 4

The TH4 can be used for television, radio, stereo, or CD player,
making it flexible for external sound sources. It also allows for
binawral hearing on the telephane. Or, if the patient has good
desterity, hefshe can have one ear listening to the phone and ane
to the room conversation, if nesded.
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TelCom User Guide at Page 3
What is TelCom

TelCom is a stationary FM transmitter.

It boosts the sound from television or any other audio equipment

[e.g.. Personal Computer, CD-player, radio) without disturbing others.

It allows you to hear the telephone ringing at any time.

The television sound is switched off automatically when the telephone is answered.
The person calling can be heard loud and clear.

When the telephone receiver is replaced, the television sound will return auto-
matically.

To use this system hearing instruments fitted with FM receivers are required.

TelCom User Guide at Page 8

4.

Plug the audio cable into the television headphone socket® 3. Plug the other end
of the audio cable into the TelCom audio socket . When you switch on the
television, the Status Indicator will change to yellow. Please note that it can take up
to 45 seconds until the color changes. Your TelCom is now ready to operate.

*or any other equipment having an audio output, e.g.. radio, CD player, personal computer

TelCom User Guide at Page 12

3|

Clear sound while watching television without disturbing noise

Sound from awdio equipment, speech over telephone, and even the telephone
ringing =ignal heard through FM

The audio signal level

- is automatically switched off when the telephone is picked up

- automatically comes back if the telephone is hung-up

Fully automatic operation once the system is installed

Ready to operate 24 hours a day, 7 days a week

Mo cabling between the TelCom and the FM receivers

High-quality Swiss made equipment with high-tech design
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Oticon — DigiFocus Compact User Instructional Brochure at Page 6

Direct Audio Input socket (optional)

Your hearing instruments mav have a Direct
Audio Inpul socket (shoe). This facility allows
signals from external sound sources to be re-
cieved directly by vour hearing instruments.
These sources include radio, casselle plaver,
TV, auditory training equipment and assistive
listening devices.

You will hear the external signal when the
function switch is set to the "M" position.

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses that the
RPU can include various devices and sensors, including CD players and radios. The following citations show
examples of where Anderson 783 discloses this limitation.
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Anderson 783 at FIG. 9
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Anderson 783 at 4:26-29
The limited-feature hearing aid embodiment shown in FIG. 2 can be fabricated using low-cost commercial
off-the-shelf RF system elements operating in the standard 88 MHz to 108 MHz FM (frequency
modulation) broadcast band.

Anderson 783 at 25:50-26:5
Sensors and peripheral devices: Many sensors and peripheral devices 950 can reside in or be attached to
the RPU by wired or wireless means, and controlled by the user (via inputs to the RPU DSP 948 through
the keyboard 946, Morse code keys 956 or voice recognition) to provide both solicited and unsolicited
information. Music can be provided from pre-stored information including tape, compact disc, over-the-
telephone services via the secondary wireless link, or a commercial broadcast radio receiver. User
location information can be provided to the RPU from special-purpose transmitters at specific locations in
nursing home applications. Self-contained user-carried inertial navigation packages (with solid-state
gyroscopes, accelerometers and a compass) or a Global Positioning System receiver can also be used.
Sensors for a foot soldier RPU application may include many types of detectors such as RF detectors
(e.g., radar detection capability), nuclear/biological/chemical weapon detectors, infrared or laser detectors
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and metal detectors. Appropriate verbal warnings or distinctive alerting tones generated by the RPU DSP
948 are sent from the RPU 16 to the earpiece 10 and ultimately received as audio signals by the user.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

4. A hearing enhancement system
as recited in claim 1, wherein the
audio system is a phone.

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement
system as recited in claim 1, wherein the audio system is a phone.”

The Transmitters of the DHA Systems’ can be connected to phones. The following citations show examples
of where DHA Systems practice this limitation.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 6
4~ TelCom

7T,

Phaonak's TelCom is a stationary FM transmitter that allows optimized television,
telephone, and audio system usage. While the user watches TV or listens to music,
TelCom assures that the telephone will be heard when it rings. When the call is answered,
TelCom automatically mutes the audio signal and transmits the caller's voice 1o the FM
receiver. This does not affect the volume of the loudspeakers for others in the reom.
When the handset is replaced, the audic signal transmitted to the hearing instruments is
returned to the previous volume setting. TelCom is equipped with a frequency synthesizer
for convenient setting of FM frequencies; it has a range of 7 to 15 meters (23 to 50 feet).

For television, telephone, CD player, radio, personal computer and other equiprment with
audic output
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Phonak — Collections 2002 Product List at Page 28

FM transmitters:

HandyMic
The universal tramsmitter designed
expecially for adults

.4
N\-

TelCam
Optimises the use of the telephone,
W, radin, and other sudfio sources

Phonak — Collections 2002 Product List at Page 29

Phonak’s FM solutions:

For maximum speech intelligibility

Whenever even Latest- i ir Phonak ions ir the SNR by 12 to

instruments approach their physical limits — noise.
reverberation, or distance - count an Phonak’s FM

‘The frequent difficulties encountered by hearing
instriment wzsers when watching TV and making
phone calks can be avercome with Phonak’s M
technolog.

Recommended applications:

Dialog:
For examgle at home. an a busy street.
at the shapping mal o in a restaurant.

Group discussions:
For exampie at a family get-together,
in a very noisy restaurant, at business
meetings ar conferences.

[] Making ecphone calk:
The Phanak FM svstem provides access to
‘the many capabilities of madern
telecommunications devices.

II] Watching TV and listening to music:
Phanak FM provides access to the entire
spectrum of today’s information and
entertainment technologies.

20dB.

‘The FM systems by Phonak can be used with the
majority of commercialy available BTE instruments
and cochlear implants:

Schools and eontinuing education:
Far examgle in classes at schoals and
universities, on outings and excursions, in
lectures or on museum tours.

=) Transpartation:
For example in cars, trsins, trams and buses.

Sports of all kinds:
2] For example when crcing, plaing oot

skiing, jogging or hiking.

Events:

For example at the theater, in concerts, at
‘the mavies, in church services or at
‘community meetings.

o ik

Campus 5
Superh frequency flexibility - ideal
for educationzl envisonments

Page 131 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144

Page 131



Claims

Prior Art

Phonak — FM Transmitters including Campus S and TelCom at Page 1

TelCom

Phonak's TelCom is the first stationary M transmsiter
that allowrs aptimized television, telephone, and
andio system nsage.
While the user watches TV or L2tens to music, TelCom
TelCom assures that the telephone will be heard when it rings,
{click to enlarge) When the call is angwesed, TelCom automaticaily
mutes the audio signal and transmits the caller's voice

clearly and crisply. This does not affect the volume of the loudspeakers for
others in the room, When the handsget is replaced, the audio signal
trangmitted to the hearmyg mstruments 15 tumed back up to the preyvious
violume setting. The TelCom has an operating range of 7 o 15 meters (23
o 50 feet),

Faor television, telephone, C player, radin, personal compnter and

other equipment with audio owtput,

Phonak — Microlink User Guide at Page 7

You may even connect the system directly to your telephone, if it has an
audio output socket. Alternatively, use the optional adapter available for
your HandyMic. Switching off the microphone then allows you to hear
the telephone signal without any background nose.

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 3

There is also a new phome transmitter called the TX4 or Tel-Comn
(Flgure 21, It s a conlcal space-age-looking device that attaches to
the phone. It can also be used as an exbernal sound source for
television, radio, CD players, etc. This can serve 2s more of a
penmanent system than the TX3, which has to be

hooked ‘unhooked from an external source. Therafore, a patient

Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 4

The TH4 can be used for television, radio, stereo, or CD player,
making it flexible for external scund sources. It also allows for
binawral hearing on the telephaone. Cr, if the patient has good
desterity, hafshe can have one ear listening to the phone and one
to the room conversation, if nesded.
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Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 7

= & patient who uses 332 Power AudioZooms with 8% amd 20%
discrimination had not been able ta use the phone fior the past few
vears, After using the T4, he has been sble to communicate on the
phone and he feels that his understanding on the phone is now about
F5%.

# A patient with a severe-to-profound unilateral hearing loss vith
28% discrimination has been struggling to use the phone, He tried the
T¥4 and this allowed him to hear well on the phone for the first time in
AT YEars,

TelCom User Guide at Page 3
What is TelCom

TelCom is a stationary FM transmitter.

It boosts the sound from television or any other audio equipment

El:g._ Personal Computer, CD-player, radio) without distu rhing others.

It allows you to hear the telephone ringing at any time.

The television sound is switched off automatically when the telephone is answered.
The person calling can be heard loud and clear

When the telephone receiver is replaced, the television sound will return auto-
matically.

To use this system hearing instruments fitted with FM receivers are required.

TelCom User Guide at Page 12

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses a
cordless or cellular telephone as the audio system that receives input signals. The following citations show

Clear sound while watching television without disturbing noise

Sound from awdio equipment, speech over telephone, and even the telephone
ringing signal heard through FM

The audio signal level

- is automatically switched off when the telephone is picked up

- automatically comes back if the telephone is hung-up

Fully automatic operation once the system is installed

Ready to operate 24 hours a day, 7 days a week

Mo cabling between the TelCom and the FM receivers

High-quality Swiss made equipment with high-tech design

examples of where Anderson ’783 discloses this limitation.
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Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone

system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at FIG. 2

Secondary
Wireless Link 29

Remote Processor \X
Earpiece Unit 23 N\
22~ i_. _________________ -=-
| 21 26 )

|
r __.....__I_———-] I ( |
| Headset 21 | [ FM || Signal O] !
| m | F2 | [XMTR Enhancer I |
~ ! |
| |‘/1// I I
——-24
| |//!| o o MIC '|
; )| RCVR o
| Wireless i | 7 / |
| Microphone 20 | [ SDP,?Th Cordless or [
L I s Cellular |
| Telephone |
| Handset 28 |
L o ———————— e —
FIG. 2

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
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wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 5:61-6:3
The RPU 23 shown in FIG. 2 also includes, as an optional feature, a telephone handset 28 which may be a
cordless handset (e.g. Panasonic model KX-T3710H), cellular handset (e.g., NEC model P120), or a
cordless or cellular handset with voice-dialing capability, or any of a variety of other devices (e.g. a
"walkie-talkie") capable of communication via any type of secondary wireless link 29 (e.g., RF or
infrared). In this application, the handset 28 is not held in the user's hand, but instead forms a part of the
RPU 23 carried on or located near the user's body.

Anderson 783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
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FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson ’783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
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(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

Enzmann ’555 further discloses a wireless phone. The following citations show examples of where Enzmann
‘555 discloses this limitation.

Enzmann ’555 at Abstract
An aided ear bud device is provided that operates as a hearing aid device as well as an ear bud device for

a wireless phone. The aided ear bud normally operates as a hearing aid device. The aided ear bud state is
changed by a verified input from a wireless phone. Upon the change in state, the microphone input from
the aided ear bud is remotely output to the wireless phone while the incoming transmission from the
wireless phone is combined with the microphone input and output to the user. The ear bud device can be
modified to receive analog or digital inputs from other outside sources.

Enzmann 555 at [0002]
This invention relates to systems and methods for providing a hearing aid capable of communicating with
a wireless phone. More particularly, this invention provides a hearing aid capable of simultaneously or
alternatively performing the functions of an ear bud for the wireless phone.

Enzmann >555 at [0009]
Thus, the inventor has discerned that there is a need to address the above-mentioned problems by

providing a hearing device that functions both as a hearing aid and as a wireless phone ear bud.

Enzmann *555 at [0011]
Therefore, this invention provides systems and methods for adapting a hearing aid to operate as an ear bud
device in addition to providing conventional hearing aid functions. Using this method, this invention is
able to address many of the issues hearing impaired wireless phone users encounter while addressing the
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inherent problems associated with the conventional solutions.

Enzmann *555 at [0015]
In the various exemplary embodiments according to this invention, the ear bud device monitors the noise
being received by its microphone and a transmit/receive unit. Once the transmit/receive unit accepts an
input that is anything but ambient noise, the system determines if the input is coming from a valid source.
The validity of the source is based on a preprogrammed indicator. Based on this determination the ear bud
device will switch to the appropriate mode of operation.

Enzmann >555 at [0030]
The embodiments of the present invention allow the user to hear the audio transmissions of the wireless
phone in the speaker of the aided ear bud. This is achieved by transmitting the audio output to the aided
ear bud. Using this approach, the interruption due to feedback from the antenna of the wireless phone is
eliminated because the wireless phone can be placed considerable distances away from the hearing aid
such that the spurious transmissions from the antenna do not interfere with the processing functions of the
aided ear bud. In addition, the portability of the wireless phone is increased because the user's hearing
device can now act as a wireless ear bud for the wireless phone.

Enzmann 555 at [0034]
The connection shown between the TX/RX unit 260 and the wireless phone 270 is preferably a wireless
digital connection, such as Bluetooth, etc. However, it should be appreciated that the connection between
the TX/RX unit 260 and the wireless phone 270 can be any kind of wireless or wired connection, and may
be digital or analog, infrared (IR) or transmitted radio frequencies (RF) without, departing from the scope
of the invention.

Enzmann >555 at [0039]
The signals received at the microphone 205 are passed to the user as background noise and must be
passed to the wireless phone 270 as if the user was speaking directly into the wireless phone 270.
Remotely transmitting this signal to the wireless phone from the aided-ear bud 200 also allows the user to
be located in a remote location away from the wireless phone 270.

Enzmann >555 at [0040]
The signal 226b-passed to the op amp 223 is representative of ambient noise in the aided ear bud 200.
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This signal 226b is typically reduced in volume and combined with the input from the signal-processing
function 225 to produce a mixed signal. The signal processing function 225 processes signal 228 from the
TX/RX unit 260 and provides a second processing step so that the timing of the incoming signals from the
microphone and the wireless phone are in sync and can be effectively combined to create a true
representation of sound to the user. The op amp 223 outputs the mixed signal to the D/A converter 240,
and finally to the speaker 250. The signal processing functions 221 and 225, to be implemented are known
to those skilled in the art.

Enzmann 555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
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teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

5. A hearing enhancement system
as recited in claim 1, wherein the
audio system receives the input
signals from a microphone.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement system as
recited in claim 1, wherein the audio system receives the input signals from a microphone.”

DHA Systems’ Transmitters include microphones for receiving audio signals. The following citations show
examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 23

Perseo” BTEs - reliable be

The Perseo BTE family includeﬁi;f\‘ﬁr ice of
sizes, colors and power levels. All feature :n‘l:nl‘
award-winning design with a refined, ergonomic
shape. They have a patented housing construction with
/" bonded plastic and silicon to effectively keep aut debris and
J moisture. Environmental protection extends further with
patented, disposable microphone covers to ensure consistent,
reliable performance, in all conditions. With dual-microphone
systems this is particularly important since electronic matching
cannot successfully compensate for performance reduction as a
result of debris and moisture. A comprehensive range of colors for

the housing also caters for specific tastes and trends.

!.

Original size
— = New small Perseo BTE 111211
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 2

People with sensorineural hearing loss need a more favorable signal-to-noise ratio to
understand speech than do normal hearing listeners. Research has shown that hearing
impaired listeners may reqguire signal-to-noise improvements of 4 dB to 18 dB, depending
on the magnitude of their hearing loss to achieve word-recognition scores equivalent to
those with normal hearing.

FM systems are able to improve the signal-to-noise ratio. FM systems improve the user's
ahility to understand speech in the presence of noise. Since the sound is deliverad by FM
radic waves, the strength and quality of the sound remains constant (across the
operational distance) from the speaker to the hearing impaired individual. FM systems
consist of & microphone usually placed four to six inches from the sound source, and a
transmitter, which sends the signal via radio waves directly to the miniature FM receiver,
which is connected to the personal hearing instrument. In other words, the entire Fi
system is a complete broadcasting and receiving system.

Importantly, when using FM systems, the effects of background noise and reverberation
are minimal. These factors help reduce background noise while enhancing and stabilizing
the main sound source.,
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

2- HandyMic TX3

The microphone with a built-in transmitter, used primarily for adults. The rulti-
microphone technology of the HandyMic combines omni directional, directional, and
super directional microphones with an FM transmitter, The compact HandyMic transmits
the speaker's voice directly to the hearing instrurnent user's FM receiver.

The HandyMic can be set up directly in front of the sound source, slipped into the
speaker's shirt pocket, or aimead at the speaker manually. With an audio cablg, the
HandyMic can also be connected to a sound system. As with all other Phonak FM
products, the HandyMic has a range of 7 to 15 meters (23 to 50 feet).

For business meetings, round table discussions, family gatherings, in a car, on a noisy
street, at home
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

The Phonak Campus S is a new addition to the Phonak preduct line - this multi-channel
FM transmitter is developed for use in schools, universities and speech therapy. It is fully
compatible with current Phonak FM products, and ready for operation with future
generations of Phonak FM receivers.

Campus S special features include a channel selector with digital display, an ergonomic

user interface, a microphone with switchable directional [ omni directional characteristics,

handy storage for the microphone cable, connection to televisions, video recorders and
radios, and an easily exchanged rechargeable battery.

Phonak Campus-S-User-Manual at Page 1

Description

) On/off button
£) Channel selection buttons

£} FM channel in use

([} Battery status indicator

& Direct frequency synchronization

(3 There are different microphone options
available [see page 6]

L Carrying clip

{{) Battery compartment
£ Audio socket

1. Battery charger socket
1L Label for your initials
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Phonak Campus-S-User-Manual at Page 7

1] M Press the ([ button for 2 seconds.
Wh:n the Campus 5 is switched ON, the LCD display shows the channel in use and
the hattcr'.' status. When the Campus 5 is switched off, the LCD display goes blank.

B For MME: Remove the windscreen from the microphone and ensure that the
mll:rnphunf switch is in either the W [directional) or | (omnidirectional) position.

Phonak Campus-S-User-Manual at Page 13

directional
omnidirectional

£} Switch on your Campus S and the microphone, then the audio cquipment.

This microphone allows you to talk directly to listeners while
showing a video, for example. If you prefer not to speak, switch ofF (X) the microphone.

Should your audio equipment not have a 3.5 mm connector please ask your hearing
care professional for adapters for 6.3 mm jacks, RCA[Cinch or SCART connectors.
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Phonak — Collections 2002 Product List at Page 12

—-z;xn.‘r..'&n;wigwry 'IH;.
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Enhanced Signal-to-Noise
Ratio
Phonak's zoom technology is the
optimum solution for improving
user satisfaction in noisy listening
situations. Phonak utilises two
Separate microphones in its
hearing computers with
AudioZoom or miniZoom. The
microphones are controlled by an
electronic network to produce a
directional or omnidirectional
characteristic. By touching a key
on the remote control or operating
the switch on the instrument, the
user can select the appropriate
microphone mode:
omnidirectional (wide-angle) or
12 directional (zoom).

Directional characteristic
500Hz Polar diagram for a BTE

—— 1000z hearing instrument in

—— 20004z the zoom mode,

..... 40004z KEMAR measurement.

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 9

Phonaks electronically controlled
multi-microphone technology
delivers the best Signal-to-Noise
Ratio (SNR).

The Signal-to-Noise Ratio is
important for understanding
speech in noisy surroundings. An
improved SNR is crucial even for
mild hearing loss. A hearing-
impaired person with a hearing
loss of 40 dB HL requires an
average SR improvement of

+5 dB SNR. If the hearing loss is
70 6B HL, the required
improvement is +9 dB SNR.

Phonak’s zoom technology is
available in the following
models:

ITE
Aero 23 mZ
MicroZoom P2 AZ

BTE
Aero 211 AZ

Aero 311 AZ
Supero 413 AZ
Piconet2 P2 AZ
SonoForte2 P3 AZ
PowerZoom P4 AZ

AT

Supero

Often, power instruments differ
from other hearing instruments
only in terms of higher gain and
greater output sound pressure
levels. However, Supero was
designed from scratch as a
hearing instrument which
addresses the needs of people
with severe and profound
hearing impairments. It features
a specially robust case based on
Phonak's patented 2K technology
(optimised protection against
moisture and dust), versatile
fitting algorithms, flexible signal
processing strategies, and unique
output-limiting strategies.
Supero 412 is Phonak's most
powerful instrument in terms of
gain and MPO.

NovoForte E4

People with severe to profound
hearing loss need maximum
audibility, particularly in the low
frequency range. The NovoForte
E4 provides excellent low
frequency gain with minimal
distortion.

oo, B Ve S T
ik "S' BN VAR AT

PowerZoom P4 AZ
The greater the hearing loss, the
more effective a higher SNR.
Phonak's PowerZoom P4 AZ
achieves an average
improvement of the Signal-to-
Noise Ratio of 13.7 dB.

This instrument is designed for
hearing-impaired people with
severe sensorineural or
combined hearing loss and a
measurable hearing threshold of
up to about 2 kHz.

The Phonak PowerZoom P4 AZ
preserves loudness in the low
frequency range in both hearing
programs.

SonoForte2 P3 AZ
The SonoForte2 P3 AZ hearing
computer s ideal for people
with moderate to severe hearing
loss. The AudioZoom feature can
be directly programmed to the T
position of the MTO switch.

Ins EJFIQIIH i

imespire i 3 Dymamic FM

traremitter for teachers and

suitzhie fior e in both

requiar and spevial schook:

DrymaMic

SrmartLink+

DryraMic is the Smartlnks is the
peraround microphone for M transmitter for those

e Mubtilzler whao want nothing
Metwork with imspina le== than the wery best.

Zoambink+

foomlink: i the
FM transmitter for those who
Encew whait they want.

Easglimks mthe
M tramsmitter that
& Fiest o Operate.
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Phonak — Fitting Guide for MLxi and MLxi Baha at Page 9

inspira

Classic FM inspiro is ideally suited to the
meeds of both regular and sperial schood
teachers.

Easylink

An eazy-1o-use transmitter featuring one
configurable microphone mode, 2 single
activation button, and an audis input.
Compatible with all Phonak FM receivers.

SmariLink

An advamced FM transmitter for teenagers
and adults. Smartlink features 3 microphaone
modes, Blueteoth connectivity for cellphone
use, an audio input and a hearing instrument
remuobe contred. [t is compatide with all Phonak
FM receivers.

Zoomlink

A wersatile tramsmitter that features

1 microphone modes and an sudio imput fior
multimedia wse. Compatible with @l Phonzk
M receivers

Phonak — FM Transmitters including Campus S and TelCom at Page 1

FM Transmitters

Campus 5

-

Campus 8
{click fo enlarge)

Thanks to its advanced synthesizer technology,
Campus 3 is extremely flexible when it comes to
mulfi-classroom applications. When moving from
one 7oom to the next, the channel gelection feature

i S

alloves the new channel settings o be made quickly and

conveniently. The tmansmitter's channals can be

preprogrammed to auit individoal needs.

These and other wseful features, as the lavpe-format LCD, the buili-m cabls

rewmd., the multifunctional microphone or the simplified power
management makes Campus 3 to the top transmitter in design, technology
and convenienoe.

For uze in all teaching envivanments (class rooms, excarsiong,

guided tours, conferences, and meetings),

Phonak — Microlink User Guide at Page 2

The desired signial — for example, a speaker’s voice or
the sound from a TV - s picked up by the microphone
which is placed near to the source of the sound. The
transmitter sends an FM signal to the receaver, which
immediately relays this to the hearing instrument for

you to hear — erystal clear!
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Phonak — Microlink User Guide at Page 9

Description A

2R g
.
3

Low batiery / changing indicaior
& When the red Bght biinks, Tha battery P T
neads rachanging _
b. During recharge the red lght
Huminales contin
& Multiunclion sociket. This allows the HandyMic ko be connected
0 audio aquipment je.g. TV, radio eic.). The extemal
gesfial can be plugoaed in hane b exend he operating renge of the systam.
Stand
2 ports
PlugHn requency module

8§98

Lewis — Speech perception in noise: directional microphones (2004) at Page 431

All subjects were fit with digital Phonak
Claro 311 dA¥ BTE hearing aids bilaterally.
All earmolds had select-a-vent (5AV) venting
and #13 or 3 mm horn tubing. In addition to
the hearing aids, subjects were fit with
Phonak Miecrolink ML& FM receivers
bilaterally. These FM receivers attach to the
bottom of a BTE hearing aid and may be
utilized in either the “FM only™ mode, which
attenuates the hearing aid microphone by
20 dB, or in the FM plus hearing aid mode,
which allows for FM input and input of
environmental sounds via the hearing aid
microphones simultaneously at the same
ouiput level. The Phonak TX3 HandyMic FM
transmitier served as the FM transmitter.
This transmitter has three microphone
options: (1) Wide Angle, which picks up
sounds arriving from all directions around the
transmitier microphone equally; (2) Zoom,
which provides reduced amplification to
signals arriving from the rear (eardioid); and
{3} SuperZoom, which provides reduced
amplification to signals originating from the
rear and the sides (hypercardicid). The

L3

>
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Oticon — DigiFocus White Paper (1996) at Page 4

The input signal from the microphone of the telecoil 1s digitized and fod o a
filterbank, which divides the signal into seven band-pass filters with cantra

frequencies st: 250, 700, 1200, 2000, 3000, 4000 and 5000 Hz. The flterbank
covers tho frequency range from 125 to about 8000 Hz. The output from each
band-pass [ilter i= equipped with an attenuator by which each filtensd !il,_:.'l:ll

can be walghted, This allows for o very precise fitling in sccordan

audiometric profile of the hearing impairad

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson 783 discloses receiving
input signals from a microphone from the disclosed wireless device. The following citations show examples

of where Anderson 783 discloses this limitation.

Anderson 783 at Abstract

A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system

operation.
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Anderson 783 at FIG. 1

-,
-~

~

Remote
Processor
Unit

)

19
L

Cptional
Secondary
Wiralass Link
Circuitry

FIG. |
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Anderson 783 at FIG. 2

Secondary
Wireless Link 29

Remote Processor

Earpiece Unit 23 \
22~ i_. _________________ -
| 27 26 )

I___....._.l___ l / =
| Headset 21 | | FM || Signal NG |
| | F2 | | XMTR Enhancer | |
| :‘/1///' 1 L
— 24 |
; TR RCVR 7 |
| Wireless | | 0PDT |
| Microphone 20 | [ , Cordlessor |
L | Swisch Cellular I
| Telephone |
| Handset 28 |
Lo e e e e e S
FIG. 2

Anderson 783 at 1:21-28
In the prior art, a basic hearing aid without remote control is a self-contained earpiece comprising a
microphone, speaker and associated processor electronics. In such hearing aids, the earpiece microphone
converts acoustic waves into electrical representations of the acoustic waves, the electrical signals are

amplified by the earpiece processor electronics and converted back into acoustic waves by the earpiece
speaker.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
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in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 3:52—4:14
One preferred embodiment of the invention herein described is shown in block diagram form in FIG. 1. In
this figure, the earpiece 10 shown worn in the ear 11 uses a standard completely-in-the-canal (CIC)
housing, well known in the art, although many other earpiece housing types known in the art (e.g.,
behind-the-ear, or BTE) can be used. The earpiece shown in FIG. 1 comprises a microphone 12, RF
transceiver 13 with an antenna that doubles as an earpiece extractor 14, and speaker 15. Although the
dual-use antenna/extractor arrangement shown in FIG. 1 is often desirable, a separate antenna or antennae
can be used in conjunction with many different types of earpiece extractors as appropriate for a particular
application. Antennae and extractors can be disguised as ear hair or jewelry (e.g., earrings), or conductive
filaments can be permanently implanted in the ear cartilage to act as antennae using a process similar to
ear piercing. The earpiece 10 communicates with a remote processor unit (RPU) 16 via a primary two-
way RF link 17, although many other wireless link media (e.g., ultrasonic or infrared) may be used
instead. The RPU is typically worn under clothing (e.g., carried in a pocket or purse), but may also be
worn in plain sight (e.g., on a belt) if desired. The RPU 16 may be connected (via wired or wireless means
18) to optional secondary wireless link circuitry 19 that allows wireless communication between the RPU
and other sources of information (e.g., the general subscriber telephone network) via a secondary wireless
link. Note that the optional secondary wireless link circuitry 19 may or may not be contained within the
RPU case 70 of FIG. 7.
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Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson *783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson 783 at 22:61-23:35

Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
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information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

6. A hearing enhancement system | DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement
as recited in claim 1, wherein the system as recited in claim 1, wherein the down-converted signals are modified such that a portion of the audio
down-converted signals are output signals has an increased power to enhance the hearing of the user.”

modified such that a portion of the
audio output signals has an
increased power to enhance the
hearing of the user.

The Digital Hearing Aids of the DHA Systems increase the power of audio signals to help a user hear. The
following citations show examples of where DHA Systems practice this limitation.
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Phonak — Collections 2002 Product List at Page 12

Enhanced Signal-to-Noise
Ratio

Phonak's zoom technology i the
optimum solution for improving
user satisfaction in noisy listening
situations. Phonak utilises two
separate microphones in its
hearing computers with
AudioZoom or miniZoom. The
microphones are controlled by an
electronic network to produce
directional or omnidirectional
characteristic. By touching a key
on the remote control or operating
the switch on the instrument, the
user can select the appropriate
microphone mode:
omnidirectional (wide-angle) or

Phonaks electronically controlled
multi-microphone technology
delivers the best Signal-to-Noise
Ratio (SNR).

The Signal-to-Noise Ratio is
important for understanding
speech in noisy surroundings. An
improved SNR is crucial even for
mild hearing loss. A hearing-
impaired person with a hearing
loss of 40 dB HL requires an
average SR improvement of

+5 dB SNR. If the hearing loss is
70 6B HL, the required
improvement is +9 dB SNR.

Phonak’s zoom technology is
available in the following

Supero

Often, power instruments differ
from other hearing instruments
only in terms of higher gain and
greater output sound pressure
levels. However, Supero was
designed from scratch as a
hearing instrument which
addresses the needs of people
with severe and profound
hearing impairments. It features
a specially robust case based on
Phonak's patented 2K technology
(optimised protection against
moisture and dust), versatile
fitting algorithms, flexible signal
processing strategies, and unique
output-limiting strategies.

PowerZoom P4 AZ
The greater the hearing loss, the
more effective a higher SNR.
Phonak's PowerZoom P4 AZ
achieves an average
improvement of the Signal-to-
Noise Ratio of 13.7 dB.

This instrument is designed for
hearing-impaired people with
severe sensorineural or
combined hearing loss and a
measurable hearing threshold of
up to about 2 kHz.

The Phonak PowerZoom P4 AZ
preserves loudness in the low
frequency range in both hearing
programs.

12 directional (zoom). models: Supero 412 is Phonak’s most SonoForte2 P3 AZ
powerful instrument in terms of  The SonoForte2 P3 AZ hearing
e gain and MPO. computer is ideal for people
Aero 23 mZ with moderate to severe hearing

e
(A
Directional characteristic
500Hz Polar diagram for a BTE
10004z hearing instrument in
—— 2000Hz the Zoom mode,
..... 4000Hz KEMAR measurement.

MicroZoom P2 AZ

NovoForte E4
People with severe to profound

loss. The AudioZoom feature can
be directly programmed to the T

BTE hearing loss need maximum position of the MTO switch.
Aero 211 AZ audibility, particularly in the low

Aero 311 AZ frequency range. The NovoForte

Supero 413 AZ E4 provides excellent low

Piconet2 P2 AZ
SonoForte2 P3 AZ
PowerZoom P4 AZ

frequency gain with minimal
distortion.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 3
Dave Fabry/Phonak: Sure, Doug. Perseo is available in a full line of products:

Perseo 11 CIC, 35 gain/108 output

Perseo 23 dAZ half-shell/full shell, 48 gain/108 output

Perseo 111dAZ BTE for mild/sloping hearing losses, 45 gain/120 output
Perseo 211dAZ BTE for mild-moderate losses, 55 gain/125 output

Perseo 311dAZ Forte BTE for moderate-severe losses, 65 gain/130 output
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 7

Personallogic may be personalized, via the Listening Situation Manager, 1o meet
individual patient preferences for listening in noise. The clinician may select whether
Personallogic adapts to noise on the basis of audibility or comfort. Audibility changes to
Meoisy situation processing only when speech in noise is detected, but not with speech
alone or noise alone. Comfort adapts WHENEVER noise is present that exceeds a certain
dB level. Are you with me?

Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellaticn can use up 1o 50% of a hearing ald's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Perseo enables very precise control over gain in a narrow
frequency band to preserve audikility and loudness for all listening situations while
preventing Teedback with no additicnal influence on power consumption. IT you use fewer
compression and/or frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high frequencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Liz Brassine/Phonak: Yes, the Loudness Perception Profile is an optional, loudness
scaling procedure that can be used with either Claro or Perseo to set gain and
compression across all 20 critical bands. If you choose not to do this procedure during
fitting, loudness growth information will be predicted based on your patient's audiometric
information. We feel that LPP is yet another tool for personalizing Perseo gain settings
after the initial fitting if the patient is experiencing loudness difficulties with pre-calculated
gain values.

Oticon — DigiFocus Description at Page 1

Inside each DigiFocus, the digital chips have the same processing power as a
fast laptop comouter. This power is used to analyse the incoming sound signal,
and speech ls extracted through a unique system called ASA - Adaptive
Speach Alignment. ASA always makes spaech audible, amplifying it as much
as necessary without making it uncomfortably loud or distoried. Sounds are
reproduced very naturally - making speech far easier to undersfand than with
any other hearlng instrument on the market.
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To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses
increasing the power (e,g., amplifying the received signals) before presenting the modified signals to the
user). The following citations show examples of where Anderson ’783 discloses this limitation.

Anderson 783 at FIG. 2

Secondary
Wireless Link 29

Remote Processor \X
Earpiece Unit 23 N\
22~ i_. _________________ ——
| o1 26 i

|
— ke — 14
=1 | |
I_Heodsm 21 I | FM [.| Signal O] |
| L E2 | |XMTR Enhancer K [
| :‘/1/’/ | ! |
— 24 |

; DT R RCVR o
| Wireless I | 7 / |
| Microphone 20 _j [ SDP,?Th Cordless or |
L | ry Cellular |
| Telephone |
| Handset 28 |
L R R

FIG. 2

Anderson 783 at 2:20-39

It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
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takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
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selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 23:49-58
In applications as aids for high risk of hearing loss groups such as firefighters, hunters and foot soldiers,
the system may also provide hearing enhancement (e.g., amplification) for superior audio detection and
direction-finding capabilities as well as hearing protection from loud equipment, shoulder-fired weapons
or local artillery. The system is also capable of tinnitus masking and performing active noise cancellation
to potentially enhance a user's mental concentration abilities using techniques well known in the art and
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implemented in the RPU DSP 948.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

Enzmann ’555 also discloses the additional limitation of claim 6. The following citations show examples of
where Enzmann ‘555 discloses this limitation.

Enzmann 555 at [0028]
The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D
converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
mapping of the user's hearing characteristics.

Enzmann *555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
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the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann 555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.
Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann >555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
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amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 2. Specifically, a POSITA would have been motivated to cause the Digital Hearing Aids from the
DHA Systems to modify the down-converted signals such that a portion of the audio output signals has an
increased power to enhance the hearing of the user.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems and Anderson ’783, those elements, as known to them or as disclosed by other
prior art identified in the cover pleading.

7[pre]. A hearing enhancement
system as recited in claim 6,

To the extent the preamble is limiting, DHA Systems, Anderson *783, and Enzmann ’555 expressly or
inherently disclose “[a] hearing enhancement system as recited in claim 6.”

See above at claim 6.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claims 2 and 6.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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[7a] wherein the portion with
increased power is selected based
on frequency, and

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein the portion with increased power

is selected based on frequency.”

The Digital Hearing Aids of the DHA Systems increase power based on frequency. The following citations
show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting

Porsonal Systom Managers

Experience Dcclusion
Lorg term
+ | o
£ 1

PHONAK

Feehack

A

Listening Situation

The Experience Manage:
adjusts tonality and
Toud ach

control to set and adjust the

client's hearing system as
they become accustomed to
their new warld of sound.

The dyr ic Feedback

Manager automatically

identifies any bands at risk
Fr

s

preference for when to

trigger a change of base
desired

degree of sound contrast
between the
Add

direct
of the bast programs.
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Phonak — BTE Elite Article at Page 1

Persen — the ontstanding features place Perseo in a class of ity own

PersonalLagic makes Perseo the first digital hearing sysiem with
petsonalized automatic operation. PersonalLogie selects the
appropriate base program and continually adapts its paraneters to
suif the aeeds of the wearer,

Dual-base automatic allows processing and features to be
separately adjusted for quist and noizy sitgationz for eptingm
automatic petformance. Adjustments for noise never disrupt
adjustments for quiet and vice versa.

Digital Perception Processing (DPP) with Clarity Component
Enhancement: Invreased clarty and sound quality also in loud
environments, Processing in 20 eritical bands.

Perzonal System Managers: Expericnce Manager, Dynamic
Feedback Manager, Occlusion Manages, and Liztening Situation
Manager for easy and individual adjustmaent of Personal Logie.

+ Multi-programs

Fust tracking Adaptive digital AvdieZoom (dAZ) to separate
actively speech from background noize.

Fine-scale Noise Canceler in 20 channels.

TacTronic program switch

Crptignal remote control

FM compatible

Wind and weather protection

Fashion Color Line (choice among 12 attractive colors)

Phonak — Claro 211 Product Information at Page 1

Processing Diigital Perception Processing (DPF]
features in 20 critical bands

Gaiin and output controdled by DPP

3 hearing programs [+ mute mede]-

* OuietAdapt for hearing in relative quiet
* NoiseAdapt for earing speech in noize
* Frogram 3 telephone default [other choices available)
M programes: FM and FM-+M

MutoSelect: automatic switching between
Duiethdapt and NoiseAdapt

Oaro's nose suppresion technologies

* Adaptive digital Awdiodcom [diF]

* Fine-scale Moise Canceler in 20 bands

* Soft squelch
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Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
| Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.
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Phonak — Collections 2002 Product List at Page 7

Active and adaptive separation
of speech from noise

The Speech-to-Noise Ratio
[SNR) can anly be optimised if

the noise is spatially separated
from the speech signal with
directional microphone
technology. As a pioncer in
multi-microphone technolagies.
Phonak introduced AudioZoom,
a feature which significantly
improves lstening and under-
standing in noisy situations.
enhancing user satisfaction.

Fally automatic, fully adaptive
With its unique spatial
processing system, Phonak's
Adaptive digital AugioZoom can
detect noise not anly from
directly behind, but anywhere in
the rear plane. Whether the
hearing-imgaired person is
moving or the location of the
nbise source changes, the
directional characteristic is
constantly adapted to the
listening situation. In this
manner, the Adaptive digital

Twenty-band noise control
Claro comstantty monitars the
Speech-to-Noisz Ratio (SR in
all 20 bands. If a poor SHR is
measured in certain bands, the
Fine-scale Noise Canceler will
rediace gain only in those bands.
The resalt of this precision noise
control is a selertive and
intelligent improvement of the
SNR with only 3 marginal
influence on the speech signal,

Precise and selective
Al frequency bands are
separately analysed and
contralled. Gain is reduced

Intelligent
The magnitude of gain reduction
s not constant. In frequency
bands with higher SN and in
bands which are imporeant for
speech intelligibility, gain is
reduced only slightly This
intelligent contral algorithm
reduces the masting and
distractive effects of
background nise. Important
speech information is preserved.

Now, Phonck goes a step further  AufioZoom automatically
in the refinement of multi- establishes the best possible
microphone technology with SNR.

Adaptive digital AuiaZoom:

it seeks, finds. and suppresses

noise automatically.

selectively anly in thase
sands where noise is present.
This high-resalution analysis
and gain control makes it
pussible to suppress noise with
extremely high accuracy.
Neighboring frequency bands
without noise remain
unaffected.

Phonak — Collections 2002 Product List at Page 22

In cases of profound hearing
lass, residual hearing is often
only in the low-frequency area.
For children bom with this type
of profound hearing impairment,
superior perfoamance is 3 must.
For them, low-distortion
amplification must be provided
as early as possible to support
the development of speech and
language.

Large receivers like those in the
Supera and Classica series assure
high gain in the low frequencies.
Large receivers produce less
resonance than small ones,

resulting in less feedback with
mazimum gain and minimum
distortion.

With a maximum gain of 79 dB
and an output sound pressure
level of 142 dB SPL, the Supero
411 BTE instrument is one of
the few true digital power
instruments on the market.

The Phonak Fitting Guideline
saftware provides valuable
assistance in the fitting process.
Based on the audiogram, PRG
gives the hearingcare
professional recommendations
for the manwal adjustment of
the owtput sound pressure level
and the frequency response
Curve.

