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ABSTRACT

Systems and methods are described to time delay a signal output from an analog-
to-digital converter (ADC). The ADC includes a digital sensor responsive to an analog
field quantity. The digital seasor is configured to output an oversampled digital output
signat at a sampling cloek frequency. A tune delav element is configured to receive as an
input, the oversampled digital output signal and to output & time delayed oversampled
digital output signal. A filier 13 configured to recetve as an inpui the delayed oversampled
digital output signal. The filter low pass filters and decunates to a lower sample rate the
delayed oversampled digital output signal. An output inchudes a low pass filtered
decimated delaved digital output signal, where the lower sample e is less than the

sampling clock frequency.
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What is claimed is:

1. A method to create a beamformed digital signal, comprising:

outputting a first oversampiled digital signal cutput from an analog-to-
digital converter {ADC), wherein the first oversampled digital signal is responsive
{0 an analog field and the first oversampled digital signal is created at a sampling
clock freguency;

delaying the first oversampled digital signal by a time delay wherein the
time delay s equal to an integer number of sampling clock cycles fo produce a
time delayed first oversampled digital signal; and

combining the time delayed first oversampled digital signal with a second
oversampled digital signat to oblain the beamformed digital signal, wherein the

sacond oversampled digital signal is responsive to the analog field.

2. The method of claim 1, whersin the combining is performed in an

oversampled signal domain.

3. The method of claim 1, wherein the combining is performed in af an

intermediate sampling rate.

4, The method of claim 1, wherein the combining is performed in a baseband

signal domain.
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5. The method of claim 1, wherein the first oversampiled digital signal and the

second oversampled digital signal are obtained from different sensors.

8. The method of claim 1, wherein the first oversampled digital signal and the

second oversampled digital signal are obtained from the same sensor.

7. The method of claim 1, further comprising:
applying a low pass filter with decimation {o the time delayed first
oversampled digital signal {o output a baseband digital signal that is delayed by

the time delay.

8. The method of claim 7, wherein the time delay is equsl to a fraction of a

haseband sampling period.

8. The method of claim 7, wherein the time delay is greater than a baseband

sampling period.

10. The method of claim 7, wherein the first oversampled digital signal is

digitized to create samples which are more than one bit deep.

11. A system {o create a beamformed digital signal, comprising:
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a first digital sensor responsive 1o an analog field, the first digital sensoris
configured to output a first oversampled digital output signal at a sampling clock
fraquency;

a second digital sensor responsive o the analog field, the second digital
sensor is configured to output a second oversampled digital output signal at the
sampling clock frequency;

a time delay element, the time delay element is configured to receive as
an input, the first oversampled digital output signal and to cuiput a time delayed
oversampled digital outpwt signal, wherein the time delayed oversampled digital
oulput signal and the second oversampiled digital output signal are separated by
a time delay that is imparted by the ime delay element; and

an arithmetic unit, the arithmetic unit is configured o receive the time
delayed oversampied digital output signal and the second oversampled digital
output signal, the arithmetic unit is configured to produce the beamformed digital
signal from the ime delayed oversampled digital output signal and the second

oversampled digital output signal.

12. The apparatus of claim 11, wherein the arithmetic unit combines the time
delayed oversampled digital output signal and the second oversampled digital

output signal.
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13. The apparatus of claim 12, wherein the arithmetic unit combines the time
delayed oversampled digital output signal and the second oversampled digital

output signal using a summation function.

14.  The apparatus of claim 12, wherein the anithmetic unit combines the time
detayed oversampled digital output signal and the second oversampled digital

output signal using a subtraction function.

15.  The apparatus of claim 11, further comprising:

a sigma-delta modulator, the first digital sensor utilizes the sigma-delta
modulator and the first digital sensor is configured to produce a pulse density
madulatad (PDM) output signal at the sampling clock frequency rasponsive to the

analog fisld.

16. A system fo create a beamformed digital signal, comprising:

a digital sensor responsive {o an analog field, the digital sensor is
configured to oufput an oversampled digital cutput signal at a sampling clock
frequency,

a time delay element, the time delay element is configured o receive as
an input, the oversampled digital output signal and to oulput a ime delayed
ovarsampled digital output signal, wherein the time delayed oversampied digital
output signal and the second oversampled digital output signal are separated by

a time delay and the time delay is imparted by the time delay element; and
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an arithmetic unit, the arithmetic unit is configured to receive the time
delayed oversampled digital output signal and a second oversampled digital
output signal, wherein the second oversampled digital output signal is responsive
to the analog field, the anthmetic unit is configured o produce the beamformed
digital signal from the time delaved oversampled digital output signal and the

second oversamplad digital output signal.

17.  The apparatus of claim 16, wherein the anthmetic unit combines the time
delayed oversampled digital output signal and the second oversampled digital

oulput signal.

18.  The apparatus of claim 17, whersin the arithmetic unit combines the time
delayed oversampied digital output signal and the second oversampled digital

output signal using a summation function.

18.  The apparatus of claim 17, wherein the arithmetic unit combines the time
delayed oversampled digital output signal and the second oversampled digital

oulput signal using a subtraction function.

20,  The apparatus of claim 16, further comprising:
a sigma-delta modulator, the digital sensor ulilizes the sigma-delta

modulator and the digital sensor is configured o produce a pulse densily
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modulated (POM) outpid signal at the sampling clock frequency responsgive {o the

analog field.
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RELATED APPLICATIONS

{0081} This patent application is a contimnation of Untied States Patemt
Apphication Serial Number 15/947 845, titled “TIME DELAY IN DIGITALLY

OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS,” filed on
April 08, 2018, which is a continuation of United States Patent Application Serial
Nuomber 15225745, utled "TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS,” filed on August 01, 2016, now U S,
Patent 9,941 895, United States Patent Application Serial Numbey 157225745 and
United States Patent Application Number 15/947 845 are hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

L FIELD OF INVENTION

{0002} The mvention relates generally to sampled systevas more specifically to

time delay w digitally oversampled sensor systems, apparatuses, and methods.

2. ART BACKGROUND

{0003} Field quantities which exist in the natural world are generally analog
signals which have continuously varving amplitude gs a function of time. Exanples of

these field quantities are sound pressure, vibration, light, ete. Measurement of & field
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guattity 18 accomphshed with an analog sensor or a digital sensor, Digial electronics
work with digital signals. Interfacing analog signals with digital electromics presents a

technical problem for which a technical solution using & technical woeans is needed.
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BRIEF DESCRIPTION OF THE DRAWINGS

{(004] The mvention may best be understood by referring to the following
description and accompanying drawings that are used to illustrate embodiments of the
imvention. The mvention 13 illostrated by way of example 1 the embodiments and 1s not
himited in the figures of the accompanying drawings, in which hke references indicate

sumilar elemenis.

{0005] Figure 1 illustrates g digital sensor system.
{0006} Figare 2A illustrates time delaying an oversampled signal within an

analog-to~digital converter {ADC) system, according to embuodiments of the invention.
{0007} Figure 2B illustrates two siguals from Figure 2A, according to
embaodiments of the invention.

{0608} Figure 2C ilustrates an oversampling system atihzing sigma-delia
modulation and pulse density modulation (PDM), according to embodiments of the
invention.

{0609} Figure 3 iHlustrates applications of the system from Figare 2C, according
to emnbodinments of the mvention.

[0010] Figure 4 illostrates a pulse density modulation (PDM) recetver
architecture, according to embodiments of the invention.

j0011} Figure § illustrates placing a time delay between stages of a pulse density
modulation (PDM]) receiver, according to embodiments of the invention.

{0012} Figare 6 tllustrates placing a time delay between ditferent stages of a

pulse density modulation {(PDM) recetver, according to embodiments of the invention.
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{0013} Figure 7 tHustrates placing a time delay in yet another location withina
pulse density modulation {PDM) recetver, according to embodiments of the invention.
{0014} Figure 8 itlustrates programmable time delay i an analog-to-digital
converter (ADC) system, according to embodinents of the invention.

[0015] Figure 9A tHustrates time delays for multiple sensors, according to
embodiments of the mvention,

{0016] Figure 9B tiustrates maultiple time delays applied to an onipui from a

single sensor, according o embodiments of the mvention.

{0017} Figure 18 tllustrates beamfornung, according 1o emboduments of the
invention.
{6018} Figure 11A and 118 illustrate ncreased resolution provided by a

fractional delay, according to embodiments of the invention.

{0019 Figure 12 illostrates a process to impart a time delay to an oversampled
svstem, according to embodiments of the invention.

{0020} Figure 13 illustrates a process to use a tune delay imparted to an
oversampled system 1o a beamforming process, according to embodiments of the
vention.

{0021} Figure 14 illustrates a data processing systent in which embodiments of
the invention may be used,

{00221 Figure 15A-158 llustrates integrated circuit dies in which emboduments

of the invention may be implemented.
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DETAILED DESCRIPTION

{0023} in the following detailed description of embodiments of the mvention,
reference is made to the accompanying drawings in which ke references indicate similar
elements, and in which s shown by way ofsllustration, specific embodiments in which
the invention may be practiced. These embodiments are descnibed in sufficient detail (o
enable those of skill in the art to practice the invention. In other instances, well-known
circaits, structures, and techniques have not been shown in detail 1 order not to obscure
the understanding of this description. The following detailed description is, therefore,
pet 1o be taken in 2 Hmiting sense, and the scope of the mveation is defined onlv by the
appended claims.

{0024} Systems and methods are described for applving a time delay to an
oversampled digital signal. In various embodiments the time delay is applied in various
locations within the oversampled domais of the digital signal doring signal processing i
an analog-to-digital converter {ADC).