All proposed settings are
compatible with the calibrated
values in the BTE instrument.
The valwes recommended by FRG
are easy to set with the

AudioProgrammer switch in
non-proegrammable models
The Supero 411 digital high-
power BTE is the first Value Line
instrument that is programmed
wia an IBM-compatible PC

The PFG software also supports
RECDdiex: (Real Ear to Coupler
Difference), a unigue, simple,
and fast RECD measurement
method.
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Phonak — Collections 2002 Product List at Page 25

PicoForte3 PP-C-P PicoForte3 PP-C-L-P SuperFront PP-C-2 SuperFront PP-C-4

[Zi [Z|m| Zalrv] [rv]

7

B4 dB{137 48 5P B2 4B{137 &8 L 79 dB{147 4B L 87 dB 147 4B 7L
High gain Exira power in lowfrequency range High pawer instrument High-power imstrument
Fush-pull ampifier Push-pull ampifier Push-pull ampfics Pussh-pull ampiifies
Feak Clipping Feak Clipping Peak Clipping Peak Clipping
Telecod Telecail Teleceil Telecail
PP — Rt . P " P
Eattery sire 13 Battery size 11 Bttery sire G75 Battery size G5
Microlink MLS/MLx Micredini MIS/MLE Microdink M13jMLx Microdinkk ML3MLx
Audia shoe ASEA Audia shoe ASGA Audic shee ASTA Audic shoe ASIA
perpr ry cover K553 peepr oy cover K563 npespr y cover K53 nperpr oy cower K53
Colorline colors Caloline colors Coberline colors Ceberline colors
Hoaks: HE, HEZ E80, HZ 1000 Hodks: HE, HEZ £80, H2 1000 Hoaks: HE, HEEED, PD 1000 Hoaks: HE, HEEED, PD) 1000
Wi =ar hooks Wiisi car ook Wini ear beoks Wi zar brooks
LC: Low cut, B levels LC: Low cut, 6 levels Tene: Low cut, 5 levels 1C- Low cut, S levels.
S5 Dutput, G levels: SSPL: Dutut, § levels: S5 Dutpt, 7 levels: /B High cut, 3 evels; bypas, & levels
Fitfing recommendation by PG based  Fitting i bosed  Fitting boed  SSPL= Output, 6 levels
on audiogram on audiogram on audiogram - Gain Eevels

Fitting reveommendation by PYG based
on audiogram
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Phonak — Collections 2002 Product List at Page 26

SuperFront PP-C-L-4 SuperFront PP-5C Classica AGC
SuperFront PP-C-L-4+
BTE instruments ? e v i
| 7
[Zim 17| iZ|&
Peak values G max f05A 90 82 dB[142 dB 5P (PP-CL-4) B2 dB 140 48 5P 65 dB 132 a8 5P
B SH[147 dB SPL (PP-CL-44)
Features High-power low-freq. range (PF-CL 4] High-power AGL0 with 2L
Super low-freq. instrament (PP-C-L-44]
Description Push-pull smnglifier Push.pull amplifier Frnadhand response
Pealt Clipping Super Compression with a L1 Teleood
Tebecod Tebeood axdic. inputiMicrolink compatible
e a patibl Audio i ik compatible Battery sire 675
Bartery sire 675 Bartery sive 675
Options. Microlink ML3/MLx Microlink ML2MLx Microlink MLAMLx
Aadio shoe AS2 Audio shoe 53 Audio shoe AS4
Tamperproof battery cover K52 Tamperproal battery cover K53 Tamperproaf Eattery cover K54
Colorline colors. Colorine colors Colorline colors
Hooks: HE, HEGEO, PD 1000 Hooks: HE, HEEBO, PD 1000 Hooks: HE2, HET E80, HEZ 1000
Mini ear hooks Mini ear hooks: Miini ear hooks:
Programeming LC: Low cut, 9 levels LC: Low cut, 9 levels LC: Low cut, 5 levels

HE: High cut, & levels
S5 Dutput, 6 bevels

G: G, € leveds

Fitting recommendation by PIG based on
audicgram

BPIC: Bypass, § bevels; high cut, 3
leveds

SSPL: Dutput, 3 kevels
G Gz, leveks

Vitting recommendation by 195 based
on audicgram

SSPL: Duiput, & levels
Fitting recommendation by Y5 based
on audicgraan
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Phonak — Collections 2002 Product List at Page 27

Classica C-D

7

Classica PP-SC

(7|

Classica PP-CP

Classica PP-C-L-P

Z|&

704812 dl 5P B0 U137 B S B B 144 dit SPL B0 di /144 o3 5P

Braadband BTE with dirctionl i in Extra pawer i low- 3
e High-powes High gai powe: Frequency rang,

Parsh-puil amplifier Push-pull amplifier Push-puill asmplifier Push-puil amplifier

Peak Clipping Super Compression with 2L Peak Chpping Peak Chpping

Telecoil Tebecail Broadband Broadband

Rusdia-i i patibl Ruio- ink compatith Teberail Tebecail

Battery sire 675 Batery sire 6% Muic-i i patith Peic- i i patib

Battery sire 675 Battery sire 675

Microlink MLAMLx Microlink MLAMLx Microlink ML4MLx Microlink ML4/MLx

Ruin shoe AS4 Mudlin shoe K54 Muin shoe AS4 Nudic shoe AS4

Tamperproaf battery cover K54 7] [ S

Colorline: colors Colordine colors Colorline colors Colordine: colors

Hooks: HE3, HEZ 630, HE3 3000 Hosks: HE3, HE2 630, HE3 1000 Hooks: HEZ, HEZ GBT, HE 1000 Hooks: HEZ, HET B8O, HET 1000

Mini ear hoks Mini ear hoaks Mini car hooks Mini er hooks

LC: Low cut, & levels LC: Low cut, & levels LC: Lorw cut, & leveds L Low cut, & levels

S5 Dutput, & leveks S5AL: Qutput, & beveks S Qutput, & bevels S5M: Dutput, & bevels:

Fitting recommendation by F¥G based  Fitting ion by ion by PFG based =

an sudicgram an auficgram an sudiogram on sudiogram

Phonak MicroLink MLxS Product Information at Page 1

The MictoLink MixS i the first miniaturized FM receiver with a digital frequency synithesizer for Full

multi-frequency fexibility. The reociver features fully automatic, non-contact frequency synchronization

with cither a WallPilot or the Campus 5.

The MicroLink Ml & compatible with all Phonak FM transmitters and the WallPilot, and is recom-
mended for use with this equipment.

MLx5 with ETE instrument

Audia shoe

//"’ [e. g ASA-MLxS)

Mix5s

MLxS with adapter for O pocket processor

Microlink C15
adapter

Pocket processor
connector cable
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellation can use up 1o 50% of a hearing aid's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Persec enables very precise control over gain in a narrow
frequency band to preserve audikility and loudnass for all listening situations while
preventing feedback with no additional influence cn pewer consumption. If you use fewer
compression andfor frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high freqguencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

Oticon — DigiFocus White Paper (1996) at Fig. 1

F Goereraisl

- m— ]
= I-
¥ ikrrtnn Gan | L

10081300
Digital L —=F g DV
it

i

—

[Ie—]

s b |

Fi. 1. DigiFocus - block diagram of the digital audie processor, DAP

To the extent DHA Systems do not explicitly disclose the claim limitation, Enzmann ’555 discloses
modifying power based on frequency. The following citations show examples of where Enzmann ‘555
discloses this limitation.

Enzmann ’555 at [0028]

The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D
converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
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mapping of the user's hearing characteristics.

Enzmann 555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann 555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.
Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
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received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX

unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
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to claim 2. Specifically, a POSITA would have been motivated to cause the Digital Hearing Aids from the
DHA Systems to perform signal amplification for individuals who suffer hearing loss at certain frequencies.

To the extent that DHA Systems and Enzmann ’555 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in

the cover pleading.

[7b] wherein a higher frequency
portion has increased power.

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein a higher frequency portion has

increased power.”

The Digital Hearing Aids of the DHA Systems increase power at higher frequencies based on a user’s hearing
loss. The following citations show examples of where DHA Systems practice this limitation.

Phonak — Collections 2002 Product List at Page 9
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellation can use up 1o 50% of a hearing aid's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Persec enables very precise control over gain in a narrow
frequency band to preserve audikility and loudnass for all listening situations while
preventing feedback with no additional influence cn pewer consumption. If you use fewer
compression andfor frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high freqguencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

To the extent DHA Systems do not explicitly disclose the claim limitation, Enzmann *555 discloses
increasing the power of signals at higher frequencies to accommodate for hearing loss at such frequencies.
The following citations show examples of where Enzmann ‘555 discloses this limitation.
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Enzmann ’555 at FIG. 5

Enzmann 555 at [0046]

Compergaiion

Meeded from
Ampifcation

| / Chan
E‘- — — — — Diesired Mearing
g #i_--' .-—- . Charaaernstic
Huaaring lirpaised
") users Hewning
Characanalic
Frequency
FIG. 5

The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.
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Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann 555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.

Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input

Page 175 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 175



Claims

Prior Art

signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann ’555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

8[pre]. A hearing enhancement
system as recited in claim 1,

To the extent the preamble is limiting, DHA Systems and Anderson 783 expressly or inherently disclose “[a]
hearing enhancement system as recited in claim 1.”

See above at claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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[8a] wherein the at least one
hearing characteristic of the user is
determined via calibrating the
user's hearing,

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “wherein the at least one
hearing characteristic of the user is determined via calibrating the user's hearing.”

The Digital Hearing Aids of the DHA Systems determine a user’s hearing loss through calibration. The
following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 5

The Science of PersonalLogic*

Phonak has applied knowledge from new research and past experience to add a new dimension of individualized logic to
automatic hearing systems — Personal Logic. Combining new and proven features, Personal Logic optimizes the

functioning, operation and fitting of hearing systems for each indrvidual user.

Thanks to PersonalLogic, Perseo takes customization to a level beyond “custom-fitted” related to individuzal hearing loss.
The new digital system from Phonak is the first heanng system with customized automatic operation, as opposed

to operation based on factory set, unchangeable rules. Now, Perseo gives hearing professionals control over automatic
operation, allowing them to provide clients with a heanng system “custom-tailored” to their personal heaning requirements

and tastes.
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Phonak — Perseo Brochure at Page 7

Convenience and Comfort

Perseo is easier to wear and easier to fit

For true "wear and hear” convenience and comfort in
all situations, Perseo automatic operation is managed
by Phonak-exclusive Personal Logic.

This breakthrough intelligence for automatic hearing
instruments responds to acoustics, the listening
situation and personal listening preferences.

Persen is easily programmed for individual needs using
the Listening Situation Manager.

Phonak — Perseo Brochure at p. 17

Clarity

Enhanced performance in multiple listening situations

The Clarity Component Enhancement system realized
in Digital Perception Processing? (DPP2) increases the
clanty of speech and envirenmental sounds.

Rapid-tracking Adaptive digital AudioZoom [dAZ)
is automatically activated to improve speech
understanding in noisy situations.

For extra comfort and ease of listening, the Fine-scale
Moise Canceler selectively reduces background noise
in 20 channels.

Optional MicroLink FM provides the ultimate Speech-
to-Moise Ratio enhancement.

With the development of Perseo, PFG has become significantly easier to use, providing direct access to the benefits of high-tech

hearing systems. PFG for Perseo pre-sets the instrument according to each wearer's heaning ability and needs. The experience

gained over a decade of PFG fittings and extensive field trials is integrated automatically into initial settings. This ensures

maximum spontaneous acceptance.

The wearer immediately feels confident that Perseo is the right choice. This confidence continues even if additional adjustments

are necessary, thanks to the flexibility of the three levels of professional control - Easy with Personal System Managers,

Standard with clustered controls, and Detailed with access to each of the 20 channels.
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Phonak — Field Study News Article re PersonalLogic at Page 1

Introduction

Hesring needs and preferences can be very
individual, with marked differences from one
person to the mext in the same hearing
situation. 50, in addition to compensating for
measured hearing loss, an sdvanced hearing
system also must cater to specific persona
reguirements, and be customizable simply and
effectively to individuzl client needs. The
Persen hearing system with its Personal Logre
automatic function can be “tailored” to the
client’s needs as part of the fitting process.
In Pzrzeq, the default base-program is
optimized for speech understanding in quist
environments. A second base-program with
different frequency responss settings and
optional adaptive directional microphones
prowides additional support in noisy situations.
The acoustic environment is continuously
monitored and the appropriate base-program
is automatically selected. The automatic

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 8

7. Programming options 7.2 \sing inspiro

7.1 Programming interface

AR receivers can ke programmed using the FM programeming imterface:  Milxi, Mlxi Bzha can be programmed via inspim:

1. Make wure all equipment is charged or a fresh battery & inserted L

in the hearing instrument. Turn all eguipment on.

1. Connect the universal recedver to the kearing instrument and insert 2.

it imbo Ehe programming invterface.

3. Abways select the option “via the programming imterface” when 1

FM Seccessiare requests commanication with the receiver.

Make sure 3 fresh battery is i d im the |
Turn all eguipment on.

Conmect the eniversal receiver o the heasing insirument, the O speech
provesor, ar Mecrolink O 5, and place in front of the nspin.

Abways select the oplion "via inspire”™ when the B Socoesiane
requests commumnication with the receiver.
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 7

Personallogic may be personalized, via the Listening Situation Manager, 1o meet
individual patient preferences for listening in noise. The clinician may select whether
Personallogic adapts to noise on the basis of audibility or comfort. Audibility changes to
Meoisy situation processing only when speech in noise is detected, but not with speech
alone or noise alone. Comfort adapts WHENEVER noise is present that exceeds a certain
dB level. Are you with me?

Valente - Effect of type of noise and loudspeaker array on the performance at 402

The Phonak ftting software (Version 8.3)
was used to program the hearing aids. First,
hearing thresholds were entered into the
NOAH software. The manufacturer’s
preseribed “First-Fit™ was calculated from
these hearing thresholds. The default ssttings
in each of the software “personal system™
menus (provides adjustments to the “First-
Fit” for prior experience; occlusion effect and
feedback} were utilized. If the patient
reported occlusion, then this feature was
activated. If feedback was noticed, the

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses setting
the parameters of the RDU based on a hearing test to perform signal enhancements in accordance with the
user’s hearing capabilities resulting from the hearing test. The following citations show examples of where
Anderson ’783 discloses this limitation.

Page 180 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 180



Claims

Prior Art

Anderson 783 at FIG. 1
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Anderson 783 at FIG. 9
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Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
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in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
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enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

Enzmann ’555 further discloses calibration to determine the hearing sensitivity of a user (e.g., the claimed
“hearing characteristic”). The following citations show examples of where Enzmann ‘555 discloses this
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limitation.

Enzmann ’555 at FIG. 5

Compersation

Meeded from
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| Chan

— Desired Hearing
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Frequency

FIG. 5

Enzmann 555 at [0028]
The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D
converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
mapping of the user's hearing characteristics.

Enzmann *555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
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example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann ’555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.

Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.
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Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre]. Specifically, a POSITA would have been motivated to combine DHA Systems with the
teachings of Anderson ’783 to meet the claim limitations because Anderson *783’s RPU is configured “to
perform a hearing test that determines appropriate gain vs. frequency parameters for a program stored in the
RPU DSP 948 that performs signal enhancement to compensate for the user's hearing loss.* Anderson 783 at
27:4-17. DHA Systems similarly recite a “PersonalLogic” system for calibrating a user’s hearing. Phonak —
Perseo Brochure at Page 5. Thus, a POSITA would be motivated to incorporate Anderson ‘783’s teachings
regarding hearing calibration with DHA Systems’ Digital Hearing Aids.

A POSITA would have similarly been motivated to combine DHA Systems with the teachings of

Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2. Enzmann ’555 similarly recites “reprogram[ing] to compensate for additional
hearing loss or increase and different users.” Enzmann 555, [0046]. A POSITA would have understood that
such reprogramming, as disclosed in Enzmann ’555, is a manner of compensating for user’s hearing loss.
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Thus, a POSITA would be motivated to incorporate Enzmann ’555°’s teachings regarding reprogramming
with DHA Systems’ Digital Hearing Aids.

A POSITA would have had a reasonable expectation of success in combining DHA Systems with

Anderson 783 and Enzmann ‘555. Anderson ’783’s techniques are broadly applicable to hearing aid devices
and were “well-known” for use in hearing aids. Further, both Anderson *783 and Enzmann *555 discuss
signal modification utilizing their respective hearing aid systems, similar to the disclosure of “PersonalLogic”
in DHA Systems.

To the extent that DHA Systems, Anderson *783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson *783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

[8b] wherein the power of the
audio output signals can be
changed as a function of
frequency, and

DHA Systems, Anderson ’555, and Enzmann 555 expressly or inherently disclose “wherein the portion with
increased power is selected based on frequency.”

The Digital Hearing Aids of the DHA Systems change the power of the audio output signals based on
frequency. The following citations show examples of where DHA Systems practice this limitation.
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Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting

Porsonal Systom Managers

Experience

Long term

Frsttimn

Feehack

]

Listening Situation

(Ld

The Experience Manager
adjusts tonality and
Ioudness to match each
client's experience with
hearing instruments. An
cffective and convenicnt
control to set and adjust the
client's hearing system as
they become accustomed to
their new workd of sound.

The Ocelusion Manager
climinatcs the fecling of
blocked ears experienced
by some wearers

The dynamic Feedback
Manager automatically
identifies any bands 3t risk
from feedback. Processing
strategics arc modificd in
these bands to prevent
feedback while also
increasing audibility for
saft sounds. The result is
asicr listening without
feedback.

The Listening Situation
Manager allows the fitter to
program PersonalLagic
according to the wearer's
preference for when to
trigger a change of base
programs, and the desired
degree of sound contrast
between the base-programs.
Additional personalization
is available, f required, by
directly programming either
of the base programs.
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Phonak — BTE Elite Article at Page 1

Persen — the ontstanding features place Perseo in a class of ity own

PersonalLagic makes Perseo the first digital hearing sysiem with
petsonalized automatic operation. PersonalLogie selects the
appropriate base program and continually adapts its paraneters to
suif the aeeds of the wearer,

Dual-base automatic allows processing and features to be
separately adjusted for quist and noizy sitgationz for eptingm
automatic petformance. Adjustments for noise never disrupt
adjustments for quiet and vice versa.

Digital Perception Processing (DPP) with Clarity Component
Enhancement: Invreased clarty and sound quality also in loud
environments, Processing in 20 eritical bands.

Perzonal System Managers: Expericnce Manager, Dynamic
Feedback Manager, Occlusion Manages, and Liztening Situation
Manager for easy and individual adjustmaent of Personal Logie.

+ Multi-programs

Fust tracking Adaptive digital AvdieZoom (dAZ) to separate
actively speech from background noize.

Fine-scale Noise Canceler in 20 channels.

TacTronic program switch

Crptignal remote control

FM compatible

Wind and weather protection

Fashion Color Line (choice among 12 attractive colors)

Phonak — Claro 211 Product Information at Page 1

Processing Diigital Perception Processing (DPF]
features in 20 critical bands

Gaiin and output controdled by DPP

3 hearing programs [+ mute mede]-

* OuietAdapt for hearing in relative quiet
* NoiseAdapt for earing speech in noize
* Frogram 3 telephone default [other choices available)
M programes: FM and FM-+M

MutoSelect: automatic switching between
Duiethdapt and NoiseAdapt

Oaro's nose suppresion technologies

* Adaptive digital Awdiodcom [diF]

* Fine-scale Moise Canceler in 20 bands

* Soft squelch
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Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
| Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.
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Phonak — Collections 2002 Product List at Page 7

Active and adaptive separation
of speech from noise

The Speech-to-Noise Ratio
[SNR) can anly be optimised if

the noise is spatially separated
from the speech signal with
directional microphone
technology. As a pioncer in
multi-microphone technolagies.
Phonak introduced AudioZoom,
a feature which significantly
improves lstening and under-
standing in noisy situations.
enhancing user satisfaction.

Fally automatic, fully adaptive
With its unique spatial
processing system, Phonak's
Adaptive digital AugioZoom can
detect noise not anly from
directly behind, but anywhere in
the rear plane. Whether the
hearing-imgaired person is
moving or the location of the
nbise source changes, the
directional characteristic is
constantly adapted to the
listening situation. In this
manner, the Adaptive digital

Twenty-band noise control
Claro comstantty monitars the
Speech-to-Noisz Ratio (SR in
all 20 bands. If a poor SHR is
measured in certain bands, the
Fine-scale Noise Canceler will
rediace gain only in those bands.
The resalt of this precision noise
control is a selertive and
intelligent improvement of the
SNR with only 3 marginal
influence on the speech signal,

Precise and selective
Al frequency bands are
separately analysed and
contralled. Gain is reduced

Intelligent
The magnitude of gain reduction
s not constant. In frequency
bands with higher SN and in
bands which are imporeant for
speech intelligibility, gain is
reduced only slightly This
intelligent contral algorithm
reduces the masting and
distractive effects of
background nise. Important
speech information is preserved.

Now, Phonck goes a step further  AufioZoom automatically
in the refinement of multi- establishes the best possible
microphone technology with SNR.

Adaptive digital AuiaZoom:

it seeks, finds. and suppresses

noise automatically.

selectively anly in thase
sands where noise is present.
This high-resalution analysis
and gain control makes it
pussible to suppress noise with
extremely high accuracy.
Neighboring frequency bands
without noise remain
unaffected.

Phonak — Collections 2002 Product List at Page 22

In cases of profound hearing
lass, residual hearing is often
only in the low-frequency area.
For children bom with this type
of profound hearing impairment,
superior perfoamance is 3 must.
For them, low-distortion
amplification must be provided
as early as possible to support
the development of speech and
language.

Large receivers like those in the
Supera and Classica series assure
high gain in the low frequencies.
Large receivers produce less
resonance than small ones,

resulting in less feedback with
mazimum gain and minimum
distortion.

With a maximum gain of 79 dB
and an output sound pressure
level of 142 dB SPL, the Supero
411 BTE instrument is one of
the few true digital power
instruments on the market.

The Phonak Fitting Guideline
saftware provides valuable
assistance in the fitting process.
Based on the audiogram, PRG
gives the hearingcare
professional recommendations
for the manwal adjustment of
the owtput sound pressure level
and the frequency response
Curve.

All proposed settings are
compatible with the calibrated
values in the BTE instrument.
The valwes recommended by FRG
are easy to set with the

AudioProgrammer switch in
non-proegrammable models
The Supero 411 digital high-
power BTE is the first Value Line
instrument that is programmed
wia an IBM-compatible PC

The PFG software also supports
RECDdiex: (Real Ear to Coupler
Difference), a unigue, simple,
and fast RECD measurement
method.
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Phonak — Collections 2002 Product List at Page 25

PicoForte3 PP-C-P PicoForte3 PP-C-L-P SuperFront PP-C-2 SuperFront PP-C-4

[Zi [Z|m| Zalrv] [rv]

7

B4 dB{137 48 5P B2 4B{137 &8 L 79 dB{147 4B L 87 dB 147 4B 7L
High gain Exira power in lowfrequency range High pawer instrument High-power imstrument
Fush-pull ampifier Push-pull ampifier Push-pull ampfics Pussh-pull ampiifies
Feak Clipping Feak Clipping Peak Clipping Peak Clipping
Telecod Telecail Teleceil Telecail
PP — Rt . P " P
Eattery sire 13 Battery size 11 Bttery sire G75 Battery size G5
Microlink MLS/MLx Micredini MIS/MLE Microdink M13jMLx Microdinkk ML3MLx
Audia shoe ASEA Audia shoe ASGA Audic shee ASTA Audic shoe ASIA
perpr ry cover K553 peepr oy cover K563 npespr y cover K53 nperpr oy cower K53
Colorline colors Caloline colors Coberline colors Ceberline colors
Hoaks: HE, HEZ E80, HZ 1000 Hodks: HE, HEZ £80, H2 1000 Hoaks: HE, HEEED, PD 1000 Hoaks: HE, HEEED, PD) 1000
Wi =ar hooks Wiisi car ook Wini ear beoks Wi zar brooks
LC: Low cut, B levels LC: Low cut, 6 levels Tene: Low cut, 5 levels 1C- Low cut, S levels.
S5 Dutput, G levels: SSPL: Dutut, § levels: S5 Dutpt, 7 levels: /B High cut, 3 evels; bypas, & levels
Fitfing recommendation by PG based  Fitting i bosed  Fitting boed  SSPL= Output, 6 levels
on audiogram on audiogram on audiogram - Gain Eevels

Fitting reveommendation by PYG based
on audiogram
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Phonak — Collections 2002 Product List at Page 26

SuperFront PP-C-L-4 SuperFront PP-5C Classica AGC
SuperFront PP-C-L-4+
BTE instruments ? e v i
| 7
[Zim 17| iZ|&
Peak values G max f05A 90 82 dB[142 dB 5P (PP-CL-4) B2 dB 140 48 5P 65 dB 132 a8 5P
B SH[147 dB SPL (PP-CL-44)
Features High-power low-freq. range (PF-CL 4] High-power AGL0 with 2L
Super low-freq. instrament (PP-C-L-44]
Description Push-pull smnglifier Push.pull amplifier Frnadhand response
Pealt Clipping Super Compression with a L1 Teleood
Tebecod Tebeood axdic. inputiMicrolink compatible
e a patibl Audio i ik compatible Battery sire 675
Bartery sire 675 Bartery sive 675
Options. Microlink ML3/MLx Microlink ML2MLx Microlink MLAMLx
Aadio shoe AS2 Audio shoe 53 Audio shoe AS4
Tamperproof battery cover K52 Tamperproal battery cover K53 Tamperproaf Eattery cover K54
Colorline colors. Colorine colors Colorline colors
Hooks: HE, HEGEO, PD 1000 Hooks: HE, HEEBO, PD 1000 Hooks: HE2, HET E80, HEZ 1000
Mini ear hooks Mini ear hooks: Miini ear hooks:
Programeming LC: Low cut, 9 levels LC: Low cut, 9 levels LC: Low cut, 5 levels

HE: High cut, & levels
S5 Dutput, 6 bevels

G: G, € leveds

Fitting recommendation by PIG based on
audicgram

BPIC: Bypass, § bevels; high cut, 3
leveds

SSPL: Dutput, 3 kevels
G Gz, leveks

Vitting recommendation by 195 based
on audicgram

SSPL: Duiput, & levels
Fitting recommendation by Y5 based
on audicgraan
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Phonak — Collections 2002 Product List at Page 27

Classica C-D

7

Classica PP-SC

(7|

Classica PP-CP

Classica PP-C-L-P

Z|&

704812 dl 5P B0 U137 B S B B 144 dit SPL B0 di /144 o3 5P

Braadband BTE with dirctionl i in Extra pawer i low- 3
e High-powes High gai powe: Frequency rang,

Parsh-puil amplifier Push-pull amplifier Push-puill asmplifier Push-puil amplifier

Peak Clipping Super Compression with 2L Peak Chpping Peak Chpping

Telecoil Tebecail Broadband Broadband

Rusdia-i i patibl Ruio- ink compatith Teberail Tebecail

Battery sire 675 Batery sire 6% Muic-i i patith Peic- i i patib

Battery sire 675 Battery sire 675

Microlink MLAMLx Microlink MLAMLx Microlink ML4MLx Microlink ML4/MLx

Ruin shoe AS4 Mudlin shoe K54 Muin shoe AS4 Nudic shoe AS4

Tamperproaf battery cover K54 7] [ S

Colorline: colors Colordine colors Colorline colors Colordine: colors

Hooks: HE3, HEZ 630, HE3 3000 Hosks: HE3, HE2 630, HE3 1000 Hooks: HEZ, HEZ GBT, HE 1000 Hooks: HEZ, HET B8O, HET 1000

Mini ear hoks Mini ear hoaks Mini car hooks Mini er hooks

LC: Low cut, & levels LC: Low cut, & levels LC: Lorw cut, & leveds L Low cut, & levels

S5 Dutput, & leveks S5AL: Qutput, & beveks S Qutput, & bevels S5M: Dutput, & bevels:

Fitting recommendation by F¥G based  Fitting ion by ion by PFG based =

an sudicgram an auficgram an sudiogram on sudiogram

Phonak MicroLink MLxS Product Information at Page 1

The MictoLink MixS i the first miniaturized FM receiver with a digital frequency synithesizer for Full

multi-frequency fexibility. The reociver features fully automatic, non-contact frequency synchronization

with cither a WallPilot or the Campus 5.

The MicroLink Ml & compatible with all Phonak FM transmitters and the WallPilot, and is recom-
mended for use with this equipment.

MLx5 with ETE instrument

Audia shoe

//"’ [e. g ASA-MLxS)

Mix5s

MLxS with adapter for O pocket processor

Microlink C15
adapter

Pocket processor
connector cable
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellation can use up 1o 50% of a hearing aid's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Persec enables very precise control over gain in a narrow
frequency band to preserve audikility and loudnass for all listening situations while
preventing feedback with no additional influence cn pewer consumption. If you use fewer
compression andfor frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high freqguencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

Oticon — DigiFocus White Paper (1996) at Fig. 1

U e

=] o b0 + -E—P gt
1008- 1300
Digieal L—F Dvgis
L) = g mATHE
G
|[| npin
Fie. 1. DigiFocus - block diagram of the digital audio processor, DAP.

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ’783 discloses setting
the parameters of the RDU based on a hearing test to perform signal enhancements in accordance with the
user’s hearing capabilities resulting from the hearing test. The following citations show examples of where
Anderson ’783 discloses this limitation.

Anderson 783 at FIG. 1
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Anderson 783 at FIG. 9

=1 15
A —
Remote IIEI Optional

| Secondary
plDCﬂ.‘lor Wirelass Link
Unit Circuitry
FIG. |
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FIG.9 Morse Code Keys I

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson *783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
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needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 22:61-23:35

Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
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of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

To the extent DHA Systems do not explicitly disclose the claim limitation, Enzmann ’555 discloses
modifying power based on frequency. The following citations show examples of where Enzmann ‘555
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discloses this limitation.

Enzmann ’555 at FIG. 5

Compersation

Meedes fom
AFpiRcation

| / Chan
:C; . —— — e — Diesired Praring
ﬁ #_-_-r '-- .. Charscwershno
g J‘ ] -_ ........ —_—
g g eed
" | users Hearing
Charscapnatic
Frequency
FIG. 5

Enzmann 555 at [0028]
The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D
converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
mapping of the user's hearing characteristics.

Enzmann 555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
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example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann ’555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.
Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
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The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim [8a].

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.
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[8c] wherein the user can change
the power of the audio output
signals.

DHA Systems and Anderson 783 expressly or inherently disclose “wherein the user can change the power of

the audio output signals.”

The Digital Hearing Aids of the DHA Systems allow users to adjust the volume (e.g., change the power) of
the output signals. The following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 19

i. Automatic Automatic
Music
(wther)
PersonalLogic Automatic PersonalLogic plus TacTronic
This is the ideal choice for TacTronic switching can be
most people. activated or integrated into any

Perseo instrument. This provides
additional solutions for those with
special listening needs - such as

listening to music.

PersonalLogic plus Remote a

This is the ultimate in sophistication
and convenience for wearers wanting
discrete access to all Perseo features
including special programs and
volume control (not available for

Perseo 11 or Perseo 12).
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Phonak — Perseo Brochure at Page 20

Phonak — Claro 211 Product Information at Page 1

Options

Mimi remote control SoundPilot FM or remote
contral WatchPilot for binaural program selection
and volume control (with beep indicator)

Tone hoaoles HE4, HE4 1000

lampeerproof battery compariment
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Phonak — Collections 2002 Product List at Page 32

s

The Active Resporse Unit (ARL)
allows the customer to classify
loudness perception with the
touch of a button. The PFG
software then wses this loudness
profile to customise all program
algorithme. in Claro hearing
Computers.

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 5

Personal preference

T MLxi/MLxi Baha comes with a personal preference of 0 dB, which
comesponds bo a 10 dB B Advaniage when connected to a bearing
instrument. The 10 dB M Adwvantage is auiomatically checked| adjusted
ewery time Mixi starts. Usually, the 10 dB FM Advantage i well
accepted by diients. However it is possible to reduce or increase the
personal preference of the FM Advatage on Mixi/MLzi Baha. The

range for this change & B dB louder or softer respecitively and can be
adjusted in 7 dB steps.

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 5

With Dynamic F& imspiro it is possible to change some MixMlxi Baha
settimgs. Please select “Receiver options” in the inspin mena

= Push button activationfdeactivation - use the function “lock push bution™
= Chamge of personal preference - use the fanction “Set FM woleme®

= ActivationTeac tivation of the beep bone — use the function "5t beep tone™
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Phonak — Microlink User Guide at Page 35
RX2 recelver PFM-1/COM-1

Description

0 Duipul sockat

& Hearing Instrument connecling cablie wilh Integraled aeral

@ PlugHn, cokor-coded frequency module

& Number code for exect channe! ldenilication

% Batiery comparment

& Low batlery indicator Bght

® Mo transmission waming indcalor

D0 switch

@ Clip wilh name and eddress labal

2 Volume control

@ PFM-1: irequency commection switch (D)
COM-1: oultput iImpedance swilch (L)

& Hearing Instrument microphons afenuating switch
{onity avalabie on PFM receives)

Phonak — Microlink User Guide at Page 39

Volume control

The volume control on the RX2 recerver only matches the signal level to
that of the heanng mstrument. The actual volume adjustment should
always be made at the hearing instrument.

The control should be set so that sipnals from the hearing instrument
microphone and the FM-system microphone are equally loud. Your
heanng care professional will be glad to help in adjustnng the volume o
the correct level

Phonak — Online Interview re Perseo (April 7, 2003) at Page 5

In a nutshell, Perseo is designed for new and experienced users who are looking for a
hearing instrument with advanced adaptive features, enhanced sound quality, easy
personalization of fitting and cholce of user operation (namely, automatic, manual
program control with Tactronic switch, or via remote control). The choice of one product
over another is dependent on the patiemt's hearing loss, listening needs, and prioritization
of size, cost, and available performance features. Phonak provides an entire family of
digital options from Perseo, Claro, Aero, and cur new digital value line that will be
introduced this summer. In addition, Supero is the only digital hearing instrument
designed specifically for super-power applications.
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Oticon — DigiFocus White Paper (1996) at Page 4

[heifocus &8 an gulommalie hoaring insirumeant without a valume comtyol an

programmed in accordance with the "Adoptive Sreech Alignment’ fHi

tionale. This rationale is implemented by the OHSel prograrrimis

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses power
(e.g., volume) controls that a user can actuate. The following citations show examples of where
Anderson 783 discloses this limitation.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
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signal is converted to acoustic waves heard by the user.

Anderson 783 at 21:20-25
The enter (ENT) key 76 is pressed when the displayed message is ready to be sent from the user to the
RPU DSP, the left and right arrow (key 77 in FIG. 7) keys are used to edit messages, and the power-on
and clear key (ON/C) and power-off (OFF, key 78 in FIG. 7) keys are used to control the RPU power.

Anderson *783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
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and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson *783 at 25:15-27
To obtain solicited information, user requests are processed in a variety of means well known in the art,
including inputs via one or more pushbuttons on the RPU and voice recognition computer programs
implemented in the RPU electronics. Voice recognition can be used almost exclusively, if desired, thereby
eliminating nearly all RPU pushbutton controls. Voice commands recognized by the RPU can cause the
RPU to initiate actions such as changing hearing aid parameter settings (e.g., volume), or activate
appliances and environmental controls (e.g., aids for the physically handicapped) in a distributed wireless
network via the secondary wireless link.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

10. A hearing enhancement system
as recited in claim 1, wherein the
speaker is a directional speaker.

DHA Systems, Mayer ‘086, and Fretz *193 expressly or inherently disclose “[a] hearing enhancement system
as recited in claim 1, wherein the speaker is a directional speaker.”

Mayer ‘086 discloses a directional speaker that utilizes hyperbolic and parabolic reflectors to alter a speaker’s
directionality (e.g., a “directional speaker™).

Mayer *086 at [0009]
Preferably the ultrasonic frequencies used in this case are close to the natural resonance frequency of the
minute membranes in order to increase the overall efficiency of the process. In this case various
frequencies that are created are preferably mixed together for example within a hollow resonance box or
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for example a hyperbolic or parabolic reflector, depending on whether the desired output is more
directional or more omni-directional.

Mayer "086 at [0010]
This type of microphone can be very useful for example for recording live music, for high-quality
recording for the mass media, such as for example TV or Radio interviews, and for noisy environments or
environments where there are electromagnetic interferences, such as for example in cars. This can be
especially important for example for use with Telematics systems in cars, which are interactive wireless
information systems for cars which use interactive voice-based menus, since computer systems that can
recognize spoken words are very sensitive to distortions, so normal microphones could be very
problematic in cars both because of the noisy environment and because of their susceptibility to
electromagnetic interference. An additional advantage is that apart from the high quality and frequency
range, it can be much more lightweight and compact than the state-of-the art high-end microphones, so it
can be much more convenient for example for a reporter who does field-work and needs to report from
outside. Other possible applications are for example using this microphone with the more directional
variations in a personal cellular remote speaking unit, that can be positioned for example on a table at a
distance of for example 1 meter or less from the user, or for example in a handheld cellular or mobile
phone that can be held at a certain distance from the head (preferably in each of these cases together with
a directional speaker).

To the extent DHA Systems do not explicitly disclose the claim limitation, Fretz ‘193 discloses open—ear
hearing aids. Fretz 193 explains that in-ear devices create an “occlusion effect” that may be uncomfortable
for the user. Open-ear devices like Fretz 193 include a “directional speaker” (e.g., a “receiver,” which is an
output device) which can transmit sound with a higher amplitude toward the ear drum than in another
direction.

Fretz 193 at Abstract
An open ear canal hearing aid system (1) comprises an ear canal tube (10) sized or shaped for positioning
in an ear canal of a user so that the ear canal is at least partially open for directly receiving ambient
sounds. The open ear canal hearing aid system (1) further comprises a sound processor (44, 46) for
amplifying received ambient sounds included within a predetermined frequency to produce processed
sounds and a receiver (50) for supplying said processed sounds to said ear canal tube.
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Fretz *193 at 1:24-30
The traditional approach for correcting hearing impairments has been to employ electronic "In-The-Ear"
(ITE) hearing aid devices inserted into the ear and "Behind-The-Ear" (BTE) hearing aid devices attached
behind the ear. Then, through various signal processing techniques, the sounds to be delivered to the ear
are rebuilt and supplemented to facilitate and optimize the hearing of the user throughout the frequency
range. Such devices tend to block the ear canal so that little or no sounds reach the ear in a natural,
unaided manner.

Fretz °193 at 3:1-5
Conventional hearing aid systems cause an additional problem known as the occlusion effect. The
occlusion effect is the increased transmission of sound by bone conduction when the ear canal is blocked
and air conduction is impeded, resulting in sounds which are both unnatural and uncomfortable for the
user. In particular, the user’s voice sounds different than normal when the ear is blocked.

Fretz °193 at 4:14-25
According to the present invention, an open ear canal hearing aid system comprises an ear canal tube
sized for positioning in an ear canal of a user so that the ear canal is at least partially open for directly
receiving ambient sounds. The open ear canal hearing aid system further comprises a sound processor for
amplifying received ambient sounds included within a predetermined frequency range to produce
processed sounds and for supplying said processed sounds to said ear canal tube. Providing gain for a
desired range of frequencies and amplitudes allows the benefit of simpler and lower power hearing aid
components, resulting in a smaller and lower cost device. Thereby, the present open ear canal hearing aid
system provides a simple, comfortable, and cosmetically attractive hearing aid system that is specifically
tailored for users having certain hearing deficiencies and which does not require custom manufacturing.

Fretz °193 at 9:25-10:3
Figure 6 shows a block diagram of exemplary circuitry enclosed by the case 40 according to one
embodiment of the present invention. The case 40 encloses a microphone 42 for receiving sounds, a
preamplifier 43 for amplifying sounds received by the microphone, and a sound processor for processing
the preamplified sounds. The sound processor comprises a detector 44 for detecting whether the received
sounds are within a predetermined frequency and amplitude range and a compressor 46 for adjusting the
gain of the received sounds responsive to the output of the detector 44. The case 40 also encloses a
receiver 50 which is an output device, such as a loudspeaker, that converts processed signals output from

Page 212 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 212



Claims Prior Art

the compressor 46 into audible sounds and delivers these sounds to the hearing aid tube 30.

Fretz *193 at 12:12-16
Because of the nature of the open ear canal hearing aid system 1, there is a greater possibility of feedback
than with conventional, sealed canal hearing aids. That is, with an open ear canal, sound emanates from
the open canal with little attenuation. The microphone 42 picks up sound from both distant sources and
sound coming out of the ear canal. The sound coming out of the ear canal causes feedback.

Fretz °193 at 14:6-16
Yet another way to reduce feedback is to make the receiver 50 directional. Multiple outputs from the ear
canal tube can thus be added in the preferred direction for cancelling sounds in the feedback direction. In
an exemplary embodiment, one or more receivers can be designed so that sound is transmitted with higher
amplitude toward the ear drum than it is in the other direction. For example, two receivers can be used,
the outputs of the receivers being inverted (180° out of phase with each other). If one receiver is
positioned inside the ear canal, and one is positioned at the entrance to the ear canal with a longer tube
length, the feedback signal is less than from one receiver alone. The directional receiver thus can be
referred to as an "active feedback cancellation" device since the second receiver functions to cancel the
first.

Fretz °193 at 14:17-24
In an exemplary embodiment, the directional receivers can be constructed using a receiver with two ports.
Analogous to directional microphones, one port then has an output 180° out of phase from the other port.
The directional receiver can be used together with the directional microphone or partial blocking of the
ear canal. The directional receiver has the advantage over the directional microphone that since both
receiver ports are in or near the ear canal, it is less sensitive to changes in the feedback path due to
reflecting objects nearby or changes in the speed of sound due to temperature and barometric pressure.

Fretz °193 at 14:25-15:2
In view of the foregoing, it can be appreciated that the open ear canal hearing aid system provides a
simplified hearing aid that allows the user to hear as many sounds as possible in a natural manner.
Because this open ear canal hearing aid system only adjusts sounds that the user has difficulty hearing,
sounds can be heard by the user in a more natural manner. The open ear canal hearing aid system also
reduces the occlusion effect so that the sounds heard are more comfortable to the user. In addition, since
high amplitudes are not generated by the aid, smaller components can be used for this hearing aid system

Page 213 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 213



Claims

Prior Art

which further increases the comfort of the hearing aid for the user and provides a cosmetically appealing
design.

Fretz 193 at FIG. 1
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Fretz 193 at FIG. 5SA

Fretz ’193 at FIG. 5B

FIG._5B
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A POSITA would have been motivated to combine the DHA Systems with the teachings of Mayer ‘086 to
meet the claim limitation. The DHA Systems include hearing aids configured for hearing protection and
noise cancellation. Phonak — Online Interview re Perseo (April 7, 2003) at Page 8. Mayer ‘086 discloses a
directional audio system intended to be more compact and light weight with processor or computer control
while also obtaining more accurate audio inputs. Mayer *086 at [0009]. A POSITA would have understood
that distortions in sounds produced by the speaker of the DHA Systems would degrade the performance of
such functions. A POSITA would have also understood that the DHA Systems require a small, compact
speaker. The DHA Systems would thus face a problem identified in Mayer ‘086: distortion caused by
conventional speakers. Mayer 086 at [0009]. A POSITA would seek to minimize distortions in the audio
output of the DHA Systems by utilizing a compact audio system and would thus be motivated to combine
Mayer ‘086 with the DHA Systems.

A POSITA would have similarly been motivated to combine DHA Systems with the teachings of Fretz *193
to meet the claim limitations. Mayer 086’s speakers are broadly applicable to systems that reproduce sounds,
including loudspeakers and earphones. Mayer 086 at [0009]. Further, Mayer 086 explicitly describes that
the speakers can be very compact, increasing compatibility with an earpiece. Mayer 086 at [0009], [0018].
Fretz ‘193 discloses a speaker configured to present audio with directionality and reduce feedback. Fretz *193
at 14:6-16. Fretz ‘193 further discloses its speaker system being smaller and more cosmetically appealing.
Fretz ©193, 6:24-7:5. A POSITA would have understood that distortions in sounds produced by the speaker of
the Digital Hearing Aids of the DHA Systems would degrade the performance of such functions. A POSITA
would have also understood that DHA Systems require a small, compact speaker. The Digital Hearing Aids of
the DHA System would thus face a problem identified in Fretz ‘193: feedback caused by conventional
speakers. Fretz *193 at 12:12-16.