{0025 Figure 1 illustrates, generally at 100, a digital sensor system. With
reference to Figore 1, an analog field goantity 102 1s sensed by a digital sensor system
104, As represented in Figure 1 at 104, the digital sensor system includes a digital
sensor which is typically configured to oversample the analog signal 102, Within the
digital sensor system 104 the oversampled signal 1s mput to a recetver which decimates
and low pass filters the oversampled signal in order to output a signal at a baseband
sampling rate at 106 which is the digital representation of the analog field quantity 102,

A time delay can be imparted io the digital baseband signal at 108 The time delay 108
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can be of varions lengths and s sometimes expressed i two parts, Le., an integer part
and a fractional part. A first part 114 can be referred to as an mteger delay where
“integer” refers to an integer nuraber of baseband samphing rate cyveles. A second part
110 can be referred to as a fractional delay where "fraction” refers 1o a fraction of the
baseband sampling rate period. A time delaved dignal version of the digital signal 106 is
output at 116, The time delayed digital signal 116 can be used m various subsequent
processes such as beamforming, efc.

{0026} Figure 2A illustrates, generally at 200, time delaying an oversampled
signal within an analog-to-digutal converter (ADC) systern, according to embodiments of
the iwverstion, With reference to Figare 2A, a time delay 1 inserted in the oversampled
domain of the ADRC. In various embodiments, the tune delay 15 inserted between a
digitally oversampled sensor ouiput signal and a receiver used to process the
oversampled digital ovtput signal.  In operation, an analog field guantity 202 s incident
upon & digital sensor 212, The digtial sensor 212 converts the incident analog field 1o an
oversampled digital output signal at 214 which preserves phase information of the signal
within the bit streams of the signal 214, In vanous embodiments, the oversampled signal
214 s provided as a pulse deasity modulated (PDM) signal. Tn other embodimenys, other
digitizing methodologies can be emploved to digitize the oversampled signal. The
oversampling which occurs in the oversampled sensor 212 occwrs at a sampling clock
frequency. The sampling clock signal 18 often provided externally by the data processing
system or a dedicated digital signal processing system {DSP) clock which is divided

down 1o the destred sampling clock frequency used to sample the digital sensor 212 In
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other embodiments, the sampling clock can be provided locally evenon the same
integrated circoit with a digital sensor,

{0027} The oversampled digital signal 214 is wput imto a delay element 216 and
is cutput at 218 after a time delay "At" is nnparted to the oversampled digntal signal, The
time delay At imparted to the oversampled digital signal 214 at delay element 216 is
represented by an integer number of sampling clock cycles. When it is desirable to
impart a "fractional delay” at delay element 216, then the maxamum number of sampling
clock cycles that would be imparted at 216 15 equal to the ratio of sampling clock
frequency divided by the baseband sampling rate, indicated herein by the variable "R
R is discussed more completely below i conjusetion with the figures that follow. Note
that m other embodiments, systems are configured without the constraint R of equation
{3). Insuch cases, the delay imposed by the delay element 216 exceeds the upper imit R
of equation (3}

{0028} In various embodiments, the delay element 216 s ruplemented as a
buffer, which can be programmable. In other embodiments, the delav clement is
minplemented with a delay ling; the delay line can be a programmable delay line, In vet
other embodiments, the delay element is implemented with a circuit constructed 1o
provide a delay and the delay can be programmable. A progranunable delay element 216
will allow the magnitude of the delay At to be adjusted as desired. In the context of
beamforming, a programmable delay(s) will allow a beam formed with two or more
sensors to be sieered to different directions. Beamformung will be discussed more

completely below m compunction with the figures that follow,
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{0029} The output signal from the delay elemient 216 15 a delayed oversampled
digital signal 218 which is input inte a recetver module 220, The recetver module 220
performs the functions of low pass filtering and decimation. Low pass filtering removes
the high frequency noise resulting from the oversampling process and decimation reduces
the samipling frequency to a baseband sampling rate. A baseband digital signal is output
at 222 from the receiver module 220, The baseband signal 222 is a digital sigual having
a bandwidth as prescribed by an application of interest and, depending on the digitization
methodology, an mereased dynamic range relative to the oversampled digiial signal 214
output from the digital sensor 212
{0630} As an Hustration of a sinusoidal representation of an analog tield quantity
204 is tllustrated ax a function of time 206 and amplitude 208 A marker 218 indicates a
peak 7 i the field quantity 204, After the time delay "At" 1s mparted to the
oversampled digital signal and the post processing described above in the recetver 220 15
performed, for illustration herein, when the signal at 222 1s converned back to an analog
stgnal it would appear as iHustrated at 224 where the time delaved amphitude 224 i3 time
delayved by At resulting m the peak amplitude of the signal 224 delaved to 3 + At as
iHlustrated at 219, Thus, a time delay s impanted 1o the oversampled digital signal in the
system desertbed above in Figure 2A. Imparting the time delay is accomplished by
msertion of the delay element 216 which can be accomplished, 1n various embodiments,
by inserting, in one embodiment, a buffer as showa between the oversampled digital
sensor output 214 and the input to the receiver module 220, In aliernative embodiments,

described in the figures that follow, a time delay element will be inserted between stages
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of aveceiver moditde. Thus, embodimenss of the tnvention are not mited to nivoduciion
of the time delay element on the input to the recetver module 220,

{0031} in various embodiments, the oversampling performed n the digital sensor
212 is accomplished with a stgma-delta modulator in an analog-to-digital conversion
{ADC)Y process which outputs at 214 a one-bit deep pulse density modulated {FDM}

oversampled digital signal representing the digitization of the analog signal 256 (Figure
2B). Note that for illustration purposes only, without Hmiting embodiments of the
myention, the tustration of the oversampled digital signal 214 &5 presemted a1 252 as &
pulse density moduolated (PDM) signal in the time domain and again in Figure 2B
entarged view, At 232 the oversampled digital signal is Hustrated with marker 254
indicating a peak of the analog signal 256,

00321 Following application of the time delay Ay, smparted by delav element
216, the time delayed oversampled digital signal 218 is illustrated at 262 with the
oversampled digital signal dustrated with marker 254 indicating the peak of the analog
signat 256 which has been delayed in time by At, the peak 15 now indicated at 264
{0033} The tlustrative example presented with 252, 262, Figure 2A, and Figure
2B illustrates oversampling where one wavelength of an analop signal has been sampled
one hundred (100} times. No hmitation s imphied thereby and thus example is provided
merely for lustration. Figure 2B llustrates, generally at 250, two signals from Figure
2A, according 1o embodiments of the mvention.

{0034} Referring back 1o Figure 24, as described above the sampling clock
frequency is represented by a variable fxr: the baseband sampling frequency is given by

the variable fie. Equation {1) is the requirement for the oversampling condition where
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o> fin. The ratio of the sampling clock frequency to the baseband sampling frequency
is given by equation {2 as R = fsp/ fun. In analog-to-digital conversion methodologies
that are one-bit deep, R will represent the number of subintervals that a baseband
sampling pertod can be divided nto for the purpose of applyving a "fractional” time delay
to the oversampled digital signal 214, Pulse density modulation (PDM) is such a digital
conversion methodology that 1s one-bit deep where the sign is carried by the bit value
where a "1" corresponds 10 a pulse of plus polarity (+A) and a "0" corresponds with a
pulse of negative polarity {~A}. Equation (3) indicates that a fractional delay can be
selected based on & number of sampling clock cycles N from the range 1 SN <R, and the

ame delay which 1s applied by delay element 216 15 given by equation (4) as; At=N*
Tse. Where Ty is the period of the sampling clock. Where as described above,

"fractional delay” refers to a fraction of a bascband sampling rate cycle.

{0035} Note that when other analog-to-digital digitization methodologies are used
in the digital sensor 212 the resulting digital b stream can be other than one-bit deep. In
such cases, the oversampled digital signal at 212 caan still be delayved with delay clerent
216, where the delay will be a multiple of a "sample” regardless of bow maay bus are
used to encode the "sample” at the digital sensor 212, The munimum time delay
increment will depend on the bit depth of the anglog-to-digital digitization methodology

used m the digital sensor 212, Thus, equation (4) is modified to equation {3} as follows:
At =N ¥(M* Tsr). Where Tsr is the periad of the samphing clock, M is the bit depth of

the digitization methodology and the product N™M, given by equation {€), whichis: 1 £

N*M < R with N being an integer subject to the constraint of egquation (6 for a fractional
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delay.  Note that 1o other embodiments, systenss are configured without the constramt R
of equation {6}, In such cases, the delav imposed by the delay element 216 exceeds the
upper Hmit R i equation (6). Thus, a time delay imposed by the system on the
oversampled digital signal can be a fraction of a baseband sampling period or greater
than the baseband sampling period.

{0036} For example, in one non-limiting embodiment, given merely for
iHustration, a 2-bit amplhitude modulated digitization methodology utilizes 2 bits to
establish 4 amplitude states for a digtial representation of an analog signal, In this
example, M =2, which means that a magnitude of the time delay which can be applied to
the oversampled digital signal will be an integer number (a3 multiple) of two successive
sampling clock cyeles, eg, 2.4, 6, &, etc., thas the oversampled digital signal 1s delayed
2 bits at a time in this example of M=2. Introducing a delay of one samphing clock cycle
or three sampling clock cycles at 216 when the analog-to~digital encoding methodology
is 2 bits deep would introduce noise mto the svstem because 2 successive bits are
required to represent the expected value of the anslog signal, 1., a sample,

{0037} A vartety of different digital sensors can be used at 212, For example,
sotae non-tiniting examples of sensory used to detect field quantities are sensors used to
detect pressure fluctoations such as acoustic pressure fluctuations i air or water.
Frequency ranges can range from the low end of the audio spectrum fo the ultrasonic
range. Seusors can also be used to detect field quantities such as vibration or
electromagnetic energy. The following description and the associated figares are set in
the context of a digital microphone however; the description ix applicable to sensors

other than digital microphones and is generally applivable to oversampled sensors used
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during analog-to-digital conversion (ADC) where a thme delay 18 introduced in the
oversampled digital domain,

{0038} Figure 2C iHlustrates, generally at 270, an oversampling system utilizing
sigma-delta modulation and pulse density modulation (PDM), according to embodiments
of the mvenbion. With reforence to Figure 20, a digital microphone s idicated a1 272,
Digital microphone 272 responds to an acoustic fickd 273, The digital wicrophone 272
can take the form of an electret capsule nucrophone or it can be made using
microelectromechameal svstems (MEMS) technology s a component on an integrated
cireuit. In some embodiments, MEMS digital microphones are made as & structure on an
integrated circutt which uses a membrane that forms a capacitor with a base plate. Sound
waves cause a vibration of the membrang which causes variations in capacitance which
are sensed, amplified, and processed in the integrated crrouit.

{0639} The MEMS digital microphones can be configured with a sigma-delta
modulator which produces an oversampled digual cutput of the analog signal seosed by
the nucrophone. A digital MEMS microphone configured with a signw-delta modulator
is supplied with power and a sampling clock signal. In various embodiments, the digital
microphone outputs a pulse density modulated (PDM) oversampled signal. A clock
signal can be provided as an external clock signal from a digital data processing system
or the sampling clock signal can be provided locally as part of the integrated circwt
package that houses the digital microphone. Digital microphones using MEMS
technology and sigma-delta modulators for analog-to~digital conversion can be designed

to operate at a variety of sampling clock frequencies. Common sampling clock
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frequencies are iIn the range of T MHz to SMHz  The sampling clock frequencies histed
here are given merely for illustration and do not limit embodiments of the invention.
{0040} Some baseband audio signal applications have established frequency
ranges and these ranges together with a desired dynamic range for the andio signal place
requirements on the sampling clock frequency used to with the digital mucrophone 272.
For example, telephony, compact disk (CD) format, etc. all have requirements for the
baseband audio signal that can be accommodated through embodiments of the mvention
as described herein. Some non-lmiting examples are, for example, pulse code modulated
{(PCM) audio which can be provided at various dynamic ranges and samaple rates, which
could be provided ar 16 bits per sample at 48 kHz m one or more embodiments. Another
non-limiting example s 16 bit CD quality stereo POCM at 44.1 kHz. Telephony can be
acconmmaedated at different specifications. A non-himiting example 15 PCM andio at 12
bits per sample at & kHz. The foregoing examples of baseband audio formats are
provided merely for example and do not himit embodiments of the invention.

{0041} The oversampled digital output 274 is input 10 a delay element 276 as
described previously. The delay element 276 applies a time delay 1o the oversanmpled
digital signal and outputs a time delaved oversampled digital signal at 278,

{00421 The oversampled digital signal 278 is input into a PDM receiver module
280, In various embodiments, the PDM receiver module 280 converts an mput signal to
pulse code modulation (PCM) format and can be alternatively referred to as a PDM 1o
PCM conversion modale 280 without limitation to embodiments of the mvention. The
PDM recetver module 280 decimates and low pass filters the time delayed oversampled

digital signal 278 and omipuis a time delayed PUM baseband digital sigoal at 282, Those
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of ordinary skifl in the art will recognize that POM forosat is a digitel data format in use
with digital signals such as digital audio signals. PDM receiver modules such as 280, as
well as other receiver modules deseribed in the other higures in this description of
embodiments, can be inplemented with conversion to a format other than PCM format
and the description given herein with conversion 1o PCM format does not impose any
limitation on embodiments of the invention.

{0043} As described above, the time delay element 276 can apply a fractional
time delay to the oversampled digital signal 274, In some embodiments, the system
design is such that a total time delay applied to the baseband signal 286 18 made up from
the fractional delay contnibution at 276 and an mteger delay comtorbution at 284, In other

embodiments, the entive delay is applied by the delay sloment 276.

{0044} Accomplishing a fractional delay at the baseband stage in a digital
microphone sysiem is computationally intensive and has been eliminated by

embodiments of the invention described herein by miroducing the fractional delay in the
oversampled signal domain. Equations (1), {2}, and (3) from Figure 2A apply to the
digital microphone system of Figure 2C. Here the digital mucrophone 272 is driven by a
sampling clock frequency fsr the baseband sampling frequency is given by fub, therefore
from equation (1) fsp > fis. The ratio of the sampling clock frequency to the baseband
sampling frequency is given by equation (2} as R= fsp / fon. Equation (3} indicates that
a fractional delay can be selected based on a number of samphing clock cyeles N from the

range 1 £ N <R, and the time delay which is apphied by delay element 276 s given by

eqaation (4) as: At= N * Typ. Where Tsr is the period of the sampling clock. In various
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embodiments, the PDIM recetver module 280 is constructed with a sequence of stages as
explained below in conjunction with the figures that follow,

{0045} Figure 3 illustrates, generally at 300, applications of the system from
Figure 2C, according to embodiments of the invention. With reference 1o Figure 3. a
non-limiting example of a digital microphone system s provided with a fowr stage PDM
receiver module. Ao analog field quantity ¢.g.. an acoustic field 302 is sensed by a
digital microphone 304, The digital microphone 304 emplovs a one-bit sigma-delta
modulation to perform analog-to-digital conversion {ADC), In one non-limiting
embodiment, the digital microphone 304 is driven with a 2.048 MHz sampling clock
frequency 1o output an oversampled digital output signal at 306, 1o the example of
Figure 3, the baseband sampling frequency s chosen to be 16 kHz. From equation 2
{Figure ZA), R = 2 048,000/16,000 = 128, Thas, the period of the baseband sampling
frequency can be divided by 128 by selecting a time delav At which s related to a
number of sampling clock cyeles N from the range 1 < N < 128, In this example, the

time delay which is applied by delav clement 308 is given by equation {4) from Figore
2B as At= N * Tsr where Tsr 15 the pertod of the 2.048 MHz samphing clock frequency,

which equals 4.83828 X 107 seconds. Equation (4) from Figure 2B then provides as a
fractional delay: At=N ¥ 48828 X 10",

{0646} In one or more embodiments, the time delay element 308 15 implemented
with a buffer one-bit deep and 128 bits wide. At'S bits per byte the buffer needed for
time delay element 308 m the present example is of size 16 bytes. 10 byies ix a very
senall buffer which makes the system and process needed to tmpart a fractional time
delay to an oversampled digital signal much less resource intensive than that of existing
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systems which tmpart a fractional time delay to the baseband signal through application
of filtering and or post processing in the baseband domain. The time delay element 308
can be configured 1o be controllable, such that the tiwae delay ioparted to the
oversampled digital signal ¢an be set using a control hine 3100 A comroller can be
configured with one or more digital microphones according to embodiments of the
invention to provide a steerable array of microphones for beamforming applications.
Utihzing a controller with multiple microphones 1s described more fully below in
conjunction with the figures that follow.

{0047} Hiustrated 1w Figure 3, 1s a PDM receiver module 314 which has, inone
enbodiment, an architecture based on four main stages, also shown in Figure 3 in
enlarged view at 332, The tinve delay element 308 applies a delay 1o the oversampled
digital signal outputting a time delayed oversampled digital signal a1 312, The
oversampled digital signal 312 is input in the PDM receiver module 314 and enters a first
stage 316, For the purpose of this exaraple, the first stage of the PDM receiver module
314 15 a cascaded-integrator-comb (CIC) filter structure. The integrator keeps a running
sum of values adding each new sample, the comb filter subtracts off the oldest sample.
The CIC filter s a cascade of integrator comb stages. The final component is a decimator
which reduces the sampling rate by a multiple of 2. In the example of Figure 3, the CIC
filter provades &:1 decunation which reduces the sampling clock frequency of 2.048MHz
to 256 kHz at 318 following the CIC 316 stage. The CIC stage 316 low pass filters the
input digital signal 312 thereby providing an increase to the dynamic range of the output

digital signal at 318.
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{0048} In the example of Figare 3, the second stage of PDM receiver module 314
is a half-band filter 320. Half-band filter 320 decimates by a factor of 2:1 thereby
reducing the sampling rate of the mput signal 318 from 256 kHz 10 128 kHz at the output
322, Half-band filter 320 provides further low pass filtering and a further increase in
dynamic range of the signal at 322

{00491 Stmtlarly, 10 the example of Figure 3, the third stage of PDM receiver
module 314 is a half-band filter 324, Half-band filter 324 decimates by a factor of 2:1
thereby reducing the samphing rate of the input signal 322 from 128 kHz to 64 kHz at the
output 326, Half-band filter 324 provides further low pass filtering and a further ncrease
in dynamic range of the signal at 326