A POSITA would have had a reasonable expectation of success in combining DHA Systems with the
teachings of Mayer 086 and/or Fretz ‘193. Fretz ‘193’s speakers are broadly applicable to hearing aid
systems—analogous to Enzmann ‘555’s hearing aid including a speaker. Fretz ‘193 at 4:14-25. Fretz ‘193’s
speaker is analogous to speaker 250 of Enzmann ‘555’s hearing aid/ear bud device. Further, Fretz ‘193
explicitly describes that the speakers can be smaller, cheaper, more cosmetically appealing, and just as
effective, increasing compatibility with an earpiece. Fretz ‘193, 6:24—7:5. Enzmann ‘555 and Fretz ‘193 are
thus easily combined. Similarly, Mayer ‘086’s speakers are broadly applicable to systems that reproduce
sounds, including loudspeakers and earphones—analogous to the DHA Systems’ hearing aids. Mayer 086 at
[0009]. Further, Mayer ‘086 explicitly describes that the speakers can be very compact, increasing
compatibility with an earpiece such as the ear hearing aids in the DHA Systems. Mayer 086 at [0009],
[0018].
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To the extent that DHA Systems, Mayer ‘086, and Fretz 193 do not disclose any elements of this claim
limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Mayer ‘086, and Fretz 193 those elements, as known to them or as disclosed by
other prior art identified in the cover pleading.

11. A hearing enhancement system
as recited in claim 1, wherein the
speaker is an ear speaker.

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement
system as recited in claim 1, wherein the speaker is an ear speaker.”

The Digital Hearing Aids of the DHA Systems include behind the ear speakers, which are examples of the
claimed “ear speaker.” The following citations show examples of where DHA Systems practice this
limitation.

Phonak — Perseo Brochure at Page 23

Perseo” BTEs - reliable be

I The Persea BTE f‘amilvmcludts’i‘;ﬁ}' pice of
sizes, colors and power levels. All feature anz‘:np
award-winning design with a refined, ergonomic
shape. They have a patented housing construction with
/" bonded plastic and siicon to effectively keep aut debris and

" moisture. Environmental protection extends further with
patented, disposable microphone cavers to ensure consistent,
reliable performance, in all conditions. With dual-microphone
systems this is particularly important since electronic matching
cannot successfully compensate for performance reduction as a
result of debris and moisture. A comprehensive range of colors for

the housing also caters for specific tastes and trends.

!.

Original sizc
— = New small Persco BTE 111/211
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To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses an
earpiece that includes a speaker. The following citations show examples of where Anderson 783 discloses
this limitation.

Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at FIG. 1

& 1=]
\.n{\" 7 / b
- I.\(}..\ - . - O. |
! N | ptiona
T\\ = FRE'“‘E '] Spcondary
| FrOCRSSOT =8 oy ratass Link
‘ Unit Circuitry
|
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Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.
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Anderson 783 at 3:52—4:14
One preferred embodiment of the invention herein described is shown in block diagram form in FIG. 1. In
this figure, the earpiece 10 shown worn in the ear 11 uses a standard completely-in-the-canal (CIC)
housing, well known in the art, although many other earpiece housing types known in the art (e.g.,
behind-the-ear, or BTE) can be used. The earpiece shown in FIG. 1 comprises a microphone 12, RF
transceiver 13 with an antenna that doubles as an earpiece extractor 14, and speaker 15. Although the
dual-use antenna/extractor arrangement shown in FIG. 1 is often desirable, a separate antenna or antennae
can be used in conjunction with many different types of earpiece extractors as appropriate for a particular
application. Antennae and extractors can be disguised as ear hair or jewelry (e.g., earrings), or conductive
filaments can be permanently implanted in the ear cartilage to act as antennae using a process similar to
ear piercing. The earpiece 10 communicates with a remote processor unit (RPU) 16 via a primary two-
way RF link 17, although many other wireless link media (e.g., ultrasonic or infrared) may be used
instead. The RPU is typically worn under clothing (e.g., carried in a pocket or purse), but may also be
worn in plain sight (e.g., on a belt) if desired. The RPU 16 may be connected (via wired or wireless means
18) to optional secondary wireless link circuitry 19 that allows wireless communication between the RPU
and other sources of information (e.g., the general subscriber telephone network) via a secondary wireless
link. Note that the optional secondary wireless link circuitry 19 may or may not be contained within the
RPU case 70 of FIG. 7.

Anderson 783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
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where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

To the extent DHA Systems do not explicitly disclose the claim limitation, Enzmann ’555 discloses the
speaker being placed in an ear. The following citations show examples of where Enzmann ‘555 discloses this
limitation.

Enzmann ’555 at Abstract
An aided ear bud device is provided that operates as a hearing aid device as well as an ear bud device for
a wireless phone. The aided ear bud normally operates as a hearing aid device. The aided ear bud state is
changed by a verified input from a wireless phone. Upon the change in state, the microphone input from
the aided ear bud is remotely output to the wireless phone while the incoming transmission from the
wireless phone is combined with the microphone input and output to the user. The ear bud device can be
modified to receive analog or digital inputs from other outside sources.

Enzmann >555 at [0002]
This invention relates to systems and methods for providing a hearing aid capable of communicating with
a wireless phone. More particularly, this invention provides a hearing aid capable of simultaneously or
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alternatively performing the functions of an ear bud for the wireless phone.

Enzmann 555 at [0008]
Ear bud devices have been developed to enhance the portability of a wireless phone. The ear bud device is
a type of hands free device and is essentially a headphone-type device communicates with an attached
wireless phone so that a user has use of their hands and attention for other tasks, such as driving, writing,
etc. Current ear bud devices must be placed in or in close proximity to the ear, meaning that the ear bud
placement conflicts with the placement of the hearing aid. Thus, hearing impaired users have a difficult
time using ear buds.

Enzmann *555 at [0011]
Therefore, this invention provides systems and methods for adapting a hearing aid to operate as an ear bud
device in addition to providing conventional hearing aid functions. Using this method, this invention is
able to address many of the issues hearing impaired wireless phone users encounter while addressing the
inherent problems associated with the conventional solutions.

Enzmann *555 at [0015]
In the various exemplary embodiments according to this invention, the ear bud device monitors the noise
being received by its microphone and a transmit/receive unit. Once the transmit/receive unit accepts an
input that is anything but ambient noise, the system determines if the input is coming from a valid source.
The validity of the source is based on a preprogrammed indicator. Based on this determination the ear bud
device will switch to the appropriate mode of operation.

Enzmann 555 at [0026]
The exemplary embodiments of the systems and methods according to this invention provide a method for
adapting a hearing aid so that the hearing aid is able to function as an ear bud device i.e., an aided ear bud.
The exemplary embodiments also provide a system that interprets incoming signals to determine in which
operating mode the aided ear bud should operate. In the exemplary embodiments, the incoming signal can
be digital or analog depending on the transmitting source.

Enzmann 555 at [0027]
FIG. 1 illustrates a conventional digital hearing aid. The conventional hearing aid comprises a microphone
105, an A/D converter 110, a digital signal audio processor (DSP) 120, a D/A converter 130 and a speaker
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140. In operation, sounds, represented by an analog signal and/or ambient noise emitted from an outside
source, is captured by the microphone 105 and converted to a digital signal by the A/D converter 110. The
DSP 120 manipulates the converted signal in accordance with well-known techniques and sends a
processed signal to the D/A converter 130. In the D/A converter 130, the processed signal is converted to
an analog signal and output to the speaker 140. The speaker 140 is placed in or around the hearing
impaired user's ear. Thus, the captured sounds have been captured, processed, and amplified and output to
the user.

Enzmann *555 at [0031]
FIG. 2 illustrates the preferred embodiment of the aided ear bud 200, according to this invention. As seen
in FIG. 2, the aided ear bud 200 contains many of the same features of the conventional hearing aid shown
in FIG. 1. The aided ear bud 200 comprises a microphone 205, an A/D converter 210, a digital signal
audio processor (DSP) 220, a D/A converter 240 and a speaker 250. However, in addition to those items,
the aided ear bud adds a source control module 230 and a transmit/receive (TX/RX) unit 260 to provide
the necessary functions of this invention.

Enzmann ’555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann *555 at [0051]
FIG. 6 illustrates a second embodiment of this invention, wherein analog devices can be attached to the
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aided ear bud. In this configuration, the A/D converter 410 converts incoming analog signals into a digital
signal for use by the aided ear bud in accordance with the above-description and converts digital output
signals to analog format and output to devices. This configuration allows a user to attach any analog
device (or analog output from a digital device) to the aided ear bud, such as portable electronics (CD
players, PDA devices) and any other devices that output analog signals. Otherwise, the operation of the
second embodiment is similar to the previously described embodiment once the incoming signal is
converted from an analog signal to a digital signal.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

12. A hearing enhancement system
as recited in claim 1, wherein the
speaker is in a headset.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement system as
recited in claim 1, wherein the speaker is in a headset.”

Anderson ‘783 discloses a speaker contained in a head worn device (e.g., earpiece headset 21) which is an
example of the claimed “headset.” The following citations show examples of where Anderson *783 discloses
this limitation.

Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
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Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone

system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at FIG. 2
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Anderson *783 at 1:5-18

The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior

art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
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between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 5:46-52
A miniature speaker of the type commonly used in hearing aids can be used in place of the speaker
commercially supplied with the earpiece headset 21, and a miniature microphone of the type commonly
used in hearing aids can be used in place of the microphone transducer commercially supplied with the
earpiece wireless microphone 20.

Anderson 783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
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The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

A POSITA would have been motivated to combine the Digital Hearing Aids of DHA Systems and

Anderson 783 to meet the claim limitations with reasonable expectation of success because implementing the
Digital Hearing Aids into a headset design such as that disclosed by Anderson ’783 would have been a
routine and conventional design choice and for the reasons discussed above in claim 1[pre].

To the extent that DHA Systems and Anderson *783 does not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine DHA Systems with the
teachings of Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

13[pre]. A hearing enhancement
apparatus for a user, the apparatus
being wirelessly coupled to an
audio system, which is configured
to up-convert input signals into up-
converted signals to be wirelessly
transmitted, the apparatus
comprising:

To the extent the preamble is limiting, DHA Systems and Anderson 783 expressly or inherently disclose “[a]
hearing enhancement apparatus for a user, the apparatus being wirelessly coupled to an audio system, which
is configured to up-convert input signals into up-converted signals to be wirelessly transmitted, the
apparatus.”

DHA Systems include Digital Hearing Aids (e.g., “hearing enhancement apparatus”) wirelessly connected to
Transmitters (e.g., “audio system”) configured to convert input signals to various frequencies (e.g., “up—
convert”). The following citations show examples of where DHA Systems practice this limitation.

Phonak and Other DHA — Manufacturers News Article at Page 1
STAFA, SWITZERLAND—Phonak has

introduced EduLink, which iv predicts
“‘i” \'."::ll:llri I.'FlJH.' FNJEI.\' o |I'DL' .5“5\'.'1]'_“-1-'.“
treatment of children with auditory pro-
uue&ug disorders (APDs). This new device
ix an “ear sei” that transmits the teachers
\'l:\i\:\.'. |L‘i1|g E:.\i lﬂﬂhnﬂl(ﬁ\'. -:|i:|'\.'cl:|.\' o
the child’s ear, thus effectively reducing
il'l'll."iL'n': J.l'l':l hl:kgri)u:l{' |'lﬂ]5-ﬂ.' r'::lr
improrved speech discrimination. Edulink
i¥ -:|u=iph’.t| L} Cﬂn'll:lll.'nl\'.'l:ll -L'xisl;l'lg |I:I'.T'
apies in the treatment of APD.
. e
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Phonak and Other DHA — Manufacturers News Article at Page 2
Phonok applies frequency synthesizer

Phonak has inteprated 2 new digital fre-
quency synthestoer into several produces
ll-t (hmF’l—L‘ E lﬁ.l'lm'lill:r. -I‘.lr_iigl'll:d &r
use in learning environments; dhe
Micralink MLx5S, the Persen, the Claro
dAZ FM 8, and the Micolink CI 5
I'Dl:\l:l'l'\u' rﬂr :Ehlm [mPllnl sCrs. I-I't
digital synthesier simplifies frequency
ml.n%:rﬂ.tﬂl. il.'l Rhm]‘ ‘nd i‘ irll.cl'l&d
to close the gap between children with
Jl'd wil:l.'lnul: l'lﬂ.l'lrlg II:'B.

This mulei-frequency  technology
CHIHB d'lildltn “{111 l'u:l.l'lrlg im:nu
to mewve fredy between clasrooms, with-
ot 111: l'l:d h’ rltqu:l'q’ rl:‘-ml.il.‘lg_ FDr
wrarers and teachers, the now FM vech-
m‘lnﬂf’ mcams -ﬂ'lmd ﬂm-bl-lil.}', cnsur-
ing that childnen ard ot tochnical Emees

ane II'II: rDEI.IS ﬂrl:l'll: Cd.lﬂl;ﬂl'l Fm.

Phonak — Annual Report (2003—-2004) at p. 12

Within the FM business segment, the Group
continued to leverage existing key technology into
new applications. With Smartlink, Phonak has
achieved another industry first by allowing hearing
instrument users to access other communications
systems. Smartlink combines a remote control, a
transmitter, a directional microphone system and a
Bluetooth link to mobile phone all in one single
device. Phonak also presented Edulink, an innovative
FM device to assist the leamning development of
children with Auditory Processing Disorder [APD).
Edulink was perceved very positively within the
medical community and recent classroom tests show
favourable results.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 2

People with sensorineural hearing loss need a more favorable signal-to-noise ratio to
understand speech than do normal hearing listeners. Research has shown that hearing
impaired listeners may reqguire signal-to-noise improvements of 4 dB to 18 dB, depending
on the magnitude of their hearing loss to achieve word-recognition scores equivalent to
those with normal hearing.

FM systems are able to improve the signal-to-noise ratio. FM systems improve the user's
ahility to understand speech in the presence of noise. Since the sound is deliverad by FM
radic waves, the strength and quality of the sound remains constant (across the
operational distance) from the speaker to the hearing impaired individual. FM systems
consist of & microphone usually placed four to six inches from the sound source, and a
transmitter, which sends the signal via radio waves directly to the miniature FM receiver,
which is connected to the personal hearing instrument. In other words, the entire Fi
system is a complete broadcasting and receiving system.

Importantly, when using FM systems, the effects of background noise and reverberation
are minimal. These factors help reduce background noise while enhancing and stabilizing
the main sound source.,

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 4

Phonak FM systermns operate on an FM radio signal in the 216-217 MHz bands. These
bands have been assigned by the FCC for use with equipment by the hard of hearing.
There are 23 narrow band channels available from Phonak in this frequency range. In
order for the transmitter and receiver to operate as a system, they must be on the same
frequency or "channel”. All Phonak FR transmitters and receivers are compatible with
every other model of transmitter and receiver in the Phanak product line. Each transmitter
and receiver channel "frequency’ is identified with a number. The number of the
transmitter and FM receiver must be the same for these units to function together
correctly.

Fid Transmitters and FiM Receivers are available in many sizes and shapes to offer
increased functionality, We will detail some of the Phonak equipment below:
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

2- HandyMic TX3

The microphone with a built-in transmitter, used primarily for adults. The rulti-
microphone technology of the HandyMic combines omni directional, directional, and
super directional microphones with an FM transmitter, The compact HandyMic transmits
the speaker's voice directly to the hearing instrurnent user's FM receiver.

The HandyMic can be set up directly in front of the sound source, slipped into the
speaker's shirt pocket, or aimead at the speaker manually. With an audio cablg, the
HandyMic can also be connected to a sound system. As with all other Phonak FM
products, the HandyMic has a range of 7 to 15 meters (23 to 50 feet).

For business meetings, round table discussions, family gatherings, in a car, on a noisy
street, at home
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

The Phonak Campus S is a new addition to the Phonak preduct line - this multi-channel
FM transmitter is developed for use in schools, universities and speech therapy. It is fully
compatible with current Phonak FM products, and ready for operation with future
generations of Phonak FM receivers.

Campus S special features include a channel selector with digital display, an ergonomic
user interface, a microphone with switchable directional [ omni directional characteristics,
handy storage for the microphone cable, connection to televisions, video recorders and
radios, and an easily exchanged rechargeable battery.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 6

4- TelCom

o .Y

Phonak's TelCom is a stationary FM transmitter that allows optimized television,
telephone, and audio system usage. While the user watches TV or listens to music,
TelCom assures that the telephone will be heard when it rings. When the call is answered,
TelCom automatically mutes the audio signal and transmits the caller's voice to the FM
receiver. This does not affect the volume of the loudspeakers for others in the room.
When the handset is replaced, the audic signal transmitted to the hearing instruments is
returned to the previous volume setting. TelCom is equipped with a frequency synthesizer
for convenient setting of FM frequencies; it has a range of 7 to 15 meters (23 to 50 feet).

For televisicn, telephone, CD player, radio, perscnal computer and other equipment with
audio output
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 7
2- MicroLink ML

This miniature FM receiver is compatible with all Phonak BTE instruments and has a
standardized Euro connector that allows it to be used with most other makes of ETE
hearing aids on the market today. Many leading hearing ald manufacturers such as
Oticon, GN Resound, Siemens, Sonic Innovations, Unitron, and Widex have developed
mechanical interfaces that allow users to combine their BTEs with MicroLink MLx, This
close cooperation with other major hearing instrument manufacturers has dramatically
expanded FM benefits for hearing-impaired children and adults.

The small, cubed-shaped MicroLink MLx attaches directly to the base of the audio shoe
and receives FM signals from all Phonak wireless transmitters. The MLx 'Universal' FM
receiver has a three-position switch. The three-position switch allows the MLx user to
change the function of the wireless receiver as listening conditions change.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 8
3- MicroVox RX2 COM-1

The MicroVox RX2 COM=1is a small and lightweight FM receiver. With the COM-1 audio
interface, the connection of an induction loop is very simple. The loop is worn around the
neck, and the hearing aids receive the signal inductively via the telephone coil. A special
feature of the MicroVox RX2 COM-1is that it can also be connected to the audio input of
the speech processor in a cochlea implant. Most implant manufacturers use compatible
audio inputs.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 8
4- MicroVox RX2 PFM-1

This FM receiver has a direct output for hearing instruments so it can be connected to the
audio shoes of Phonak BTEs and other BTE instrument makes. Like the COM-1, this FM
receiver has easily interchangeable plug-in frequency modules. The color-coded

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 9

5- Claro dAZ FM

Claro dAZ FM combines two highly advanced systems for signal processing and signal
reception. The Signal-to-Noise Ratio is dramatically improved with Digital Perception
Processing, Adaptive digital AudicZoom, the Fine-scale Noise Canceler, and Phonak's FM
technology. The FM functions can be controlled directly at the instrument with the
TacTronic switch or with the SoundFPilot FM or WatchPilot remaote controls.
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Phonak Campus-S-User-Manual at Page 1

Description

i) On/off button ) Carrying clip

£) Channel selection buttons {C) Battery compartment
E) FM channel in use £ Audio socket

() Battery status indicator 1! Battery charger socket
& Direct frequency synchronization 1L Label for your initials

(3 There are different microphone options
available [ser page 6]

Phonak Campus-S-User-Manual at Page 12

Connecting the Campus 5 to a TV set, video recorder,
radio or CD player

Mudio cable

' Headphone symbal on TWijradio etc. e

audio equipment like TV sets, video recorders, radios and CD players.

I} Plug the audio cable into the headphone output of your audio equipment.
) Plug the other end of the cable into the audio input underneath your Campus 5.

Since the Campus 5 uses the microphone cable as an antenna, unroll the
microphone cable.
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Phonak — Claro 211 Product Information at Page 1

M features ‘Warld's smallest FM microchip
Compatible with all Phonak M tansmitters
Cordle=s T¥ and Radio link up
M per L ponding to sudiclogical fitting
Soft Squelch system
Built in antenna
Band H {173~ 185 MHz); band 1 186201 MHz);
tand N [207-217 MHz)

Phonak — Claro 211 Product Information at Page 1

Processing Diigital Perception Processing (DFF]
features iin 20 critical bands
{Giaiin and output controlled by DPP
3 hearing prn-gmrns[f mute mode):
* Quiethdapt for hearing in relative quiet
* MoizeAdapt for kearing speech in noise
* Program 3 telephone default [nther choices awailable)
I programs: FM and FM+M
MurtaSelect: automatic switching between
Ouiethdapt and NoiseAdapt
Care's noise suppresion technologies
= Adaptive digital Awdicfoom [4AF]
# Fine-scale Moize Canceler in 20 bands
* Soft squelch

Phonak — Claro 211 Product Information at Page 2

Principle of FM operation

The transmitter wnit is worn by the person speaking, placed in front of

the: sound source or even connected directhy to TW or HiFi

The transmitter unit collects the desired signal and transmits it via radio
waves directly 1o the FM medule integrated in the hearing imstrument.

The incoming FM signal received by the hearing instrument is proceseed

either in accordance with the audiclogical setting of the instrument, prowiding
consistent sound quality or aocording to an individual FM program.
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Phonak Claro — World Premiere at Page 1

Cutting-edge chip technology points the way forward

This phenamenal technical breakthrough is based an six years of intsnse research and development
wark during which it was possible for the first time ever to fully integrate psychoacousiic perception
models of the ear. As a result, It has been possible to simulate the functon of the so-called "20
cfilical bands” in the inner ear and lo achigva an unpracadantsd natural hearing axparence. This
sophisticated, highly complex system goes by the name Digital Perception Procsssing (DPP) and iz
based on the most advanced chip generstion currently availahle, The chip architecture is built
around 0.25um technology, which permits Fast Fourfer Transformation (FFT) processes comblined
with very low power consumplion. According to Andreas Rike, it means thare is slill a great deal of
potential for extending the chip's performance and this opens the door to some highly interssting
developments on the same chip kasis in the future.

The advent of a genuine communication'hearing computer

The impressive, state-of-the-art technolegy is combined with an exclusive, all-round communication
concept based on the components Diglal Perception Processing (DPP), AutoSedect, Adapiive dighial
Audfofoom und Fine-scale Noise Cancelsr. [t provides a decisive boost to the power of the
awdiclogical solution and, with if, the benefits to the user. The Adaptive digital AudicZoom
automafically locates and suppresses the main source of noise and at the same time cleary
geparates the volee of the persen speaking within the lIsteners fleld of vislon. The result of this ks a
positive signal-lo-noisa ralio on a scale that has never bean achieved befors.

To round it off, the top model in the new Claro range is the first ever to feature the wireless FM
techinalogy found in the well-known Microlink system and thes has all the advantages of wireless
communication technalogy, such as speach lransmission over distance in noisy surroundings
[conferences, schools, efc). As a result, the hearing computer has undergone a definitive transition
to @ communicationihearing computer, which in many sifustions is indisputably superiar ta the

human ear.,
Phonak — Collections 2002 Product List at Page 3
-

FM 28

Phonak’s unique FM solutions deliver
unprecedented speech intelligibility to
overcome excessive noise, reverberation and
distance. Users of Phonak ETE instruments and
users of many other instrument brands can
benefit from FM solutions.

Campus 5 Mix
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Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.

Page 238 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 238



Claims

Prior Art

Phonak — Collections 2002 Product List at Page 9

EBTE instruments

Claro 111 dAZ
Claro 111 dAZ FM

rf

7] PIIE

Claro 211 dAZ
Claro 211 dAZ FM

(f

7P

Claro 311 dAZ
Claro 311 dAZ FM

[

2D

Pesk values G max | 0571 50 52 dBj126.48 571 2 dB135 40 5L 243135 dB SR
Festures Specially designed for sterp high- spaszncy i ¥
firegency and mild hearing loses bigher gain
Description Digital Perception Processing [OFF] Digital Percegticn Propessing (D17} Digital Perception Procesing [DFF)
AstcSelect [AS) Auclelert [A5) hutoSelect (45)
Fine.scale Noise Canceler [FNC) Finescale Nokse Canceler (FHC) Fine. scale Noise Canceler (FNC)
Adaptive digitsl Asdinfoom (A7) Adaplive digital AedinZcom |4A7) hdaptive digital AedioZcom A7)
P madule 111 4AZ FME) FM medule (211 dAZ FM) FM medule (311 dAZ FM)
& hearing programs + “mute” & hearing programs » “mute" © hearing programs + “mete"
Telecril Telecsil Telecsil
Battery size 13 Battery s 13 Battery sive 13
Standaed: TacTsonic piogram selection  Standaed: TacTronic program sekection. Standard: TacTronic program selertion
switch switch witch
B Pr &
Options Reemate controks Walchiidet and Remate controks Walchiot and Femote coniroks WalchPit and
SoundPice FM SoundFilt M SoundFilot FM
Hogks: HE4, HE4 330, HEL 1000 Hooks HEA, HE4 130, HEA 1000 Hacks HEA, HE4 220, HEA 1000
Tampesproof battery cover Tampesprof battery cover Tampesproof battery cover
Colorline calors phes (75 [shverl, Colerline colors pls FJ fsves), Colierline colors ples F26 fsibves),
F13 milky trascsparent] F13 |milky tranparent] F13 [milky transparent)
Programming Leudnez: i (PP with  Loudness i OPFwith  Loudness i PP with
Aetive Respume Uit (ARU) Active Response Usit (AR hctive Response Unit (ARL)
Fitting i Fittiag i i i
Phoack Digital St Skope and 051Gl DL o) OS2 il
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook

Page 240 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 240



Claims

Prior Art

Acro 3117

(7] !

B Sl e

Acro 311 AZ[

1

[zl

Supcro 412°

{

22T MRS

Phonak — Collections 2002 Product List at Page 17

L W Y T TR S W T T

Supero 413 AZY™

{

el EIEN IS

77 dBj137 A SPL

7 dBJ137 4B S

B4 /144 B S

73 B [144 &8 S

High gainin 2 smaller case, digital
BIE

High gain plus Audiadoom in 2
smaller case, digital BTE

Digital high- powes BIE in the
hign

Digital igh.prower BTE with smique
i-microgh
‘Iechnolegy

ital MuliMode Signal Processi

m il na

3 heasing programs + "=

High-resclution digital Neise

Canceler [€C)

Feedhack mansger

TacTronic mulsi-Fanction switch

Carstamised signal tones for program
¥ waming

tal MultiMode Signal Processing
e

3 hearing pragrams + “mute”
High-resolution digital Neise
Canceler [NC)

Feedick manager
Taclionic i

Digital MultiMcde Sagnal Processi
P s ng

€ hearing pregrams + “mulz"
Digital Noise Canceler (9NC)

Digial Wbl Saal rocesing
Chearing programs & “mute"
Digital Noise Canceler {8NC)

Dy
protertion withou! gain lox

Corstomised signl tones for program
==

Dyn
prolection without gain lox
Feedhack manager

ic

i Customised sgnal tones for program Customised signal tones for program
Telecod Telecail rmation and battery warring confirmation and batlery marring
Audio- i - 1 Audio s Telecoil Telecoil
Battery sire 13 Audico/oom Audio i HAudio i
Batery size 13 Battery size 675 Audiodoom

Battery sire GI5
Meicrolink MLL/MLx Miicralimk MLY/MLx Microlink MILAMIx Microlink ML&MLx
A shoe ASE Auiashoe ASS Auio shoe ASA P shoe A5
Tamperproaf battery cover KSh perpr  Eover K55 nperpn ry cover KS 53 nperpr ey coner K 5.3
Colorline colors Coloeline culors Caberline colors Calarline colars
Hooks: HEZ, HEZ 680, HEZ 1000 Hodkes: HEZ, HEZ B8O, HEZ 1000 Hooks: HE3, HE €80, HE3 1000 Hooles HEZ, HEZ 620, HE3 1000
Wi ear hocks Mii ear beoks Fiemote controd ScundPilat FM Femote control SeundPilat FM

Remote control WatchPilo Remote control WatchPilot
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Phonak — Collections 2002 Product List at Page 18

Digitally programmable
BTE instruments

Piconet2 P2

-

d

ZiHT|

Piconet2 P2 AZ

|27 [

Peak values G max JOSM 90

E2 di 172 4B 5P

E2 dE /172 48 5P

Features Phanzk's smallest digitally Phanzk'’s smallest digitally
programmabile BTE hearing computes pl“‘pgmlgemm hearing computes
Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4
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SonoForte2 P23 AZ

[os)iZal[F |~

PowerZoom P4 AZ

(2|

Phonak — Collections 2002 Product List at Page 19

NovoForte E3

D

77T dB 137 48 5P

70 dBj 144 48 SPL

T aBNIT B S

High gain plus AudiaZaam in a smaller
2

High gain and Audicfoom

2 switch-selertable programes

Ml B Compresion Control Ml Dmamic Compreion Contol Signal rocesing sategy- WORC Sl procesing sateg: WORC,
7 heasing programs. 1 hearing programs 7 switch seleciable hearing programs 7 switch selectable hessing programs
Telecd Telecad Telecail Telecail

Rudi inputMicrolink compalile Ruic input Microlink compatile Audia s Pudia i i

Audicdoom [k available withut withzut P contsols Programemable wer controls

—Lx] L= Battery sive GI% Battery size 675

Battery sire 13 Battery size 675

Wicralink MLG/MLx Microlink MLTJMLx Microl sk M1 7jMix Micradink M1 T/Mix

Audic shoe ASG Muic shoe AST Mudia shoe AST Pudia shoe AST

Tamperproof battery cover K55 Tampesprock battery cover K57 Tampesprook kattery cover K57 Tampesprook kattery cover K57
Celorline colors Coloeline colors Cobiline colors Cobarline colors
Hoaks: HEZ, HEZ 680, HEZ 1000 Hoaks: HE3, HEZ 680, HEZ 1000 Hoaks: HE3, HEZ 680, HE3 1000 Hooks: HE3, HEZ 680, HE3 1000
Mini =ar hooks Mimi ear hooks Mini ear hoolks Mini ear ook

Femote contrak DHC-3, DHC 4

Fiemate comtrol: DHC-F, DHC 4

FReemate control: DHC-2

Remote contral: DHC-3
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Phonak — Collections 2002 Product List at Page 24

BTE instruments

Supcro 411°

7| djal

PicoFortc3 5C-D

[72)[rv]

PicoForte3 PP-5C

(7]l

Peak vabues G max fOSTL 00 79481147 &8 5L EAdRNZT B L 78 dpj132 S0 SR
Features Digital bigh- powes EIE Diectional micraphane. High pawes
switchable
Description Super Compression with 2L Super Compression + L
1 hesring program + “mute” Telecsd Tekecad
Fowes Dymamic Control for masimum  Aasic- inputMicrolink rompatible e inputMicrolink compaiible
e Battery siee 13 Battery sire 13
Ferdback manager
TacTronic mul function switch
Customied signl fones for program
confirmation and battery waming
Tekeeod
Aeic-input/Mscrolink compatible
Babterysire 675
Optians Microlink MLA/MLx Microlink MLSMLx Mecrolink MISMLx
Aesic shoe A54 e shae ASEA e shoe ASEA
Tamperproaf battery cover K552 Tamperproaf battery cover 5 5.3 Tampesproof katiery cover K553
Colorline colors Colorline cabars Colorine cobars
Hosis: HEZ, HEZ 80, 12 1000 Hosies: HEZ, HEZ 680, H7 1000 Hoaik: HEZ, HEZ 680,12 1000
Mini ear hoaks Wi ear hoaks
Programming Programmtle with PCOBM.  1C:Low cut  leveks 1C: Low cut. 6 leveks
compatibic] and 1. TRO pogamming oy . Gutgut, 6 levels S5PL: Dutput, 6 levels
PG Saftware, verion B0 ar dbave mmm ion by FFG based mmm ion by FYG based
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Phonak — Collections 2002 Product List at Page 25

PicoForte3 PP-C-P PicoForte3 PP-C-L-P SuperFront PP-C-2 SuperFront PP-C-4

[Zi [Z|m| Zalrv] [rv]

7

B4 dB{137 48 5P B2 4B{137 &8 L 79 dB{147 4B L 87 dB 147 4B 7L
High gain Exira power in lowfrequency range High pawer instrument High-power imstrument
Fush-pull ampifier Push-pull ampifier Push-pull ampfics Pussh-pull ampiifies
Feak Clipping Feak Clipping Peak Clipping Peak Clipping
Telecod Telecail Teleceil Telecail
PP — Rt . P " P
Eattery sire 13 Battery size 11 Bttery sire G75 Battery size G5
Microlink MLS/MLx Micredini MIS/MLE Microdink M13jMLx Microdinkk ML3MLx
Audia shoe ASEA Audia shoe ASGA Audic shee ASTA Audic shoe ASIA
perpr ry cover K553 peepr oy cover K563 npespr y cover K53 nperpr oy cower K53
Colorline colors Caloline colors Coberline colors Ceberline colors
Hoaks: HE, HEZ E80, HZ 1000 Hodks: HE, HEZ £80, H2 1000 Hoaks: HE, HEEED, PD 1000 Hoaks: HE, HEEED, PD) 1000
Wi =ar hooks Wiisi car ook Wini ear beoks Wi zar brooks
LC: Low cut, B levels LC: Low cut, 6 levels Tene: Low cut, 5 levels 1C- Low cut, S levels.
S5 Dutput, G levels: SSPL: Dutut, § levels: S5 Dutpt, 7 levels: /B High cut, 3 evels; bypas, & levels
Fitfing recommendation by PG based  Fitting i bosed  Fitting boed  SSPL= Output, 6 levels
on audiogram on audiogram on audiogram - Gain Eevels

Fitting reveommendation by PYG based
on audiogram
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Phonak — Collections 2002 Product List at Page 26

SuperFront PP-C-L-4 SuperFront PP-5C Classica AGC
SuperFront PP-C-L-4+
BTE instruments ? e v i
| 7
[Zim 17| iZ|&
Peak values G max f05A 90 82 dB[142 dB 5P (PP-CL-4) B2 dB 140 48 5P 65 dB 132 a8 5P
B SH[147 dB SPL (PP-CL-44)
Features High-power low-freq. range (PF-CL 4] High-power AGL0 with 2L
Super low-freq. instrament (PP-C-L-44]
Description Push-pull smnglifier Push.pull amplifier Frnadhand response
Pealt Clipping Super Compression with a L1 Teleood
Tebecod Tebeood axdic. inputiMicrolink compatible
e a patibl Audio i ik compatible Battery sire 675
Bartery sire 675 Bartery sive 675
Options. Microlink ML3/MLx Microlink ML2MLx Microlink MLAMLx
Aadio shoe AS2 Audio shoe 53 Audio shoe AS4
Tamperproof battery cover K52 Tamperproal battery cover K53 Tamperproaf Eattery cover K54
Colorline colors. Colorine colors Colorline colors
Hooks: HE, HEGEO, PD 1000 Hooks: HE, HEEBO, PD 1000 Hooks: HE2, HET E80, HEZ 1000
Mini ear hooks Mini ear hooks: Miini ear hooks:
Programeming LC: Low cut, 9 levels LC: Low cut, 9 levels LC: Low cut, 5 levels

HE: High cut, & levels
S5 Dutput, 6 bevels

G: G, € leveds

Fitting recommendation by PIG based on
audicgram

BPIC: Bypass, § bevels; high cut, 3
leveds

SSPL: Dutput, 3 kevels
G Gz, leveks

Vitting recommendation by 195 based
on audicgram

SSPL: Duiput, & levels
Fitting recommendation by Y5 based
on audicgraan
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Phonak — Collections 2002 Product List at Page 27

Classica C-D Classica PP-SC Classica PP-CP Classica PP-C-L-P
77| 7| 7|
24l (7| 7] [Z]
70 d8J1 dB 5P 80 dB[ 137 dB TP B4.d0 144 dBE SPL B /144 d AL
Hroadband BTE with directional High power High gain Extra power im low-frequency range
micraghone
Pursiy_pull amplifser Push-pull amplifier Pushpull zmplifier Fursh-pull amglifier
Pesk Clipping Super Compression with 2T Peak Cipping Fesik Chpping
Tedecoil Tebernil Broadband Eroadband
Nusdic i i patibl Nusdic i i npiatibh Telereil Tebeail
Batlery sire 675 Battery sire 675 Audig i i patibh Aadic i i patibis
Battery sive 675 Battery sive 675
Micvolink MLA/MLx Microlink ML4MLx Microlink ML4MLx Microlink ML4/MLx
Audin shoe AS4 Audio shoe K54 Mudin shoe RS54 Aasdic shoe AS4
Tamperproaf battery cover K54 [ [ 5
ColorLine: colors Color e colors Colorline colors ColorLine: colors

Hookes: HEZ, HEZ £80, HE3 5000
Mini ear hooks.

Hooles: HEZ, HE3 680, HE3 1000
Mini ear hooks.

Hoaks: HEZ, HE £BO, HE3 1000
Mini ear hooks.

Hoaks: HE3, HE3 E80, HEZ 1000
Mini ear hooks.

LC: Low cut, § levels
S Dutput, & levels

Fitting recommendation by FFG based
an sudicgram

1C: Low cut, & levels LC: Low cut, & levels 1C: Low cut, 5 levels
S5 Qutput, & bevels S5 Output, § levels S5 Dutput, § bevels:
Fitting = ion by PR based s

an audicgram an sudiogram on sudingram

ion by PFG based
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Phonak — Collections 2002 Product List at Page 30

ML, the mast flexible FM receiver ever made, can be used nat only with
Phonak BTEs but also with mast third-party hearing instruments
available on the market today. This is possible thanks to the standard
Eurg connector which simply plugs into the audio shoe of the hearing

instrment.
MLx compatible (Once again, Phonak demonstrates its commitment to innovative
BTE makes: developments that serve hearing-impaired adults and children.
—_—
Argosy T,
- . L

Audifon Ty S :

| e
Beltone - = ‘
Danavox N e ; g
GN ReSound — ks

| \

Hansaton ) '.II . 'f;_,.,"
Interton M . : /!
Oticon -
Philips Detailed, up-to-date compatibility lists i
Phonak of Phonak's MLx Microlink receiver ’

are available online at =
R_“' on www.phonak.com/mlx "
Siemens
Sonic Innovations .
Unitron
Widex

Phonak — FM Transmitters including Campus S and TelCom at Page 1
TelCom

Phonak's TelCeom is the first stationary M tansmitte:
that allows optimized television, telephone, and
andio system nsage.
While the user watches TV or lztens to music, TelCom
TelCom assureg that the telephone will be heard when it rings,
{click to enlarge]  When the call is answesed, TelCom automaticaily
mutes the audic signal and transmits the galler's voice

clearly and crisply. This does not affect the valume of the loudspeakers for
wtfvers in the room, When the handset 15 replaced, the audio signal
frangmitted to the hearing instruments is turned back up to the preyious
volume setting. The TelCom has an operating range of 7 o 15 meters (23
tio 50 feet).

Far television, telephane, CI¥ player, radin, personal computer and

other equipment with audio owtput,

Page 248 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 248



Claims

Prior Art

Phonak — Lewis Article re ML8 Improving Speech Perception in Noise with Directional Microphones and

Frequency Modulation (FM) Technology (2002) at Page 2

Personal FM systems have also been shown to improve speech intelligibility in noise
(Hawkins, 1984; Fabry, 1924; Crandell & Smalding, 2000). Past investigations have
dernonstrated that the utilization of FM technology can improve speech intelligibility in
noise by as much as 20-25 dB (see Crandell and Smaldino, 2000). With a personal Fi
system, the speaker's veice is picked-up via FM wireless microphone located near the
speaker's mouth - where the effects of reverberation, distance, and noise are minimal.
The FM system converts the acoustic signal to an electrical waveform at the microphane,
and the signal is transmitted via FM signal, from the transmitter to the receiver. Both the
transmitter and the receiver are tuned to the same transmitting and receiving frequency.
At the receiver end, the electrical signal is amplified, converted back to an acoustical
waveform and conveyed to the listener.

Phonak — Media Release re Product Offerings in F2003/2004 at Page 3

Phonak Communications introduces the new MicroLink receivers with frequency
synthesizer

Phonak Communications will introeduce its new multi frequency MLx 5 and MLS 5 receivers
in the next few months. MLx 5 and ML8 5 are the counterpart of Campus 5 transmitters,
already introduced early 200Z. Together, they comprise the new synthesized FM system
generation, a system that transmits, without wires, speech to the hearing instrument in
difficult listening situations.

The key technology of the new system is its easy frequency adaptation. Given the exirems
design constraints (low voltage, low power, miniature dimensions), the development of this
technology represents an unprecedented breakthrough in wireless communication
techmaology.
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Phonak MicroLink MLxS Product Information at Page 1

The MicroLink Mo & the first miniaturized FM receiver with a digital frequency synthesizer for full
multi-frequency fexibility. The recciver features fully automatic, non-contact frequency synchronization
with either a WallPilot or the Campus 5.

The MictoLink MixS is compatible with all Phonak FM transmitters and the WallPilot, and is recom-
mended for use with this equipment.

MLxS with ETE instrument MLxS with adapter for O pecket processor

Audio shoe
// |E.g.ﬁ5-'|- Mixs)
d MixS
|
MilxS
1 ; Microlink C1 5
- adapter Focket processor

connectar cable

Phonak — Microlink User Guide at Page 2

The desired signal — for example, a speaker’s voice or
the sound from a TV — is picked up by the microphone
which iz placed near to the source of the sound. The
transmitter sends an FM signal to the receaver, which
immediately relays this to the hearing instrument for
you to hear — erystal clear!
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellation can use up 1o 50% of a hearing aid's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Persec enables very precise control over gain in a narrow
frequency band to preserve audikility and loudnass for all listening situations while
preventing feedback with no additional influence cn pewer consumption. If you use fewer
compression andfor frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high freguencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 9

Liz Brassine/Phonak: It is a digital microphone on the CIC. There are several advantages
of a digital microphone over analeg mics. First, increased dynamic range is provided,
Additionally, with a digital mic, the analog-to-digital converter is housed within the
microphone itself. This eliminates the wire between the AD-converter and the
microphone. The wire is the source for ultra-high frequency interference, such as
Bluetooth.

TelCom User Guide at Page 2

Thank you for choosing the TelCom FM transmitter.

The TelCom is a high-quality Swiss made product from Phonak, a world leader in
hearing technology, innovation and reliability. It enhances communication on the tele-
phone and optimizes hearing when watching television, or listening to other audio
equipment [e.g. radio, CD player, personal computer,..).

The wireless TelCom FM transmitter [FM = Frequency Modulation) sends the sound
[e.g. television or telephonie) to the FM receivers on the hearing instruments of the
person listening.