{0050} Iy the example of Figure 3, the fourth stage of PDM receiver module 314
is a low pass filler 328 which decimaies by a factor of 411 thereby reducing the nput
digital signal at 326 from a sample rate of 64 kHz to a baseband sample rate of 16 kHz at
330. A finite impulse response (FIR) filter structure or an infinite impulse response (IIR)
filter structure can be used in the stages of the PDM recerver module 314 described
above, such as, for exanple in low pass filter 328, ete. Thus, the PDM receiver module
receives as an input a time delaved oversampled digital signal at 312 with sampling rate
of 2.048 MHz and outputs a baseband signal, which in some embodiments is an acoustic
signal, at a baseband sampling rate of 16 kHz at 330, Note that m order to ehminate
aliasing, the useful frequency range of the baseband signal will be reduced by a factor of
1/2 from the baseband sampling rate in order to satisty the Nyguist sampling criteria
which requires the maximum useful frequency Favouist < fon ¢ 2, where fiw is the

baseband sample rate.
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{0051} Figure 4 tHustrates, generally at 400, a pulse density modulation (PDM)
recetver architecture, according to embodiments of the invention. With respect 1o Figure
4, alternative locations for the time delay element 308 from Figuare 3 are tllustrated. An
mitial posttion for the time delay element 416 corresponds with the position of the time
delay element 308 in Figure 3. In this mitial position, as described above the thne delay
element 416 delays the oversampled digital signal and outputs a time delaved digital
signal at 312,

{0052} The time delay element can be located throughout the oversampled
domain of the PDM module 314. In Figure 4, a first altemnative location of the delay
element is indicated at 418 between the first stage 402 and the second stage 406 at
location 41&. In this alternative location, in ene embodiment, the time delay elament 416
is removed and 312 represents the digital oversampled signal, the time delay is applied
internal to 314, When the delay element 1s located at 41§ the number of fractional delay
elements is obtamed by dividing the samphng rate which exists at 404, which is the
output of 402 and the input to time delay element at 418, by the baseband sampling rate
at 330, For the non-limiting example of Figure 3, R = 256 kHz/16 kHz = 16. Thus, the

fractional delay which can be imparted by the time delay element when located at
position 418 is calenlated by equation (4) from Figare 2B as: At = N ¥ Tor where is the

period of the 256 kHz sampling rate period equals 390625 X 10 seconds. Eguation (4}
from Figure 2B then provides: At = N ¥ 3.90625 X 10 seconds.

{0053] In Figure 4, a second alternative location of the delav element 1s indicated
at 420 between the second stage 406 and the third stage 410 at location 420, In this
alternative location, in one embodiment, the tume delay element 416 13 removed and 312
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represents the digital oversampled signal, the tme delay is apphed mteral 0 314, When
the time delay element is focated at 420 the nwmber of fractional delay elemenis is
obtained by dividing the sampling rate which exists at 408, which 1s the output of 406
and the input to tme delay element at 420, by the baseband sampling rate at 330, For the
non-luniting example of Figore 3, R = 128 kH#/16 kHz = & Thus, the fractional delay

which can be mmparted by the time delay element when located at position 420 1s

aloulated by equation (4) from Figure 2B as; At = N * Tse where Tsy is the pertod of the

y

128 kHz sampling rate period which equals 78125 X 107 seconds. Equation (4) from
Figure 2B then provides: At =N * 7.8125 X 10 seconds.

{0054] In Figure 4, a third alterpative location of the delay element is indicated at
422 between the third stage 410 and the fourth stage 414 at location 422, In this
alternative location, in one embodiment, the tume delay element 416 13 removed and 312
represents the digital oversampled signal, the time delay is apphied aternal to 314, When
the delay element 1s {ocated 8t 422 the number of fractional delay elements is obtained by
dividing the sampling rate which exists at 412, which is the output of 410 and the mput fo
time delay element at 422, by the bascbhand samphng rate at 330, For the example of
Figure 3, R = 64 kHz/16 kHz = 4. Thus, the fractional delay which can be noparted by

the tune delay element when located at position 422 1s calculated by equation (4) from
Figure 2B as: At= N ¥ Tsr where Tsr is the period of the 64 kHz sampling vate period

which equals 1.5625 X 107 seconds. Equation {4) from Figure 2B then provides: At=N
* 1.5625 X 107 seconds. In other embodiments, a time delay element can be located in a

plurality of focations, Le., one or prore of 410, 418, 420, and 422,
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{0055} Figure 5 tlustrates, gencrally at 500, placing a time delay between stages
of a pulse density modulation {(PDM) receiver, according to embodiments of the
mvention. With respect to Figure 5, a PDM recetver module 380 15 illustrated with an
oversampled digital Joput signal at 578 The oversampled digital mput signal 378
originates in varions embodiments, for example, from a digital microphone soch as 272
m Figare 2C. The PDM recetver module 280 is configured with a 1st stage 502, a
second stage 510, a third stage 514, and up to an i stage 518, Each stage can provide
one or both of decimation and low pass filtering. A time delay element 506 13 located
between the first stage 502 the second stage 510, In operation, an oversampled digital
stgnal 378 origmates from example a digital microphone or another tvpe of digital sensor
as described above.

[0056] The oversampled digiial signal 878 1 input wto g first stage 302 of the
PDM recetver module S80 where the stgnal is decimsted snd low pass filtered. An
output of the fivst stage 502 1s then mput at 504 into the tme delav element 506, An
output of the time delay element 506 is input ar 508 into the second stage 510, The
second stage 310 performs further decimation and low pass filtering with an output 512
providing an input into the third stage 314, The third stage 514 performs further
decimation and fow pass filtering with an output 516 providing an input into the i® stage
518, The i stage 518 provides the output 382 from the PDM receiver module 580 which
can be configured 1o be at the baseband sampling rate. In vanous other embodiments, the
time delay element 506 can be placed between other stages of the PDM receiver module

580,
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{0057} Figure 6 tHustrates, generallv at 600, placing g time delay between
different stages of a pulse density modulation {(PDM) recetver, according to ernbodiments
of the mvention. With respect to Figure 6, the PDM receiver module 380 from Figure §
itlustrated with stages 502, $18, S14_wp 1o S18. Here in Figure &, a time delay element
is nserted between the second stage 310 and the third stage ST4. An outpuot 604 from the
econd stage S10 18 mput 10 a tune delay clement 602, An output 606 from the time
delay element 602 1s a time delaved digital signal at an imenmediate sampling rate.
{0058] Figure 7 illustrates, generally at 700, placing a time delay in vet another
location within a pulse density modulation (PDM) receiver, according to embodiments of
the invention. With respect o Figure 7, the PDM receiver modale 580 from Figure 8
iustrated with stages 302, 510, 314, up o 518, In Figure 7, a time delay clement is
inserted between the i-1 stage S14 and the i stage 518, An output 704 from the i-1 stage
514 15 time delayed at time delay element 702, An output 706 from the time delay
element 702 13 a thne delayed digial signal at an intermediate sampling rate which is

" stage 318 for farther processing before being output at 582 from the

inpat into the ¢
PDM recetver module S80. The output 582 1s at a sampling frequency which 1s a reduced
sample rate, which i some embodiments can be the baschand sample rate of the desired
output signal from the system.

{0059 Figure 8 tlustrates, generally at 300, programmable time delay inan
analog-to-digital converter {ADC) system, according to embodunents of the mvention.
With respect to Figare 8, an analog fiekl quantity is represented by 802 incident on a

digital sensor 804, which in various embodiments, is a digital microphone, vibration

sensor, electromagnetic energy sensor, ete. For the discussion berein, digital sensor 804

K41080.P8C2 Page 22 of 48

Page 31 of 275



is referred o as a digial mucrophone without imitation troplied thereby. In response to
the incident field 802 the digital microphone 804 outputs an oversampled digital signal at
806, The oversampled digital sigual output 806 is fuput to a time delay element 808
which ontputs g time delayed oversampled digital output at 810, The time delayed
oversampled digital output 810 1s input into a PDM receiver module 812, The PDM
receiver module 812 can be a confizgured with a single stage or a multi-stage architecture
as described above. At 814 an output from PDM recetver module 812 can optionally be
time delayed at 816 before being output at 822, In some embodiments, a controlier 818
provides a control signal 820 to the time delay element 808, In some embodunents, when
the time delay element 816 s configured with the system, the controtler 818 or a separate
controlier provides a control signal at 822 to the time delay element 8§16,

{00660} In various embodunents, the tme delay element such as 808 can be
confignred as a buffer or to include a buffer which has a nuwmber of values, where each
value corresponds to a different number of clock eycles of the sampling clock used
within the digial sensor 804, In various embodiments, the time delay element 808 can be
configared to provide a fixed time delay to the mput digital signal 866 or the tme delay
element 808 can be progranmmable.  In operation, the controller 818 provides a control
signal 820 which is used to specify a number of sampling clock cycles which will be used
by the time delay element 808 to provide the time delay to the input signal 8006,

0061} Stmdarly, when present i the systen, the tune delay element such as 816
can be configured as a buffer or to include a baffer which has a nomber of values, where
each value covresponds to a different number of cycles at the lower sample rate

corresponding to the output of the PDM recetver module 812, In vanous embodiments,
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the time delay element 816 can be configured to provide a fixed time delay to the input
digital signal 814 or the time delay element 816 can be programmable. In operation, the
controlier 818 provides a control signal 822 which 1s used to specify a number of cyeles
at the lower sample rate which will be used by the time delay element 816 to provide the
time delay to the input signal 814, Thus, the total time delay impanted by the svstem at
the output 822 relative 1o the input 806 is the sum of the time delay imparted by the time
delay element 308 and the tme delay element 816,

{0062} Figure 9A illustrates, generally at 900, time delayy for multiple sensors,
according to embodiments of the invention. With respect to Figure 9A, an analog field

quantity is represented by 902, which is incident on digital sensors 920, 940, uptoa
general number of 1Y sensors indicated by 960, which in various embodiments is a digital

gy sensor, etc. For the discussion

o

microphone, vibration sensor, electromagnetic ener
herem, digital sensors 920, 940, and 960 are referred to as digital microphones without
timitation inplied thereby, Each digital microphone has a signal transtmssion path
imdicated by 906, 908 and 910, A controller %04 15 used 1o adjust time delay(s), which
are ysed to delay cach of the microphone signal paths.