We recommend that you read this manwal carefully to fully benefit from the many
TelCom features. With proper care and usage, your TelCom will support your listening
and communication needs for many years.

Phonak - the leader in FM communication.
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TelC

Su

om User Guide at Page 12

Clear sound while watching television without disturbing noise

Sound from awdio equipment, speech over telephone, and even the telephone
ringing signal heard through FM

The audio signal level

- is automatically switched off when the telephone is picked up

- automatically comes back if the telephone is hung-up

Fully automatic operation once the system is installed

Ready to operate 24 hours a day, 7 days a week

Mo cabling between the TelCom and the FM receivers

High-quality Swiss made equipment with high-tech design

Lewis — Speech perception in noise: directional microphones (2004) at Page 429

FM technology was used. As previously
mentioned, Phonak Corporation developed a
new personal FM system receiver, the Phonak
Microlink, which does not utilize wires or a
body-worn box like its predecessors. This

Lewis — Speech perception in noise: directional microphones (2004) at Page 431

All subjects were fit with digital Phonak
Claro 311 dAZ BTE hearing aids hilaterally.
All earmolds had select-a-vent (SAY]) venting
and #13 or 3 mm horn tubing. In addition to
the hearing aids, subjects were fit with
Phonak Microlink MLE& FM receivers
bilaterally. These FM receivers attach to the
bottom of a BTE hearing aid and may be
utilized in either the “FM only™ mode, which
attenuates the hearing aid microphone by
20 dB, or in the FM plus hearing aid mode,
which allows for FM input and input of
environmental sounds via the hearing aid
microphones simultaneously at the same
output level. The Phonsk TX3 HandyMic FM
transmitier served as the FM transmitter.
This transmitter has three microphone
options: (1) Wide Angle, which picks up
sounds arriving from all directions around the
transmitier microphone equally; (2) Foom,
which provides reduced amplification to
signals arriving from the rear (eardioid); and
{3} SuperZfoom, which provides reduced
amplification to signals originating from the
rear and the sides (hypercardicid). The
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Oticon — DigiFocus White Paper (1996) at Page 2

Analogue basically means that the movements in the air thal constitute
sound are translated inta one unified, but complex, electrical curment. You
may think of analogue sound as making a photocopy: the sound bs dapicied
and you get an overall picture, Processing o recopying can be done only toa
corlain extent because it couses a detertoration of the original imprint.

Digital means that sound is deacribed mathematically. This makes it much
mare pracise to sctually process the sound, bit by bit, Descriptions of cortain
details can be changed withoul affecting the general picture, Descriptions can
b repeated sccuratoly and endlessly without dateriaration of the quality.

Oticon — DigiFocus White Paper (1996) at Page 3

After the A/D-conversion, the resulting digital code can be mathamatically
manipulated, or processad [a= it is normally expressad when talking abouat
sound). This Is whara the real benefils of digital technology come in. Thae
amount and types of processing that are possible with digital technology far
surpass the capabilities of analogue processing. Once the processing (8 com-
plota, tha digital signal is converted hack to analogue form by the IVA-con-
verter. It is now ready for transmission to the small raceiver inside the hear:
ing instrument, which makes the sound audiblo. o

Oticon — DigiFocus White Paper (1996) at Page 3

Im order to be digitized, the changes in amplitude and time need to be con-
vertad into discrest points, Le, continuous sets of x/y coordinates [l time x1
the amplitude aquais ¥1, etc.L.

Digital technology includes two basic concepts: Sampling and quantization.
Sampling simply means how ollen the x/y-coordinates are measured. Cuanti-
gation refors to how finely the amplitude variations are measured and is re-
ported as the number of bits used in the conversion process.

In zeneral, the higher the sampling rate and guantization, the better the qual-
ity of the digital sound. This is illustrated in figure B, which shows what the
ariginal analogue signal will look like if it is sampled at a low rate with a
large amplitude step sizo, Tho result 18 an imprecise digital representation ol
the original sound. In figure C the original sound is sampled with & higher
sampling rate and finer amplitude stop size, leadling to better fdality.

In general, the sempling [requency should be at least twice as high as the
highest frequency of interest {the Nyquist frequency). Because a hearing in-
strument focuses on the informative parts of speech, the highest frequancy of
intorast is around 7 KHz, Accordingly, the sampling rate of DigiFocus has
been set 1o 16 KHz Had this rule not been followed, a phenomenon called ali-
asing would occur, which would result in audibile distortion. DigiFocus incor-
porates a so-called anti-aliasing filter that drastically atlenuates frequencies
ahove 7 KHe which could sthorwise cause distortion
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Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomic rtable to be wired to @ computer. This con
striciod” el ng can ho avoided by using the (RISe programming halt, which
is warn on the shoulder. The programming belt provides cordless infrared
communication between the PO and b hearing instrumant whilo in the wa
Alternatively, vou may use the HI-PRD interface for a wired solution

(tiSet offors a choice of three differant views of the fitting. The Audiological
View provides a visual gulde o instrument performance in four Ly il-.'.
sound enviromments. The Technical View [llustrates teaditional technica
formation such as coupler data and Insertion gain at diffsrent input levels
With (ke Bimsural Lur-i- vou am ahbe o examine seitings for both right and
laft instruments af the same time

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses a
wireless connection between a hearing enhancement apparatus (e.g., the disclosed earpiece) and an audio
system (e.g., the disclosed wireless device) to up—convert input signals (e.g., the conversion performed in the
RPU) and wireless transmit said upconverted signals. The following citations show examples of where
Anderson ’783 discloses this limitation.

Anderson 783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.
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Anderson 783 at FIG. 1

-,
-~

~

Remote
Processor
Unit

)

19
L

Cptional
Secondary
Wiralass Link
Circuitry

FIG. |
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Anderson 783 at FIG. 2

Secondary
Wireless Link 29

Remote Processor

Earpiece Unit 23
22~ N -
| [ ez 26 )

|
R, S —— 14

r = | !
| Headset 21 | | FM || Signal NG |
| | F2 | | XMTR Enhancer | |
| :‘/1///' 1 |

— 24 |

; TR RCVR ~
| Wireless ' | DPDT/ |
| Microphone 20 | [ , Cordlessor |
L | Swisch Cellular I
| Telephone |
| Handset 28 |
Lo e e e e e S

FIG. 2

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
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in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 3:52—4:14
One preferred embodiment of the invention herein described is shown in block diagram form in FIG. 1. In
this figure, the earpiece 10 shown worn in the ear 11 uses a standard completely-in-the-canal (CIC)
housing, well known in the art, although many other earpiece housing types known in the art (e.g.,
behind-the-ear, or BTE) can be used. The earpiece shown in FIG. 1 comprises a microphone 12, RF
transceiver 13 with an antenna that doubles as an earpiece extractor 14, and speaker 15. Although the
dual-use antenna/extractor arrangement shown in FIG. 1 is often desirable, a separate antenna or antennae
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can be used in conjunction with many different types of earpiece extractors as appropriate for a particular
application. Antennae and extractors can be disguised as ear hair or jewelry (e.g., earrings), or conductive
filaments can be permanently implanted in the ear cartilage to act as antennae using a process similar to
ear piercing. The earpiece 10 communicates with a remote processor unit (RPU) 16 via a primary two-
way RF link 17, although many other wireless link media (e.g., ultrasonic or infrared) may be used
instead. The RPU is typically worn under clothing (e.g., carried in a pocket or purse), but may also be
worn in plain sight (e.g., on a belt) if desired. The RPU 16 may be connected (via wired or wireless means
18) to optional secondary wireless link circuitry 19 that allows wireless communication between the RPU
and other sources of information (e.g., the general subscriber telephone network) via a secondary wireless
link. Note that the optional secondary wireless link circuitry 19 may or may not be contained within the
RPU case 70 of FIG. 7.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson *783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
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a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson 783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
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functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

Anderson 783 at 25:15-27
To obtain solicited information, user requests are processed in a variety of means well known in the art,
including inputs via one or more pushbuttons on the RPU and voice recognition computer programs
implemented in the RPU electronics. Voice recognition can be used almost exclusively, if desired, thereby
eliminating nearly all RPU pushbutton controls. Voice commands recognized by the RPU can cause the
RPU to initiate actions such as changing hearing aid parameter settings (e.g., volume), or activate
appliances and environmental controls (e.g., aids for the physically handicapped) in a distributed wireless
network via the secondary wireless link.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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[13a] a wireless receiver
configured to wirelessly receive
the up-converted signals;

DHA Systems and Anderson ’783 expressly or inherently disclose “a wireless receiver configured to
wirelessly receive the up-converted signals.”

See above at claim [1b].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[13b] a down-converter configured
to down-convert the received up-
converted signals into down-
converted signals;

DHA Systems and Anderson ’783 expressly or inherently disclose “a down-converter configured to down-
convert the received up-converted signals into down-converted signals.”

See above at claim [1c].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[13c] a modifier configured to
modify the down-converted signals
into modified signals based on at
least one hearing characteristic of
the user to enhance the hearing of
the user; and

DHA Systems and Anderson 783 expressly or inherently disclose “a modifier configured to modify the
down-converted signals into modified signals based on at least one hearing characteristic of the user to
enhance the hearing of the user.”

See above at claim [1d].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
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Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[13d] a speaker configured to
generate audio output signals from
the modified signals for the user.

DHA Systems and Anderson ’783 expressly or inherently disclose “a speaker configured to generate audio
output signals from the modified signals for the user.”

See above at claim [1e].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

14. A hearing enhancement
apparatus as recited in claim 13,
wherein the down-converted
signals are modified such that a
portion of the audio output signals
has an increased power to enhance
the hearing of the user.

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 13, wherein the down-converted signals are modified such that a portion of the
audio output signals has an increased power to enhance the hearing of the user.”

See above at claim 6.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claims 2 and 6.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

15[pre]. A hearing enhancement
apparatus as recited in claim 14,

To the extent the preamble is limiting, DHA Systems, Anderson ’783, and Enzmann ’555 expressly or
inherently disclose “[a] hearing enhancement apparatus as recited in claim 14.”

See above at claims 6, 14.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claims 2 and 6.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[15a] wherein the portion with the
increased power is selected based
on frequency,

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein the portion with the increased
power is selected based on frequency.”

See above at claim [7a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann ’555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[15b] wherein a higher frequency
portion has increased power,

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein a higher frequency portion has
increased power.”

See above at claim [7b].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann 555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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[15c] wherein the at least one
hearing characteristic of the user is
determined via calibrating the
user's hearing,

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “wherein the at least one
hearing characteristic of the user is determined via calibrating the user's hearing.”

See above at claim [8a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim [8a].

To the extent that DHA Systems, Anderson *783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson *783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

[15d] wherein the power of the
audio output signals can be
changed as a function of
frequency, and

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein the power of the audio output
signals can be changed as a function of frequency.”

See above at claim [7a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann 555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[15¢] wherein the user can change
the power of the audio output
signals.

DHA Systems and Anderson ’783 expressly or inherently disclose “wherein the user can change the power of
the audio output signals.”

See above at claim [8c].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].
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To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

16. A hearing enhancement
apparatus as recited in claim 15,
wherein the down-converted
signals are further modified based
on the noise level of the
environment of the apparatus.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 15, wherein the down-converted signals are further modified based on the noise level of the
environment of the apparatus.”

The Digital Hearing Aids of the DHA Systems modify the output signals based on ambient noise (e.g., “noise
level of the environment of the apparatus™). The following citations show examples of where DHA Systems
practice this limitation.

Phonak — Perseo Brochure at Page 7

Convenience and Comfort

Perseo is easier to wear and easier to fit

Clarity

Enhanced performance in multiple listening situations

For true “wear and hear” convenience and comfort in
all situations, Perseo automatic operation is managed
by Phonak-exclusive PersonalLogic.

This breakthrough intelligence for automatic hearing
instruments responds to acoustics, the listening
situation and personal listening preferences.

Perseo is easily programmed for individual needs using
the Listening Situation Manager.

The Clarity Component Enhancement system realized
in Digital Perception Processing? (DPPZ) increases the
clarity of speech and environmental sounds.

Rapid-tracking Adaptive digital AudicZoom (dAZ)
is automatically activated to improve speech
understanding in noisy situations.

For extra comfort and ease of listening, the Fine-scale
Moise Canceler selectively reduces background noise
in 20 channels.

Optional MicroLink FM provides the ultimate Speech-
to-Moise Ratio enhancement.
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Phonak — Perseo Brochure at Page 10

PersonalLogic- provides the right response for each wearer

PersonalLogic and dual-base automatic provide professionals with the control over signal processing that is essential

to enhance user satisfaction.

Personal Logic is a new control system that continuously updates signal processing parameters in response to acoustic
information, listening situation classification, the wearers’ hearing status and listening preferences.
Two independently programmable base-programs are used as the basis for signal processing. Personal Logic selects the

appropriate base-program and continually adapts its signal processing parameters to suit individual wearer needs.

Phonak — Perseo Brochure at Page 11
With dual-base automatic the fitter has direct access to the two separate base-programs. Performance can be matched to each
user's needs in quiet situations without disrupting performance in noisy situations and vice versa. The result is less fine-tuning effort
than with single-base instruments. With single-base automatic time 1s wasted “juggling” a single set of fitting parameters while
attempting to balance performance in multiple listening situations.
To further simplify fitting, Personal Logic is pre-set according to typical needs and is easily re-programmed to individual
preferences using the Listening Situation Manager [(LSM). Ensuring that an automatic hearing system responds comectly in noisy
situations where there is no speech is an important consideration for safety and to eliminate feelings of isolation. The LSM provides
this functionality with a single mouse click. Matching the system’s sensitivity to noise with that of the client's, and controlling the

auditory contrast between quiet and noisy settings is equally easy.
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Phonak — Perseo Brochure at Page 13

Enhanced sound quality and Speech-to-Noise Ratio

Clarity Component Enhancement - DPP2

Speech clarity depends on both its acoustic properties and the listener's auditory perception. Conventional spectral

enhancement systems consider only the acoustics of sound, not how it will be perceived by the listener. Perseo goes well

beyond this with DPP2, the new generation of Digital Perception Processing. DPP2 with Clarity Component Enhancement is

individualized for each wearer. It analyzes the acoustic and the psychoacoustic characteristics of incoming sound in 20 critical

bands to identify accurately the components that contribute to clarity. It then selectively amplifies them to optimize clarity

for the wearer.

Phonak — Perseo Brochure at Page 14
Enhanced comfort in all situations

Fine-scale Noise Canceler in 20 channels

Finely scaled frequency resolution in 20 channels gives
the Fine-scale Moise Caneeler [FMC) the most precise
background noise reduction capability. Moise reduction
depends on the relative amounts of speech and noise
in each channel (graph 1) and the importance of cach

channel for speech understanding. The FNC in Perseo
ensures maximum comfort and ease of listening.
Annoying background sounds are reduced for comfort
while the important sounds of speech are preserved for

stress-free listening. The maximum amount of noise

reduction can be fitter-programmed to match the
individual wearer's tastes and requirements. Thanks
to the dual-base automatic, separate settings can be
made for relatively quiet and noksy situations, ensuring
optimal comfort in multiple situztions (graph 2).

Input Moise .
'HIIH Naise reduction
Iﬂ"ﬂ' Speech
Light
Moise Medium
reduction
‘l Sirong
Graph 1 IIII Graph 2
Frequency Frequency
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Phonak — Perseo Brochure at Page 15

The perfectly integrated communication system

FM MicroLink

M technology has allowed thousands of
children to participate in standard education
settings and to be actively involved in social
activities. Phonak pioneered this development
and the integration of FM into hearing
instruments to produce communication
systems that are effective in even the most
demanding situations. Since the innovation
of miniaturized Phonak MicroLink systems,
FM has become an important solution also
for adults with a high communication need

in work and leisure environments.

All Persea BTEs have been designed to
incorporate MicroLink with its fully integrated
appearance and operation. This integrated

system is unique to Phonak.

Speech-to-Noise Ratio [SNR) as a function of distance between speaker and listener

+20 dB 0dE -BdB
In noise as the a0 +30 = Spmh
distance between the intensity
speaker and listener 80 +20
increases the SNR de- I — Ambicnt
creases dramatically. 70 ~] +10 noise level

50 0 60 dB SPL

50 1 -0

dB SPL SNR (dB)
20 cm 15m 4m

Without FM  SNR = 0 dB

9

Without FM  5SNR = -8 dB
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Phonak — Perseo Brochure at Page 19

" 3%

Personal Logic Automatic PersonalLogic plus TacTronic
This is the ideal choice for TacTronic switching can be
most people. activated or integrated into any

Perseo instrument. This provides
additional solutions for those with
special listening needs - such as

listening to music.

PersonalLogic plus Remote a

This is the ultimate in sophistication
and convenience for wearers wanting
discrete access to all Perseo features
including special programs and
volume control [not available for

Perseo 11 or Persen 12).

Phonak and Other DHA — Manufacturers News Article at Page 1

STAFA, SWITZERLAND—Phonak has
introduced EduLink, which i predicis
will contribute greatly to the susccessdful
treatment d-fhildr:n w['lJ'i .I'l.l.di:nr}' FrD-
cessng disorders (ADs). This new device
i‘ an 'm 5|.'|.‘ lhu 'lmsmiu 1]" 1ﬂfh:r\=
voice, using FM technology, direaly to
|.I-|: d'lildl! car, II'".L‘ :ir:n[“l:f’ I'\Dl‘.l.m:ll.'lg
ambicnt and background nois for
improved speech discrimination. Edulink
is desipned 1o complement existing ther-
JPII'_E il.'l 11“ reatmeent ﬂr Ihumj.
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Phonak — BTE Elite Article at Page 1

Persen — the ontstanding features place Perseo in a class of ity own

PersonalLagic makes Perseo the first digital hearing sysiem with
petsonalized automatic operation. PersonalLogie selects the
appropriate base program and continually adapts its paraneters to
suif the aeeds of the wearer,

Dual-base automatic allows processing and features to be
saparately adjusted for quiet and noisy sitgations for optimuam
automatic petformance. Adjustments for noise never disrupt
adjustments for quiet and vice versa.

Digital Perception Processing (DPP) with Clarity Component
Enhancement: Invreased clarty and sound quality also in loud
environments, Processing in 20 eritical bands.

Perzonal System Managers: Expericnce Manager, Dynamic
Feedback Manager, Occlusion Manages, and Liztening Situation
Manager for easy and individual adjustmaent of Personal Logie.
Multi-programs

Fust tracking Adaptive digital AvdieZoom (dAZ) to separate
actively speech from background noize.

Fine-scale Noise Canceler in 20 channels.

TacTronic program switch

Optignal remote control

FM compatible

Wind and weather protection

Fashion Color Line (choice among 12 attractive colors)
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 2

People with sensorineural hearing loss need a more favorable signal-to-noise ratio to
understand speech than do normal hearing listeners. Research has shown that hearing
impaired listeners may reqguire signal-to-noise improvements of 4 dB to 18 dB, depending
on the magnitude of their hearing loss to achieve word-recognition scores equivalent to
those with normal hearing.

FM systems are able to improve the signal-to-noise ratio. FM systems improve the user's
ahility to understand speech in the presence of noise. Since the sound is deliverad by FM
radic waves, the strength and quality of the sound remains constant (across the
operational distance) from the speaker to the hearing impaired individual. FM systems
consist of & microphone usually placed four to six inches from the sound source, and a
transmitter, which sends the signal via radio waves directly to the miniature FM receiver,
which is connected to the personal hearing instrument. In other words, the entire Fi
system is a complete broadcasting and receiving system.

Importantly, when using FM systems, the effects of background noise and reverberation
are minimal. These factors help reduce background noise while enhancing and stabilizing
the main sound source.,

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 7
1- MicroLink ML3-7

18 2

iIi

MicroLink is the smallest FM receiver available on the market today. It is integrated in an
audio shoe that simply clips on to the hearing instrument. It can remain locked in place or
removed again in seconds. AFC (automatic frequency control) effectively prevents
distortion. The soft-squelch system suppresses noise. The MLY FM receiver features the
ability to easily switch between numerous frequency channels. The MicroLink receivers
are compatible with all Phonak BTE instruments.
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 7

2- MicroLink MLx

This miniature FM receiver is compatible with all Phonak BTE instruments and has a
standardized Euro connector that allows it to be used with most other makes of ETE
hearing aids on the market today. Many leading hearing ald manufacturers such as
Oticon, GN Resound, Siemens, Sonic Innovations, Unitron, and Widex have developed
mechanical interfaces that allow users to combine their BTEs with MicroLink MLx, This
close cooperation with other major hearing instrument manufacturers has dramatically
expanded FM benefits for hearing-impaired children and adults.

The small, cubed-shaped MicroLink MLx attaches directly to the base of the audio shoe
and receives FM signals from all Phonak wireless transmitters. The MLx 'Universal' FM
receiver has a three-position switch. The three-position switch allows the MLx user to
change the function of the wireless receiver as listening conditions change.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 9
5- Claro dAZ FM

Claro dAZ FM combines two highly advanced systems for signal processing and signal
reception. The Signal-to-Noise Ratio is dramatically improved with Digital Perception
Processing, Adaptive digital AudicZoom, the Fine-scale Noise Canceler, and Phonak's FM
technology. The FM functions can be controlled directly at the instrument with the
TacTronic switch or with the SoundPilot FM or WatchPilot remate controls.
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Phonak — Claro 211 Product Information at Page 1
Digital, automatic, BTE hearing imnstrument with FM module integrated into the streamlined housing.
Featuring Phonak’s Digital Perception Processing (DPP), three hearing programs and automatic program selec-
tion for quiet and for environments with speech in broadband noise. Includes Adaptive digital AudioZoom for
optimization of Speech in noise and the Fine-scale Moise Canceler. Manual control wia the TacTronic switch or

the optional mini remate control SoundPilot FM or the remote control WatchPilot.

Phonak — Claro 211 Product Information at Page 1

Processing Diigital Perception Processing (DPF]
features in 20 critical bands
Gaiin and output controdled by DPP
3 hearing programs [+ mute mede]-
* OuietAdapt for hearing in relative quiet
* NoiseAdapt for kearing speech in noise
* Frogram 3 telephone default [other choices available)
M programes: FM and FM-+M
MutoSelect: automatic switching between
Duiethdapt and NoiseAdapt
Oaro's nose suppresion technologies
* Adaptive digital Awdiodcom [diF]
* Fine-scale Moise Canceler in 20 bands
* Soft squelch

Phonak Claro — A World First from Phonak at Page 1

Efficient noise suppression

Unwanted noise mixed with the speech and ather sounds that the individual wishes to hear poses
the greatest challemge of all to any hearing instrument. Claro salves the problem by combining &
Fine-scale Molse Canceler and an automatically adapfing digital AudloZoom svstem [dAZ), which
represants a significant development of Phonak's own Multi-Microphone Technology. Rather like
radar, this breakthrough system confinuously localizes the direction of origin for the loudest noise.
The instrument then activates the best possible protection and the noise is efiiciently suppressed.
Users have found this to be the most efective way ever developed for Improving speech Intelllgibilicy
in noise, one of he grealest needs for paopla with impaired hearing.

Page 273 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 273



Claims

Prior Art

Phonak Claro - Technology of the Digital Future at Page 1

The most natural sound quality ever thanks to Digital Pereeption
Processing (DT, exclusive to Fhonak,

Oplimal understanding. even in noisy envirenments due to
conibined noise sUppTession systems, inchding the exclusive
Phonak Adaptive digital AudioZoom,

Interference-free ¢ell-phone cormmunication.

Dedicated fo individual needs as a resulf of a wide range of product
options and programming posaibilities,

The freedom of cholce: automatic (AutoSelect), manual ( TacTronic)
or vig WatchPilot or SoundPilot,

Cuality designed to lagt thanks to the use of innovative and durable
materialg and Swiss precigion.

Phonak — Collections 2002 Product List at Page 3
]

FM 28

Phonak’s unique FM solutions deliver
unprecedented speech intelligibility to
Overcome excessive noise, reverberation and
distance. Users of Phonak ETE instruments and
users of many other instrument brands can
benefit from FM solutions.

il M

Campus 5 Mix
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Phonak — Collections 2002 Product List at Page 6

Elite

New Phona sound 20 critcal bands: Automatic, inteligent program  ampifed o the point where
wnmatched clarity overlapping and dymamic: selection they would adversely afect
i i i The Clar i i This allows
[DFP)is based ana cachlear overlapping but the degree of  activates the optimal DPP Claro to delver anly those
sound analyss across 20 critcal  overlp i dependent.on the. algoithm fo the acoustic sound componets hat mould

bands - exactly ke the analysis  frequency,level and bandwidth  environmer ot Program 1 with  be naturally aufible
sgnal. Thisis et st

performed by
ear But Caro goes a step

ping muli-band filtr systerms.
DPP modets the active,loud-

emironments.

i
processing in all 20 ciical
bands.
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Phonak — Collections 2002 Product List at Page 7

= T S ==

Active and adaptive separation
of speech from noise

The Speech-to-Naise Ratio
(SNR) can only be optimised i
the noise is spatially separated
from the speech signal with
directional microphone
technology. As a pioncer in
multi-microphone technolagies.
Phonak introduced AudioZoom,
a feature which significantly
improves lstening and under-
standing in noisy situations.
enhancing user satisfaction.
Now, Phonck goes a step further
iin the refinement of multi-
microphone technology with
Adaptive digital AuiaZoom:

it seeks, finds. and suppresses
nise automatically.

Fally automatic, fully adaptive
With its unique spatial
processing system, Phonak's
Adaptive digital AugioZoom can
detect noise not anly from
directly behind, but anywhere in
the rear plane. Whether the
hearing-imgaired person is
moving or the location of the
nbise source changes, the
directional characteristic is
constantly adapted to the
listening situation. In this
manner, the Adaptive digital
AudinZoom automatically
establishes the best possible
SHRL

M €Y PR T

Twenty-band noise control
Claro comstantty monitars the
Speech-to-Noisz Ratio (SR in
all 20 bands. If a poor SHR is
measured in certain bands, the
Fine-scale Noise Canceler will
rediace gain only in those bands.
The resalt of this precision noise
control is a selertive and
intelligent improvement of the
SNR with only 3 marginal
influence on the speech signal,

Precise and selective

Al frequency bands are
separately analysed and
controlled. Gain is reduced
selectively anly in thase
sands where noise is present.
This high-resalution analysis
and gain control makes it
pussible to suppress noise with
extremely high accuracy.
Neighboring frequency bands
without noise remain
unaffected.

Intelligent

The magnitude of gain reduction
s not constant. In frequency
bands with higher SN and in
bands which are imporeant for
speech intelligibility, gain is
reduced only slightly This
intelligent contral algorithm
reduces the masting and
distractive effects of
background nise. Important
speech information is preserved.
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Phonak — Collections 2002 Product List at Page 9

EBTE instruments

Claro 111 dAZ
Claro 111 dAZ FM

rf

7] PIIE

Claro 211 dAZ
Claro 211 dAZ FM

(f

7P

Claro 311 dAZ
Claro 311 dAZ FM

[

2D

Pesk values G max | 0571 50 52 dBj126.48 571 2 dB135 40 5L 243135 dB SR
Festures Specially designed for sterp high- spaszncy i ¥
firegency and mild hearing loses bigher gain
Description Digital Perception Processing [OFF] Digital Percegticn Propessing (D17} Digital Perception Procesing [DFF)
AstcSelect [AS) Auclelert [A5) hutoSelect (45)
Fine.scale Noise Canceler [FNC) Finescale Nokse Canceler (FHC) Fine. scale Noise Canceler (FNC)
Adaptive digitsl Asdinfoom (A7) Adaplive digital AedinZcom |4A7) hdaptive digital AedioZcom A7)
P madule 111 4AZ FME) FM medule (211 dAZ FM) FM medule (311 dAZ FM)
& hearing programs + “mute” & hearing programs » “mute" © hearing programs + “mete"
Telecril Telecsil Telecsil
Battery size 13 Battery s 13 Battery sive 13
Standaed: TacTsonic piogram selection  Standaed: TacTronic program sekection. Standard: TacTronic program selertion
switch switch witch
B Pr &
Options Reemate controks Walchiidet and Remate controks Walchiot and Femote coniroks WalchPit and
SoundPice FM SoundFilt M SoundFilot FM
Hogks: HE4, HE4 330, HEL 1000 Hooks HEA, HE4 130, HEA 1000 Hacks HEA, HE4 220, HEA 1000
Tampesproof battery cover Tampesprof battery cover Tampesproof battery cover
Colorline calors phes (75 [shverl, Colerline colors pls FJ fsves), Colierline colors ples F26 fsibves),
F13 milky trascsparent] F13 |milky tranparent] F13 [milky transparent)
Programming Leudnez: i (PP with  Loudness i OPFwith  Loudness i PP with
Aetive Respume Uit (ARU) Active Response Usit (AR hctive Response Unit (ARL)
Fitting i Fittiag i i i
Phoack Digital St Skope and 051Gl DL o) OS2 il
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Phonak — Collections 2002 Product List at Page 12

I R T s T R A N NG ST YT
S e RN ST I T AN LT
R T T L O PINLE TR L

Enhanced Signal-to-Noise
Ratio
Phonak's zoom technology is the
optimum solution for improving
user satisfaction in noisy listening
situations. Phonak utilises two
Separate microphones in its
hearing computers with
AudioZoom or miniZoom. The
microphones are controlled by an
electronic network to produce a
directional or omnidirectional
characteristic. By touching a key
on the remote control or operating
the switch on the instrument, the
user can select the appropriate
microphone mode:
omnidirectional (wide-angle) or
12 directional (zoom).

Directional characteristic
500Hz Polar diagram for a BTE

—— 1000z hearing instrument in

—— 20004z the zoom mode,

..... 40004z KEMAR measurement.

P The |

Phonaks electronically controlled
multi-microphone technology
delivers the best Signal-to-Noise
Ratio (SNR).

The Signal-to-Noise Ratio is
important for understanding
speech in noisy surroundings. An
improved SNR is crucial even for
mild hearing loss. A hearing-
impaired person with a hearing
loss of 40 dB HL requires an
average SR improvement of

+5 dB SNR. If the hearing loss is
70 6B HL, the required
improvement is +9 dB SNR.

Phonak’s zoom technology is
available in the following
models:

ITE
Aero 23 mZ
MicroZoom P2 AZ

BTE
Aero 211 AZ

Aero 311 AZ
Supero 413 AZ
Piconet2 P2 AZ
SonoForte2 P3 AZ
PowerZoom P4 AZ

T S ST N
A A TR I LR s

i
T Y T

e
PR3 L

Supero

Often, power instruments differ
from other hearing instruments
only in terms of higher gain and
greater output sound pressure
levels. However, Supero was
designed from scratch as a
hearing instrument which
addresses the needs of people
with severe and profound
hearing impairments. It features
a specially robust case based on
Phonak's patented 2K technology
(optimised protection against
moisture and dust), versatile
fitting algorithms, flexible signal
processing strategies, and unique
output-limiting strategies.
Supero 412 is Phonak's most
powerful instrument in terms of
gain and MPO.

NovoForte E4
People with severe to profound
hearing loss need maximum
audibility, particularly in the low
frequency range. The NovoForte
E4 provides excellent low
frequency gain with minimal
distortion.

PowerZoom P4 AZ
The greater the hearing loss, the
more effective a higher SNR.
Phonak's PowerZoom P4 AZ
achieves an average
improvement of the Signal-to-
Noise Ratio of 13.7 dB.

This instrument is designed for
hearing-impaired people with
severe sensorineural or
combined hearing loss and a
measurable hearing threshold of
up to about 2 kHz.

The Phonak PowerZoom P4 AZ
preserves loudness in the low
frequency range in both hearing
programs.

SonoForte2 P3 AZ
The SonoForte2 P3 AZ hearing
computer s ideal for people
with moderate to severe hearing
loss. The AudioZoom feature can
be directly programmed to the T
position of the MTO switch.

Page 278 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 278



Claims

Prior Art

Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook

Page 279 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 279



Claims

Prior Art

Acro 3117

(7] !

B Sl e

Acro 311 AZ[

1

[zl

Supcro 412°

{
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Phonak — Collections 2002 Product List at Page 17

L W Y T TR S W T T

Supero 413 AZY™

{

el EIEN IS

77 dBj137 A SPL

7 dBJ137 4B S

B4 /144 B S

73 B [144 &8 S

High gainin 2 smaller case, digital
BIE

High gain plus Audiadoom in 2
smaller case, digital BTE

Digital high- powes BIE in the
hign

Digital igh.prower BTE with smique
i-microgh
‘Iechnolegy

ital MuliMode Signal Processi

m il na

3 heasing programs + "=

High-resclution digital Neise

Canceler [€C)

Feedhack mansger

TacTronic mulsi-Fanction switch

Carstamised signal tones for program
¥ waming

tal MultiMode Signal Processing
e

3 hearing pragrams + “mute”
High-resolution digital Neise
Canceler [NC)

Feedick manager
Taclionic i

Digital MultiMcde Sagnal Processi
P s ng

€ hearing pregrams + “mulz"
Digital Noise Canceler (9NC)

Digial Wbl Saal rocesing
Chearing programs & “mute"
Digital Noise Canceler {8NC)

Dy
protertion withou! gain lox

Corstomised signl tones for program
==

Dyn
prolection without gain lox
Feedhack manager

ic

i Customised sgnal tones for program Customised signal tones for program
Telecod Telecail rmation and battery warring confirmation and batlery marring
Audio- i - 1 Audio s Telecoil Telecoil
Battery sire 13 Audico/oom Audio i HAudio i
Batery size 13 Battery size 675 Audiodoom

Battery sire GI5
Meicrolink MLL/MLx Miicralimk MLY/MLx Microlink MILAMIx Microlink ML&MLx
A shoe ASE Auiashoe ASS Auio shoe ASA P shoe A5
Tamperproaf battery cover KSh perpr  Eover K55 nperpn ry cover KS 53 nperpr ey coner K 5.3
Colorline colors Coloeline culors Caberline colors Calarline colars
Hooks: HEZ, HEZ 680, HEZ 1000 Hodkes: HEZ, HEZ B8O, HEZ 1000 Hooks: HE3, HE €80, HE3 1000 Hooles HEZ, HEZ 620, HE3 1000
Wi ear hocks Mii ear beoks Fiemote controd ScundPilat FM Femote control SeundPilat FM

Remote control WatchPilo Remote control WatchPilot
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Phonak — Collections 2002 Product List at Page 18

Piconet2 P2 AZ

Piconet2 P2

Digitally programmable
BTE instruments

Z{H|i

Peak values G max/OSM 90 £2 dB[179 48 501 £2 di[172 405
Features Phanak’s smallest digitally Phanak's sallest digitally
rammable BT bheari ter rammable BIT heari
preg ing compu = = ing computer
Description Mt Dynami Compression Contol Mt Dynamic Comgression Conrol
MIDC) MDCTY
3 heasing programs 7 heasing programs
Teleeed Teleead
Audi '_‘_ ok ﬂn&-'_r ik
Battery sire 13 WodioZoam (ako available wilhout
)
Battery sire 13
Options Microlink MLEMLx Mscrolink MLEMLx
adic shoe ASE o shoe ASE
Tamperproal batteny cover IS5 Tamperproal Battery cover KSG
Colodine colors Colodine colors.
Hools: HEZ 1000, HES 1000 Hoaks: HEZ 1000, HES 1000
Mini ear hoaks Mii ear hoaks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4

Phonak — Field Study News Article re PersonalLogic at Page 1

Intradustion

Hearing nesds and preferences can be very
individuzl, with marked differences from ane
person to the next in the same hearing
situation. 30, in addition o compensating for
measured hearing loss, an sdvanced hesring
system also must cater to specific persona
requirements, and ke customizahle simply and
effectively to individual elient needs. The
Persen hearing system with itz Personallogric
automatic function can be “tailored” to the
client’s needs as part of the fitting process.
In Persea, the defau't base-program is
optimized for speech understanding in quiet
environments. A second base-program with
different frequency response settings and
optional adaptive directional microphones
provides additionsl support in noisy situations.
The acoustic environment is continuoushy
monitored and the appropriate base-grogram
15 automatical ly selected. The automatic
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Phonak — Fitting Guide for MLxi and MLxi Baha at Page 5

However, Milxi can also be wsed with the following Classic FM tramsmitiers:
Campus 5%, Easylink, foomLink, Smartlink and Classic FM inspiro. For
these combinations, there is no Adaptive H Advaniage feature, which
automatically adjusts the Hd Adwantage in noisy environments, and
no Yoice Activity Detection, which sutomatically reduces the FM level
when no woice is present at the transmitter microphone.

Ini thoree cases. the user needs to have the chance to select between
O™, "FM only” and “FM+ M, as with a2 Classic FM receiver. For DAL
Yes hearing instraments this selection takes place by toggling between
differemt HI programs wch as “na F6C, “HM only™ and T 6. For

OPAl Ho hesring instruments: this selection takes place on the recefver.

Phonak — Microlink User Guide at Page 7

You may even connect the system directly to your telephone, if it has an
audio output socket. Alternatively, use the optional adapter available for
vour HandyMic. Switching off the microphone then allows you to hear
the telephone signal without any background noise.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 2

Dave FabryfPhonak: The Listening Situation Manager is the software control for the
PersonalLogic system, which has evolved from the original AutoSelect feature, AutoSelect
decides, based on an acoustic analysis of the listening environment, which one of two
listening programs is automatically selected to ensure optimum speech understanding in
quiet or noise. PersonalLogic now makes is possible to efficiently control that automatic
function, based on a combination of the user's personal preference and the acoustics of
the listening environment. For example, the sensitivity to background noise may be
adjusted, using a series of five steps, to change how often Perseo switches between base
programs (slide 12 on www.phonakpro.com )
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Dave Fabry/Phonak: It is all about power consumption at the circuit level. There are
essentially three ways to reduce feedback: phase cancellation, notch filtering, and gain
recluction. In particular, phase cancellation can use up 1o 50% of a hearing aid's
processing power to monitor and reduce feedback, which is undesirable. The 20-band
compression system used in Persec enables very precise control over gain in a narrow
frequency band to preserve audikility and loudnass for all listening situations while
preventing feedback with no additional influence cn pewer consumption. If you use fewer
compression andfor frequency equalization bands, you are correct to say that audibility
can be affected, particularly in the high freqguencies. In summary, Perseo provides
effective feedback suppression through narrow-band gain reduction without sacrificing
battery life while maintaining audibility and speech intelligibility.

Phonak Perseo with PersonalLogic Article at Page 1

The ey hreakfhrough technology in Perse=o is
PersonalLogic, the first ever automatic control system
that is fitier progranmakble acconding to the tasres ond
preferences of sach individval wearer. Automarnc
performance ngw has a new level qfimeﬂigence
beyond merely adapting according to aconste changes
: in the environment. For the first fime “how™, “when™
“h_‘-'k ﬁ"*’ Flazgh and “where” sutnmatic insrruments provide processing
animation for nedsy situations con be tuned fo the weans's
preferences, and updated if preferences change with experience.

s

Phonak Perseo with PersonalLogic Article at Page 1

Perses it 4 dual-base awlomatic hesring system with all parameters set
independantly for quiet AN noisy listening sifuations. Performance cen
be marched to hearing needs and individual preferences in quist withoot
digrupting performance in noige and vice versa. Thiz i a distinct advaniage
wver single-base sutomnatic systems in which changes for one situafinn will
affect pesformance in the other.
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Phonak — The Hearing Review Article re Perseo (Sep. 5, 2003) at Page 2

Perseo is a 20-channel digital hearing instrument. The default base-
program is optimized for speech understanding in quict environments.
A s=oond base-program with different frequency response settings
and optional adaptive directional microphones provides additional
suppart in noigy situations, The acoustic ermvironment is continuoushy
monitored and the appropriate base-program is automatically
selected. This dual-base automatic function allows for independent
fine tuning in one listening situation vithout compromising
perfarmance im the ather. The automatic parformance is designed to
b2 easily personallzed for the Indhvidual needs and preferences of the
USET.

Lewis — Speech perception in noise: directional microphones (2004) at Page 431

All subjects were fit with digital Phonak
Claro 311 dAZ BTE hearing aids hilaterally.
All earmolds had select-s-vent (SAY) venting
and #13 or 3 mm horn tubing. In addition to
the hearing aids, subjects were fit with
Phonak Microlink ML& FM receivers
bilaterally. These FM receivers attach to the
bottom of a BTE hearing aid and may be
utilized in either the “FM only™ mode, which
attenuates the hearing aid microphone by
20 dB, or in the FM plus hearing aid mode,
which allows for FM input and input of
environmental sounds via the hearing aid
microphones simultaneously at the same
output level. The Phonsk TX3 HandyMic FM
transmitter served as the FM transmitter.
This transmitter has three microphone
options: (1) Wide Angle, which picks up
sounds armiving from all directions around the
transmitter microphone equally; (2) Zoom,
which provides reduced amplification to
signals arriving from the rear (cardioid); and
{3} BuperZoom, which provides reduced
amplification to signals originating from the
rear and the sides (hypercardicidl. The
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Oticon — DigiFocus Compact User Instructional Brochure at Page 4

Function switch

M: Hearing instrument switched on and micro-
phone connected. Normal use. =

T: Hearing instrument switched on and telecoil
connected, Where a telemagnetic loop system
has been installed or when yvou talk on the
phone (in many countries), vou may then be
able to use vour hearing instruments with mini-
mum disturbance from background noise.

O: Hearing instrument switched off.

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
“Today’s amplifiers are not smart,” said Peter Hahn, managing director of Oticon’s U.S. headquarters in
Somerset, N.J. “The digital processor can organize frequencies and manipulate speech signals to separate
them from background noise.”

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
DigiFocus’ computer chips can remember different sound environments and adjust for them, depending
on what listening situation the person is experiencing.

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

Audiologists at the Grunewald-Blitz Children's Clinic at The University of Arizona in
Tucson are testing what promises to be a long-awaited breakthrough in hearing
care -- a fully automatic compact hearing aid that digitally processes sound. It
adjusts automatically to different noise levels.

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses adjusting
the sounds received from the environment, including signal enhancement and noise cancellation. The
following citations show examples of where Anderson 783 discloses this limitation.

Anderson 783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
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canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson *783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed in
the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:4—6
Note that the present invention also maintains all capabilities (e.g., acoustic feedback reduction and
adaptive volume control) of prior art devices.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
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to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 7:10-13
Note that auxiliary body-worn microphones (e.g., in the RPU 16) may be used to measure background
noise for the purpose of automatically setting hearing aid parameters.

Anderson 783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
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optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 23:65-24:14
Background noise and competing talker cancellation are achieved using any of a number of techniques
and circuits well known in the art, e.g., variations of the Least Mean Squares (LMS) technique as
implemented in the Motorola DSP56200 LMS filter integrated circuit, or the equivalent function
implemented in the general-purpose RPU DSP 948. Note that for all binaural signal processing functions,
data contained in replies from the left earpiece (i.e., audio data from the left earpiece microphone) is
processed in the RPU DSP 948 by combining said data with other data contained in replies from the right
earpiece (i.e., audio data from the right earpiece microphone). The processed audio data transmitted from
the RPU to the left and right earpiece speakers via RPU interrogations is therefore a function of data
received from both the left and right earpiece microphones via earpiece replies.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a]. Specifically, a POSITA would have been motivated to incorporate Anderson *783’s disclosure
regarding modifying hearing aid parameters based on environmental noise, including noise cancellation, into
DHA Systems’ Digital Hearing Aids in order to improve DHA Systems’ audio output and related
functionality, including signal-to-noise ratio.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

17. A hearing enhancement
apparatus as recited in claim 16,
wherein the apparatus is also
configured to operate as at least a
part of a phone.

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 16, wherein the apparatus is also configured to operate as at least a part of a
phone.”

See above at claim 4.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

18[pre]. A hearing enhancement
apparatus as recited in claim 14,

To the extent the preamble is limiting, DHA Systems and Anderson ’783 expressly or inherently disclose “[a]
hearing enhancement apparatus as recited in claim 14.”

See above at claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].
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To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[18a] wherein the portion with
increased power is selected based
on frequency, and

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein the portion with increased power
is selected based on frequency.”

See above at claim [7a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann ’555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[18b] wherein a higher frequency
portion has increased power.

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein a higher frequency portion has
increased power.”

See above at claim [7b].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann 555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading..

19. A hearing enhancement
apparatus as recited in claim 13,
wherein the up-converted signals
are in the WiFi frequency band.

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 13, wherein the up-converted signals are in the WiFi frequency band.”

See above at claim 2.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

20[pre]. A hearing enhancement
apparatus as recited in claim 13,

To the extent the preamble is limiting, DHA Systems and Anderson 783 expressly or inherently disclose “[a]
hearing enhancement apparatus as recited in claim 13.”

See above at claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[20a] wherein the at least one
hearing characteristic of the user is
determined via calibrating the
user's hearing,

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “wherein the at least one
hearing characteristic of the user is determined via calibrating the user's hearing.”

See above at claim [8a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim [8a].
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To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

[20b] wherein the power of the
audio output signals can be
changed as a function of
frequency, and

DHA Systems and Enzmann ’555 expressly or inherently disclose “wherein the power of the audio output
signals can be changed as a function of frequency.”

See above at claim [7a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [7a].

To the extent that DHA Systems and Enzmann ’555 do not disclose any elements of this claim limitation, it

would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Enzmann ’555, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[20c] wherein the user can change
the power of the audio output
signals.

DHA Systems and Anderson *783 expressly or inherently disclose “wherein the user can change the power of
the audio output signals.”

See above at claim [8c].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

22. A hearing enhancement
apparatus as recited in claim 13,
wherein the down-converted
signals are further modified based
on the noise level of the
environment of the apparatus.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 13, wherein the down-converted signals are further modified based on the noise level of the
environment of the apparatus.”

See above at claim 16.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

23. A hearing enhancement
apparatus as recited in claim 13,
wherein the apparatus is also

configured to operate as a phone.

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 13, wherein the apparatus is also configured to operate as a phone.”

See above at claim 4.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

24. A hearing enhancement
apparatus as recited in claim 13,
wherein the at least one hearing
characteristic of the user is
wirelessly received and stored in
the hearing enhancement
apparatus.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 13, wherein the at least one hearing characteristic of the user is wirelessly received and stored
in the hearing enhancement apparatus.”

Parameters of the DHA Systems are set based on the user’s hearing capabilities on an external personal
manager system, which are then stored on the Digital Hearing Aids (e.g., “the hearing enhancement
apparatus”). The following citations show examples of where DHA Systems practice this limitation.
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Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting

Porsonal Systam Managers

Experience

Long term

Feehack

[~

Listening Situation ‘

(L

PHONAK

The Experience Manager
adjusts tonality and
Ioudness to match each
client's experience with
hearing instruments. An
cffective and convenicnt
control to set and adjust the
client's hearing system as
they become accustomed to
their new workd of sound.

The Ocelusion Manager
climinatcs the feeling of
blocked ears experienced
by some wearers

The dynamic Feedback
Manager zutomatically

The Listening Situation
Manager sllows the fitter to

from feadback. Processing
strategics arc modificd in
these: bands to prevent
feedback while also
increasing audibility for
soft sounds. The result s
asicr listening without
feedback

program a
according to the wearer's
preference for when to
trigger a change of base
programs, and the desired
degree of sound contrast
between the base-grograms.
Additional personalization
is available, if required, by

directly programming either
of the base programs.

Phonak — Claro 211 Product Information at Page 1
Digital, automatic, BTE hearing imstrument with FM medule integrated into the streamlined howsing.
Featuring Phonak’s Digital Perception Processing (PP, three hearing programs and automatic program selec-
tion for quiet and for environmenis with speech in broadband noise. Includes Adaptive digital AudioZoom for
optimization of Speech in noise and the Fine-scale Moise Canceler. Mamual control wia the TacTronic switch or

the optional mini remate control SoundPilot FM or the remote control WatchPilor.
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Phonak — Collections 2002 Product List at Page 9

EBTE instruments

Claro 111 dAZ
Claro 111 dAZ FM

rf

7 B

Claro 211 dAZ
Claro 211 dAZ FM

(

(B[]

Claro 311 dAZ
Claro 311 dAZ FM

(|

[ ZeA P

Pesk values G max | 0571 50 5212648 7L 2 dB135 40 5L T2 81 40 SR
Festures Specially designed for sterp high- s 2
firegency and mild hearing loses bigher gain
Description Digital Perception Processing [FF) Digital Perception Procering [DFF) Digital Perception Procesing [DFF)
Nstofielect (A AutcSelect [A5) hutoSelect (45)
Fine.scale Noise Canceler [FNC) Fine.scale Noise Canceler [FNG) Fine. scale Noise Canceler (FNC)
P — PP Maiive digital RufiZoom HAT]
P madlule (1 dAZ M) FM medule (211 dAZ FM) FM medule (311 dAZ FM)
& hearing programs + “mute” & hearing programs » “mute" © hearing programs + “mete"
Telecril Telecsil Telecsil
Battery sire 13 Battery s 13 Battery sive 13
Standand: i Standasd: i Standar:
switch switch witch
B Pr &
Options Reemate controks Walchiidet and Remate controks Walchiot and Femote coniroks WalchPit and
SoundPice FM SoundFilt M SoundFilot FM
Hogks: HE4, HE4 330, HEL 1000 Hooks HEA, HE4 130, HEA 1000 Hacks HEA, HE4 220, HEA 1000
Tampesproof battery cover Tampesproof battery cover Tampesproof tattery cover
Colorline calors phes (75 [shverl, Colerline colors pls FJ fsves), Colierline colors ples F26 fsibves),
F13 milky trascsparent] F13 |milky tranparent] F13 [milky transgarens)
Programeming i i 1P with i 1P with
ctiee Fiespomse Uit (ARL) Aective Response Unit AR hctive Response Unit (ARL)
Titiog . i . - _
Phoack Digital St Skope and 051Gl DL o) OS2 il
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Acro 3117

(7] !

B Sl e

Acro 311 AZ[

1

[zl

Supcro 412°

{

22T MRS

Phonak — Collections 2002 Product List at Page 17

L W Y T TR S W T T

Supero 413 AZY™

{

el EIEN IS

77 dBj137 A SPL

7 dBJ137 4B S

B4 /144 B S

73 B [144 &8 S

High gainin 2 smaller case, digital
BIE

High gain plus Audiadoom in 2
smaller case, digital BTE

Digital high- powes BIE in the
hign

Digital igh.prower BTE with smique
i-microgh
‘Iechnolegy

ital MuliMode Signal Processi

m il na

3 heasing programs + "=

High-resclution digital Neise

Canceler [€C)

Feedhack mansger

TacTronic mulsi-Fanction switch

Carstamised signal tones for program
¥ waming

tal MultiMode Signal Processing
e

3 hearing pragrams + “mute”
High-resolution digital Neise
Canceler [NC)

Feedick manager
Taclionic i

Digital MultiMcde Sagnal Processi
P s ng

€ hearing pregrams + “mulz"
Digital Noise Canceler (9NC)

Digial Wbl Saal rocesing
Chearing programs & “mute"
Digital Noise Canceler {8NC)

Dy
protertion withou! gain lox

Corstomised signl tones for program
==

Dyn
prolection without gain lox
Feedhack manager

ic

i Customised sgnal tones for program Customised signal tones for program
Telecod Telecail rmation and battery warring confirmation and batlery marring
Audio- i - 1 Audio s Telecoil Telecoil
Battery sire 13 Audico/oom Audio i HAudio i
Batery size 13 Battery size 675 Audiodoom

Battery sire GI5
Meicrolink MLL/MLx Miicralimk MLY/MLx Microlink MILAMIx Microlink ML&MLx
A shoe ASE Auiashoe ASS Auio shoe ASA P shoe A5
Tamperproaf battery cover KSh perpr  Eover K55 nperpn ry cover KS 53 nperpr ey coner K 5.3
Colorline colors Coloeline culors Caberline colors Calarline colars
Hooks: HEZ, HEZ 680, HEZ 1000 Hodkes: HEZ, HEZ B8O, HEZ 1000 Hooks: HE3, HE €80, HE3 1000 Hooles HEZ, HEZ 620, HE3 1000
Wi ear hocks Mii ear beoks Fiemote controd ScundPilat FM Femote control SeundPilat FM

Remote control WatchPilo Remote control WatchPilot
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Phonak — Collections 2002 Product List at Page 18

Digitally programmable
BTE instruments

Piconet2 P2

-

d

ZiHT|

Piconet2 P2 AZ

|27 [

Peak values G max JOSM 90

E2 di 172 4B 5P

E2 dE /172 48 5P

Features Phanzk's smallest digitally Phanzk'’s smallest digitally
programmabile BTE hearing computes pl“‘pgmlgemm hearing computes
Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4
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SonoForte2 P23 AZ

[os)iZal[F |~

PowerZoom P4 AZ

(2|

Phonak — Collections 2002 Product List at Page 19

NovoForte E3

D

77T dB 137 48 5P

70 dBj 144 48 SPL

T aBNIT B S

High gain plus AudiaZaam in a smaller
2

High gain and Audicfoom

2 switch-selertable programes

Ml B Compresion Control Ml Dmamic Compreion Contol Signal rocesing sategy- WORC Sl procesing sateg: WORC,
7 heasing programs. 1 hearing programs 7 switch seleciable hearing programs 7 switch selectable hessing programs
Telecd Telecad Telecail Telecail

Rudi inputMicrolink compalile Ruic input Microlink compatile Audia s Pudia i i

Audicdoom [k available withut withzut P contsols Programemable wer controls

—Lx] L= Battery sive GI% Battery size 675

Battery sire 13 Battery size 675

Wicralink MLG/MLx Microlink MLTJMLx Microl sk M1 7jMix Micradink M1 T/Mix

Audic shoe ASG Muic shoe AST Mudia shoe AST Pudia shoe AST

Tamperproof battery cover K55 Tampesprock battery cover K57 Tampesprook kattery cover K57 Tampesprook kattery cover K57
Celorline colors Coloeline colors Cobiline colors Cobarline colors
Hoaks: HEZ, HEZ 680, HEZ 1000 Hoaks: HE3, HEZ 680, HEZ 1000 Hoaks: HE3, HEZ 680, HE3 1000 Hooks: HE3, HEZ 680, HE3 1000
Mini =ar hooks Mimi ear hooks Mini ear hoolks Mini ear ook

Femote contrak DHC-3, DHC 4

Fiemate comtrol: DHC-F, DHC 4

FReemate control: DHC-2

Remote contral: DHC-3
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Phonak — Collections 2002 Product List at Page 22

For many years, Phonaks With their Chip—on-Board Mechanically programmatle in

proven and robust high-tech technalogy and 3 number of up to nine settings. | = | |
instruments have set a new electronic companents, These calibrated program
benchmark in the Value Class. Phonak's Value Class BTEs. switches affer reliable predictable s Ie
Advanced components and constitute a family of performance.

superh ip in assembly ¥-to-servi Thus, the respanse curve and Audiofrogrammer
contribute to the characteristic hearing instruments. the dynamic characteristics of

Phonak sound. For years, this the instrument can be precisely

audio quality has been acclaimed adapted to the needs of the

brw Phonak hearing instrument wser.

wsers. The popular screw-on hook:

system offers an acoustically

tight fit, thus helping to reduce

feedback. The ear hooks,

including the pediatric and

damped versions, are easily

interchangeahle.

Phonak — Media Release re Product Offerings in F2003/2004 at Page 2

The key breakthrough technology in Perseo is PersonalLogic, the first ever automatic control
system that is fitter programmable according to the tastes and preferences of each
individual wearer. Automatic performance has now a new level of intelligence beyond
merely adapting to acoustic changes in the environment. Perseo is the first hearing system
with customized automatic operation, as opposed to operation based on factory settings. It
allows hearing professionals to provide clients with a hearing system “"custom-tailored” to
their perscnal hearing requirements and tastes.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 3

Dave Fabry/Phonak: Basically, the occlusion manager is designed to reduce the sound of
& person's own vaoice by lowering gain for the 80 dB input, primarily in the low
frequencies, effectively increasing compression ratio. Low-frequency G50 is reduced as
well, but to a lesser degree. From the clinician's point of view, however, these adjustments
are all made via an adjustment to a slidebar with three steps (you can see it on slide 1 at
www.phonakpro.com )
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 5

In & nutshell, Perseo is designed for new and experienced users who are looking for a
hearing instrurment with advanced adaptive features, enhanced sound guality, easy
personalization of fitting and choice of user aperation (namely, automatic, manual
program control with Tactronic switch, or via remote control). The choice of one product
over another is dependent on the patiemt's hearing loss, listening n2eds, and prioritization
of size, cost, and available performance features. Phonak provides an entire family of
digital options from Perseo, Claro, Aero, and cur new digital value line that will be
introduced this summer. In addition, Supero is the oenly digital hearing instrurnent
designed specifically for super-power applications.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Liz Brassine/Phonak; All Persec instruments, including the CIC, have 3 memories.
Patients may access these memories via the standard TacTronic memory switch on the
CIC, For the 23 dAZ, or any of the BTEs, they may also use either of the optional remote
controls—the ScundPilot or WatchPilot,

Oticon — DigiFocus White Paper (1996) at Page 9

With DiglFocus you have an extromely flaxilble hearing instrument. By using
{he right tools you can define a personal, social and audiological profile for
each ;i1t_|liu|:!ual pationt. This enables you io ulilize the capacity of DigilFocus
1o the Fullast extent. The Human Link teols for DigiFocus include:

Oticon — DigiFocus White Paper (1996) at Page 9

# The DigiFocus diary anables you to ol nrmi ne quir kly when a hearing i
strument needs adjustnent

« The ine-tuning recommendations help you (o ad|ust the settings

« OtiSet. a PC based software program, and the programming bell enable you

to fit and fine tune DigiFocus while the client is wearing the instrement
This takes place without your patient heing wired to the PG,
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Oticon — DigiFocus White Paper (1996) at Page 1-0

OtiSat version 3.5 is a programming and fitting software module that com-
plies with the hearing industry’s standard NOAH platform, It nins on sny PG
in & Windows 3.11 environment, Together with (Hicon's other Human Link
tools, it provides everything you need to fit DigiFocus, OtiSet has been de-
signod 1o make fitting sasy while giving you relevant and context-sengitive
audiological information.

Underneath its simple and sasy to use interface, OfiSet considers all the ad-
vanced knowledge on which DigiFocus is built. 1t relies on top audiologi-cal
research, summarizing many years of work and field tosting performad al Ot
con's Briksholm Ressanch Cantre in cooperation with hearing car profession-
als and andiological researchers worldwide. The new version of OtiSet fully
supports DigiFocus, helping you 1o fit the oxact nesds of your patients.

While using OtiSel, you are able 10 compare your patient's nudiogram with

{he fitting range of all Oticon’s hearing instraments. Based omn the choice of in-

strument and available audiological data, OtiSet automatically rmcommends
{he initial control seltings. During fitting. OtiSet gives you Ingtant aconss 1o

graphical representations that show how various speech and sound spectma

perfarm os the controls aro adjusted on screen

Oticon — DigiFocus White Paper (1996) at Page 10

The OtiSet software is the single most important toal for fitting DigiFocus. Un-
derneuth its simple and easy fo use interfoce, OtiSet sums up all of the od-
vanced knowledge on which DigiFocus is built. By analyzing ali of the
available personal data, OHSeE airtomatically recommernds The bast suitalle
sedtings. In short, OtiSet enables you fo draw an all the audiological knowl-
dgs available from Chican,

Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomiostable to be wired toa computer. This “con-
stricted® faaling can ho svoided by uding tho OtSet programming balt, which
is worn on the shoulder. The programming belt provides cordless infrared
communication between the PC and the hearing instrument while in thsin wikie,
Alternatively, vou may use the HI-PROD interface for a wired solution.

(iSet offurs a chaice of three differant views of the fitting. The Audiological
View provides a visual guide to instrumsent porformancs in four typleal
sound environments, The Technical View (llustrates teaditional technical in-
formation such as coupler data and Insertion gain a1 diferent input levals.
With (he Binaural View you am able o examine seitings for both right and
laft instruments at the same time.
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To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses
wirelessly storing and retrieving the results of a user’s hearing test (e.g., hearing characteristic) from the RPU.
The following citations show examples of where Anderson *783 discloses this limitation.

Anderson 783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.
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Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
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the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a]. Further, a POSITA would have been motivated to store the user’s hearing characteristics in
DHA Systems’ Digital Hearing Aid to provide greater flexibility in modifying the hearing parameters through
the personal system managers.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

26. A hearing enhancement DHA Systems, Mayer ‘086, and Fretz *193 expressly or inherently disclose “[a] hearing enhancement

apparatus as recited in claim 13, apparatus as recited in claim 13, wherein the speaker is a directional speaker.”

wherein the speaker is a directional S, .

ee above at claim 10.

speaker.
A POSITA would have been motivated to combine the DHA Systems with the teachings of Mayer ‘086 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 10.
A POSITA would have further been motivated to combine the DHA Systems with the teachings of Fretz 193
to meet the claim limitations with reasonable expectation of success for the reasons described above with
respect to claim 10.
To the extent that DHA Systems, Mayer ‘086, and Fretz 193 do not disclose any elements of this claim
limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Mayer ‘086, and Fretz *193, those elements, as known to them or as disclosed by
other prior art identified in the cover pleading.

27. A hearing enhancement DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement

apparatus as recited in claim 13, apparatus as recited in claim 13, wherein the speaker is an ear speaker.”

wherein the speaker is an ear See above at claim 11.

speaker.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

28. A hearing enhancement
apparatus as recited in claim 13,

wherein the speaker is in a headset.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 13, wherein the speaker is in a headset.”

See above at claim 12.

A POSITA would have been motivated to combine the DHA Systems with the teachings of Anderson ‘783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 12.

To the extent that DHA Systems and Anderson ‘783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ‘783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

29[pre]. A hearing enhancement
apparatus as recited in claim 13,

To the extent the preamble is limiting, DHA Systems and Anderson ’783 expressly or inherently disclose “[a]
hearing enhancement apparatus as recited in claim 13.”

See above at claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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[29a] wherein the audio system is
configured to operate as a phone,

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “wherein the audio system
is configured to operate as a phone.”

See above at claim 4.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson *783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson 783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

[29b] wherein the hearing
enhancement apparatus is
configured to operate in
conjunction with or at least as a
part of a mobile phone,

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “wherein the hearing
enhancement apparatus is configured to operate in conjunction with or at least as a part of a mobile phone.”

See above at claim 4.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

[29¢] wherein the speaker is an ear
speaker, and

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “wherein the speaker is an
ear speaker.”

See above at claim 11.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

[29d] wherein to enhance the
hearing of the user, the modifier is
configured to modify the down-
converted signals into modified
signals at one or more frequencies
within the audio frequencies, with
the one or more frequencies being
determined by the at least one
hearing characteristic of the user.

DHA Systems and Anderson ’783 expressly or inherently disclose “wherein to enhance the hearing of the
user, the modifier is configured to modify the down-converted signals into modified signals at one or more
frequencies within the audio frequencies, with the one or more frequencies being determined by the at least
one hearing characteristic of the user.”

See above at claim [1d].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

30[pre]. A hearing enhancement
apparatus as recited in claim 29,

To the extent the preamble is limiting, DHA Systems and Anderson ’783 expressly or inherently disclose “[a]
hearing enhancement apparatus as recited in claim 29.”

See above at claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
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Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in

the cover pleading.

[30a] wherein the at least one
hearing characteristic of the user is
determined via calibrating the
user's hearing at least across the
one or more frequencies to
generate at least a portion of the
hearing profile of the user, and

DHA Systems, Anderson ’783, and Enzmann ’555 expressly or inherently disclose “wherein the at least one
hearing characteristic of the user is determined via calibrating the user's hearing at least across the one or

more frequencies to generate at least a portion of the hearing profile of the user.”

See above claim 8.

The Digital Hearing Aids of the DHA Systems are used to measure a user’s hearing across frequencies. The
following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting

Personal System Managers

Experiance

Long term

PHONAK
=

Occhsion Feprhack

A

Listening Situation

The Expericnce Manager
adjusts tonality and

The Ocelusion Manager
liminates the feeling of
experiene

The dynamic Feedback
Manager automstical

strategies arc modificd in
these bands to prevent

easier listening without
feedback.

aco s

preference for when to

trigger a change of base
the desi

e
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between the base-programs.
n
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In cases of profound hearing
loss, residual hearing is often
only in the low-frequency area.
For children bom with this type
of profound hearing impairment,
superior performance is a must.
For them, low-distortion
amplification must be provided
a5 early as possible to support
the development of speech and
language.

Large receivers like those in the
Supero and Classica series assure
high gain in the low frequencies.
Large receivers produce less
resonance than small ones,

Intreduction

resulting in less feedback with
mazimum gain and minimum
distarticn.

With a maximum gain of 79 dB
and an output sound pressure
level of 142 dB SPL, the Supero
411 BTE instrument is one of
the few true digital power
instruments on the market.

Hearing needs and preferences can be very

Phonak — Collections 2002 Product List at Page 22

The Phonak Fitting Guideline
saftware provides valuable
assistance in the fitting process.
Based on the audiogram, PRG
gives the hearingcare
professional recommendations
for the manwal adjustment of
the owtput sound pressure level
and the frequency response
CUrve.

All proposed s2ttings are
compatible with the calibrated
valwes in the BTE instrument.
The valses recommended by FRG
are easy to set with the

Phonak — Field Study News Article re PersonalLogic at Page 1

individual, with marked differences from ane
person to the next in the same hesring
situation. 50, in addition to compensating for
measured hearing loss, an sdvanced hearing
system also must cater to specific persona
reguirements, and be customizable simply and
effectively to individual client needs. The
Perzen hearing system with itz Personal Logic
automatie function can be “tailored” to the
client’s needs as part of the fitting process.

In Perseq, the default base-program is
optimized for speech understanding in quiet
environments. A second base-program with
d'fferent frequency response settings and
optional adsptive directionsl microphaonses
provides additional support in noisy situations.
The acoustic environment is continuoushy
monitored and the appropriate base-program
is automatically selected. The sutomatic

AudioProgrammer switch in
non-programmable models
The Supero 411 digital high-
power BTE is the first Value Line
instrument that is programmed
via an |BM-compatible PC

The PAG software also supports
RECD4rec: (Real Ear to Coupler
Difference), a unigue, simple,
and fast RECD measurement
method.
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Phonak — The Hearing Review Article re Perseo (Sep. 5, 2003) at Page 2

Perseo is a 20-channel digital hearing instrument. The default base-
program is optimized for speech understanding in quict environments.
A s=oond base-program with different frequency response settings
and aptional adaptive directional microphones provides additional
suppart in noigy situations, The acoustic ermvironment is continuoushy
monitored and the appropriate base-program is automatically
selected. This dual-base automatic function allows for independent
fine tuning in one listening situation vithout compromising
perfarmance im the ather. The automatic parformance is designed to
b2 easily personallzed for the Indhvidual needs and preferences of the
USEr.

Oticon — DigiFocus White Paper (1996) at Fig. 1

U e
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Fig.1. DigiFocus - block diagrom of the digital audio processor. DAP.

Oticon — DigiFocus White Paper (1996) at Page 4

The input signal from the microphone or the telecoil is digitized and fod o a
filterbank, which divides the signal into seven band-pass filters with cantra
frequencies at: 250, 700, 1200, 2000, 3000, 4000 and 5000 He. The filtarbank
cowers tha froquency range from 125 to about 6000 Hz. The output from each
band-pass filter is equipped with an attenuator by which each filtered signal
can be wolghtod, This allows for a very precise fitting in accordance with the
audinmetric profile of the hearing impaired
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Oticon — DigiFocus White Paper (1996) at Page 4

Tha weighted band-pass signals are summead with two summators which cre-
ate the low-pass and the high-pass channal of the hearing aid. The cut off fro
quaney hatwesn the two channels corresponds to 1500 Hz. [.e. the thrae

lpwer bands constitute the low-frequency channel and the four higher bands

tha high-frequency channal

The signals from the two channels are processed individually in two com-
|.:I'-|:|r-.'\ ||||--L.|Iilli; '.I:I||I';Il'r||||'.'.|:|'|'-'F LRl i‘l |:-I||-|-r

Finally tha twa modified signals are summed into the cutput signal and sent

o thi rechiver

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
“Today’s amplifiers are not smart,” said Peter Hahn, managing director of Oticon’s U.S. headquarters in
Somerset, N.J. “The digital processor can organize frequencies and manipulate speech signals to separate
them from background noise.”

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with anly
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be splitinto seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels to
automatically adjust for loudness levels and speech,”

Oticon — Products Index at Page 1

m -8 100% digital hearing instrument with fully

AR oy tomatic operation, DigiFocus offers the ultimate
in speech understanding. Litilising seven lone band
amplification to get the most out of the remaining
hearing, DigiFocus is currently the maost advanced
hearing Instrumeant on the market.

To the extent DHA Systems do not explicitly disclose this claim limitation, Anderson ‘783 discloses
conducting a hearing test across a plurality of frequencies to determine a user’s hearing profile (e.g., the
stored results of the hearing test). The following citations show examples of where Anderson *783 discloses
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this limitation.

Anderson 783 at 3:52—4:14
One preferred embodiment of the invention herein described is shown in block diagram form in FIG. 1. In
this figure, the earpiece 10 shown worn in the ear 11 uses a standard completely-in-the-canal (CIC)
housing, well known in the art, although many other earpiece housing types known in the art (e.g.,
behind-the-ear, or BTE) can be used. The earpiece shown in FIG. 1 comprises a microphone 12, RF
transceiver 13 with an antenna that doubles as an earpiece extractor 14, and speaker 15. Although the
dual-use antenna/extractor arrangement shown in FIG. 1 is often desirable, a separate antenna or antennae
can be used in conjunction with many different types of earpiece extractors as appropriate for a particular
application. Antennae and extractors can be disguised as ear hair or jewelry (e.g., earrings), or conductive
filaments can be permanently implanted in the ear cartilage to act as antennae using a process similar to
ear piercing. The earpiece 10 communicates with a remote processor unit (RPU) 16 via a primary two-
way RF link 17, although many other wireless link media (e.g., ultrasonic or infrared) may be used
instead. The RPU is typically worn under clothing (e.g., carried in a pocket or purse), but may also be
worn in plain sight (e.g., on a belt) if desired. The RPU 16 may be connected (via wired or wireless means
18) to optional secondary wireless link circuitry 19 that allows wireless communication between the RPU
and other sources of information (e.g., the general subscriber telephone network) via a secondary wireless
link. Note that the optional secondary wireless link circuitry 19 may or may not be contained within the
RPU case 70 of FIG. 7.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.
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Enzmann ’555 also discloses this limitation, including calibrating the user’s hearing across frequencies to
generate a hearing profile. The following citations show examples of where Enzmann ‘555 discloses this
limitation.

Enzmann ’555 at FIG. 5

Compersation

Meeded from
Ampifcation

| Chan

— Desired Hearing
— Chanscisrann
+ . ..

Hisaring lmpaeed
") users Hesning

Characanalic
Frequency

FIG. 5

Enzmann 555 at [0028]
The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D
converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
mapping of the user's hearing characteristics.

Enzmann 555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
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shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann ’555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.
Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
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phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 and/or
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claims [1pre], 2, [8a].

To the extent that DHA Systems, Anderson *783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems and Anderson ’783 those elements, as known to them or as disclosed by other
prior art identified in the cover pleading.

[30b] wherein the hearing profile
is stored in the hearing
enhancement apparatus.

DHA Systems and Anderson 783 expressly or inherently disclose “wherein the hearing profile is stored in
the hearing enhancement apparatus.”

See above at claim 24.
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A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 24.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

31. A hearing enhancement DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 30, apparatus as recited in claim 30, wherein the hearing enhancement apparatus allows the user to calibrate the
wherein the hearing enhancement | user's hearing via a computing device.”

apparatus allows the user to
calibrate the user's hearing via a
computing device.

DHA Systems include a personal manage system on, for example, a computer (e.g., “computing device”) for
calibrating the characteristics of the hearing aids (e.g., “hearing enhancement apparatus”). The Digital
Hearing Aids of the DHA Systems also automatically calibrate to a user’s hearing to their environment, The
following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 5

The Science of PersonalLogic*

Phonak has applied knowledge from new research and past experience to add a new dimension of individualized logic to
automatic hearing systems - Personal Logic. Combining new and proven features, Personal Logic optimizes the

functioning, operation and fitting of hearing systems for each individual user.

Thanks to Personal Logic, Perseo takes customization to a level beyond "custom-fitted” related to individual hearing loss.
The new digital system from Phonak is the first hearing system with customized automatic operation, as opposed

to operation based on factory set, unchangeable rules. Now, Perseo gives hearing professionals control over automatic
operation, allowing them to provide clients with a hearing system “custom-tailored” to their personal hearing requirements

and tastes.
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Phonak — Perseo Brochure at Page 10

PersonalLogic- provides the right response for each wearer

PersonalLogic and dual-base automatic provide professionals with the control over signal processing that is essential

to enhance user satisfaction.

Personal Logic is a new control system that continuously updates signal processing parameters in response to acoustic
information, listening situation classification, the wearers’ hearing status and listening preferences.
Two independently programmable base-programs are used as the basis for signal processing. Personal Logic selects the

appropriate base-program and continually adapts its signal processing parameters to suit individual wearer needs.

Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting
Porsonal Systam Managers =
Experience Occhsion FeBthack Listening Situation
Lorg tarm
B | o
|
) 1 Q I_j
z 2
i ;
Frst i
PHONAK
= v eriea 13 "
The Experience Manager The Ocelusion Manager The dynamic Feedback The Listening Situation
adjusts tonality and climinates the fecling of Manager automatically Manager sllows the fitter to
loudness to match each blocked ears experienced i g program i
client's experience with oy some wearers from feedback. Processing according to the wearer's

hearing instruments. An
cffective and convenicnt
control to set and adjust the
client’s hearing system a5
they become accustomed to
their new workd of sound.

strategics arc modificd in
these: bands to prevent
feedback while also
increasing audibility for
soft sounds. The result s
easier listening without
feedback.

preference for when to
trigger a change of base
programs, and the desired
degree of sound contrast
between the base-grograms.
Additional personalization
is available, if required, by
dircetly programming cither
of the base programs.
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Phonak Claro — A World First from Phonak at Page 1

A world first from Phonak: a bienic, fully digital hearing computer — the first
hearing computer that listens.

Stdfa, February 17, 2000 — Phonak, the Swiss manufacturer of leading-edge hearing systems,
announces the launch of Claro, the first bionic hearing computer designed to emulate natural
hearing. Az a result of this unigue technolegy, hearling Impalred people can now experience a
next-to-natural sense of hearing.

This brand-new hearing system is based on imporiant findings in the science of bionics. Simply
stated, the processes of natural hearing that takes place inside the healthy, infact inner ear (the
cochlea) and the damaged ear were electronically reproduced. The result was the first blonlc/digltal
hearing system to feature a revolulionary signal processing concepl: Digilal Perceplion Processing
[DPPL

DFF, the hear of the new system, is based an high-performance microchip architecture of the very
latest generation. Incoming sound Is first of all analyzed In 20 overlapping freguency bands. Sound Is
then processed as it would be in a heallhy sar, in line wilh personal preferences. Andy Rihs,
Chairman of the Board at Phonak, describes Clare as the “first hearing computer that listans®. It
enables users to understand speech clearly and inteligibly even in the most difficult hearing
gltuations.

Phonak Claro — A World First from Phonak at Page 1

Increased communication capabilities: top models with integrated FM technology

Ome of the outstanding features of the top-of-the-line Claro BTE (Behind-The-Ear] model is the
cordless FM technalogy found in the well-known Phonak MicroLink system. For the first time ever,
this radie recelver has been completely Integrated In a hearing systern. This means that the
instrumant now has all the advantages of wirsless communication technology, such as spasch
transmission over distance, in environmenis with a high level of reverberation amd in noiss
[conferences, schools, etc.). The hearng computer can be tumed infe & fully-fledged communication
system which in many situations Is actwally superior to the natural, healthy ear.

Phonak Claro — Remote control WatchPilot and Claro dAZ at Page 1

Claro from Phonak, the first bionic, fully digital hearing computer, sets new standards in
hearing instrument technology. At the 45th Infernational Congress of Hearing Aid
Acousticians in Cologne (October § = T) the Swiss company, whose name iz synonymous
with high-tech innovation, presents twe more world-firsts: WatchPilot, a wristwateh with an
integrated hearing system remote control, and Claro dAZ FM hearing computers, a fully
digital hearing system with an integrated miniature radio receiver. At the same time, Phonak
will be unvelling Claro 311 dAZ, the most powerful behind-the-ear instrument in the Claro line
to dabe. "The new products represent major advances in hearing instrument technology,”
says Peter Pfluger, CED of the Phonak Group. "We are giving hearing impaired individuals an
improved guality of Iife and helping to turn the hearing instrument into a moademn
communication system.,"
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Phonak Claro — World Premiere at Page 1

Im market surveys hearling Instrument users have repeatedly siressed the Importance of hearing and
understanding in noise as a top priority and the weakesl point of the instruments currenlly available
an the market. Hearing instrument users frequently complained of frustration over their instrumenis.
Claro is Phonak's answer to the main worry of hearing instrument users. Hearing and understanding
clearly again will be the order of the day once agaln for millliong of Indhviduals sufferdng from hearing
lpss. As Andreas Rihs puts i, Clare is "lhe first communication/hearing compurter that actually listens
far you!"

Phonak Claro — World Premiere at Page 1

Cutting-edge chip technology points the way forward

This phenamenal technical breakthrough is based an six years of intsnse research and development
wark during which it was possible for the first time ever to fully integrate psychoacousiic perceptian
muodels of the ear. As a result, It has been possible to simulate the function of the so-called "20
critical bandg” in the inner ear and to achieve an unpracedented natural hearing experience. This
sophisticated, highly complex system goes by the name Digital Perception Procsssing (DFP) and is
based on the most advanced chip generstion currently availahle. The chip architecture is built
around 0.25um technology, which permits Fast Fourier Transformation (FFT) processes combined
with very low power consumplion. According to Andreas Rihs, it means there is slill a great deal of
potential for extanding the chip’s performance and this cpens the door to some highly interssting
developments on the same chip basis in the future.

The advent of a genuine communication'hearing computer

The impressive, state-of-the-art technology is combined with an exclusive, all-round communication
concept based on the components Diglsl Perception Processing (DPP), AufeSelect, Adapiive digiial
Audiodoom und Fing-scale Noise Cancelsr. |t provides a decisive boost to the power of the
audiological solution and, with if, the benefits to the user. The Adaptive digital AudicZoom
automafically locates and suppresses the main source of noise and at the same time clearly
separates the volee of the person speaking within the lIstener’s fleld of vislon. The result of this ks a
positive signal-lo-rciss ralio on a scale hat has never bean achieved before,

To round it off, the fop model in the new Clara range s the first ever to feature the wireless FM
techialogy found In the well-known Microlink system and thus has all the advantages of wireless
communication technology, such as speach ransmission over distance in noisy surroundings
{conferences, schools, efc.). As a result, the hearing computer has undergone a definitive transition
to & communication/hearing computer, which in many situations is indisputably superior to the
humar ear.,
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Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
| Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Phonak — Collections 2002 Product List at Page 18

Digitally programmable
BTE instruments

Piconet2 P2

-

d

ZiHT|

Piconet2 P2 AZ

|27 [

Peak values G max JOSM 90

E2 di 172 4B 5P

E2 dE /172 48 5P

Features Phanzk's smallest digitally Phanzk'’s smallest digitally
programmabile BTE hearing computes pl“‘pgmlgemm hearing computes
Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4
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Phonak — Collections 2002 Product List at Page 22

For many years, Phonak's

With their Chip-on-Board

proven and robust high-tech technalogy and a number of
instruments have set a new electronic components,
benchmark in the Value Class. Phonak’s Value Class BTEs.
Advanced components and constitute a family of
superbh ip in assembly 1 i

contribute to the characteristic
Phonak sound. For years, this
audio quality has been acclaimed
by Phonak hearing instrument
wsers. The popular screw-on hook:
system offers an acoustically
tight fit, thus helping to reduce
feedback. The ear hooks,
including the pediatric and
damped versions, are easily
interchangeahle.

hearing instruments.

Mechanically programmatie in

up to nine settings. | = | |
These calibrated program e e
switches affer reliable predictable s Ie
Thus, the respanse curve and AudioProgrammer

the dynamic characteristics of
the instrument can be precisely
adapted to the needs of the
user.
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Phonak — Collections 2002 Product List at Page 33

PFG -
new perspectives
in fitting success

QuickGuide
The versatile, easy-to-use anfine tour through the PFG fitting process.
with access to all optional fitting tools.

Instrument selection wizard
This online assistant recommends the product that best matches the
customer’s needs.

Initial SoundCheck

This is an ideal tool for fast and simple fine tuning of sound quality.
Three controls provide convenient gain and balance settings in the
high- and low-Ffrequency ranges.

Automatic fine tuning
Based on the customer’s hearing perception, the software
autematically computes the most suitable modifications.

Manual fine tuning
A high degree of fitting precision can be attained with this broad
spectrum of parameters in an optimised display format.

Fhanak Sound

The degree of fitting success can be dramatically improved by using
these real-lifie sound clips. All sound examples can be saved on a
computer as MP3 files; they are also available on 2 sound CD.

Froven PFG benefits

= One program for all Phonak hearing compauters

= NOAH compatibile or standalone version

= Detailed help system with in-depth scientific
and technical information

= PG training demo
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Phonak — Field Study News Article re PersonalLogic at Page 1

Introduction

Hesring needs and preferences can be very
individual, with marked differences from ane
person to the mext in the same hearing
situation. 50, in addition to compensating for
measured hearing loss, an sdvanced hearing
system also must cater to specific persona
reguirements, and be customizable simply and
effectively to individuzl client needs. The
Persen hearing system with its Personal Logre
automatic function can be “tailored” to the
client’s needs as part of the fitting process.
In Pzrzeq, the default base-program is
optimized for speech understanding in quist
environments. A second base-program with
different frequency responss settings and
optional adaptive directional microphones
prowides additional support in noisy situations.
The acoustic environment is continuously
monitored and the appropriate base-program
is automatically selected. The automatic

Phonak — Media Release re Product Offerings in F2003/2004 at Page 2

The key breakthrough technology in Perseo is Personallogic, the first ever automatic control
system that is fitter programmable according to the tastes and preferences of each
individual wearer. Automatic performance has now a new level of intelligence beyond
merely adapting to acoustic changes in the environment. Perseo is the first hearing system
with customized automatic operation, as opposed to operation based on factory settings. It
allows hearing professionals to provide clients with a hearing system “"custom-tailored” to
their personal hearing requirements and tastes.
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 2

Dave Fabry/Phenak: First of all, Perseo serves as the flagship hearing systerm in Phonak's
hearing aid Tamily, combining leading edge, Innovative hardware with efficient, flexible,
and user-friendly software in one package.

We call it the art and science of hearing aid fitting, in that it enables both experienced and
inexperienced clinicians to efficiently optimize hearing aid parameters for each and every
patient at the initial fitting session,

Furthermaore, using a series of Personal System Managers, they enable the clinician to
easily accommodate the patient's changing needs over time. Hearing solutions should be
individual, and Perseo offers the ultimate in personalization to achieve that goal.

Valente - Effect of type of noise and loudspeaker array on the performance at 402

The Phonak fitting software (Version 8.3)
was used to program the hearing aids. First,
hearing thresholds were entered into the
NOAH sofiware. The manufacturer’s
prescribed “First-Fit™ was calculated from
these hearing thresholds. The default settings
in each of the software “personal system™
menus (provides adjustments to the “First-
Fit”™ for prior experience; occlusion effect and
feedback} were utilized. If the patient
reported occlusion, then this feature was
activated. If feedback was noticed, the

Oticon — DigiFocus Description at Page 1

Inside each DigiFocus, the digital chips have the same processing power 835 a
fast laptop computer. This power is used o analyse the incoming sound signal,
and speech Is extracted through a unique system called ASA - Adaptive
Speach Alignment. ASA always makes spaech audible, amplifying it as much
as necessary without making it uncomfortably loud or distoried. Sounds are
reproduced very naturally - making speech far eagier to understand than with
any cther hearing Instrurment on the market.
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Oticon — DigiFocus White Paper (1996) at Page 1

The OtiSet soflware is the single most important tool for fitting DigiFocus.
Undemeath its simple and sasy to use interfaca, OtiSet sums up all of the ad
vanced knowledge on which DigiFocus is built. By analyzing all of the avail-
ahle personal data, CtiSet eutomatically recommends the most approplaie set
tings. In short, OtiSat enables you to dmw on all the sudiclogical knowledge
available from Oticon. o

Oticon — DigiFocus White Paper (1996) at Page 1

A number of different tools are provided by Oticon to help make fitting
DigiFocus and other instruments sasy and efficient. Thess tools are part of
(iicon’s Human Link concept. The tools include: user diaries, specially de-
signed intarviaw forms, fine tuning guides, the OtiSel programming softwarn,
and mome. 0

Oticon — DigiFocus White Paper (1996) at Page 1

DigiFocus is a fully digital hearing instrument buill around the digital audio
processar, DAP. This processor is designed to have a specific functio nality
and to comply with a serios of physical, acoustical and audielogical de-
mands. o

Oticon — DigiFocus White Paper (1996) at Page 1

In many aroas digital technology has already become an integral part of our
livas. Mow it is also evailable for the hard of hearing. With size and battery

consumption diminished, the DigiFoous hearing instrumaeni has computing
power equalling today's standard PCs. In this article you will get a descrip-
tion of the basic concepts of digltal sound processing. o

Oticon — DigiFocus White Paper (1996) at Page 2

In many areas digital technology has already become an integral part of sur
lives, Now it is also availabls for the hard of hearing. With size and battery
consumption diminished, the Digifocus hearing instriment hos compiting
power equalling foday’s standard PCs. In this articks you will gat o deserip-
tion af the basic concepts of digital audio processing

Oticon — DigiFocus White Paper (1996) at Page 2

Manufscturers of hanring {nstruments have worked hard to ovarcoms Ll Ereatis
bles of size and battery consumption. With the thickness of digital microchips
at only 1/100 of a human hair, this has now boen ac complished in the world's
first fully digital, at the ear hearing instrument - Digil ocus. Inside [NgiFocus
thers is computing power svailable which equals that of a PG

Page 328 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 328



Claims

Prior Art

Oticon — DigiFocus White Paper (1996) at Fig. 1
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Fig. 1. DigiFocus - block diagram of the digital audio processor, DAP.