{0063} In operation, a time delay Aty is associated with the digital signal cutput at
912 for the digital microphone 920, Similarly, a time delay Atz 18 associated with the
digital signal output at 914 for the digital microphone 930, And a time delay Ats i3
associated with the digital signal output at 916 for the digital rmicrophone 960, A
controlier 904 is used to supply one or more control signals to each signal path 906, 908,

ap 10 910, As described above in the preceding figures, a control signal 922 supphiedto a

time delay element 924 15 used to specify a time delay applied by the time delay element
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924 to the oversampled digital signal received from the microphone 920, Optionally, the
controlier 904 can supply a control signal 928 to a time delay element 940 ((f present m a
given systern configaration). Similarly, a control signal 942 supphed to & time delay
clement 944 is nsed to specify a time delay applied by the time delay element 944 to the
oversampled digital signal received from the microphone 94¢. Optionally, the controller
904 can supply a control signal 948 to a time delay element 930 (if present in a given
system configuration}. Control signals are supplied as need 1o successive microphone
signal paths, and finally within microphone signal path 910 a control signal 962 supphed
t0 a time delay element 964 which 18 used to specify a tune delay applied by the time
delay element 964 10 the oversampled dightal signal received from the microphone 960,
Optionally, the controller 904 can supply a control signal 968 to & time delay element 970
{if present 1n a given system configuration).

{0064} Note that the time delay element 924 can be located within the PDM
receiver module 926, e.g., between stages of the PDM receiver module 926 as deseribed
i the figures shove. Similarly, and without himitations, the time delay element 944 can
be located within the PDM receiver module 946, e g, between stages of the PDM
receiver module 946 and the time delay element 264 can be located within the PDM
recetver module 966, ¢.g, between stages of the PDM recetver module 966 as described
i the figures above. The microphone signal paths 906, 908, up through 910 need not be
configured m the same way. For example, one or more microphone signal paths can be
configured with a time delay element inserted between a digital microphone and a PDM
recejver module while another mucropheone signal path can be configured with a tme

delay element inserted internally to the PDM receiver module.
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{0065} In various embodiments, the controller 904 15 used to steer the array of
nxcrophones 920, 940, through 960 as needed in order to perform beamforming with the

time delayved microphone signals 912, 914, through 216, As described in Figure 94 a
peneral number of I microphones has been described; however, beamforming can be

performed with as few as two microphones as described below in conjunction with
Figure 10.

{0066} Figure 9B illustrates, generally at 980, muduple time delays applied to an
output from a single sensor, according to embodiments of the invention. With respect to
Figare 9B, an analog ficld quantity 1s represented by 902, which is incident on a digital
sensor 920, which 1 various embodiments 1s a digital microphone, vibration sensor,
electrontagnetic energy sensor, ete. For the discussion hevein, the digital sensor 920 15
referred to as digital nucrophone without limitation unplied thereby. The digital

aicrophone 920 outputs a signal 912 which is replicated (split} at 982 mto 1} replicas,

mdicated by 984 throagh 986, Each replica of the microphone 920 signal 912 hasa
signal transnussion path indicated by 906 through 910, A controlier 904 is used 10 adjust
time delav(s), which are used to delay cach of the replicas 984 through 986 of the
aicrophone signal paths.

{0667} In operation, the signal 912 15 input wto 982 m order 1o produce the It

replicas 984 through 986, Invarious embodiments, 982 18 an RB-way sphitter. In other

srabodinents, rephication at 987 is accomplished by other means. In some embodiments,
replication s performed in software. A time delay M is associated with the digital signal

output at 984 for the digital microphone 920 at 924, Sinuilarly, a time delay Ata 13
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associated with the digital signal output at 986 for the digital microphone 920 a1 964, A
controller 904 is used to supply one or more conirol signals to each signal path 906 up to
910, As described above in the preceding Higores, a control signal 922 supplied to the
time delay element 924 is used to specity a time delay applied by the time delay element
224 to the oversampled digital signal recetved from the microphone 920, Optionally, the
controller 904 can supply a control signal 928 to a time delay element 930 (if present in a
given system configuration). Control signals are supplied as need o successive
microphone signal paths, and finally within microphone signal path 910 a coatrol signal
962 supphed to the time delay element 964 which is used to specify a time delay applied
by the time delay element 964 1o the oversampled digital signal received from the
microphone 920 at 986, Optionally, the controller 904 can supply a control signal 968 1o
a tine delay element 970 (i present in a given svstem configuration).

{0068} Note that the time delay element 924 can be located within the PDM
receiver module 926, e.g., between stages of the PDM receiver module 926 as deseribed
i the figures shove. Similarly, and without himitations, the time delay element 964 can
be located within the PDM receiver module 966, e g, between stages of the PDM
receiver module 966 as deseribed in the figures above. The microphone signal paths 906
up through 910 need not be configured in the same way. For example, one or more
microphone signal paths can be configured with a time delay clement inserted between a
digital microphone and a PDM receiver module while another microphone signal path
can be configured with a time delay element inserted nternally to the PDM receiver

module.
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{0069} In various embodiments, the controller 904 15 used to steer the array of
signals obtained from the single microphone 920 as needed in order to perform

beamforming with the time delaved microphone signals 912 through 916, As described
in Figure 9B, a general nuntber of I time delayed signals from a single microphone has
been described. However, beamforming, as described below in conjunction with Figure

18, can be performed with as few as two time delaved signals (B =2) from a single
nucrophone. Thus, in some embodiments, the B-way splitter 15 a sphitter providing two
outputs (1 =2} from a single input.

{0678] Figure 10 ilustrates, generally ar 1000, beamforming, sccording 1o
embodiments of the invention. With respect to Figure 18, an analog feld quantity is
represented by 1002, which is incident on digital sensors 1004 and 1006, In one or more
embodiments, the digital sensors 1004 and 1006 are digital microphones; however no
limitation is nmplied thereby. The digital microphone 1004 outputs an oversampled
digital signal which s time delayed at g time delay element 1008, Optionally g gain is
adjusted at 1010 which either increases or decreases an amplitude of the signal cutput at
1016, The second microphone 1006 outputs an oversampled digital signal which is time
delayved at a time delay element 1012, Optionally a gain is adjusted at 1014 which either
increases or decreases an amplitude of the signal output at 1018,

{0071} The signals 1016 and 1018 are input into an artthmetic block at 1020 and
the beamiformed output is provided at 1022, Depending on a given implementation of
svstem and the processing of the signals therein, the arithmetic block 1020 can perform a

swmmation of a subtraction of the wputs 1016 and 1018 as needed for the given
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beamforming operation. In Figare 10, beamforming is tlustrated wath two verophones
however bearforming can be performed with a general numiber of nucrophones. The
example of Figure 10 is provided merely for illustration and does not linnut embodiments
of the invention.

{0072} Figure 11A and 1B illostrate increased resolution provided by a
fractional delay, according 1o einbodiments of the vention. Referring to Figure 11A
and Figure 11B together, as described above, a "iractional delay” 15 used n this
description of embodiments to refer 1o a fraction of a baseband sampling rate cycle. In
the context of beamforming, increased resolution in time correspomds to increased
resolution in space, which 1s advantageous to the beamforming process,

{0073} Equation {7) provides the relationship between a signal with frequency
and period t. As described above, a time delay can be introduced mto an output of an
analog-to-digital converter {ADC) process which has an mteger time delay based on the
baseband sampling rate of the system given by equation {8). Similarly, when the time
delay is introduced at the samphing clock frequency in the oversampled domain, the time
delay 1s given by equation (9).

{0074} Equations {8} and {9) are substituted into equation (2} Figure 2A 1o vield

equation {10). Solving equation (10) for Aljractional deley vields for equation (11);

Altractional detay & (’.'.\.\tu'meger detay’ R.

{0075} The Nyquist sampling theorem states that the highest unaliased frequency

"Iyygust” which can be measured with sampling frequency fs 1s defined 1o be: favoust
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=442, in this context the sampling frequency £ which is relevant is the baseband

~

sampling rate fis. Thus fevorst =fhwi2,

{0076} The periods for three waveforms are ilfustrated in Figure 11B. 1102 s an
itlustration of a period corresponding with a sampling clock frequency which would be
used to oversample a digital sensor gecording to embodimenis of the invention, 1104 is
an ilustration of a period of & baseband samipling rate which cotresponds fo the sampling
rate after decimation of the oversampled signal. The relationship between periods 1102
ardd § 104 15 given by equation (103, 1104 also represents an integer time delay which can
be applied to a baseband signal. 1106 represents a period of the waveform that
corresponds with the Nvquist frequency for the system. The Nyguist wavelength 110618
the shortest wavelength (and highest frequency) of the field guantity that can be
processed without aliasing.