Oticon — DigiFocus White Paper (1996) at Page 4

The input signal from the microphone or the telecoil is digitized and fod o a
filterbank, which divides the signal inte seven band-pass filters with centra
frequencies st= 250, 700, 1200, 2000, 3000, 4040 and 5000 He. The filiarbank
covars tha frequency range from 125 to aboul 8000 Hz. The output from each
band-pass filter is equipped with an attenuator by which each filtered signal
can be wolghtod, This allows for a very precise fitting in accordance with the
audinmetric profile of the hearing impaired

Oticon — DigiFocus White Paper (1996) at Page 9

« The DigiFocus diary enables vou to delormine quickly when a hearing i1
strument needs adjustinent

¢ The fine-tuning rocommendations help you lo ad|ust tho settings

« OHiSat, o PC based software program, and the programming belt enahle you
to fit and fine tune DigiFocus while the clisnt is wearing the instrumient
This tukes place without vour patient being wired to the PC.

Page 329 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 329



Claims

Prior Art

Oticon — DigiFocus White Paper (1996) at Page 1-0

OtiSat version 3.5 is a programming and fitting software module that com
plies with the hearing industry’s standasd NOAH platform. 11 runs on any PG
in @ Windows 3.11 environment, Together with CHicon's other Human Link
tools, it provides everyihing you need to fit Digifocus, OtiSet has been die
pignnd l-| make fitting sasy while giving you relevant and ¢ onfext-senaitive
audiological information

Underneath its simple and easy to use interface, OtiSet considers all the ad-
vanced knowledge on which DigiFocus is huilt. Tt relies on top audiclogi-cal
research, summarizing many years of work and field testing performad al Ot
con's Briksholm Resoarch Centre in cooperntion with hearing cara profession
als and audiological researchers worldwide, The new version of OtiSel fully
supports DigiFocus, |||-ij1||.; you lo fit the axect nisedla of your paticuls

While using OtiSel, you are able 10 compare youl |mli|.:||1'j. .'|u-:|.'u||.u._||;t with .
{he fitting range of all Oticon’s hearing instraments. Based on the choice of in-
strument and available audiological data, OtiSet automatically mcommends
tha initial control settings, During fitting. OtiSet gives you inetant acoess 1o
graphical representations that show how various speech and sound spectra

porform os the ¢ antrols aro adjusted on screen

Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomiostable to be wired to @ computer This “con-
sbrid ;,.,.5' fnlisag can b svolded Iy using the OtiSet programming halt, which
s worn on the shoulder. The programming belt provides cordless infrared
communication between the PC and ihe hearing [nstrumant whill® im tho e

Alternatively, vou may usa the HI-FRO interface for a winsd solution.

(miSet offers 8 choice of three different views of the fitting. The Audiological
View provides a visual guide to instrument performance in fomr Ly |.-.-:u|.
sound environments. The Technical View illustrales teaditional technical in-
formation such as coupler data and insertion gain al different input levals
With the Binaural ¥iew you am able o examine settings for both right and

laft instruments ai the same time

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
DigiFocus operates on two tiny new computer chips that have the processing power of a normal desktop
computer. Traditional hearing instruments have only up to 10 adjustable parameters, but Oticon
representatives say that their processor will give a maximum of 100 software-controlled adjustment

parameters. And the device can be programmed by an audiologist while the hearing-impaired person is
wearing it.
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Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
“Today’s amplifiers are not smart,” said Peter Hahn, managing director of Oticon’s U.S. headquarters in
Somerset, N.J. “The digital processor can organize frequencies and manipulate speech signals to separate
them from background noise.”

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with anly
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be split into seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels io
automatically adjust for loudness levels and speech.”

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ’783 processing
capabilities in the ear piece (e.g., “computing device”) that can be used to adjust (e.g., “calibrate”) a user’s
hearing. The following citations show examples of where Anderson *783 discloses this limitation.

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
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two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as

in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed

in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
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signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson *783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
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information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

Anderson ’783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

Anderson 783 at 26:24-34
RPU computer applications: The combination of an earpiece 10 with an RPU 16 can be used in lieu of a
laptop computer or "personal digital assistant" in many instances, and results in a practically theft-proof
system. The system facilitates text-to-speech translation of electronic mail messages and faxes, where
information is received via the secondary link and processed by the RPU DSP 948. Voice mail messages
and paging services are readily accommodated by the system via the secondary wireless link 19 circuitry,
with both digital data and speech signals exchanged between the RPU and a remote-site computer.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
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resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

Enzmann ’555 also discloses this limitation, including calibrating the user’s hearing via a computing device.
The following citations show examples of where Enzmann ‘555 discloses this limitation.

Enzmann 555 at FIG. 5

Frequency

FIG. §

Enzmann *555 at [0028]
The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D
converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
mapping of the user's hearing characteristics.
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Enzmann *555 at [0046]
The amplification chart 325 contains a series of pre-stored dynamic frequency maps based on the user's
hearing characteristics, the speaker characteristics and the ambient noise near the aided ear bud 200. The
digital logic 320 will receive the transmitted signal from the TX/RX unit 260 and process those signals to
an optimal form based on the user's hearing, speaker and ambient noise characteristics. The arrangement
of the logic devices within the digital logic 320 will serve to produce each of the characteristics (wave
shape) of the amplitude chart 325. The user's hearing characteristics remain static unless the aided ear bud
200 is reprogrammed to compensate for additional hearing loss or increase and different users. For
example, as shown in FIG. 5, a mapping of a user's hearing characteristic (denoted by the “e” line)
illustrates that the user lacks significant hearing capability in higher frequencies. The desired hearing
characteristic is denoted by the “-++” line. This desired hearing characteristic depicts or represents how a
non-hearing impaired person's hearing characteristics may be. As known to those skilled in the art, close
representation of this hearing characteristic is achievable by adding a complementary characteristic to the
user's hearing characteristic to produce a result that is very close to the desired characteristic. Each of the
characteristics is corrected using the process shown in FIG. 5.

Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann >555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.
Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
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and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann 555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claims 2, [8a].

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems and Anderson ’783 those elements, as known to them or as disclosed by other
prior art identified in the cover pleading.
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33. A hearing enhancement
apparatus as recited in claim 30,
wherein at least a portion of the at
least one hearing characteristic of
the user is wirelessly received by
and stored in the hearing
enhancement apparatus.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 30, wherein at least a portion of the at least one hearing characteristic of the user is wirelessly
received by and stored in the hearing enhancement apparatus.” For example:

See above at claim 24.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 24.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

34. A hearing enhancement
apparatus as recited in claim 33,
wherein the hearing enhancement
apparatus is a headset.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 33, wherein the hearing enhancement apparatus is a headset.”

Parameters of the DHA Systems are set based on the user’s hearing capabilities on an external personal
manager system, which are then stored on the Digital Hearing Aids (e.g., “the hearing enhancement
apparatus”). The following citations show examples of where DHA Systems practice this limitation.

Phonak Claro — A World First from Phonak at Page 1

A world first from Phonak: a bionic, fully digital hearing computer — the first
hearing computer that listens.

Stafa, February 17, 2000 — Phenak, the Swiss manufacturer of leading-edge hearing systems,
announces the launch of Claro, the first bionic hearing computer designed to emulate natural
hearing. As a result of this unique technology, hearing impaired people can now experience a
next-to-natural sense of hearing.

This brand-new hearing system is based on imporiant findings in the science of bionics. Simply
stated, the processes of natural hearing that takes place inside the healthy, infact inner ear (the
cochlea) and the damaged ear were electronically reproduced. The result was the first blonlcidigltal
hearing system o leature a revolulionary signal processing concepl: Digilal Perceplion Procassing
[DFP).

DFF, the heart of the new system, is based an high-performance microchip architecture of the very
latest generation. Incoming sound Is first of all anahyzed in 20 evedapping frequency bands. Sound is
than processed as it would be in a healthy ear, in line wilh personal preferances. Andy Rihs,
Chairman of the Board at Phonak, describes Claro as the “first hearing computer that listens®. It
enables users to understand speech clearly and inteligibly even in the maost difficult hearing
situations.
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Phonak Claro — A World First from Phonak at Page 1
Increased communication capabilities: top models with integrated FM technology

One of the outstanding features of the top-of-the-line Claro BTE (Behind-The-Ear) model is the
cordless FM technalogy found in the well-known Phonak MicroLink systemn. For the first time ever,
thiz radie recelver has besn completely Integrated In a heardng syster. This means that the
instrumant now has all the advantages of wirsless communication technology, such as spesch
transmission over distance, in environmenis with a high level of reverberation amd in noiss
[comferences, schoals, etc.). The hearing computer can be tumed infe & fully-fledged communication
system which in many situations Is actwally superior to the natural, healthy ear.

Phonak Claro — Remote control WatchPilot and Claro dAZ at Page 1

Claro from Phonak, the first bionic, fully digital hearing computer, sets new standards in
hearing instrument technology. At the 45th Infernational Congress of Hearing Aid
Acousticians In Colegne (Qctober § = T) the Swiss company, whose name is synonymous
with high-tech innovation, presents twe more world-firsts: WatehPilot, a wristwateh with an
integrated hearing system remote control, and Claro dAZ FM hearing computers, a fully
digital hearing system with an integrated miniature radio receiver. At the same time, Phonak
will be unveiling Clare 311 dAZ, the most powerful behind-the-ear instrument in the Clare line
to date. "The new products represent major advances in hearing instrument technology,”
says Peter Pfluger, CED of the Phonak Group. "We are giving hearing impaired individuals an
improved quality of life and helping to turn the hearing instrument into a modern

communication system."”

Phonak Claro — World Premiere at Page 1

In market surveys hearing Instrument users have repeatedly stressed the importance of hearing and
urklerstanding in noizs as a top priority and the weakesl point of the instruments currenlly availabla
on the market. Hearing instrument users frequently complained of frustration over their instrumenis.
Claro is Phanak's answer to the main worry of hearing instrument users. Hearing and understanding
clearly again will be the order of the day once agaln for millions of Indhiduals suffering from hearing
lpgs. As Andreas Rihs puts i, Clars is "the first communication/hearing compurter thal actually listens
far you!"
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Phonak Claro — World Premiere at Page 1

Cutting-edge chip technology points the way forward

This phenamenal technical breakthrough is based an six years of intsnse research and development
wark during which it was possible for the first time ever to fully integrate psychoacousiic perception
models of the ear. As a result, It has been possible to simulate the functon of the so-called "20
cfilical bands” in the inner ear and lo achigva an unpracadantsd natural hearing axparence. This
sophisticated, highly complex system goes by the name Digital Perception Procsssing (DPP) and iz
based on the most advanced chip generstion currently availahle, The chip architecture is built
around 0.25um technology, which permits Fast Fourfer Transformation (FFT) processes comblined
with very low power consumplion. According to Andreas Rike, it means thare is slill a great deal of
potential for extending the chip's performance and this opens the door to some highly interssting
developments on the same chip kasis in the future.

The advent of a genuine communication'hearing computer

The impressive, state-of-the-art technolegy is combined with an exclusive, all-round communication
concept based on the components Diglal Perception Processing (DPP), AutoSedect, Adapiive dighial
Audfofoom und Fine-scale Noise Cancelsr. [t provides a decisive boost to the power of the
awdiclogical solution and, with if, the benefits to the user. The Adaptive digital AudicZoom
automafically locates and suppresses the main source of noise and at the same time cleary
geparates the volee of the persen speaking within the lIsteners fleld of vislon. The result of this ks a
positive signal-lo-noisa ralio on a scale that has never bean achieved befors.

To round it off, the top model in the new Claro range is the first ever to feature the wireless FM
techinalogy found in the well-known Microlink system and thes has all the advantages of wireless
communication technalogy, such as speach lransmission over distance in noisy surroundings
[conferences, schools, efc). As a result, the hearing computer has undergone a definitive transition
to @ communicationihearing computer, which in many sifustions is indisputably superiar ta the
human ear.,
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Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
| Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Phonak — Collections 2002 Product List at Page 18

Digitally programmable
BTE instruments

Piconet2 P2

-

d

ZiHT|

Piconet2 P2 AZ

|27 [

Peak values G max JOSM 90

E2 di 172 4B 5P

E2 dE /172 48 5P

Features Phanzk's smallest digitally Phanzk'’s smallest digitally
programmabile BTE hearing computes pl“‘pgmlgemm hearing computes
Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4
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Phonak — Collections 2002 Product List at Page 22

With their Chip-on-Board

Mechanically programmatle in

proven and robust high-tech technalogy and 3 number of up to nine settings. | = | |
instruments have set a new electronic companents, These calibrated program
benchmark in the Value Class. Phonak's Value Class BTEs. switches affer reliable predictable s Ie
Advanced components and constitute a family of performance. e
superh ip in assembly y-to Thus, the respanse curve and Audiofrogrammer
contribute to the characteristic hearing instruments. the dynamic characteristics of

Phonak sound. For years, this the instrument can be precisely

audio quality has been acclaimed adapted to the needs of the

brw Phonak hearing instrument wser.

wsers. The popular screw-on hook:

system offers an acoustically

tight fit, thus helping to reduce

feedback. The ear hooks,

including the pediatric and

damped versions, are easily

interchangeahle.

Oticon — DigiFocus Description at Page 1

Inside each DigiFocus, the digital chips have the same processing power as a
fast laptop comouter. This power is used to analyse the incoming sound signal,
and speech ls extracted through a unique system called ASA - Adaptive
Speach Alignment. ASA always makes spaech audible, amplifying it as much
as necessary without making it uncomfortably loud or distoried. Sounds are
reproduced very naturally - making speech far easier to undersiand than with
any other hearlng instrument on the market.

Oticon — DigiFocus White Paper (1996) at Page 1

DigiFocus Is a fully digital hearing instrument bullt arcund the :l:;-,_:l»ul .|r|-Ii||
processar, DAP. This processor is designed to have a specific functionality
and to comply with a series of physlcal, scoustical and audiological de-

mands. o

Oticon — DigiFocus White Paper (1996) at Page 1

In many areas digital technology has ulmeady become an integral part of our
livas. Mow il is also available for the hard of hearing. With size and battery

consumption diminished, the DigiFocus hnnring instrument has computing
power equalling today's stendard PCs. In this article you will get & descrip-
tion of the basic concepts of digltal sound processing. o
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Oticon — DigiFocus White Paper (1996) at Page 2

Oticon — DigiFocus White Paper (1996) at Page 2

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

In many areas digital fechnology has already become an | tegral part of our

lives, Now it iz also available for the hard of hearing. With size and baltery
consumpiion diminished, the DigiFocus hearing instriment hos COmpting
s this articks yvou will get o descriy

power equalling today’s slandard §

s

tion af the basic

- v woeksd hard to overcormm Els troL
Manufscturers of hearing Instruments havo worke: ard to overcoms Lhe i

consumption. With U thickness of digital microchips
wiw boar accomplinhed in the worll's

hies of size and battery

al only 17100 o @ hiimar ke, this hias
first Fully digital, at The ear hearing instrament - DigiFocis. Inside DgiFocus

there s compuling power v

ailahle which squals that of & P

DigiFocus operates on two tiny new computer chips that have the processing power of a normal desktop
computer. Traditional hearing instruments have only up to 10 adjustable parameters, but Oticon
representatives say that their processor will give a maximum of 100 software-controlled adjustment
parameters. And the device can be programmed by an audiologist while the hearing-impaired person is
wearing it.

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with anly
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be split into seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels io
automatically adjust for loudness levels and speech.”

Anderson ‘783 discloses a speaker contained in a head worn device (e.g., earpiece headset 21). The following
citations show examples of where Anderson 783 discloses this limitation.

Anderson 783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
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The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone

system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at FIG. 2

Secondary
Wireless Link 29

Remote Processor \X
Earpiece Unit 23
22~ N -
| P 26 i

r
- _l | I =
| Headset 21 | | FM || Signal O] |
I F2 | | XMTR Enhancer K |
| :‘/1/ - | ! l
n T [ wic] | |
: | RCVR o |
| Wireless ./ | | 4 / |
| Microphone 20 | | DP,DT Cordless or |
L | Swisch Cellular I

| Telephone |

| Handset 28 |

L e J—

FIG. 2

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.
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Anderson °783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
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enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 5:46-52
A miniature speaker of the type commonly used in hearing aids can be used in place of the speaker
commercially supplied with the earpiece headset 21, and a miniature microphone of the type commonly
used in hearing aids can be used in place of the microphone transducer commercially supplied with the
earpiece wireless microphone 20.

Anderson *783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
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the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

Anderson 783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

A POSITA would have been motivated to combine the DHA Systems with the teachings of Anderson ‘783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 12.

To the extent that DHA Systems and Anderson ‘783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ‘783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

35. A hearing enhancement
apparatus as recited in claim 33,
wherein the hearing enhancement
apparatus is a computing device
that is wearable.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 33, wherein the hearing enhancement apparatus is a computing device that is wearable.”

The Digital Hearing Aids of the DHA Systems include processing capabilities, which are examples of the
claimed “computing device that is wearable.” The following citations show examples of where DHA Systems
practice this limitation.
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Phonak Claro — A World First from Phonak at Page 1

A world first from Phonak: a bienic, fully digital hearing computer — the first
hearing computer that listens.

Stdfa, February 17, 2000 — Phonak, the Swiss manufacturer of leading-edge hearing systems,
announces the launch of Claro, the first bionic hearing computer designed to emulate natural
hearing. Az a result of this unigue technolegy, hearling Impalred people can now experience a
next-to-natural sense of hearing.

This brand-new hearing system is based on imporiant findings in the science of bionics. Simply
stated, the processes of natural hearing that takes place inside the healthy, infact inner ear (the
cochlea) and the damaged ear were electronically reproduced. The result was the first blonlc/digltal
hearing system to feature a revolulionary signal processing concepl: Digilal Perceplion Processing
[DPPL

DFF, the hear of the new system, is based an high-performance microchip architecture of the very
latest generation. Incoming sound Is first of all analyzed In 20 overlapping freguency bands. Sound Is
then processed as it would be in a heallhy sar, in line wilh personal preferences. Andy Rihs,
Chairman of the Board at Phonak, describes Clare as the “first hearing computer that listans®. It
enables users to understand speech clearly and inteligibly even in the most difficult hearing
gltuations.

Phonak Claro — A World First from Phonak at Page 1

Increased communication capabilities: top models with integrated FM technology

Ome of the outstanding features of the top-of-the-line Claro BTE (Behind-The-Ear] model is the
cordless FM technalogy found in the well-known Phonak MicroLink system. For the first time ever,
this radie recelver has been completely Integrated In a hearing systern. This means that the
instrumant now has all the advantages of wirsless communication technology, such as spasch
transmission over distance, in environmenis with a high level of reverberation amd in noiss
[conferences, schools, etc.). The hearng computer can be tumed infe & fully-fledged communication
system which in many situations Is actwally superior to the natural, healthy ear.

Phonak Claro — Remote control WatchPilot and Claro dAZ at Page 1

Claro from Phonak, the first bionic, fully digital hearing computer, sets new standards in
hearing instrument technology. At the 45th Infernational Congress of Hearing Aid
Acousticians in Cologne (October § = T) the Swiss company, whose name iz synonymous
with high-tech innovation, presents twe more world-firsts: WatchPilot, a wristwateh with an
integrated hearing system remote control, and Claro dAZ FM hearing computers, a fully
digital hearing system with an integrated miniature radio receiver. At the same time, Phonak
will be unvelling Claro 311 dAZ, the most powerful behind-the-ear instrument in the Claro line
to dabe. "The new products represent major advances in hearing instrument technology,”
says Peter Pfluger, CED of the Phonak Group. "We are giving hearing impaired individuals an
improved guality of Iife and helping to turn the hearing instrument into a moademn
communication system.,"
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Phonak Claro — World Premiere at Page 1

Im market surveys hearling Instrument users have repeatedly siressed the Importance of hearing and
understanding in noise as a top priority and the weakesl point of the instruments currenlly available
an the market. Hearing instrument users frequently complained of frustration over their instrumenis.
Claro is Phonak's answer to the main worry of hearing instrument users. Hearing and understanding
clearly again will be the order of the day once agaln for millliong of Indhviduals sufferdng from hearing
lpss. As Andreas Rihs puts i, Clare is "lhe first communication/hearing compurter that actually listens
far you!"

Phonak Claro — World Premiere at Page 1

Cutting-edge chip technology points the way forward

This phenamenal technical breakthrough is based an six years of intsnse research and development
wark during which it was possible for the first time ever to fully integrate psychoacousiic perceptian
muodels of the ear. As a result, It has been possible to simulate the function of the so-called "20
critical bandg” in the inner ear and to achieve an unpracedented natural hearing experience. This
sophisticated, highly complex system goes by the name Digital Perception Procsssing (DFP) and is
based on the most advanced chip generstion currently availahle. The chip architecture is built
around 0.25um technology, which permits Fast Fourier Transformation (FFT) processes combined
with very low power consumplion. According to Andreas Rihs, it means there is slill a great deal of
potential for extanding the chip’s performance and this cpens the door to some highly interssting
developments on the same chip basis in the future.

The advent of a genuine communication'hearing computer

The impressive, state-of-the-art technology is combined with an exclusive, all-round communication
concept based on the components Diglsl Perception Processing (DPP), AufeSelect, Adapiive digiial
Audiodoom und Fing-scale Noise Cancelsr. |t provides a decisive boost to the power of the
audiological solution and, with if, the benefits to the user. The Adaptive digital AudicZoom
automafically locates and suppresses the main source of noise and at the same time clearly
separates the volee of the person speaking within the lIstener’s fleld of vislon. The result of this ks a
positive signal-lo-rciss ralio on a scale hat has never bean achieved before,

To round it off, the fop model in the new Clara range s the first ever to feature the wireless FM
techialogy found In the well-known Microlink system and thus has all the advantages of wireless
communication technology, such as speach ransmission over distance in noisy surroundings
{conferences, schools, efc.). As a result, the hearing computer has undergone a definitive transition
to & communication/hearing computer, which in many situations is indisputably superior to the
humar ear.,

Page 351 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 351



Claims

Prior Art

Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
| Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Phonak — Collections 2002 Product List at Page 18

Digitally programmable
BTE instruments

Piconet2 P2

-

d

ZiHT|

Piconet2 P2 AZ

|27 [

Peak values G max JOSM 90

E2 di 172 4B 5P

E2 dE /172 48 5P

Features Phanzk's smallest digitally Phanzk'’s smallest digitally
programmabile BTE hearing computes pl“‘pgmlgemm hearing computes
Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4
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Phonak — Collections 2002 Product List at Page 22

With their Chip-on-Board

Mechanically programmatle in

proven and robust high-tech technalogy and 3 number of up to nine settings. | = | |
instruments have set a new electronic companents, These calibrated program
benchmark in the Value Class. Phonak's Value Class BTEs. switches affer reliable predictable s Ie
Advanced components and constitute a family of performance. e
superh ip in assembly y-to Thus, the respanse curve and Audiofrogrammer
contribute to the characteristic hearing instruments. the dynamic characteristics of

Phonak sound. For years, this the instrument can be precisely

audio quality has been acclaimed adapted to the needs of the

brw Phonak hearing instrument wser.

wsers. The popular screw-on hook:

system offers an acoustically

tight fit, thus helping to reduce

feedback. The ear hooks,

including the pediatric and

damped versions, are easily

interchangeahle.

Oticon — DigiFocus Description at Page 1

Inside each DigiFocus, the digital chips have the same processing power as a
fast laptop comouter. This power is used to analyse the incoming sound signal,
and speech ls extracted through a unique system called ASA - Adaptive
Speach Alignment. ASA always makes spaech audible, amplifying it as much
as necessary without making it uncomfortably loud or distoried. Sounds are
reproduced very naturally - making speech far easier to undersiand than with
any other hearlng instrument on the market.

Oticon — DigiFocus White Paper (1996) at Page 1

DigiFocus Is a fully digital hearing instrument bullt arcund the :l:;-,_:l»ul .|r|-Ii||
processar, DAP. This processor is designed to have a specific functionality
and to comply with a series of physlcal, scoustical and audiological de-

mands. o

Oticon — DigiFocus White Paper (1996) at Page 1

In many areas digital technology has ulmeady become an integral part of our
livas. Mow il is also available for the hard of hearing. With size and battery

consumption diminished, the DigiFocus hnnring instrument has computing
power equalling today's stendard PCs. In this article you will get & descrip-
tion of the basic concepts of digltal sound processing. o
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Oticon — DigiFocus White Paper (1996) at Page 2

In many areas digital fechnology has already become an | tegral part of our
lives, Now it iz also available for the hard of hearing. With size and et eEry
consumplion diminished, the DigiFocos hearing jr'-'.‘.-:r.-r:--.-.r_:..'.:' Compiting
power eqaliing i cliry’s slandard PCs. In this articks you will gel 0 descrij
tion af the basic concepts of digital audio processing

Oticon — DigiFocus White Paper (1996) at Page 2

Manufscturers of hering nstruments havo w swekod hard to overcoms the brou
bles of size and battery consumption. With tbe thickness of digital microchips
at only 1/100 of & human hair, this has now boear) ac amplished in the world's
first Fully digital, at 1he ear hoaring instrument - DigiF ocus. Inside DigiFocus
there is computing power available which equals theat of & Y

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
DigiFocus operates on two tiny new computer chips that have the processing power of a normal desktop
computer. Traditional hearing instruments have only up to 10 adjustable parameters, but Oticon
representatives say that their processor will give a maximum of 100 software-controlled adjustment
parameters. And the device can be programmed by an audiologist while the hearing-impaired person is
wearing it.

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with anly
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be split into seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels io
automatically adjust for loudness levels and speech.”

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses the
hearing enhancement apparatus (e.g., the earpiece or disclosed hearing aids) which contains electronic
circuitry in or at a user’s ear (e.g., “a computing devices that is wearable”). The following citations show
examples of where Anderson *783 discloses this limitation.
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Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.
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Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
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then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

Anderson ’783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

39. A hearing enhancement DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
apparatus as recited in claim 29, recited in claim 29, wherein at least a portion of the at least one hearing characteristic is wirelessly received
wherein at least a portion of the at | by and stored in the hearing enhancement apparatus.”

least one hearing characteristic is

' : See above at claim 24.
wirelessly received by and stored ce above at claim
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in the hearing enhancement
apparatus.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 24.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

40. A hearing enhancement
apparatus as recited in claim 39,
wherein the hearing enhancement
apparatus is a headset.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 39, wherein the hearing enhancement apparatus is a headset.”

Parameters of the DHA Systems are set based on the user’s hearing capabilities on an external personal
manager system, which are then stored on the Digital Hearing Aids (e.g., “the hearing enhancement
apparatus”). The following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

PFG B.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-
ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Fitting
e =

Experience Occlusion fendhack Listening Situation

Long term

cclusion Manager
ates the feeling of
ced

strategies are modific
these band: reven|

degree of sound contrast
between the base-programs.

of the base programs.
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Phonak — Claro 211 Product Information at Page 1
Digital, automatic, BTE hearing imnstrument with FM module integrated into the streamlined housing.
Featuring Phonak’s Digital Perception Processing (DPP), three hearing programs and automatic program selec-
tion for quiet and for environments with speech in broadband noise. Includes Adaptive digital AudioZoom for
optimization of Speech in noise and the Fine-scale Moise Canceler. Manual control wia the TacTronic switch or

the optional mini remate control SoundPilot FM or the remote control WatchPilot.

Phonak — Collections 2002 Product List at Page 9

Claro 111 dAZ Claro 211 dAZ Claro 311 dAZ
Claro 111 4AZ FM Claro 211 dAZ FM Claro 311 dAZ FM
BTE instruments ﬁ
V] M
SETNN TN @RI
Pek values G max/ 0571 90 57 dB/126.88 5L 2 /135 40 51 71 &Y% 4 5P
Features Specially designed for sterp high- it and
fregsency and mid hearing lowes igher gain
Description Digial P Processing [P} ion Procesiog [DIF) .
Aaitselect (A uiselect A5) AutcSelect (5]
i scale Noise Camceles [FHE) Fine el Noise Canceler N0 Fine scale Noise Canceler [FHE]
. Acaptive digita Adaptive digits
P madule (11 dAZ M) FM e (211 407 T P maduie (311 407 PN
& hearing programs + “mute” & hesring programs + “mute” S hearing programs + “mate”
Telecail Telecsi Tebeesi
Battery ize 13 Battery sie 13 Batery size 13
swich swih wth
Wiret an weather protection Wind and weatter pretection Wiind and weatie protection
Options '- and [ and [ and
SaundFiios FM ScundFilat FM Soundilat M
Heoiks= HE4, HEA 230, HEA 1000 Hooks: HEA, HEA 330, HE4 1000 Hookss HEA, HEA 230, HE4 100
perpr " nperpe 4 g v
Colorline colors s F75 faver), Coberline colors pus F25 fver), Caberline colors plus F25 fes,
F13 fmiley traergarent] F13 fmilky tramegarent] 12 [milky tramgarent]
Programming i i PP with i PR with
= . = . : _
Phosak Digita Si Skope and OSL (]~ DSL el 5L i)

Page 361 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144

Page 361



Claims

Prior Art

Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Acro 3117

(7] !

B Sl e

Acro 311 AZ[

1

[zl

Supcro 412°

{

22T MRS

Phonak — Collections 2002 Product List at Page 17

L W Y T TR S W T T

Supero 413 AZY™

{

el EIEN IS

77 dBj137 A SPL

7 dBJ137 4B S

B4 /144 B S

73 B [144 &8 S

High gainin 2 smaller case, digital
BIE

High gain plus Audiadoom in 2
smaller case, digital BTE
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Phonak — Collections 2002 Product List at Page 18
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Phonak — Collections 2002 Product List at Page 22

For many years, Phonaks With their Chip—on-Board Mechanically programmatle in

proven and robust high-tech technalogy and 3 number of up to nine settings. | = | |
instruments have set a new electronic companents, These calibrated program
benchmark in the Value Class. Phonak's Value Class BTEs. switches affer reliable predictable s Ie
Advanced components and constitute a family of performance.

superh ip in assembly ¥-to-servi Thus, the respanse curve and Audiofrogrammer
contribute to the characteristic hearing instruments. the dynamic characteristics of

Phonak sound. For years, this the instrument can be precisely

audio quality has been acclaimed adapted to the needs of the

brw Phonak hearing instrument wser.

wsers. The popular screw-on hook:

system offers an acoustically

tight fit, thus helping to reduce

feedback. The ear hooks,

including the pediatric and

damped versions, are easily

interchangeahle.

Phonak — Media Release re Product Offerings in F2003/2004 at Page 2

The key breakthrough technology in Perseo is PersonalLogic, the first ever automatic control
system that is fitter programmable according to the tastes and preferences of each
individual wearer. Automatic performance has now a new level of intelligence beyond
merely adapting to acoustic changes in the environment. Perseo is the first hearing system
with customized automatic operation, as opposed to operation based on factory settings. It
allows hearing professionals to provide clients with a hearing system “"custom-tailored” to
their perscnal hearing requirements and tastes.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 3

Dave Fabry/Phonak: Basically, the occlusion manager is designed to reduce the sound of
& person's own vaoice by lowering gain for the 80 dB input, primarily in the low
frequencies, effectively increasing compression ratio. Low-frequency G50 is reduced as
well, but to a lesser degree. From the clinician's point of view, however, these adjustments
are all made via an adjustment to a slidebar with three steps (you can see it on slide 1 at
www.phonakpro.com )
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 5

In & nutshell, Perseo is designed for new and experienced users who are looking for a
hearing instrurment with advanced adaptive features, enhanced sound guality, easy
personalization of fitting and choice of user aperation (namely, automatic, manual
program control with Tactronic switch, or via remote control). The choice of one product
over another is dependent on the patiemt's hearing loss, listening n2eds, and prioritization
of size, cost, and available performance features. Phonak provides an entire family of
digital options from Perseo, Claro, Aero, and cur new digital value line that will be
introduced this summer. In addition, Supero is the oenly digital hearing instrurnent
designed specifically for super-power applications.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Liz Brassine/Phonak; All Persec instruments, including the CIC, have 3 memories.
Patients may access these memories via the standard TacTronic memory switch on the
CIC, For the 23 dAZ, or any of the BTEs, they may also use either of the optional remote
controls—the ScundPilot or WatchPilot,

Oticon — DigiFocus White Paper (1996) at Page 9

With DiglFocus you have an extromely flaxilble hearing instrument. By using
{he right tools you can define a personal, social and audiological profile for
each ;i1t_|liu|:!ual pationt. This enables you io ulilize the capacity of DigilFocus
1o the Fullast extent. The Human Link teols for DigiFocus include:

Oticon — DigiFocus White Paper (1996) at Page 9

# The DigiFocus diary anables you to ol nrmi ne quir kly when a hearing i
strument needs adjustnent

« The ine-tuning recommendations help you (o ad|ust the settings

« OtiSet. a PC based software program, and the programming bell enable you

to fit and fine tune DigiFocus while the client is wearing the instrement
This takes place without your patient heing wired to the PG,
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Oticon — DigiFocus White Paper (1996) at Page 1-0

OtiSat version 3.5 is a programming and fitting software module that com-
plies with the hearing industry’s standard NOAH platform, It nins on sny PG
in & Windows 3.11 environment, Together with (Hicon's other Human Link
tools, it provides everything you need to fit DigiFocus, OtiSet has been de-
signod 1o make fitting sasy while giving you relevant and context-sengitive
audiological information.

Underneath its simple and sasy to use interface, OfiSet considers all the ad-
vanced knowledge on which DigiFocus is built. 1t relies on top audiologi-cal
research, summarizing many years of work and field tosting performad al Ot
con's Briksholm Ressanch Cantre in cooperation with hearing car profession-
als and andiological researchers worldwide. The new version of OtiSet fully
supports DigiFocus, helping you 1o fit the oxact nesds of your patients.

While using OtiSel, you are able 10 compare your patient's nudiogram with

{he fitting range of all Oticon’s hearing instraments. Based omn the choice of in-

strument and available audiological data, OtiSet automatically rmcommends
{he initial control seltings. During fitting. OtiSet gives you Ingtant aconss 1o

graphical representations that show how various speech and sound spectma

perfarm os the controls aro adjusted on screen

Oticon — DigiFocus White Paper (1996) at Page 10

The OtiSet software is the single most important toal for fitting DigiFocus. Un-
derneuth its simple and easy fo use interfoce, OtiSet sums up all of the od-
vanced knowledge on which DigiFocus is built. By analyzing ali of the
available personal data, OHSeE airtomatically recommernds The bast suitalle
sedtings. In short, OtiSet enables you fo draw an all the audiological knowl-
dgs available from Chican,

Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomiostable to be wired toa computer. This “con-
stricted® faaling can ho svoided by uding tho OtSet programming balt, which
is worn on the shoulder. The programming belt provides cordless infrared
communication between the PC and the hearing instrument while in thsin wikie,
Alternatively, vou may use the HI-PROD interface for a wired solution.

(iSet offurs a chaice of three differant views of the fitting. The Audiological
View provides a visual guide to instrumsent porformancs in four typleal
sound environments, The Technical View (llustrates teaditional technical in-
formation such as coupler data and Insertion gain a1 diferent input levals.
With (he Binaural View you am able o examine seitings for both right and
laft instruments at the same time.
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Anderson 783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.

To the extent DHA Systems do not explicitly disclose a headset, Anderson ‘783 discloses a speaker contained
in a head worn device (e.g., earpiece headset 21). The following citations show examples of where
Anderson ’783 discloses this limitation.
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Anderson 783 at FIG. 2
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FIG. 2

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
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in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 5:46-52
A miniature speaker of the type commonly used in hearing aids can be used in place of the speaker
commercially supplied with the earpiece headset 21, and a miniature microphone of the type commonly
used in hearing aids can be used in place of the microphone transducer commercially supplied with the
earpiece wireless microphone 20.

Anderson 783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
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870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
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circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
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through the secondary wireless link 944 or a wired peripheral link 950.

A POSITA would have been motivated to combine the DHA Systems with the teachings of Anderson ‘783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 12.

To the extent that DHA Systems and Anderson ‘783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ‘783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

41. A hearing enhancement
apparatus as recited in claim 39,
wherein the hearing enhancement
apparatus is a computing device
that is wearable.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 39, wherein the hearing enhancement apparatus is a computing device that is wearable.”

See above at claim 35.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

43. A hearing enhancement
apparatus as recited in claim 29,
wherein the hearing enhancement
apparatus is configured to alter a
power level of the audio output
signals based on a noise level of
the environment of the apparatus.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 29, wherein the hearing enhancement apparatus is configured to alter a power level of the
audio output signals based on a noise level of the environment of the apparatus.”

See above at claim 16.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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44[pre]. A hearing enhancement
apparatus as recited in claim 43,

To the extent the preamble is limiting, DHA Systems and Anderson 783 expressly or inherently disclose “[a]
hearing enhancement apparatus as recited in claim 43.”

See above at claim 1[pre].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

[44a] wherein the hearing
enhancement apparatus is
configured to increase the power
of the audio output signals as the
noise level increases, and

DHA Systems, Anderson ’783 expressly or inherently disclose “wherein the hearing enhancement apparatus
is configured to increase the power of the audio output signals as the noise level increases.”

The Digital Hearing Aids of the DHA Systems increase the audio power to compensate for environmental
noise. The following citations show examples of where DHA Systems practice this limitation.
Phonak — Perseo Brochure at Page 11
With dual-base automatic the fitter has direct access to the two separate base-programs. Performance can be matched to each
user's needs in quiet situations without disrupting performance in noisy situations and vice versa. The result is less fine-tuning effort
than with single-base instruments. With single-base automatic time is wasted "juggling” a single set of fitting parameters while
attempting to balance performance in multiple listening situations.
To further simplify fitting, Personal Logic is pre-set according to typical needs and is easily re-programmed to individual
preferences using the Listening Situation Manager (LSM). Ensuring that an automatic hearing system responds comectly in noisy
situations where there is no speech is an important consideration for safety and to eliminate feelings of isolation. The LSM provides
this functionality with a single mouse click. Matching the system's sensitivity to noise with that of the client’s, and controlling the

auditory contrast between quiet and noisy settings is equally easy.
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Phonak — Perseo Brochure at Page 13

Enhanced sound quality and Speech-to-Noise Ratio .

Clarity Component Enhancement - DPP2

Speech clarity depends on both its acoustic properties and the listener's auditory perception. Conventional spectral
enhancement systems consider only the acoustics of sound, not how it will be perceived by the listener. Perseo goes well
beyond this with DPP2, the new generation of Digital Perception Processing. DPP2 with Clarity Component Enhancement is
individualized for each wearer. It analyzes the acoustic and the psychoacoustic characteristics of incoming sound in 20 critical
bands to identify accurately the components that contribute to clarity. It then selectively amplifies them to optimize clarity

for the wearer.

To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses
amplifying audio signals to compensate for environmental sounds (e.g., noise). The following citations show
examples of where Anderson ’783 discloses this limitation.

Anderson 783 at 2:4—6
Note that the present invention also maintains all capabilities (e.g., acoustic feedback reduction and
adaptive volume control) of prior art devices.

Anderson 783 at 7:10-13
Note that auxiliary body-worn microphones (e.g., in the RPU 16) may be used to measure background
noise for the purpose of automatically setting hearing aid parameters.

Anderson ’783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
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earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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[44b] wherein the hearing
enhancement apparatus is
configured not to further increase
the power of the audio output
signals if the noise level is beyond
a certain predetermined threshold.

DHA Systems and Anderson *783 expressly or inherently disclose “wherein the hearing enhancement
apparatus is configured not to further increase the power of the audio output signals if the noise level is

beyond a certain predetermined threshold.”

The Digital Hearing Aids of the DHA Systems include a maximum threshold for raising the volume of the
output signals (e.g., “increase the power of the audio output signals™). The following citations show examples

of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 14

Enhanced comfort in all situations

Fine-scale Noise Canceler in 20 channels

Finely scaled frequency resolution in 20 channels gives
the Fine-scale Noise Canecler (FNC) the most precise
background noise reduction capability. Moise reduction
depends on the relative amounts of speech and noise
in each channel (graph 1) and the importance of each

channel for speech understanding. The FNC in Persen
ensures maximum comfort and ease of listening.
Annoying backgrownd sounds are reduced for comfort
while the important sounds of speech are preserved for

stress—free listening. The maximum amount of noise

reduction can be fitter-programmed to match the
individual wearer's tastes and requirements. Thanks
to the dual-base automatic, separate settings can be
made for relatively guiet and nosy situations, ensuring

optimal comfort in multiple situations (graph ).

Input Moise
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Phonak — Perseo Brochure at Page 27
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Phonak — Perseo Brochure at Page 28
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Phonak — Collections 2002 Product List at Page 12

I e TR
S 3

Enhanced Signal-to-Noise
Ratio

Phonak's zoom technology i the
optimum solution for improving
user satisfaction in noisy listening
situations. Phonak utilises two
separate microphones in its
hearing computers with
AudioZoom or miniZoom. The
microphones are controlled by an
electronic network to produce
directional or omnidirectional
characteristic. By touching a key
on the remote control or operating
the switch on the instrument, the
user can select the appropriate
microphone mode:
omnidirectional (wide-angle) or
directional (zoom).

oA

i ©

Directional characteristic
500Hz Polar diagram for a BTE
1000Hz hearing instrument in

—— 20004z the zoom mode,

..... 40004z KEMAR measurement.

=,
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Phonaks electronically controlled
multi-microphone technology
delivers the best Signal-to-Noise
Ratio (SNR).

The Signal-to-Noise Ratio is
important for understanding
speech in noisy surroundings. An
improved SNR is crucial even for
mild hearing loss. A hearing-
impaired person with a hearing
loss of 40 dB HL requires an
average SR improvement of

+5 dB SNR. If the hearing loss is
70 6B HL, the required
improvement is +9 dB SNR.

Phonak’s zoom technology is
available in the following
models:

ITE
Aero 23 mZ
MicroZoom P2 AZ

Piconet2 P2 AZ
SonoForte2 P3 AZ
PowerZoom P4 AZ

3. LA L R
RN [P R T ek S

R PO O 3 S o TP WO SO T N =
e I e | I

Supero

Often, power instruments differ
from other hearing instruments
only in terms of higher gain and
greater output sound pressure
levels. However, Supero was
designed from scratch as a
hearing instrument which
addresses the needs of people
with severe and profound
hearing impairments. It features
a specially robust case based on
Phonak's patented 2K technology
(optimised protection against
moisture and dust), versatile
fitting algorithms, flexible signal
processing strategies, and unique
output-limiting strategies.
Supero 412 is Phonak's most
powerful instrument in terms of
gain and MPO.

NovoForte E4
People with severe to profound

frequency gain with minimal
distortion.

PowerZoom P4 AZ
The greater the hearing loss, the
more effective a higher SNR.
Phonak's PowerZoom P4 AZ
achieves an average
improvement of the Signal-to-
Noise Ratio of 13.7 dB.

This instrument is designed for
hearing-impaired people with
severe sensorineural or
combined hearing loss and a
measurable hearing threshold of
up to about 2 kHz.

The Phonak PowerZoom P4 AZ
preserves loudness in the low
frequency range in both hearing
programs.

SonoForte2 P3 AZ
The SonoForte2 P3 AZ hearing
computer is ideal for people
with moderate to severe hearing
loss. The AudioZoom feature can
be directly programmed to the T

" BTE hearing loss need maximum position of the MTO switch.
- Aero 211 AZ audibility, particularly in the low

Aero 311 AZ frequency range. The NovoForte

Supero 413 AZ E4 provides excellent low

Phonak — Online Interview re Perseo (April 7, 2003) at Page 7

PersonalLogic may be personalized, via the Listening Situation Manager, to meet
individual patient preferences for listening in noise. The clinician may select whether
PersonalLogic adapts to noise on the basis of audibility or comfort. Audibility changes to
Meisy situation processing only when speech in noise is detected, but not with speech
alone or noise alone. Comfort adapts WHENMEVER noise is present that exceeds a certain
dB level. Are you with me?

Oticon — DigiFocus Description at Page 1

Inside each DigiFacus, the digital chips have the same processing power as a
fast laptap comouter. This power is used to analyge the incoming sound signal,
and speech Is sxtracted through a unique system called ASA - Adaptive
Speach Alignment. ASA always makes spaech audible, amplifying it as much
as necessany without making it uncomfortably loud or distorted. Sounds are
reproduced very naturally - making speech far easier to understand than with
any other hearng Instrument on the market.
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To the extent DHA Systems do not explicitly disclose the claim limitation, Anderson ‘783 discloses
preventing audio outputs from exceeding limits imposed by government agencies depending for safety
purposes through set parameters. The following citations show examples of where Anderson *783 discloses
this limitation.

Anderson 783 at 6:26-35
RF output power of the earpiece wireless microphone 20 and RPU FM transmitter 27 may be limited by
FCC regulations to a level of -47 dBm, or -47 decibels relative to a power level of one milliwatt (see 47
CFR Ch. 1, Para. 15.239, for field strength limits, and the relationship between field strength and
transmitter power is discussed later with regard to the full-featured embodiment) in the 88 MHz to 108
MHz band, which is low compared to the RF power output from commercial broadcast radio stations that
operate in the same band.

Anderson 783 at 7:10-13
Note that auxiliary body-worn microphones (e.g., in the RPU 16) may be used to measure background
noise for the purpose of automatically setting hearing aid parameters.

Anderson 783 at 9:3-30
Operating power limitations: Operation in many frequency bands is possible as long as the applicable
requirements are met. A frequency band slightly below 6 GHz, the 5725 to 5875 MHz ISM (industrial,
scientific and medical) band, is used here to illustrate the operation of a full-featured preferred
embodiment. Non-licensed operation in this band is governed in the United States by 47 CFR Ch. 1, Para.
15.249, and other restrictions may apply depending upon the country in which the invention is used. For
the present discussion, only the constraints imposed on operation by the United States Federal
Communications Commission are considered. In the 5725 MHz to 5875 MHz ISM band, the average field
strength at three meters must be less than 50 mV/meter. For an isotropic radiator, the power in watts is
expressed as 3.33% of the square of the product of the field strength in V/meter and the range in meters.
See the section on antennas, especially with regard to field strength and radiated power from antennas in
free space, in "Reference Data for Radio Engineers," as well as Annex K of the "Manual of Regulations
and Procedures for Federal Radio Frequency Management" for derivations. For the stated range of three
meters and field strength of 50 mV/meter, the average power limit is 0.75 mW (-1.25 dBm). A peak field
strength value 20 dB (a factor of 10) higher is allowed (500 mV/meter), which leads to a peak power limit
of 75 mW (+18.75 dBm). Other restrictions also apply, but these restrictions are easily met by standard
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design practices (see 47 CFR Part 15, Subpart C-Intentional Radiators).

Anderson ’783 at 21:50-62
In the simplest case, the ASIC 845 reads data from the A/D 880, performs a multiplication of the data by a
constant (read from the default parameter storage 870) to provide amplification, compares the result with
maximum allowable values (read from the default parameter storage 870) and writes the result to the D/A
850. The ASIC 845 may perform other processing (e.g., adaptive volume control) as well. Although none
of the remote processor and communication features are available in stand-alone mode, which uses pre-
selected hearing aid parameter settings from the default parameter storage 870 in the earpiece, the
earpiece provides a useful amplified audio path from the microphone to the speaker.

Anderson 783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
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default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16. Further, a POSITA would have been motivated to implement a threshold to the power gain based
on the safety to a user.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

45. A hearing enhancement
apparatus as recited in claim 29,
wherein the apparatus includes a
volume control that is configured
to respond to a voice command of
the user.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 29, wherein the apparatus includes a volume control that is configured to respond to a voice
command of the user.”

Anderson ‘783 discloses using voice recognition and commands to operate the controls of the earpiece. The
following citations show examples of where Anderson *783 discloses this limitation.

Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.
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Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson *783 at 6:8-25
The user's voice (and other signals in the ambient audio environment) is picked up by the earpiece
wireless microphone 20, transmitted to the RPU 23 FM receiver 24, sent through the DPDT switch 25 to
the microphone input of the handset 28 (the handset's microphone transducer may be removed) and
transmitted on the secondary wireless link 29 to, e.g., the general subscriber telephone network. Signals
from the secondary wireless link 29 are received by the handset 28, sent from the speaker output of the
handset 28 (the handset's speaker may be removed) via the DPDT switch 25 to the signal enhancer 26,
FM transmitter 27 and finally to the earpiece headset 21 receiver where the signals are converted to
acoustic waves heard by the user. Note that the RPU 23 may also include straight-forward connections to
a "personal digital assistant" computer, or voice-operated devices connected to the FM receiver 24 output
and not shown in FIG. 2.

Anderson 783 at 22:61-23:35

Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
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information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson °783 at 25:15-27
To obtain solicited information, user requests are processed in a variety of means well known in the art,
including inputs via one or more pushbuttons on the RPU and voice recognition computer programs
implemented in the RPU electronics. Voice recognition can be used almost exclusively, if desired, thereby
eliminating nearly all RPU pushbutton controls. Voice commands recognized by the RPU can cause the
RPU to initiate actions such as changing hearing aid parameter settings (e.g., volume), or activate
appliances and environmental controls (e.g., aids for the physically handicapped) in a distributed wireless
network via the secondary wireless link.

A POSITA would have been motivated to combine the DHA Systems with the teachings of Anderson’ 783.
The Digital Hearing Aids of the DHA Systems include means modifying the output audio signals, including
modification based on environmental noise. Phonak — Perseo Brochure at Page 11. Anderson ‘783 discloses a
hearing aid configured to function with voice recognition. Anderson ‘783, Abstract. A POSITA would have
understood that voice controls, as disclosed by Anderson ‘783, would further the DHA Systems’ goal of
providing a more adjustable hearing aid system. Phonak — Online Interview re Perseo (April 7, 2003) at Page
2. A POSITA would have thus sought to use impose amplification limitations as described by Anderson ‘783
with the hearing aid system of Enzmann 555.
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A POSITA would have had a reasonable expectation of success in combining the DHA Systems and
Anderson *783. Anderson ’783’s techniques are broadly applicable to hearing aid devices and were “well-
known techniques” used in hearing aids—analogous to the DHA Systems’ hearing aid system.

Anderson 783, 1:5-18. Anderson *783 and the DHA Systems also share other analogous components, such
as microphones, speakers, digital to analog converters, analog to digital converters, and wireless transmitters
and receivers. Anderson *783 at 2:25-28, 16:28-37; Phonak — Online Interview re Perseo (April 7, 2003) at
Page 9. Further, the DHA Systems are “optimized for speech understanding.” Phonak — The Hearing Review
Article re Perseo (Sep. 5, 2003) at Page 2. The DHA Systems and Anderson ’789 are thus easily combined
based on familiar components to allow for power amplification.

To the extent that DHA Systems and Anderson ‘783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ‘783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

46. A hearing enhancement
apparatus as recited in claim 13,
wherein the hearing enhancement
apparatus is a headset.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 13, wherein the hearing enhancement apparatus is a headset.”

See above at claim 12.

A POSITA would have been motivated to combine the DHA Systems with the teachings of Anderson ‘783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 12.

To the extent that DHA Systems and Anderson ‘783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ‘783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

47. A hearing enhancement
apparatus as recited in claim 46,
wherein the speaker is an ear
speaker.

DHA Systems, Anderson *783, and Enzmann ’555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 46, wherein the speaker is an ear speaker.”

See above at claim 11.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].
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A POSITA would have been motivated to combine DHA Systems with the teachings of Enzmann ’555 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 2.

To the extent that DHA Systems, Anderson *783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson *783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

48. A hearing enhancement DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
apparatus as recited in claim 47, recited in claim 47, wherein the audio output signals are changed in view of a preference of the user stored in
wherein the audio output signals the apparatus.”

are changed in view of a
preference of the user stored in the
apparatus.

The Digital Hearing Aids of the DHA Systems adjust audio parameters based on the user’s hearing
capabilities on an external personal manager system, including a user’s preferences, which are then stored on
the Digital Hearing Aids (e.g., “the hearing enhancement apparatus’). The following citations show examples
of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 7

User Control

Made-to-measure hearing and wearing comfort

m Custom-tailored automatic operation allows wearers
to hear what they want to hear, the way they want to
hear it, in their listening situations.

= Additional programs and optional manual or remote
controls are available to meet a wearer's specific
needs.

m FPractitioners can use a new interactive software tool,
the Perseo Design Manager, to involve the client
in selecting Perseo. This direct involvement
assures the client that Perseo is "right” for them and
increases their appreciation of the fitting process.
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Phonak — Collections 2002 Product List at Page 32

s

The Active Resporse Unit (ARL)
allows the customer to classify
loudness perception with the
touch of a button. The PFG
software then wses this loudness
profile to customise all program
algorithme. in Claro hearing
Computers.

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 5

Personal preference

T MLxi/MLxi Baha comes with a personal preference of 0 dB, which
comesponds bo a 10 dB B Advaniage when connected to a bearing
instrument. The 10 dB M Adwvantage is auiomatically checked| adjusted
ewery time Mixi starts. Usually, the 10 dB FM Advantage i well
accepted by diients. However it is possible to reduce or increase the
personal preference of the FM Advatage on Mixi/MLzi Baha. The

range for this change & B dB louder or softer respecitively and can be
adjusted in 7 dB steps.

Phonak — Fitting Guide for MLxi and MLxi Baha at Page 5

With Dynamic F& imspiro it is possible to change some MixMlxi Baha
settimgs. Please select “Receiver options” in the inspin mena

= Push button activationfdeactivation - use the function “lock push bution™
= Chamge of personal preference - use the fanction “Set FM woleme®

= ActivationTeac tivation of the beep bone — use the function "5t beep tone™
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Phonak — Media Release re Product Offerings in F2003/2004 at Page 2

The key breakthrough technology in Perseo is Personallogic, the first ever automatic control
system that is fitter programmable according to the tastes and preferences of each
individual wearer. Automatic performance has now a new level of intelligence beyond
merely adapting to acoustic changes in the environment. Perseo is the first hearing system
with customized automatic operation, as opposed to operation based on factory settings. It
allows hearing professionals to provide clients with a hearing system "custom-tailored” to
their personal hearing requirements and tastes.

Phonak — Online Interview re Perseo (April 7, 2003) at Page 8

Liz Brassine/Phonak: All Perseo instruments, including the CIC, have 3 memaories.
Patients may access these memories via the standard TacTronic memory switch an the
CIC, For the 23 dAZ, or any of the BTEs, they may also use either of the optional remote
controls—the ScundPilet or WatchPilot.

Phonak Perseo with PersonalLogic Article at Page 1

The kezy breakihrough technology in Perseo iz
Personallogic, the first aver automatic control system
that iz fties progranmmable acconding to the tastes pnd
preferences of each individuval wearer. Automanc
performance now has a new level of intelligence
beyond merely adapting according io acoustc changes
: in the environment. For the first fime “how™, “when™
‘-'hf-'k E"I Flazh and "where™ sutomatic insruments provide processing
animation for noiey situations car be tuned o the weares's
preferenges, and updated if preferences change with experience.

s

Oticon — DigiFocus White Paper (1996) at Page 9

With DiglFocus you have an extromely flaxible hearing instrumant. By using
the right tnols vou can define a personal, social and audiological profile for
each ;i1t.||iu|:!l.|.a|. pationt. This enables you 1o utilizes the capacity of DigilFocus
1o thie fullast extent. The Human Link teols for DigiFocus include:

Oticon — DigiFocus White Paper (1996) at Page 9

» The DigiFocus diary anables you to detormine quic kly when a hearing ir
strument nesds adjustment

« The ine-tuning recommendations help you (o ad|ust the settings

« OtiSet. a PC based software program, and the programming bell enable you

to fit and fine tune DigiFocus while the client is wearing the instrement
This takes place without your patient being wired to the PC,
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Oticon — DigiFocus White Paper (1996) at Page 1-0

OtiSat version 3.5 is a programming and fitting software module that com
plies with the hearing industry’s standard NOAH platform, It nins on sny PG
in & Windows 3.11 environment, Together with (Hicon's other Human Link
tools, it provides everything you need to fit DigiFocus, OtiSet has been de-
pigniad 1o make Nitting easy while giving you relavant and context-sensitive
audiological information.

Underneath its simple and sasy to use interface, OfiSet considers all the ad-
vanced knowledge on which DigiFocus is built. 1t relies on top audiologi-cal
research, summarizing many years of work and field tosting performad al Ot
con's Briksholm Ressanch Cantre in cooperation with hearing car profession-
als and andiological researchers worldwide. The new version of OtiSet fully
supports DigiFocus, helping you 1o fii thes oxact needs of your patients

While using OtiSel, you are able 10 compare your patient's nudiogram with

{he fitting range of all Oticon’s hearing instraments. Based on the choice of in-

strument and available audiological data, OtiSet automatically rmcommends
tha initial control settings, During fitting. OtiSet gives you Ingtant aconss 1o

praphical representations that show how varlous speech and sound spectma

perfarm os the controls aro adjusted on screen

Oticon — DigiFocus White Paper (1996) at Page 10

The OtiSet software iz the single most impertant fool for fitting DigiFocus. Un-
derneuth its simple and easy fo use interfoce, OtiSet sums up all of the od-
vanced knowledge on which DigiFocus is built. By analyzing ali of the
available personal data, OtiSet automatically recommernds the best suitnlle
sedtings. In short, OtiSet enables you fo draw an all the audiological knowl-
dgs available from Chican,

Oticon — DigiFocus White Paper (1996) at Page 11

Many people find it uncomiostable to be wired toa computer. This “con-
stricted® faaling can ho svoided by uding tho OtSet programming balt, which
is worn on the shoulder. The programming belt provides cordless infrared
communication between the PC and the hearing instrument while in thsin wikie,
Alternatively, vou may use the HI-PROD interface for a wired solution.

OtiSet offers a choice of three differant views of the filting. The Audiological
View provides a visual guide to instrumsent porformancs in four typleal
sound environments, The Technical View (llustrates teaditional technical in-
formation such as coupler data and Insertion gain a1 diferent input levals.
With (he Binaural View you am able o examine seitings for both right and
laft instruments at the same time.
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To the extent DHA Systems do not explicitly disclose this claim limitation, Anderson ‘783 discloses
changing the audio output signals based on stored user preferences (e.g., the user’s hearing test results). The
following citations show examples of where Anderson ’783 discloses this limitation.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 2:40-59
Another object of this invention is to provide supplemental audio information (e.g. a verbal warning from
the RPU that an earpiece battery is low) and communication services (e.g., cellular telephone and paging
services) to the user via the hearing aid system. Such services are accessed in a manner that can be made
imperceptible to a casual observer if desired. The RPU (which contains a digital signal processor or other
computer) acts as one source of information, e.g., by using a synthesized voice message to provide the
time of day, and the RPU can also be used to access a secondary wireless link to the general subscriber
telephone network or voice paging services. User control of hearing aid parameters and requests for
information are accomplished using pushbuttons located on the RPU (including pushbuttons suitable for
data entry in a covert manner) or voice recognition. Many sensors and peripheral devices can reside in or
be attached to the RPU by wired or wireless means, and can provide a variety of information for different
applications (e.g., heart pulse rate) as audio in the user's earpiece.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
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testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 22:61-23:35
Details of normal system operation: During normal operation of the hearing aid with wireless remote
processor, sounds from the ambient environment are picked up by a microphone 12 in the earpiece 10 and
transmitted with other information (e.g., data representing the earpiece battery 860 voltage as obtained by
an A/D 865 converter and transmitted under control of the earpiece ASIC 845 in the auxiliary bit of many
successive replies via the reply data register 825) over a primary two-way wireless link 17 to the RPU 16,
where the audio signals are enhanced according to the user's needs by the RPU DSP 948. Signal
enhancement is achieved via any of a number of techniques well known in the art that use the capabilities
of the general-purpose RPU DSP 948. The enhanced audio signals may be combined with other
information (e.g., a synthesized voice, generated within the DSP 948, warning that the aforementioned
earpiece battery voltage is low) and transmitted from the RPU 16 over the primary wireless link 17 to the
earpiece 10, where they are converted by a speaker 15 to sounds that can only be heard by the user 11. Art
auxiliary speaker can be supplied in the RPU 16 as a peripheral 950 device that allows people other than
the user to hear the same sounds as those produced by the earpiece speaker 15, if desired (as, e.g., when a
person other than the user wishes to use the system's optional cellular telephone capabilities). A different,
optional secondary two-way wireless link (shown as part of the RPU in FIG. 9 as secondary wireless link
circuitry 944, or connected to the RPU by a wired or other, e.g. infrared, wireless link 18 and shown as
optional secondary wireless link circuitry 19 in FIG. 1) can be used for communication between the RPU
and a cellular telephone system or other sources of information. An RPU keyboard suitable for covert data
entry 72, or voice recognition capabilities in the RPU (implemented, e.g., using any of a number of
techniques well known in the art that use the general-purpose RPU DSP 948), can be used to control
hearing aid parameters (such as amplification level set by the RPU DSP 948) and telephone dialing
functions (e.g., automatic dialing of a predefined telephone number using information stored in the RPU
DSP 948) in a manner that can be made imperceptible to a casual observer if desired.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
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RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 24.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

49. A hearing enhancement DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
apparatus as recited in claim 48, recited in claim 48, wherein the audio output signals are changed based on audio sound in the environment of
wherein the audio output signals the apparatus.”

are changed based on audio sound

in the environment of the
apparatus. A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to

meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

See above at claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

50. A hearing enhancement DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
apparatus as recited in claim 49 recited in claim 49 further comprising a microphone at least for receiving the audio sound in the environment
further comprising a microphone of the apparatus.”
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at least for receiving the audio
sound in the environment of the
apparatus.

See above at claim 16.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

51. A hearing enhancement
apparatus as recited in claim 50,
wherein the microphone is a
directional microphone.

DHA Systems expressly or inherently disclose “[a] hearing enhancement apparatus as recited in claim 50,
wherein the microphone is a directional microphone.”

The Digital Hearing Aids of the DHA Systems (e.g., the “hearing enhancement apparatus) include directional
microphones. The following citations show examples of where DHA Systems practice this limitation.

Phonak — Perseo Brochure at Page 23

Perseo” BTEs - reliable be

d
) |
il

s The Persea BTE family includesia full cheiee of
'/ sizes, colors and power levels. All featbre. mx:;nt
award-winning design with a refined, ergonomic
shape. They have a patented housing construction with
bonded plastic and silicon to effectively keep out debris and
moisture. Environmental protection extends further with
' patented, disposable microphone covers to ensure consistent,
reliable performance, in all conditions. With dual-microphone
systems this is particularly important since electronic matching
cannot successfully compensate for performance reduction as a
result of debris and moisture. A comprehensive range of colors for

the housing also caters for specific tastes and trends.

{

Original size
£ New small Persco BTE 111/211
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Phonak — Annual Report (2003-2004) at p. 12

Within the FM business segment, the Group
continued to leverage existing key technology into
new applications. With SmartLink, Phonak has
achieved another industry first by allowing hearing
instrument users to access other communications
systems. Smartlink combines a remote control, a
transmitter, a directional microphone system and a
Bluetooth link to mobile phone all in one single
device. Phonak also presented Edulink, an innovative
FM device to assist the leaming development of
children with Auditory Processing Disorder [APD).
Edulink was perceved very positively within the
medical community and recent classroom tests show
favourable results.

Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5
2- HandyMic TX3

The microphone with a built-in ransmitter, used primarily for adults. The multi-
microphone technology of the HandyMic combines omni directional, directional, and
super directional microphones with an FM transmitter, The compact HandyMic transmits
the speaker's voice directly to the hearing instrurnent user's FM receiver.

The HandyMic can be set up directly in front of the sound source, slipped into the
speaker’s shirt pocket, or aimead at the speaker manually. With an audic cable, the
HandyMic can also be connected to a sound system. As with all other Phonak FM
praducts, the HandyMic has a range of 7 to 15 meters (23 to 50 feet).

For business meetings, round table discussions, family gatherings, in a car, on a noisy
street, at home
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Phonak Campus S — Henry Article re Selection, Application and Integration of FM Systems at Page 5

The Phonak Campus S is a new addition to the Phonak preduct line - this multi-channel
FM transmitter is developed for use in schools, universities and speech therapy. It is fully
compatible with current Phonak FM products, and ready for operation with future
generations of Phonak FM receivers.

Campus S special features include a channel selector with digital display, an ergonomic
user interface, a microphone with switchable directional [ omni directional characteristics,
handy storage for the microphone cable, connection to televisions, video recorders and
radios, and an easily exchanged rechargeable battery.

Phonak Campus-S-User-Manual at Page 7

1] h ON : Press the (I button for 2 seconds.

Wh:n the Campus 5 is switched ON, the LCD display shows the channel in use and
the hatu:r.l status. When the Campus 5 is switched off, the LCD display goes blank.
7] JiniMic MME: Remowve the windscreen from the microphone and ensure that the

microphone switch is in either the W (directional) or 1 [omnidirectional) position.
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Phonak Campus-S-User-Manual at Page 13

directional
omnidirecticral

£} Switch on your Campus 5 and the microphone, then the audio equipment.

Thiz microphone allows you to talk directly to listeners while

showing a video, for example. If you prefer not to speak, switch off (X) the microphone.

Should your audio equipment not hawve a 3.5 mm connector please ask your hearing

care professional for adapters for 6.3 mm jacks, RCAJCinch or SCART connectors.

Phonak — Collections 2002 Product List at Page 7

Adaptive digital AudioZoom (dAZ)

Finc-scale Noise Canceler (FNC)

Active and adaptive separation
of speech from noise

The Speech-to-Nuise Ratio
[SNR) can anly be optimised if
the nise is spatially separated
from the speech signal with
directional microphane
technology As a pioneer in
multi-microphone technolagies,
Phonak introduced AudioZoom,
2 feature which significantly
improves listening and wnder-
standing in moisy situations,
enhancing user satisfaction.
Now, Phonak goes a step further
in the refinement of multi-
microphane technology with
Adaptive digital AudioZoom:

it seelks, finds, and suppresses
noise automatically

Fully automatic, fully adaptive
With its unique spatial
processing system, Phonak's
Adaptive digital AugioZoom can
detect noise nat only from
directiy behind, but anywhere in
the rear plane. Whether the
hearing-impaired person is
moving or the location of the
noise source changes, the
directional characteristic is
constantly adapted to the
listening situation. In this
manner, the Adaptive digital
AudioZaom automatically
establishes the best possible
SHRL

Twenty-tand noise cantrol
Claro constantly monitars the
Speech-to-Noise Ratio (SNR] in
all 20 bands. If a poor SHR is
measured in certain bands, the
Fine-scale Noise Canceler will
rediace gain only in those bands.
The result of this precision noise
control is a selective and
intelligent improvement of the
SR with only 3 marginal
influence on the speech signal

Precise and selective
All frequency bands are
separately analysed and
controlled. Gain is reduced
selectively anly in thase
hands where naise is present.
This high-resalution analysis
and gain control makes it
pussible to suppress noise with
extremely high acruracy.
Neighboring frequency bands
without noise remain
unaffected.

Intelligent

The magnitude of gain reduction
s not constant. In frequency
ands with higher SNFs and in
bands which are important for
speech intelligibility, gain is
reduced anly slightly. This
intelligent control algorithm
rediuces the masting and
distractive effects of
background noise. Important
speech information is preserved.
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Phonak — Collections 2002

I e TR
S 3

B P TN
T O AR T AR
[l e L e S
R e M

Enhanced Signal-to-Noise
Ratio

Phonak's zoom technology i the
optimum solution for improving
user satisfaction in noisy listening
situations. Phonak utilises two
separate microphones in its
hearing computers with
AudioZoom or miniZoom. The
microphones are controlled by an
electronic network to produce
directional or omnidirectional
characteristic. By touching a key
on the remote control or operating
the switch on the instrument, the
user can select the appropriate
microphone mode:
omnidirectional (wide-angle) or
directional (zoom).

Directional characteristic
5004z Polar diagram for a BTE
1000Hz hearing instrument in

—— 20004z the zoom mode,

..... 40004z KEMAR measurement.

Phonaks electronically controlled
multi-microphone technology
delivers the best Signal-to-Noise
Ratio (SNR).

The Signal-to-Noise Ratio is
important for understanding
speech in noisy surroundings. An
improved SNR is crucial even for
mild hearing loss. A hearing-
impaired person with a hearing
loss of 40 dB HL requires an
average SR improvement of

+5 dB SNR. If the hearing loss is
70 dB HL, the required
improvement is +9 dB SNR.

Phonak’s zoom technology is
available in the following
models:

ITE
Aero 23 mZ
MicroZoom P2 AZ

BTE
Aero 211 AZ

Aero 311 AZ
Supero 413 AZ
Piconet2 P2 AZ
SonoForte2 P3 AZ
PowerZoom P4 AZ

Supero

Often, power instruments differ
from other hearing instruments
only in terms of higher gain and
greater output sound pressure
levels. However, Supero was
designed from scratch as a
hearing instrument which
addresses the needs of people
with severe and profound
hearing impairments. It features
a specially robust case based on
Phonak's patented 2K technology
(optimised protection against
moisture and dust), versatile
fitting algorithms, flexible signal
processing strategies, and unique
output-limiting strategies.
Supero 412 is Phonak's most
powerful instrument in terms of
gain and MPO.

NovoForte E4
People with severe to profound
hearing loss need maximum
audibility, particularly in the low
frequency range. The NovoForte
E4 provides excellent low
frequency gain with minimal
distortion.

=
i

LMl

PowerZoom P4 AZ
The greater the hearing loss, the
more effective a higher SNR.
Phonak's PowerZoom P4 AZ
achieves an average
improvement of the Signal-to-
Noise Ratio of 13.7 dB.

This instrument is designed for
hearing-impaired people with
severe sensorineural or
combined hearing loss and a
measurable hearing threshold of
up to about 2 kHz.

The Phonak PowerZoom P4 AZ
preserves loudness in the low
frequency range in both hearing
programs.

SonoForte2 P3 AZ
The SonoForte2 P3 AZ hearing
computer is ideal for people
with moderate to severe hearing
loss. The AudioZoom feature can
be directly programmed to the T
position of the MTO switch.
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Phonak — Collections 2002 Product List at Page 24

BTE instruments

Supcro 411°

7| djal

PicoFortc3 5C-D

[72)[rv]

PicoForte3 PP-5C

(7]l

Peak vabues G max fOSTL 00 79481147 &8 5L EAdRNZT B L 78 dpj132 S0 SR
Features Digital bigh- powes EIE Diectional micraphane. High pawes
switchable
Description Super Compression with 2L Super Compression + L
1 hesring program + “mute” Telecsd Tekecad
Fowes Dymamic Control for masimum  Aasic- inputMicrolink rompatible e inputMicrolink compaiible
e Battery siee 13 Battery sire 13
Ferdback manager
TacTronic mul function switch
Customied signl fones for program
confirmation and battery waming
Tekeeod
Aeic-input/Mscrolink compatible
Babterysire 675
Optians Microlink MLA/MLx Microlink MLSMLx Mecrolink MISMLx
Aesic shoe A54 e shae ASEA e shoe ASEA
Tamperproaf battery cover K552 Tamperproaf battery cover 5 5.3 Tampesproof katiery cover K553
Colorline colors Colorline cabars Colorine cobars
Hosis: HEZ, HEZ 80, 12 1000 Hosies: HEZ, HEZ 680, H7 1000 Hoaik: HEZ, HEZ 680,12 1000
Mini ear hoaks Wi ear hoaks
Programming Programmtle with PCOBM.  1C:Low cut  leveks 1C: Low cut. 6 leveks
compatibic] and 1. TRO pogamming oy . Gutgut, 6 levels S5PL: Dutput, 6 levels
PG Saftware, verion B0 ar dbave mmm ion by FFG based mmm ion by FYG based
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Phonak — Collections 2002 Product List at Page 27

Classica C-D Classica PP-SC Classica PP-CP Classica PP-C-L-P
77| 7| 7|
24l (7| 7] [Z]
70 d8J1 dB 5P 80 dB[ 137 dB TP B4.d0 144 dBE SPL B /144 d AL
Hroadband BTE with directional High power High gain Extra power im low-frequency range
micraghone
Pursiy_pull amplifser Push-pull amplifier Pushpull zmplifier Fursh-pull amglifier
Pesk Clipping Super Compression with 2T Peak Cipping Fesik Chpping
Tedecoil Tebernil Broadband Eroadband
Nusdic i i patibl Nusdic i i npiatibh Telereil Tebeail
Batlery sire 675 Battery sire 675 Audig i i patibh Aadic i i patibis
Battery sive 675 Battery sive 675
Micvolink MLA/MLx Microlink ML4MLx Microlink ML4MLx Microlink ML4/MLx
Audin shoe AS4 Audio shoe K54 Mudin shoe RS54 Aasdic shoe AS4
Tamperproaf battery cover K54 batiery cover K54 b [ 5
ColorLine: colors Color e colors Colorline colors ColorLine: colors

Hookes: HEZ, HEZ £80, HE3 5000
Mini ear hooks.

Hooles: HEZ, HE3 680, HE3 1000
Mini ear hooks.

Hoaks: HEZ, HE £BO, HE3 1000
Mini ear hooks.

Hoaks: HE3, HE3 E80, HEZ 1000
Mini ear hooks.

LC: Low cut, § levels 1C: Low cut, & levels LC: Low cut, & levels 1C: Low cut, 5 levels
S Dutput, & levels S5 Qutput, & bevels S5 Output, § levels S5 Dutput, § bevels:

Fitting recommendation by FFG based  Fitting o by i ion by FFE based s icn by PYEG based
an sudicgram an audicgram an sudiogram on sudingram

Phonak — Field Study News Article re PersonalLogic at Page 1

Intradustion

Hearing nesds and preferences can be very
individuzl, with marked differences from ane
person to the next in the same hearing
situation. 30, in addition o compensating for
measured hearing loss, an sdvanced hesring
system also must cater to specific persona
requirements, and ke customizahle simply and
effectively to individual elient needs. The
Persen hearing system with itz Personallogric
automatic function can be “tailored” to the
client’s needs as part of the fitting process.
In Persea, the defau't base-program is
optimized for speech understanding in quiet
environments. A second base-program with
different frequency response settings and
optional adaptive directional microphones
provides additionsl support in noisy situations.
The acoustic environment is continuoushy
monitored and the appropriate base-grogram
15 automatical ly selected. The automatic
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Phonak — Microlink User Guide at Page 9

(o A

2R g
]
g
1

Low batery / changing indicator
& Whan Iha red ight bilnks, the battary

neads racharging o _':__F,,ir*‘ %, JE.
b. During recharge the red light ) 4 .

muminales contin B

&  Mullinchion societ. This liows e HandyMic 1o be connectad A, y
{0 audio equipment je.g. TV, radia eic.). The exiamal L TN

eral can be plugged In here to extend Me operating range of the systam.

Stand

8§98

Microphane ports
PlugHn frequency module
Phonak — The Hearing Review Article re Adults’ Use of FM Systems at Page 4

Study Methad

The study's Z8 participants viere all experienced users with behind-
the-gar (BTE) hearing instrumants, OF the 28 participants in the studhy,
one patient was wearing analog aids, eight viore programmable, and
1% weore digital hearing aids. BTE devices used by the participants
Included: one Phanak analog poweer device; four Phonak 332 power
AudioZoam; two Phonak 232 AudisZaom; twa Phonak E-4%; three
Shermens Prismas; three Slemens Signlas; fre Wides Sensa's; four
Resound BZ5s; one Oticon Digifocus; and three Phaonal Claros.,

Twenty-two of the participants were binaural hearing instrument
users and six were monaural hearing instrument users. Twenty
participants were wearing devices with directional microphones. The
majarity af thess patients utilized Righ-end technolagy devces with
optiral 3ME capabllities, They were already using exceptional devices
that improved their hearing ability, but all were willing to try an FM
system if thers was the petential of improving their current benefit
from the aids.
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Phonak — The Hearing Review Article re Perseo (Sep. 5, 2003) at Page 2

Perseo is a 20-channel digital hearing instrument. The default base-
program is optimized for speech understanding in quict environments.
A s=oond base-program with different frequency response settings
and optional adaptive directional microphones provides additional
suppart in noigy situations, The acoustic ermvironment is continuoushy
monitored and the appropriate base-program is automatically
selected. This dual-base automatic function allows for independent
fine tuning in one listening situation vithout compromising
perfarmance im the ather. The automatic parformance is designed to
b2 easily personallzed for the Indhvidual needs and preferences of the
USET.

Valente - Effect of type of noise and loudspeaker array on the performance at 399

Recently, Phonak introduced its digital
hearing aid in which one feature is an
adaptive directional microphone. This
adaptive microphone reportedly ensures
identical sensitivity and phase characteristics
of the dual microphones and a mechanism to
automatically change the polar pattern from
ommnidirectional to any directional pattern
while compensating for the changes in low-
frequency response associaled with each
patiern. This hearing aid can be programmed

Lewis — Speech perception in noise: directional microphones (2004) at Page 428

study participanis. These subjects used a
Phonic Ear 805 CT) BTE hearing instrument
that had the capability to swilch between
omnidirectional and directional microphone
modes. The Phonic Ear 441T microphone
transmitier and the Phonic Ear 4458 FM
receiver served as the FM system. Speech
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Lewis — Speech perception in noise: directional microphones (2004) at Page 429

(2) binaural digital Phonak Claro 311
dA¥ BTE hearing aids alone in the
omnidirectional microphone mode;

(3) binaural digital Phonak Claro 311
dA¥ BTE hearing aids alone in the
directional (adaptive) microphone
maode;

(4) monaural digital Phonak Claro 311

dA¥ BTE HA utilized with one

Phonak Microlink FM receiver with

the EM attenuated (FM-only mode)

and one Phonak Clare 311 dAX BTE

HA in the omnidirectional

microphone mode worn on the

opposite ear; and

hinaural digital Phonak Claro 311

dAZ BTE hearing aids utilized with

binaural Phonak Microlink FM
receivere with the EM attenuated

(FM-only maode).

5]

To the extent that DHA Systems do not disclose any elements of this claim limitation, it would have been
obvious to a person having ordinary skill in the art to combine, with the teachings of DHA Systems , those
elements, as known to them or as disclosed by other prior art identified in the cover pleading.

52. A hearing enhancement
apparatus as recited in claim 46,
wherein the audio output signals
are changed in view of a
preference of the user stored in the
apparatus.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 46, wherein the audio output signals are changed in view of a preference of the user stored in
the apparatus.”

See above at claim 48.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 24.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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53. A hearing enhancement
apparatus as recited in claim 46,
wherein the audio output signals
are changed based on audio sound
in the environment of the
apparatus.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 46, wherein the audio output signals are changed based on audio sound in the environment of
the apparatus.”

See above at claim 16.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

54. A hearing enhancement
apparatus as recited in claim 53
further comprising a microphone
at least for receiving the audio
sound in the environment of the
apparatus.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 53 further comprising a microphone at least for receiving the audio sound in the environment
of the apparatus.”

See above at claim 16.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

62. A hearing enhancement
apparatus as recited in claim 13,
wherein at least a portion of the
hearing enhancement apparatus is
in a head-mounted electronic
device.

DHA Systems and Anderson *783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 13, wherein at least a portion of the hearing enhancement apparatus is in a head-mounted
electronic device.”

The Digital Hearing Aids of the DHA Systems include electronics such as microchips and processors which
are worn on a user’s ear, and are thus examples of the claimed “head—mounted electronic device.” The
following citations show examples of where DHA Systems practice this limitation.
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Phonak Claro — A World First from Phonak at Page 1

A world first from Phonak: a bienic, fully digital hearing computer — the first
hearing computer that listens.

Stdfa, February 17, 2000 — Phonak, the Swiss manufacturer of leading-edge hearing systems,
announces the launch of Claro, the first bionic hearing computer designed to emulate natural
hearing. Az a result of this unigue technolegy, hearling Impalred people can now experience a
next-to-natural sense of hearing.

This brand-new hearing system is based on imporiant findings in the science of bionics. Simply
stated, the processes of natural hearing that takes place inside the healthy, infact inner ear (the
cochlea) and the damaged ear were electronically reproduced. The result was the first blonlc/digltal
hearing system to feature a revolulionary signal processing concepl: Digilal Perceplion Processing
[DPPL

DFF, the hear of the new system, is based an high-performance microchip architecture of the very
latest generation. Incoming sound Is first of all analyzed In 20 overlapping freguency bands. Sound Is
then processed as it would be in a heallhy sar, in line wilh personal preferences. Andy Rihs,
Chairman of the Board at Phonak, describes Clare as the “first hearing computer that listans®. It
enables users to understand speech clearly and inteligibly even in the most difficult hearing
gltuations.

Phonak Claro — A World First from Phonak at Page 1

Increased communication capabilities: top models with integrated FM technology

Ome of the outstanding features of the top-of-the-line Claro BTE (Behind-The-Ear] model is the
cordless FM technalogy found in the well-known Phonak MicroLink system. For the first time ever,
this radie recelver has been completely Integrated In a hearing systern. This means that the
instrumant now has all the advantages of wirsless communication technology, such as spasch
transmission over distance, in environmenis with a high level of reverberation amd in noiss
[conferences, schools, etc.). The hearng computer can be tumed infe & fully-fledged communication
system which in many situations Is actwally superior to the natural, healthy ear.

Phonak Claro — Remote control WatchPilot and Claro dAZ at Page 1

Claro from Phonak, the first bionic, fully digital hearing computer, sets new standards in
hearing instrument technology. At the 45th Infernational Congress of Hearing Aid
Acousticians in Cologne (October § = T) the Swiss company, whose name iz synonymous
with high-tech innovation, presents twe more world-firsts: WatchPilot, a wristwateh with an
integrated hearing system remote control, and Claro dAZ FM hearing computers, a fully
digital hearing system with an integrated miniature radio receiver. At the same time, Phonak
will be unvelling Claro 311 dAZ, the most powerful behind-the-ear instrument in the Claro line
to dabe. "The new products represent major advances in hearing instrument technology,”
says Peter Pfluger, CED of the Phonak Group. "We are giving hearing impaired individuals an
improved guality of Iife and helping to turn the hearing instrument into a moademn
communication system.,"
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Phonak Claro — World Premiere at Page 1

Im market surveys hearling Instrument users have repeatedly siressed the Importance of hearing and
understanding in noise as a top priority and the weakesl point of the instruments currenlly available
an the market. Hearing instrument users frequently complained of frustration over their instrumenis.
Claro is Phonak's answer to the main worry of hearing instrument users. Hearing and understanding
clearly again will be the order of the day once agaln for millliong of Indhviduals sufferdng from hearing
lpss. As Andreas Rihs puts i, Clare is "lhe first communication/hearing compurter that actually listens
far you!"

Phonak Claro — World Premiere at Page 1

Cutting-edge chip technology points the way forward

This phenamenal technical breakthrough is based an six years of intsnse research and development
wark during which it was possible for the first time ever to fully integrate psychoacousiic perceptian
muodels of the ear. As a result, It has been possible to simulate the function of the so-called "20
critical bandg” in the inner ear and to achieve an unpracedented natural hearing experience. This
sophisticated, highly complex system goes by the name Digital Perception Procsssing (DFP) and is
based on the most advanced chip generstion currently availahle. The chip architecture is built
around 0.25um technology, which permits Fast Fourier Transformation (FFT) processes combined
with very low power consumplion. According to Andreas Rihs, it means there is slill a great deal of
potential for extanding the chip’s performance and this cpens the door to some highly interssting
developments on the same chip basis in the future.