{0077} Fractional time delay qualitatively represented by 1102 can be applied
baseband signal 1106 and represents an improvement in spatial resolution over the spatial
resolution which conld be achieved from integer time delay represented by 1104,

{0078} Field quantities such as those indicated in the figures above represent
wave propagation in a mediam, in the case of acoustic wave propagation, the relevant
medium is either air or water and the speed of sound in air is nominally 340 meters per
second. The speed of sound will vary as the physical properties of a medium change, for
example in the case of air and water the speed of sound will vary with temperature,
pressure, and salinity {water). In the non-limiting examples presented herein a nominal
value of 340 meters per second s used for tlfustration purposes and no hmitation is

implied thereby.
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{0879} Fractional time delay perniits the spatial resolution of & system used for

beamforming to be increased with respect to the spatial resolution achievable with integer

time delay. The spatial resolution is given by AX in terms of C and Alfactional delay,
where AX = C* Alfactional delay.

{0080} In other embodiments as described above, a time delay element can be
mserted within a receiver module for a digital oversampled sensor such as for example a
PDM receiver module. In such cases a pertod 1102 represents an intermediate sampling
rate. The number of sampling clock cycles or intermediate sampling rate cyeles that are
used 1o produce a time delay in the oversampled domain that is incorporated mio the
decimated and low pass filtered stgnal can vary as described above.

{0081} In the oversampled systems described above, n various non-limiting
embodiments, the variable R has been used to represent the ratio of the sampling clock
frequency {at the digital microphone) to the sampling rate at baseband. In the non-
Himiting example of Figure 3, with fsr equal 10 2.048 MHz and fiw equal to 16 kHz, then
from equation 2 in Figure 24, R = fop/fip = 128, From equation (10) in Figure 114 in
this non-limiting example a minimwm fraction that R represents with respect to the
integer sampling rate is 17128, Other fractional time delay values are achieved by the
techniques described herein, such as by time delaving for additional clock cycles at fsr or
additional intermediate sampling rate cycles or by changing the sampling clock
frequency that is used fo drive the ADC m the digital sensor.

{0082} Figure 12 tllustrates, generally at 1200, a process to impart a time delay o

an oversampled system, according to embodiments of the invention. With reference to
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Figure 12, o process begins at a bock 1202, At g block 1204 g relationship is established
between sampling clock cveles and the digital representation of the analog signal
produced by the digitization methodology emploved in an analog-to-digital converter
{ADC) process. In some instances, this 15 a one-bit deep process such as with Pulse
Density Modulation (PDM} described above. In other embodiments, the process is other
than one-bit deep but 15 then multiple bits deep. At a block 1206 a number of clock
evcles needed for a given time delay 135 computed taking info consideration the bit depth
of the encoding methodology used m the ADC. At a block 1208 the oversampled digital
stgnal 1s delaved by & number of clock cveles that represents the time delay calculated in

the block 1206, The process stops at the bleck 1210

{0083 Figure 13 tlustrates, generally at 1300, a process 1o use a time delay
imparted to an oversampled system i a beamiornung process, according to embodiments

of the mvention. With reference to Figure 13, a process starts with a block 1302, Ata
block 1304 a time delay is selected for a beamforming process. Ata block 1306 the time
delay from the block 1304 is applied 1o a digitally oversampled signal in the oversampled
domain for the stgnal. The oversampled domam for the signal can be, as described in the
figures above, between the digital sensor and a recerver module for the digital sensor or
i other embodiments the time delay 15 inserted at a location within the recerver module.
In vet other embodiments. the time delay is inserted at more than one location within the
oversampled domain. At a block 1308 a beamforming process is performed with the time
delayed digital signal that represents the field quantity of interest.  The time delay
applied in the beamforming process at the block 1308 can be a fractional thme delay with

respect to a baseband sampling rate or it can be & sum of the tractional time delay and an
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integer time delay. In some embodiments, a magnitude of the thme delay applied in the
oversampled domain can exceed the duration of a sampling interval {or clock cycley in
the basehand domain,  Thus, use of the termy "fractional delay” does not limit
embodiments of the invention, but 1s used berein to describe the relative magnitude of the
delavs in some embodiments. Where the integer time delay is a mumber of baseband
sampling rate cycles. The process ends at a block 1310,

{0084} Figure 14 illustrates, generally at 1400, a data processing system i which
embodiments of the invention may be used. The block diagram is a high-level
conceptual representation and may be implemented tn a vartety of wavs and by various
architectures. With reference to Figure 14, bus system 1402 wterconnects a Central
Processing Linit (CPU) 1404, Read Only Memory (ROM) 1406, Random Access
Memory (RAM) 1408, storage 1419, display 1420, andio 1422, keyboard 1424, pointer
1426, data scquisttion unit {DAUY 1428, and communications 1430, The bus system
1402 may be for example, one or more of such buses as a systern bus, Peripheral
Component Interconnect (PCI, Advanced Graphics Port (AGP), Small Computer System
number 1394 (FireWire}, Universal Sertal Bus (USB), or a dedicated bus designed fora
custom application, etc. The CPU 1404 may be a single, multiple, or even a distributed
compating resource or a digital signal processing (DSP) chip. Storage 1410 may be
Compact Disc (CD), Digital Versatile Disk (DVD), hard disks (HD), optical disks, tape,
flash, memory sticks, video recorders, etc. The signal processing system 1400 can be an
acoustic signal processing system used to recetve acoustic signals that are input from 4

=

single microphone or a plurality of nucrophones {e g, a first microphone, a second
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microphone, ete. ). Note that depending upon the actual implementation of the acoustic
stgnal processing system, the acoustic signal processing system may include some, all,
more, or & rearrangement of components in the block diagram, In some embodiments,
aspects of the system 1400 are performed in software, While in some embodiments,
aspects of the system 1400 are performed in dedicated hardware such as a digital signal
processing (DSP) chip 1440, or a system on a chip (SOC} which can also be represented
at 1440, etc. as well as combinations of dedicated hardware and software as is known and
appreciated by those of ordinary skill i the art.

[0085] Thus, in various embodnnents, acoustic signal data is recetved at 1429 for
processing by the gcoustic signal processing system 1400, Such data can be transmitted
at 1432 via communications interface 1430 for further processing in g remote focation,
Connection with a network, such as an intranet or the Iiternet is obtained via 1432, asis
recognized by those of skill in the art, which enables the aconstic signal processing

svstem 1400 to conmmunicate with other data processing devices or systems in remote

focations.
{0086} For example, embodiments of the invention can be implemented on g

computer system 1400 configured as a deskiop computer or work station, on for example
a WINDOWS™ compatible computer running operating systems such as WINDOWS®
XP Home or WINDOWSY XP Professional, WINDOWSY 10 Home or WINDOWSY 10
Professional, Linux, Unix, ete. as well as computers from APPLE COMPUTER, Inc.
running operating systems such as 08 X ete. Alternatively, or in conjunction with such

an implementation, embodiments of the mvention can be configured with devices such as

speakers, earphones, video monitors, ete. confipured for use with a Bluetooth
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communication channel. In yet other implementations, embodiments of the invention are
configured to be implemented by mobile devices such as a smart phone, a tablet
computer, a wearable device, such as eye glasses, & near-to-eye (NTE) headset, or the
like.

"

{0087} In various embodiments, the components of systems as well as the systems
described in the previous figures are implemented m an mtegrated circuit device, which
may include an mtegrated cirenit package containing the integrated curcmit. In some
embodiments, the components of systems as well as the systems are saplemented m a
single integrated circuit die. o other embodiments, the components of systems as well as
the systems are implemented i more than one integrated circt die of an Imtegrated
cireuit device which may clude a malti-chip package comtaining the integrated circuit.
For example, in one non-limiting embodiment using Figure B, as illustrated by the
example of Figure 8 and Figure 15A the components of the system are implemented in
maore than one integrated circuit die, With reference to 1500, a first integrated circoit die
1502 includes the digital sensor 804 and time delay element 808; a second integrated
circutt die 1504 includes one or more of the PDM receiver module 812, time delay
controller 818, and time delay element 816, In some embodiments the second mtegrated
cicuit die 1504 does not melude time delay controller 818 and time delay element 816.
PDM receiver module 812 together with one or more of time delay controller 818 and
time delay element 816 can also be referred 1o as an Application Processor. In another
non-limiting embodiment, as tHustrated by the example of Figure 8 and Figure 15B, the
components of the svstem are maplemented i more than one integrated circuit die. With

reference to 1350 a first integrated cirenit die 1502 inclndes the digital sensor 834 a
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second integrated circwit die 1504 includes the PDIM receiver modude 12, the time delay
element 808, and one or more of the time delay controller 818, and time delay element
816, In some embodiments the second integrated civeuit die 1504 does not mclude time
delay controller 818 and time delav element 816, PDM receiver module 812 and time
delay element 808 together with ong or more of time delay controller 818 and time delay
element 816 can also be referred to as an Application Processor. Distribution of any of
the systems illustrated m the figures above {e.g . any one or more of Figure 1 through
Figure 14) can be distnbuted between one or more integrated circuoits dies. The
examples of Figure 15A and Figure 158 are provided merely for llustration and do not
Linat embodiments of the invention. In some embodiments, the components of sysiems
ithostrated 1 the first integrated circunt die 1502 and the second integrated circuit die
1504 gre implemented i a single itegrated circuit die. Io soroe exabodiments, the entire
system 1s implemented in a single integrated circuit die.

{0088} For purposes of discussing and understanding the embodiments of the
myvention, i 13 to be understood that varions terms are used by those knowledpeable in
the art to describe techniques and approaches. Furthermore, i the deseription, for
purposes of explanation, numerous specitic details are set forth in order to provide a
thoroogh understanding of the present invention. It will be evident, however, {0 one of
ordinary skill in the art that the present invention may be practiced without these specific
details. In some instances, well-known stractures and devices are shown m block
diggram form, rather than in detail, in order to avoid obscuring the present wmvention,
These embodiments are described in sufficient detail 1o enable those of ordinary skill in

the art to practice the mvention, and it is to be understood that other embodiments may be
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utilized and that logical, mechanical, electrical, and other changes may be made without
departing from the scope of the present nvention.

{0689} Some portions of the description may be presented in tenms of algorithms
and symbolic representations of operations on, for example, data bits within a computer
memory. These algorithmic descriptions and representations are the means used by those
of ordinary skill in the data processing arts to most effectively convey the substance of
their work to others of ordinary skill in the art. An algorithm i3 here, and generally,
concetved to be a self-consistent sequence of acts leading to a desived result. The acts are
those requiring physical manipulations of physical guantities. Usaally, though not
necessarily, these grantities take the form of electiical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated. 1t has proven
convenient at times, prncipally for reasons of conunon usage, to refer to these signals as
bits, values, elements, symbols, characters, terms, numbers, waveforms, data, time series
or the like.

{0096} It should be borne in mind, however, that all of these and similar terms are
to be associated with the appropriate physical quantities and are merely convement labels
applied to these quantities. Unless specifically stated otherwise as apparent from the
discussion, it is appreciated that throughout the description, discussions wtilizing terms
such as "processing” or "computing” or "calculating” or "deternuning” or "displaving” or
the like, can refer to the action and processes of a computer system, or similar electrome
computing device, that manipulates and wanstorms data represented as physical

{electronic) quantities within the computer system's registers and memories into other
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data sinnfarly represented as physical quantities within the computer systam memories or
registers or other such information storage, transmission, or display devices.

{0091} An apparatus for performing the operations herein can implement the
present mvention, This apparatus may be specially constructed for the required purposes,
or it may comprise a general-purpose computer, selectively activated or reconfigured by
a computer program stored in the computer. Such a computer program may be stored in
a computer readable storage medium, such as, bot not binnted to, any type of disk
mchading floppy disks, hard disks, optical disks, compact disk read-only memories (CD-
ROMs), and magnetic-optical disks, read-only memonies {ROMs), random access
memories {RAMs), electrically programmable read-only memories (EPROM s,
glectrically erasable programmable read-only memories (EEPROMs), FLASH memaories,
magnetic or optical cards, ete., or any type of media suitable for storing electronic
instructions either local to the computer or remote o the computer.

{0092} The algorithms and displays presented herein are not inherently related to
any particular computer or other apparatus. Varions general-purpose systems may be
used with programs in accordance with the teachings herein, or it may prove convenient
to construct more specialized apparatus o perform the reguired method, For example,
any of the methods according to the present invention can be implemented in hard-wired
circuitry, by programming a general-purpose processor, of by any combination of
hardware and software. One of ordinary skill m the art will somediately appreciate that
the wnvention can be practiced with computer system configurations other than those
described, including hand-beld devices, multprocessor systems, microprocessor-based or

programmable consumer electronics, dighial signal processing (DSP) devices, network
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PCs, nuinicomputers, mainframe computers, and the hke. The mveniion can also be
practiced in distriboted computing environments where tasks are performed by remote
processing devices that are linked through a conmmutcations network. In other
examples, embodiments of the invention as described n the figures gbove can be
mmplemented using a svstem on a chip (SOC), a Bluetooth chip, a digital signal
processing (DSP) chip, a codee with integrated circuits (ICs) or n other implementations
of hardware and software.

{0093} The methods of the mvention may be mplemented asing computer
software. If written in a programming language conforming to g recognized standard,
sequences of instructions designed 1o implement the methods can be compiled for
execution on g variety of hardware platforms and for mterface to a variety of operating
svstems. In addition, the present invention 1 not described with reference to any
particular programming language. It will be appreciated that a variety of progranuming
languages may be used to implement the teachings of the invention as described herein.
Farthermore, it is conumon in the art {o speak of software, 1n one form or another (e.g.,
program, procedure, application, driver,...}, as taking an action or causing a result. Such
expressions are merely a shorthand way of saying that execution of the software by a
computer causes the processor of the computer to perform an action or produce g result,
{0094} It iz to be understood that varions terms and techniques are used by those
knowledgeable in the art to describe communications, protocels, applications,
implementations, mechanisms, ete. One such techmague is the description of an
implementation of a technigue in terms of an algorithm or mathematical expression. That

is, while the technique may be, for example, implemented as executing code on g

K41080.P8C2 Page 38 of 48

Page 48 of 275



computer, the expression of that technigue may be more aptly and succinctly conveyed
and communicated as a formulda, algorithm, mathematical expression, flow diagram or
flow chart. Thus, one of ordinary skill in the art would recognize a block denoting
A+B=C as an additive function whose mnplementation in hardware andfor software
would take two mputs (A and B) and produce a summation output {€). Thus, the use of
formula, algorithm, or mathematical expression as descriptions is to be understood as
having a physical embodiment in at least hardware andfor software {such as a computer
system in which the techniques of the present invention mayv be practiced as well as
implemented as an embodiment).

{8695} Non-transttory machine-readable media s enderstood to include any
mechanism for storing iformation in a form readable by & machine {e.g., a computer),
For example, a machine-readable mediom, synonymously referved 0 as a computer-
readable medivm, inchudes read only memory (ROM); randon access memory {(RAMY
magnetic disk storage media; optical storage media; flash memory devices; except
electrical, oplical, acoustical or other forms of transnutiing nformation via propagated
signals {e.g., carrier waves, infrared signals, digital signals, ete)); efe.

{0096} As used in this description, "one embodiment”™ or "an embodiment” or
similar phrases means that the feature(s) being described are included in at least one
embodiment of the invention. References 1o "one embodiment” in this description do not
necessarily refer to the same embodiment; however, neither are such embodiments
mutnally exclusive. Nor does “one embodiment”™ imply that there is but a single
embodiment of the invention. For example, a feature, stracture, act, etc. described m “one

embodiment” may also be included m other embodiments. Thus, the mvention may
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include a variety of combinations and/or integrations of the embodiments described
herem.

{0097} Thus, embodiments of the invention can be used m various acoustic
systems. Some non-hmiting examples of such systems are, but are not midted to, use i
short boon headsets, such as an audio headset for telephony suitable for enterprise call
centers, industrial and general mobile usage, an n-line "ear buds" headset with an input
Iine (wire, eable, or other connector), mounied on or within the frame of eyeglasses, a
near-to-eye {INTE) headset display or headset computing device, a long boont headset for
very noisy environments such as industrial, muhitary, and aviation applications as well ag
a gooseneck desktop-style nyicrophone which can be used to provide theater or
symphony-hall type quality acoustics without the structural cosis.

{0098) White the invention has been described in terms of several emsbodiments,
those of skill in the art will recognize that the invention is not limited to the embodiments
described, but can be practiced with modification and alteration within the spirit and
scope of the appended claims. The description is thus to be regarded as Hlustrative

instead of limiting,
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. EPARTMENT OF CG:X#MERCE
dzys @ valid OME control number,

f st Mamed inventor K \
NONPUBLICATION REQUEST | oetener | Dashen Fan
| U NDER Title BEAMFORMING USING FRAGTIONAL TIME DELAY it Dig
35 U.S.C. 122(b)}(2}{B}{(i)
Attorney Docket Number K41080.P8C2
\. A

I hereby certify that the invention disclosed in the attached application has not and will not be
the subject of an application filed in another country, or under a multilateral international
agreement, that requires publication af eighteen months after filing.

i hereby request that the attached application not be published under 35 U.S.C. 122(b).

MARK S PELOQUIN/ Aprit 30, 2019
Signature Date
MARK S PELOQUIN 50787
Typed or printed name Registration Number, if applicable

{206} 447-1336

Telephone Numnber

This request must be signed in compliance with 37 CFR 1.33(b) and submitted with the
application upon filing.

Applicant may rescind this nonpublication request at any time. if apphcant rescinds a reguest
that an application not be published under 35 U.8.C. 122(b), the application will be scheduled
for publication af eighteen months from the sarliest claimed filing date for which a benefit is
claimed.

if applicant subsequently files an application directed to the invention disclosed in the attached
application in another country, or under a multilateral international agreement, that requires
publication of apphcations eighteen months after filing, the applicant must notify the United
States Patent and Trademark Office of such filing within forty-five (45) days after the date of
the filing of such foreign or international application. Failure to do so will resuit in
abandonment of this application {35 U.5.C. 122{(b){(2KB}iii}).

This cothectinn of v{mmm fon is veqired by 7 ”“R 12138}, The i tr rraation s veguirsd fo obdsin o miain 1 beosft by the public which is to fle {and by the
H 22 and 37 U'R 1 1" a'}"l 1 ki his soliectia % & mimdes o
1 G Al cans. Ay

Gorapiade, in g cm*he-rsrxfz u?pwm;} »md mbmmmas ha complated ag 2 Wy
sorarnsnts of twe amoust of fee you moguics o complete s forn andior suggestions fof reduging 3 fi\z 1, shiosdd e send to e Chied donmation Cl‘fzwr
[RECN ang Trademark Office, U5, Uepatment of Commerce, B0, Box 1450, Alexandia, WA 2233131480, DO NOT SERD FEES OR COMPLETED
FORMS T THIS aDERESS. SEND TO: Commissioner for Patents, P.O. Bax 1450, Alexandria, VA 23313-1450,

IF you noed assistancs i completing the form, calf -800-PTO-3198 (T-800-7368-9799} and seias! opion 2
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U5, Patent and Tra ak Offios; U.5. DERARTMENT OF COMMERCE

Liryday they Papsraork Reduction Aot of 1888, no persons sy raguired o vespond to @ solteatinn of infurmudion undsss 1§ oontains o vald OMB conbral normbie,

Attorney Docket Number | K41080.P8C2

Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY CVERSAMPLED SENSOR SYSTEMS,

Title of lnvention | (oo Ao ATUSES. AND METHODS

The spplication data sheet (s part of the provisionat or nonprovisional application for which # is being submilted, The follawing form containg the
bibllogrsphic dats arranged in @ format specified by the United States Patent and Trademark Office as cullined in 37 CFR 1.78

This document may be complated slechronically and submitted fo the Office in electronic format using the Electronic Filing System (EFS) or the
documeant may be printed and included in 3 paper fled application.