The advent of a genuine communication'hearing computer

The impressive, state-of-the-art technology is combined with an exclusive, all-round communication
concept based on the components Diglsl Perception Processing (DPP), AufeSelect, Adapiive digiial
Audiodoom und Fing-scale Noise Cancelsr. |t provides a decisive boost to the power of the
audiological solution and, with if, the benefits to the user. The Adaptive digital AudicZoom
automafically locates and suppresses the main source of noise and at the same time clearly
separates the volee of the person speaking within the lIstener’s fleld of vislon. The result of this ks a
positive signal-lo-rciss ralio on a scale hat has never bean achieved before,

To round it off, the fop model in the new Clara range s the first ever to feature the wireless FM
techialogy found In the well-known Microlink system and thus has all the advantages of wireless
communication technology, such as speach ransmission over distance in noisy surroundings
{conferences, schools, efc.). As a result, the hearing computer has undergone a definitive transition
to & communication/hearing computer, which in many situations is indisputably superior to the
humar ear.,
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Phonak — Collections 2002 Product List at Page 5

Elite

«Claro’s digital sound processing with a human perspective
Pracessing)

(Digital Perception

- AutcSelect: Excellent speech intelligitility in any listening

situation

- Adaptive digital AudioZoom
-Fine-scale Moise Canceler: High-resolution 20-band noise

control
| Digital
me BTE Remote controls
L Clare 11 Claro 11 dAZ SoundPilot A
Clare 21 dAZ Claro 211 dAZ ‘WatchFilot Elegance
Claro 22 (Claro 311 dA7 ‘WatchFilot Olassic
Claro 111 dAZ FM
Claro 211 dAZ ML
Claro 311 dAZ M
Elite Line features:
- Clear, natural sound with - High level of wser convenience - FM receiver fully integrated in the

precise, fully awtomatic volume
contral

- Sipnificantly improved speech
intelligibility even in difficult
listening situations

- Design innovations for all
system companents.

with automatic hearing program BTE case (Claro dAZ FM)
selection

- Innovative high-tech solutions

for Claro system control

- State-of-the-art hearing

computers for the optimised
solution to a wide range of
hearing problems.
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Phonak — Collections 2002 Product List at Page 16

BTE instruments
Digital technology

Acro 211*

[

Acro 211 AZ*

[ 7wl Y

Peak values G maxJUSFL 90 62 dB/179 &8 1 &2 dB/179 B ST
Features Phonak's smallest digital BIE hearing  Phonak's smallest digital BIE heasing
computer computer with Aedicdoom
e e e e
3 hearing progrms + “mute” 3 heasing programs + “mute”
High-resclution digital Noise High-resolution digital Noise
Canceler [4NC) Canceler [4NC)
Feedback manager Feedback manager
Customised signal ones for program - Cantomise signal tones o program
¥ waming ¥ waming
TacTronic multi-functicn switch TacTroric muli-function switch
Telecal Tebecad
Aasic. inpuyfMcrol ink- compatibie e inputMiicrol ink compatible
Battery size 13 Auiofoom
Battery size 12
Options Microlink MISMLx Microlink MLSMLx
Audic shoe ASS Ao shoe ASS
Tampesproaf battery cover K55 Tampesproaf battery cover K55
Colorine colors Calorine colors
Hoak: HES 1000 Hoak: HES 1000
Mini ear hook Mni ear hook
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Phonak — Collections 2002 Product List at Page 18

Digitally programmable
BTE instruments

Piconet2 P2

-

d

ZiHT|

Piconet2 P2 AZ

|27 [

Peak values G max JOSM 90

E2 di 172 4B 5P

E2 dE /172 48 5P

Features Phanzk's smallest digitally Phanzk'’s smallest digitally
programmabile BTE hearing computes pl“‘pgmlgemm hearing computes
Description nl:lui:IMnme Compression Contral nl:,'%:l}'mamr Compression Contral
3 heasing programs 3 heasing programs
Telecod Telecad
Mardic inp clink Masdic.inp clink
Eattery sire 13 Masdiodnom [aba available without
DHE)
Battery sire 13
Options: Microlink MLE/MLx Microlink MLE/MLx
Masdi shoe ASE s shoe ASE
Tamperpraaf batteny cover K5 Tamperproaf batteny cover KSh
Colordine colers Colordine colors
Hoaks: HEZ 1000_ HES 1000 Hoaks: HEZ 1000_ HES 1000
Mini zar hooks Mini zar hooks

Femate contralz HC -3, DHC4

Femote contralz DHC -7, DHC 4
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Phonak — Collections 2002 Product List at Page 22

With their Chip-on-Board

Mechanically programmatle in

proven and robust high-tech technalogy and 3 number of up to nine settings. | = | |
instruments have set a new electronic companents, These calibrated program
benchmark in the Value Class. Phonak's Value Class BTEs. switches affer reliable predictable s Ie
Advanced components and constitute a family of performance. e
superh ip in assembly y-to Thus, the respanse curve and Audiofrogrammer
contribute to the characteristic hearing instruments. the dynamic characteristics of

Phonak sound. For years, this the instrument can be precisely

audio quality has been acclaimed adapted to the needs of the

brw Phonak hearing instrument wser.

wsers. The popular screw-on hook:

system offers an acoustically

tight fit, thus helping to reduce

feedback. The ear hooks,

including the pediatric and

damped versions, are easily

interchangeahle.

Oticon — DigiFocus Description at Page 1

Inside each DigiFocus, the digital chips have the same processing power as a
fast laptop comouter. This power is used to analyse the incoming sound signal,
and speech ls extracted through a unique system called ASA - Adaptive
Speach Alignment. ASA always makes spaech audible, amplifying it as much
as necessary without making it uncomfortably loud or distoried. Sounds are
reproduced very naturally - making speech far easier to undersiand than with
any other hearlng instrument on the market.

Oticon — DigiFocus White Paper (1996) at Page 1

DigiFocus Is a fully digital hearing instrument bullt arcund the :l:;-,_:l»ul .|r|-Ii||
processar, DAP. This processor is designed to have a specific functionality
and to comply with a series of physlcal, scoustical and audiological de-

mands. o

Oticon — DigiFocus White Paper (1996) at Page 1

In many areas digital technology has ulmeady become an integral part of our
livas. Mow il is also available for the hard of hearing. With size and battery

consumption diminished, the DigiFocus hnnring instrument has computing
power equalling today's stendard PCs. In this article you will get & descrip-
tion of the basic concepts of digltal sound processing. o
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Oticon — DigiFocus White Paper (1996) at Page 2

In many arees |'_|'i"E_"l'r|'|' !‘.1'|'Iﬂ!-."_"L-L'r' haz already become an !rII:'-;_=".l.I jpart af our

lives, Now it iz also available for ithe hard of hearing With siza and beltery
consumplion diminished, the DigiFocos hearing instreement hos compting
power equalling i liry’s slandare { PCx. Im this articls you will ged o descerip
tion af the basic concepts of digital audio processing

Oticon — DigiFocus White Paper (1996) at Page 2

" . . o workod h 1 srcrmmt L Froal
Manufscturers of hasring lnstruments havo worked hard to overc

bles of size and battery consum plion. With the thickness « if digital microchips

at only 1/100 of & human hair, this has now boear) ac amplished in the world's

first Fully digital, at The ear hearing instrament - DigiFocis. Inside giFocus

there is computing power available which equals that of & Y

Oticon — LA Time Article re THE GOODS: The Sound Wave of the Future (Nov. 10 1995) at 1
DigiFocus operates on two tiny new computer chips that have the processing power of a normal desktop
computer. Traditional hearing instruments have only up to 10 adjustable parameters, but Oticon
representatives say that their processor will give a maximum of 100 software-controlled adjustment
parameters. And the device can be programmed by an audiologist while the hearing-impaired person is
wearing it.

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with anly
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be split into seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels io
automatically adjust for loudness levels and speech.”

To the extent DHA Systems do not explicitly disclose this claim limitation, Anderson ‘783 discloses storing
standard functions for the hearing enhancement apparatus in a head—mounted electronic device (e.g., the
hearing aid or earpiece). The following citations show examples of where Anderson *783 discloses this
limitation.
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Anderson 783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.

Anderson *783 at 1:21-28
In the prior art, a basic hearing aid without remote control is a self-contained earpiece comprising a
microphone, speaker and associated processor electronics. In such hearing aids, the earpiece microphone
converts acoustic waves into electrical representations of the acoustic waves, the electrical signals are
amplified by the earpiece processor electronics and converted back into acoustic waves by the earpiece
speaker.

Anderson °783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
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two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as

in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed

in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
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the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

Anderson ’783 at 24:47-66
Morse code keys 956 or voice recognition capabilities implemented using the RPU DSP 948) in a manner
that can be made imperceptible to a casual observer if desired. In this respect, the system acts as a "virtual
handset" communication aid that replaces a conventional telephone handset in many applications
(although users may additionally communicate with a conventional handset or speakerphone in the usual
fashion). To accomplish the virtual handset function, the RPU 16 is equipped with optional secondary
two-way wireless link circuitry 19 to communicate with a telephone or other communication network.
The secondary wireless link is separate from, and does not interfere with, the primary wireless link 17
between the earpiece 10 and RPU 16. In applications where relatively high-power transmissions take
place on the secondary link and the secondary link transmitter is integrated into the RPU, the RPU can be
placed on a user's wrist or ankle away from vital organs to reduce any potential health risk relative to
conventional wireless handsets.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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63. A hearing enhancement
apparatus as recited in claim 62,
wherein the apparatus comprises a
volume control that is configured
to respond to a voice command.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 62, wherein the apparatus comprises a volume control that is configured to respond to a voice
command.”

See above at claim 45.

A POSITA would have been motivated to combine the DHA Systems with the teachings of Anderson ‘783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 45.

To the extent that DHA Systems and Anderson ‘783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ‘783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

75. A hearing enhancement
apparatus as recited in claim 62,
wherein the apparatus is
configured to wirelessly couple to
a cell phone.

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 62, wherein the apparatus is configured to wirelessly couple to a cell phone.”

See above at claim 4.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 1[pre].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim 2.

To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555, those elements, as known to them or as
disclosed by other prior art identified in the cover pleading..

76. A hearing enhancement
apparatus as recited in claim 62,
wherein based on at least a
preference of the user, the power
of a first range of frequencies of
the audio output signals is
increased, and the power of a

DHA Systems, Anderson *783, and Enzmann 555 expressly or inherently disclose “[a] hearing enhancement
apparatus as recited in claim 62, wherein based on at least a preference of the user, the power of a first range
of frequencies of the audio output signals is increased, and the power of a second range of frequencies of the
audio output signals is not increased.”

The Digital Hearing Aids of the DHA Systems (e.g., the “hearing enhancement Apparatus”) include
capabilities to adjust hearing parameters based on the user’s preferences, including the volume of frequency
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second range of frequencies of the
audio output signals is not

increased.

PFG 8.1 provides a set of Personal System Managers to take care of the technical details behind common fitting issues, leav-

Phonak — Perseo Brochure at Page 18

The art of the personal touch - Personal System Managers

ranges independent of other frequency ranges. The following citations show examples of where DHA
Systems practice this limitation.

ing the fitter free to take care of the wearer. This approach ensures that fitting is uncomplicated. It is always clear which

controls should be used and how to use them.

Feehack

]

[~

Listening Situation

(Ld

Fitting
Porsonal Systam Managers
Experience Occhrsion
Lorg term
+ | of
3 =
z -2
T 1 3
Frsttime
PHONAK
= .
The Experience Manager The Occlusion Manager
adjusts tonality and climinates the fecling of
Ioudness to match each blocked ears experienced
client's experience with oy some wearers

hearing instruments. An
cffective and convenicnt
control to set and adjust the
client’s hearing system as
they become accustomed to
their new workd of sound.

The dynamic Feedback
Manager automatically
identifies any bands at risk
from feadback. Processing
strategics arc modificd in
these: bands to prevent
feedback while also
increasing audibility for
soft sounds. The result s
easier listening without
feedback.

The Listening Situation
Manager allows the fitter to
program PersonalLagic
according to the wearer's
preference for when to
trigger a change of base
programs, and the desired
degree of sound contrast
between the base-programs.
Additional personalization
is available, if required, by
dircetly programming cither
of the base programs.
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Phonak — Collections 2002 Product List at Page 7

= T S ==

Active and adaptive separation
of speech from noise

The Speech-to-Naise Ratio
(SNR) can only be optimised i
the noise is spatially separated
from the speech signal with
directional microphone
technology. As a pioncer in
multi-microphone technolagies.
Phonak introduced AudioZoom,
a feature which significantly
improves lstening and under-
standing in noisy situations.
enhancing user satisfaction.
Now, Phonck goes a step further
iin the refinement of multi-
microphone technology with
Adaptive digital AuiaZoom:

it seeks, finds. and suppresses
nise automatically.

Fally automatic, fully adaptive
With its unique spatial
processing system, Phonak's
Adaptive digital AugioZoom can
detect noise not anly from
directly behind, but anywhere in
the rear plane. Whether the
hearing-imgaired person is
moving or the location of the
nbise source changes, the
directional characteristic is
constantly adapted to the
listening situation. In this
manner, the Adaptive digital
AudinZoom automatically
establishes the best possible
SHRL

M €Y PR T

Twenty-band noise control
Claro comstantty monitars the
Speech-to-Noisz Ratio (SR in
all 20 bands. If a poor SHR is
measured in certain bands, the
Fine-scale Noise Canceler will
rediace gain only in those bands.
The resalt of this precision noise
control is a selertive and
intelligent improvement of the
SNR with only 3 marginal
influence on the speech signal,

Precise and selective

Al frequency bands are
separately analysed and
controlled. Gain is reduced
selectively anly in thase
sands where noise is present.
This high-resalution analysis
and gain control makes it
pussible to suppress noise with
extremely high accuracy.
Neighboring frequency bands
without noise remain
unaffected.

Intelligent

The magnitude of gain reduction
s not constant. In frequency
bands with higher SN and in
bands which are imporeant for
speech intelligibility, gain is
reduced only slightly This
intelligent contral algorithm
reduces the masting and
distractive effects of
background nise. Important
speech information is preserved.

Page 418 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 418



Claims

Prior Art

Phonak — Collections 2002 Product List at Page 33

PFG -
new perspectives
in fitting success

Ppe e

Bopgaes

o~

QuickGuide
The versatile, easy-to-use anfine tour through the PFG fitting process.
with access to all optional fitting tools.

Instrument selection wizard
This online assistant recommends the product that best matches the
customer’s needs.

Initial SoundCheck

This is an ideal tool for fast and simple fine tuning of sound quality.
Three controls provide convenient gain and balance settings in the
high- and low-Ffrequency ranges.

Automatic fine tuning
Based on the customer’s hearing perception, the software
autematically computes the most suitable modifications.

Manual fine tuning
A high degree of fitting precision can be attained with this broad
spectrum of parameters in an optimised display format.

Fhanak Sound

The degree of fitting success can be dramatically improved by using
these real-lifie sound clips. All sound examples can be saved on a
computer as MP3 files; they are also available on 2 sound CD.

Froven PFG benefits

= One program for all Phonak hearing compauters

= NOAH compatibile or standalone version

= Detailed help system with in-depth scientific
and technical information

= PG training demo

Phonak MicroLink MLxS Product Information at Page 1

The MictoLink MixS i the first miniaturized FM receiver with a digital frequency synithesizer for Full

multi-frequency fexibility. The reociver features fully automatic, non-contact frequency synchronization

with cither a WallPilot or the Campus 5.

The MicroLink Ml & compatible with all Phonak FM transmitters and the WallPilot, and is recom-

mended for use with this equipment.

MLx5 with ETE instrument

Audia shoe

//"’ [e. g ASA-MLxS)

Mix5s

MLxS with adapter for O pocket processor

Microlink C15
adapter

Pocket processor
connector cable
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Oticon — DigiFocus White Paper (1996) at Fig. 1
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Fig.1. DigiFocus - block diagram of the digital audio processzor, DAP,

Oticon — DigiFocus White Paper (1996) at Page 4

The weighted band-pags signals are summed with two summators which cre-
ate the low-pass and the high-pass channel of the hearing aid. The cut off fra-
quancy batween the two channels corresponds to 1500 Hz. |.&. the thres
lower bands constitute the low-frequency channel and the four higher bands
the high-frequancy channal

The signals from the two channels are processed individually in two com-
|:|r|“|!||:-.r1 opemiing indepondoatly of sach other,

Finally the two modified signals are summed into the cutput signal and sant
o the recaiver

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with only
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be splitinto seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels to
automatically adjust for loudness levels and speech,”
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Oticon — Products Index at Page 1

m‘s].'m -8 100% digital hearing instrument with fully

LB aytomatic operation, DigiFecus offers the ultimate
In spaech understanding. Wilising savan lone band
amplification to get the most out of the remaining
hearing, DigiFocus is currently the mast advanced

hearing Instrumeant on the market.

To the extent DHA Systems do not explicitly disclose this claim limitation, Anderson ‘783 discloses adjusting
the power of one frequency independent of the power of other frequencies. The following citations show
examples of where Anderson ’783 discloses this limitation.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

To the extent DHA Systems do not explicitly disclose this claim limitation, Enzmann ‘555 further discloses
modifying signals based on a preprogrammed frequency mapping, which at least suggests an example of
altering a “power of a first range of frequencies” without increasing a power of a second range of frequencies.
The following citations show examples of where Enzmann ‘555 discloses this limitation.

Enzmann 555 at FIG. 5
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Enzmann 555 at [0027]
FIG. 1 illustrates a conventional digital hearing aid. The conventional hearing aid comprises a microphone

105, an A/D converter 110, a digital signal audio processor (DSP) 120, a D/A converter 130 and a speaker
140. In operation, sounds, represented by an analog signal and/or ambient noise emitted from an outside
source, is captured by the microphone 105 and converted to a digital signal by the A/D converter 110. The
DSP 120 manipulates the converted signal in accordance with well-known techniques and sends a
processed signal to the D/A converter 130. In the D/A converter 130, the processed signal is converted to
an analog signal and output to the speaker 140. The speaker 140 is placed in or around the hearing
impaired user's ear. Thus, the captured sounds have been captured, processed, and amplified and output to

the user.

Enzmann 555 at [0028]
The manipulating processes of the DSP 120 serves both to amplify the converted signal from the A/D

converter 110 and correct any degraded signal areas so that an improved signal is sent to the speaker 140.
The manipulation processes may also adjust the incoming signal based on a preprogrammed frequency
mapping of the user's hearing characteristics.
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Enzmann 555 at [0047]
The speaker characteristic is changed according to deterioration due to use of the speaker of the aided ear
bud over time. The ambient noise characteristic is usually dynamic and updated as the noise levels around
the ear bud change. The method employed in fixing the incoming sounds from the TX/RX unit 260 is
similar to methods commonly known in the production of Fast Fourier transforms, which are well known
the art at this time.

Enzmann 555 at [0048]
It should be appreciated that the characteristics represented in FIG. 5 are for illustrative purposes only.

Each of the characteristics in FIG. 5 are device and user specific. Each of the characteristics can be set and
calculated by information stored in the EEPROM 310.

Enzmann 555 at [0050]
In operation, the aided ear bud initializes in the normal hearing aid mode. The ear bud operates in this
mode until a validation code is received at the TX/ RX unit 260. Once the proper validation code is
received at the TX/RX unit 260, a signal is sent from the TX/RX unit 260 to the digital switch 330 to
close and allow communications to pass. Once the digital switch is closed, signals from the TX/RX
unit 260 are fixed by the digital logic 320 using the complementary characteristics, as discussed above,
and passed to the DSP audio processor 220. The DSP audio processor 220 then fixes and combines a
reduced representation of the input from the microphone and outputs the combined signal to the user's
speaker. The reduced signal 226 b is produced by decreasing the volume of the microphone signal such
that the signal is small compared to the signal from the digital logic 320 when output to the user. The DSP
audio processor 220 also outputs a second (truer) representation of the microphone signal to the wireless
phone 270 such that the user can speak just as if they were speaking directly into the wireless phone 270.
The user's voice would be captured by the microphone 205 and remotely output to the wireless phone 270.

Enzmann ’555 at claim 5
The method of claim 2, wherein the activation states of the hearing aid comprises: a hearing aid mode,
wherein the ambient noise is fixed by a DSP processor and out put directly to a user; and an ear bud
mode, wherein the ambient noise is reduced in volume and mixed with a noise signal transmitted from the
cellular phone.

Enzmann ’555 at claim 6
The method of claim 5, wherein the noise signal transmitted from the cellular phone is fixed according to

Page 423 of 437
IngenioSpec EX2007

Apple v. IngenioSpec, IPR2026-00144
Page 423



Claims Prior Art

desired characteristics prior to mixing with the ambient noise.

Enzmann ’555 at claim 7
The method of claim 6, wherein the desired characteristics are determined by stored frequency maps,
such that the frequency maps are created based on at least the user's hearing characteristics, the cellular
telephone's operating characteristics and the ambient noise level.

Enzmann ’555 at claim 13
A source control module comprising: a digital switch; an memory device; and a digital logic unit,
wherein digital logic contained within is arranged to produce a compensation characteristic.

Enzmann ’555 at claim 14
The source control module of claim 13, wherein the compensation characteristic is applied to input
signals from an outside source to fix the input signals to an optimal format.

Enzmann ’555 at claim 15
The source control module of claim 14, wherein the digital logic unit contains an amplification chart, the
amplification chart comprising frequency maps indicating at least: a user's current hearing characteristics;
a desired hearing characteristic; a cellular telephone operating characteristic; and a speaker characteristic
indicative of the operation attributes of a speaker of a hearing aid.

Enzmann ’555 at claim 16
The source control module of claim 14, wherein the compensation characteristic is made from a
combination of the user's current hearing characteristics, the desired hearing characteristic, the cellular
telephone operating characteristic and the speaker characteristic.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

A POSITA would have further been motivated to combine DHA Systems with the teachings of
Enzmann ’555 to meet the claim limitations with reasonable expectation of success for the reasons described
above with respect to claim [8a].
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To the extent that DHA Systems, Anderson 783, and Enzmann ’555 do not disclose any elements of this
claim limitation, it would have been obvious to a person having ordinary skill in the art to combine, with the
teachings of DHA Systems, Anderson ’783, and Enzmann ’555 those elements, as known to them or as
disclosed by other prior art identified in the cover pleading.

77. A hearing enhancement
apparatus as recited in claim 62,
wherein the at least one hearing
characteristic of the user is
identified via measuring the user's
hearing at least across a plurality
of frequencies.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 62, wherein the at least one hearing characteristic of the user is identified via measuring the
user's hearing at least across a plurality of frequencies.”

See above at claim [30a].

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

78. A hearing enhancement
apparatus as recited in claim 77,
wherein the hearing enhancement
apparatus assists in measuring the
user's hearing.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 77, wherein the hearing enhancement apparatus assists in measuring the user's hearing.”

The Digital Hearing Aids of the DHA Systems (e.g., “the hearing enhancement apparatus”) are used to adjust
hearing parameters based on the user’s hearing capabilities on an external personal manager system based on
a hearing test conducted through the Digital Hearing Aids . The following citations show examples of where
DHA Systems practice this limitation.
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Phonak — Perseo Brochure at Page 5

The Science of PersonalLogic*

Phonak has applied knowledge from new research and past experience to add a new dimension of individualized logic to

automatic hearing systems — Personal Logic. Combining new and proven features, Personal Logic optimizes the

functioning, operation and fitting of hearing systems for each indrvidual user.

Thanks to PersonalLogic, Perseo takes customization to a level beyond “custom-fitted” related to individuzal hearing loss.

The new digital system from Phonak is the first heanng system with customized automatic operation, as opposed

to operation based on factory set, unchangeable rules. Now, Perseo gives hearing professionals control over automatic

operation, allowing them to provide clients with a heanng system “custom-tailored” to their personal heaning requirements

and tastes.

Phonak — Perseo Brochure at Page 7

Convenience and Comfort

Perseo is easier to wear and easier to fit

For true "wear and hear” convenience and comfort in
all situations, Perseo automatic operation is managed
by Phonak-exclusive PersonalLogic.

This breakthrough intelligence for automatic hearing
instruments responds to acoustics, the listening
situation and personal listening preferences.

Persen is easily programmed for individual needs using
the Listening Situation Manager.

Clarity

Enhanced performance in multiple listening situations

The Clarity Component Enhancement system realized
in Digital Perception Processing? (DPPZ) increases the
clarity of speech and environmental sounds.

Rapid-tracking Adaptive digital AudioZoom (dAZ)
is automatically activated to improve speech
understanding in noisy situations.

For extra comfort and ease of listening, the Fine-scale
Moise Canceler selectively reduces background noise
in 20 channels.

Optional MicroLink FM provides the ultimate Speech-
to-Moise Ratio enhancement.
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Phonak — Perseo Brochure at Page 10

PersonalLogic- provides the right response for each wearer

PersonalLogic and dual-base automatic provide professionals with the control over signal processing that is essential

to enhance user satisfaction.

Personal Logic is a new control system that continuously updates signal processing parameters in response to acoustic
information, listening situation classification, the wearers’ hearing status and listening preferences.
Two independently programmable base-programs are used as the basis for signal processing. Personal Logic selects the

appropriate base-program and continually adapts its signal processing parameters to suit individual wearer needs.

Phonak — Perseo Brochure at Page 11
With dual-base automatic the fitter has direct access to the two separate base-programs. Performance can be matched to each
user's needs in quiet situations without disrupting performance in noisy situations and vice versa. The result is less fine-tuning effort
than with single-base instruments. With single-base automatic time 1s wasted “juggling” a single set of fitting parameters while
attempting to balance performance in multiple listening situations.
To further simplify fitting, Personal Logic is pre-set according to typical needs and is easily re-programmed to individual
preferences using the Listening Situation Manager [(LSM). Ensuring that an automatic hearing system responds comectly in noisy
situations where there is no speech is an important consideration for safety and to eliminate feelings of isolation. The LSM provides
this functionality with a single mouse click. Matching the system’s sensitivity to noise with that of the client's, and controlling the

auditory contrast between quiet and noisy settings is equally easy.
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Phonak — Collections 2002 Product List at Page 22

For many years, Phonaks With their Chip—on-Board Mechanically programmable in

proven and robust high-tech technalogy and a number of up to nine settings. | = | |
instruments have set a new electronic components, These calibrated program e e

benchmark in the Value Class. Phonak's Value Class BTEs. switches affer reliable predictable s Ie

Advanced components and constitute a family of 3

superh ip in assembly y-to Thus, the respanse curve and Audiofrogrammer
contribute to the characteristic hearing instruments. the dynamic characteristics of

Phonak sound. For years, this the instrument can be precisely

audio quality has been acclaimed
by Phonak hearing instrument
wsers. The popular screw-on hook:
system offers an acoustically
tight fit, thus helping to reduce
feedback. The ear hooks,
including the pediatric and
damped versions, are easily
interchangeahle.

adapted to the needs of the
user.

Phonak — Media Release re Product Offerings in F2003/2004 at Page 2

The key breakthrough technology in Perseo is PersonalLogic, the first ever automatic control
system that is fitter programmable according to the tastes and preferences of each
individual wearer. Automatic performance has now a new level of intelligence beyond

merely adapting to acoustic changes in the environment. Perseo is the first hearing system
with customized automatic operation, as opposed to operation based on factory settings. It
allows hearing professionals to provide clients with a hearing system “"custom-tailored” to

their perscnal hearing requirements and tastes.
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Phonak — Online Interview re Perseo (April 7, 2003) at Page 2

Dave Fabry/Phenak: First of all, Perseo serves as the flagship hearing systerm in Phonak's
hearing aid Tamily, combining leading edge, Innovative hardware with efficient, flexible,
and user-friendly software in one package.

We call it the art and science of hearing aid fitting, in that it enables both experienced and
inexperienced clinicians to efficiently optimize hearing aid parameters for each and every
patient at the initial fitting session,

Furthermaore, using a series of Personal System Managers, they enable the clinician to
easily accommodate the patient's changing needs over time. Hearing solutions should be
individual, and Perseo offers the ultimate in personalization to achieve that goal.

Oticon — DigiFocus Compact User Instructional Brochure at Page 2

Hearing instruments as individual as your hearing loss

You are in possession of some of the worlds most advanced hearing
technology by through vour new fully automatic, digital hearing instru-
ments developed and manufactured by Oticon. These instruments have
been carefully adjusted by vour hearing care professional using a com-
puter. This is designed 1o tailor the instruments’ performance as close
as possible to your needs and hearing loss.

These sophisticated instruments should provide some improvements to
your hearing ability almost immediatelv but for vou to benefit fully
from them will depend on you adapting to the new sound and learning
to interpret it. This can take a little time.

If vou follow the instructions in this booklet on using vour Qticon hear-
ing instruments, you will gain the maximum possible help from them
in achieving better hearing. The information aboul care and mainten-
ance of your hearing instruments will help prolong their life and useful-
ness.

We wish you well with your new instruments. We are confident that
they will bring you success and improve the quality of your life.
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Oticon — DigiFocus Compact User Instructional Brochure at Page 4

Microphone opening Sound hook

Plastic tube

Cover for
programming
plug

' i |
Function switch Earmould

Battery compartmoent

Oticon — DigiFocus White Paper (1996) at Page 9

« The DigiFocus diary anables vou to detormine quickly when a hearing if
strument neads adjustinment

« The lne-tuning recommendations help you (o ad]ust tho setting

& DHiSat. a PC hased software program. and the programming bl emable wou
to fit and fine tune DigiFocus while the client is woaring the instrument
This takes place without your patient being wired to the PC,
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Oticon — DigiFocus White Paper (1996) at Page 1-0

OtiSat version 3.5 is a programming and fitting software module that com
plies with the hearing industry’s standasd NOAH platform. 11 runs on any PG
in & Windows 3.11 envirenment, Together with (Hicon's other Human Link
tools, it provides everyihing you need to fit Digifocus, OtiSet has been die
pigmad |:| make fitting sasy while giving you relevant and ¢ onfext-senaitive
audiological information

Underneath its simple and sasy ko use interface, OtiSet considers all the ail-
vanced knowledge on which DigiFocus is built. 1t relies on top audinlngi-cal
research, summarizing many years of work and field testing performad al Ot
con's Briksholm Resoarch Centre in cooperntion with hearing cara profession
ale and audiological researchers worldwide. The new version n{if(?liﬁﬁ“t fully
suppors DigiFocus, helping you o At the oxsc nissds of your patients

While using OtiSel, you are able 10 compare youl |mli|.:||1'j. .'Iu-:|.i.|.||.;j.||'|l.. with .
{he fitting range of all Oticon’s hearing instraments. Based on the choice of in-
strument and available audiological data, OtiSet automatically mcommends
the initial control seltings, During fitting. OtiSet gives you instant access 1o
graphical representations that show how various speech and sound spectra

perform o the controls aro adjusled on scraen

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

Audiologists at the Grunewald-Blitz Children's Clinic at The University of Arizona in
Tucson are testing what promises to be a long-awaited breakthrough in hearing

care - a fully automatic compact hearing aid that digitally processes sound. It
adjusts automatically to different noise levels.

Oticon — News Release re Audiologists Test Breakthrough In Hearing Care (June 19, 2006) at Page 2

What makes the new digital hearing instrurment a true breakthrough is its flexibility
in processing sound, he added. "Think of the difference between a radio with only
bass and treble controls and a fully-featured studio mixer, which adjusts sounds in
many different frequency bands. Because of the miniature computer in DigiFocus,
sound can be splitinto seven frequency bands, each of which can be adjusted in
several ways. These bands are then processed through two channels to
automatically adjust for loudness levels and speech,”
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Oticon — Products Index at Page 1

m‘g].'m -8 100% digital hearing instrument with fully

LB aytomatic operation, DigiFecus offers the ultimate
In spaech understanding. Wilising savan lone band
amplification to get the most out of the remaining
hearing, DigiFocus is currently the mast advanced

hearing Instrumeant on the market.

To the extent DHA Systems do not explicitly disclose this claim limitation, Anderson ‘783 discloses a
system that measures (e.g., tests) a user’s hearing. The following citations show examples of where
Anderson ’783 discloses this limitation.

Anderson ’783 at Abstract
A hearing aid or audio communication system includes an earpiece (10) that can be hidden in the ear
canal, and which communicates wirelessly with a remote processor unit, or RPU (16), that enhances audio
signals and can be concealed under clothing. Sounds from the environment are picked up by a microphone
(12) in the earpiece and sent with other information over a two-way wireless link (17) to the RPU (16).
The wireless link (17) uses microwaves for component miniaturization. Furthermore, use of radar
technology to implement the wireless link (17), with an RPU (16) interrogator and earpiece (10)
transponder, reduces earpiece size and power, as no microwave oscillator is needed in the earpiece (10).
Optional secondary wireless link circuitry (19) can be used between the RPU (16) and a cellular telephone
system or other sources of information. Electronic voice recognition and response can control system
operation.

Anderson 783 at 1:5-18
The present invention is directed to hearing aids, and in particular to a hearing aid having an earpiece
housing worn in or at the ear and a remote processor unit (RPU) worn by or located near the user that
wirelessly receives signals from and transmits signals to the earpiece. The present invention is also
directed to the use of hearing aid systems as wireless communication devices for hands-free cellular
telephone and mobile radio communication "handsets," covert operation and control of hearing aids,
hearing protection and noise cancellation simultaneous with binaural hearing aid functions, hearing test
equipment, location of misplaced hearing aid system components and wireless cochlear implants.
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Anderson 783 at 1:21-28
In the prior art, a basic hearing aid without remote control is a self-contained earpiece comprising a
microphone, speaker and associated processor electronics. In such hearing aids, the earpiece microphone
converts acoustic waves into electrical representations of the acoustic waves, the electrical signals are
amplified by the earpiece processor electronics and converted back into acoustic waves by the earpiece
speaker.

Anderson 783 at 1:50-65
The present invention uses an audio path that is different from the audio path used by devices in the prior
art. The present invention uses a primary two-way wireless link (not a one-way link as in the prior art)
between an earpiece worn in or at the user's ear and an RPU worn by or located near the user. In the
present invention, audio signals from the environment are picked up by a microphone in the earpiece (not
a hand-held microphone as used by wireless hearing aids in the prior art) and transmitted over the primary
two-way wireless link to the RPU (instead of going to processor electronics contained in the earpiece, as
in basic hearing aids known in the prior art), where the audio signals are enhanced according to the user's
needs before transmission over the primary wireless link to the earpiece. Signal processing is performed
in the RPU rather than the earpiece to take advantage of relaxed size and power constraints.

Anderson 783 at 2:20-39
It is an object of the present invention to provide a new and useful auditory aid for hearing-impaired
persons (i.e., those having certain residual hearing) by removing audio signal enhancement functions from
the earpiece and placing them in an RPU. Use of an RPU provides several advantages over systems that
attempt to place all system capabilities within the earpiece. The RPU approach allows a simple earpiece
design comprising a miniature low-power wireless transceiver, microphone and speaker. Note that the
speaker is also known in the hearing aid art as a "receiver," but the term "speaker" is used here to avoid
confusion (similarly, the term "talker," not "speaker," is used to describe a human producing vocal
sounds). The resulting earpiece is extremely small, can be hidden from view in the ear canal if desired,
and allows complete freedom of movement when a primary two-way wireless link to the RPU is used.
Processing for all major system capabilities, such as amplification and other forms of signal enhancement,
takes place in the RPU where size and power constraints are relaxed, leading to a cost-effective design.

Anderson 783 at 2:60-3:5
A further object of this invention is to provide some degree of protection for the residual hearing
capability of a hearing-impaired user (or a non-impaired user who wishes to avoid impairment) in a
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wireless hearing aid system having the simultaneous capabilities of noise cancellation and binaural
processing (e.g., directionality). Other objects of the invention are to provide a convenient means for
testing a user's hearing capability without the need for additional equipment, to assist users in the location
of misplaced hearing aid system components, and to provide profoundly deaf cochlear implant patients
with a wireless system allowing improved freedom of movement compared to existing wire-connected
systems.

Anderson 783 at 5:3-21
During normal operation, speech signals from a nearby talker (and other signals in the ambient audio
environment) are picked up by the earpiece wireless microphone 20 and transmitted to the RPU FM
receiver 24. The RPU FM receiver 24 output level may be adjusted using the RPU FM receiver 24 volume
control. The resulting electrical waveform representing signals from the nearby talker travels through the
DPDT switch 25, which is set to the lower position as shown in FIG. 2, to the signal enhancer 26. The
signal enhancer 26 may be, for example, a voice changer device that varies the pitch of a received speech
signal according to the setting of pushbutton controls located on the RPU signal enhancer 26. The speech
signal's pitch can then be raised or lowered as desired to help compensate for a user's hearing loss relative
to a particular talker's voice characteristics. The modified speech signal travels from the RPU signal
enhancer 26 to the RPU FM transmitter 27, and finally to the earpiece headset 21 receiver where the
signal is converted to acoustic waves heard by the user.

Anderson 783 at 22:11-61
Stand-alone earpiece operation: If an earpiece cannot communicate with an RPU for any reason, stand-
alone earpiece operation as a CIC hearing aid is generally desirable. Examples include occasions where
the RPU must be turned off by pushing the RPU power-off key 78 (e.g., situations where operation of
wireless transmitters is prohibited such as aircraft takeoffs and classified military briefings), RPU battery
or other RPU electronics failure, misplacement of an RPU, and primary wireless link 17 interference.
Note that a microphone located in the earpiece 10 is preferred to a body-worn microphone, since only an
earpiece microphone 12 can be used to provide the desired default CIC hearing aid function (earpiece
microphones also provide superior audio localization capabilities as the microphone moves with the user's
head, and provide reduced wind and clothing noise compared with body-worn microphones). Parameters
that control the stand-alone earpiece operation are stored in the earpiece CIC default parameter storage
870, which is accessed by the ASIC 845 to implement the desired stand-alone functions as described
earlier. CIC default parameters include, but are not limited to, settings for the nominal and maximum
allowable earpiece volume. Other information contained in the default parameter storage 870 includes, but
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is not limited to, the communication address and L/R (left/right) selection bit. To ensure that the CIC
default parameter storage information cannot be changed inadvertently, changes are only allowed when
the earpiece is not in use as, for example, when the earpiece battery 860 is being charged. A battery
charging detector 840, that is sensitive to the high-level magnetic induction fields commonly used for
earpiece battery charging, indicates to the ASIC 845 that the default parameter storage 870 values may be
changed upon receipt of an appropriate command from the RPU. Specifically, to change information in
the earpiece CIC default parameter storage 870, a user first activates the earpiece battery charging system,
e.g., by placing the earpiece in a recharger/storage tray well known in the art. The RPU keyboard 946 is
then used to enter a command to the DSP 948 that indicates the user's desire to change information in the
default parameter storage 870, followed by the new information to be stored. The DSP 948 causes the
RPU to transmit an interrogation with a reserved address code to which all earpieces being charged within
the communication range of the RPU are receptive. The information that is to ultimately be loaded into
the earpiece default parameter storage 870 is then transmitted by the RPU using the auxiliary bit field of
many successive interrogations, said interrogations are received by the earpiece, and the desired
information is loaded into the CIC default parameter storage 870 under control of the ASIC 845.

Anderson °783 at 25:15-27
To obtain solicited information, user requests are processed in a variety of means well known in the art,
including inputs via one or more pushbuttons on the RPU and voice recognition computer programs
implemented in the RPU electronics. Voice recognition can be used almost exclusively, if desired, thereby
eliminating nearly all RPU pushbutton controls. Voice commands recognized by the RPU can cause the
RPU to initiate actions such as changing hearing aid parameter settings (e.g., volume), or activate
appliances and environmental controls (e.g., aids for the physically handicapped) in a distributed wireless
network via the secondary wireless link.

Anderson 783 at 27:4-24
Hearing test: The present invention allows hearing tests to be performed via the earpiece normally worn
by the user, without the need for additional expensive test equipment. All signal generation capabilities
necessary to perform hearing tests are available in the hearing aid system comprising an earpiece 10 and
RPU 16. Specifically, the RPU DSP 948 can be used to generate tones of varying frequencies and
amplitudes, as well as other signals known to be useful for hearing test purposes (e.g., nonsense syllables)
that are converted to acoustic waves by the earpiece. Such tones are used to perform a hearing test that
determines appropriate gain vs. frequency parameters for a program stored in the RPU DSP 948 that
performs signal enhancement to compensate for the user's hearing loss. Note that the hearing test program
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that controls the RPU DSP 948 during the hearing test can be temporarily stored in the RPU DSP 948 for
the duration of the test, then deleted upon completion of the test to allow re-use of RPU DSP 948 memory
resources during normal operation. The hearing test program may be loaded into the RPU DSP 948
through the secondary wireless link 944 or a wired peripheral link 950.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim [8a].

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

79. A hearing enhancement
apparatus as recited in claim 62,
wherein information regarding the
at least one hearing characteristic
of the user is wirelessly received
and stored in the hearing
enhancement apparatus.

DHA Systems and Anderson ‘783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 62, wherein information regarding the at least one hearing characteristic of the user is
wirelessly received and stored in the hearing enhancement apparatus.”

See above at claim 24.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson ’783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 24.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

81. A hearing enhancement
apparatus as recited in claim 62,
wherein the hearing enhancement
apparatus is configured to alter a
power level of the audio output
signals so as to suppress at least a
sound level associated with the

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 62, wherein the hearing enhancement apparatus is configured to alter a power level of the
audio output signals so as to suppress at least a sound level associated with the environment of the apparatus
so as to provide noise cancellation.”

See above at claim 16.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.
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environment of the apparatus so as
to provide noise cancellation.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson ’783, those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.

82. A hearing enhancement
apparatus as recited in claim 81
further comprising a microphone
configured to receive audio sound
at the environment of the apparatus
for determining the sound level
associated with the environment of
the apparatus.

DHA Systems and Anderson ’783 expressly or inherently disclose “[a] hearing enhancement apparatus as
recited in claim 81 further comprising a microphone configured to receive audio sound at the environment of
the apparatus for determining the sound level associated with the environment of the apparatus.”

See above at claim &1.

A POSITA would have been motivated to combine DHA Systems with the teachings of Anderson *783 to
meet the claim limitations with reasonable expectation of success for the reasons described above with respect
to claim 16.

To the extent that DHA Systems and Anderson *783 do not disclose any elements of this claim limitation, it
would have been obvious to a person having ordinary skill in the art to combine, with the teachings of DHA
Systems and Anderson 783 those elements, as known to them or as disclosed by other prior art identified in
the cover pleading.
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