Secrecy Order 37 CFR 5.2:

] Porlions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant o
37 CFR 8.2 (FPaper filers only. Applications that fall under Secrecy Order may not be filed electronicaliy.)

Inventor Information:

inventor 1
Legal Name
Prefixi Given Name Middle Name Family Name Suffix
DASHEN FAN
Residence information (Select One) (& US Residency  {) NonUS Residency () Active US Military Service
City | BELLEVUE State/Province | WA | Country of Residencd | US

Mailing Address of inventor:

Address 1 14714 Sk 48th 87

Address 2

City BELLEVUE l State/Province [ WA

Postal Code 98008 | Country| us

inventor 2

Legal Name

Prefixi Given Name Middle Name Family Name Suffix
JOSERH YONG KWON

Residence Information (Select One) (@) US Residency () Non US Residency () Active US Military Service

City | SANJOSE State/Province | CA | Country of Residencéd | US

Mailing Address of Inventor:

Address 1 2789 LAVENDER TERRACE

Address 2

City SAN JOSE | StatefProvince | CA
Postal Code [ 95111 | Countryi I us

All Inventors Must Be Listed - Additional Inventor information blocks may be
generated within this form by selecting the Add button.

Correspondence information:

Enter either Customer Number or complete the Correspondence Information section below,
For further information see 37 CFR 1.33{a).

EFS Web 2243
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U5, Patent and Tra ak Offics; U5, DEPARTMENT OF COMMERTE

Uriler the Paperwott Reduction Act of 1835, no persras g required 1o respond to a colfestion of information unless { contains a valid OMB sordrad number,

Attorney Docket Number | K41000 PBC2

Application Data Sheet 37 CFR 1.76 .
Application Number

Title of Invention BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
D APPARATUSES, AND METHQDS

{1 An Address is being provided for the correspondence Information of this application.

Customer Nuimmber 51348

Email Address

Application Information:

Title of the Invention ggg?;ﬁggghﬁgg;ét;?ﬁsggAi;g}g%{% gggESDELAY IN HGITALLY OVERSAMPLED SENSOR
Attorney Docket Number] K41080.P8C2 Small Entity Status Claimed

Application Type Nonprovigional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 20 Suggested Figure for Publication {if any) | 13

Filing By Reference:

Only complete this section when filing an application by reference snder 33 VW50 11 Yk and 37 CFR 1.57{a). Do not complete this section if
spplication papers including 8 specification and any drawings are being led. Any domestic banefit or foreign priority information must be
provided in the appropriate section(s} below {la,, "Domestic Benafit/National Stage Information” and “Forelgn Priority Information™).

For the purpaoses of a filing date under 37 CFR 1.53(h), the desoription and any drawings of the present application are replaced by this

reference to the praviously filed application, subject ta conditions and reguirements of 37 CFR 1.57{a). )
Fd

Application nurnber of the previously Filing date {YYYY-MM-DD) Intellectua Property Autharity or Country
filad application

Publication information:
71 Regquest Early Publication (Fee required at time of Request 37 CFR 1,218}

Request Not to Publish. 1 hereby request that the attached appfication not be published under
3% 35 U.8.C. 122{(b) and cerdify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at sighteen months aftey filing.

Representative Information:

Represeniastive information should be provided for all practiioners having a power of allorney in the application. Froviding
fhis information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complele the Representalive Name section below. IF both seclions are completed the customer
Number will be used for the Representative information during procassing.

Please Select One: {® Customer Number {) US Patent Praciitioner | () Limited Recognition {37 CFR 11.8)

Customer Number 51340

BFE Weai 2.2.13
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.5, Patert and Traderark Offics; U5 DERARTMENT OF COMMERCE

Uriler the Paperwott Reduction Act of 1835, no persras g required 1o respond to a colfestion of information unless { contains a valid OMB sordrad number,

. , Attorney Docket Number | K41000 PBC2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
D APPARATUSES, AND METHQDS

Domestic Benefit/National Stage information:

This section alfows for the applicant {o either claim benefit under 35 U.8.C. 119{g}, 120, 121, 385{c), or 388(¢c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 118(e} or 120, and 37 CFR 1.78.

When referring 1o the current application, please leave the "Application Number™ fleld blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD}
Continuation of 15847845 2018-04-08
Prior Application Status | Paterited
Application N Prior Application Fiing Date - i tssue Date
Nunber Cortinuity Type NUmher (YYYY-MM-DD) Patent Number CYYYYRROD)

15047545 Continuation of 15225745 2016-08-01 8941885 2018-04-10

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This saction allows for the applicant to olaim priorily to a foreign application.  Providing this informaticn in the application data sheet
constifites the claim for priorty as requived by 35 U.8.C. 118{b) and 37 CFR 1.55. When priority is claimed to & foreign application
that is eligihle for refrieval under the prionty docurment exchange program {F’E}‘X}t the information will be used by the Office to
auiomadically attempt refrieval pursuant fo 37 CFR 1851 and (2}, Under the FDX program, appdicant bears the ultimate
responsibility for ensuring thal a copy of the forsign application is received by the Office from the parlicipating foreign intellectual
propetty affice, or a cerified copy of the foreign prionty application is filed, within the lime period spenified in 37 CFR 1.58(g¥{1).

Application Number Coumryi Filing Date {YYYY-MM-DD) Access Code {if applicable)

Additional Foreign Priority Dala may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) ciaims priorily o or the benefit of an application filed before March 18, 2013 and {2) also

contains, or contained at any time, a claim 10 a claimed invention that has an effective filing date on or after March
{1 18, 2013

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a Hling date on or after March

18, 2013, will be examined under the first inventor to file provisions of the AlA

BFE Weai 2.2.13

Page 74 of 275



PTOialani4 {62.18)

Appravad oy use through 11302020, OMB §651-0032

U5, Patent and T k Offics; U.5. DERPARTMEMT OF COMMERCE

Uriler the Paperwott Reduction Act of 1835, no persras g required 1o respond to a colfestion of information unless { contains a valid OMB sordrad number,

Attorney Docket Number | K41000 PBC2

Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATUSES, AND METHQDS

Title of invention

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Shesat is properly signed and filed with the application, applicant has provided wyitten
authority to permit a participating forelgn intellectual property (IP) office access 1o the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO} access to any search resulls from the instant
application (see paragraph B in subsection 1 below).

application. After the inilial filing of an application, an Application Data Sheet cannot be used to pravide or rescind
authorization for access by a forgign 1P office(s). Instead, Form PTO/GE/39 or PTO/SE/BY must be used as appropriate.

1. Authorization to Permit Access by a Foreign intellectual Property Office(s)

A. Priority Document Exchange {PDX) ~ Unless box A in subsection 2 {opt-out of authorization) is checked, the

(PO}, the Korsan intellectual Property Office (KIPQ), the Stale Intellectual Proparty Office of the People’s Republic of
China {SIPQ), the World Infellectual Properly Organization (WIHPQ), and any other foreign intellectual properly office
participating with the USPTQ in a bilateral or multitaterat priority document exchange agreement in which a foreign
application claiming priority o the instant patent application is filed, access fo: (1) the instant patent application-as-filed
and its related bibliographic data, {2) any foreign or domestic application o which priotity or benefit is claimed by the
instant application and its related bibliographic data, and (3} the date of flling of this Authorization. See 37 CFR 1.14(h}
{1}

the undersigned hersby grants the USPTO authority {o provide the EPO access to the bibliographic data and search
rasults from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14{h)}{2).

The applicant is reminded that the EPCO's Rule 141{1) EPC (European Patent Convention) requires applicants to submit a
copy of search resulls from the instant application without delay in a European patent application that claims priodty to
the instant application.

2. Opt-0ut of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

[ 1 application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign {P office with
any documents and information identified in subsection 1A above.

{1 application. if this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly avallable, the USPTQ may provide access to the

application in accordance with 37 CFR 1,14,
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Uriler the Paperwott Reduction Act of 1835, no persras g required 1o respond to a colfestion of information unless { contains a valid OMB sordrad number,

Attorney Docket Number | K41000 PBC2

Application Data Sheet 37 CFR 1.76 .
Application Number

Title of Invention BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
D APPARATUSES, AND METHQDS

Applicant Information:

Providing assignment information in s saction does not substitule for compliance with any requiremeant of part 3 of Title 37 of CFR
o have an assignment recorded by the Office.

Applicant 1

if the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.458), this section should not be completed.
The information ta be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and adoress of the assignes, person ko whom the invenior is under an obligation o assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.48. if the applicant is an
applicant under 37 CFR 1.46 (assignes, person to whom the inventor is obligated 1o assign, or person who otherwise shows sufficient
proprietary interest) iogether with ong or mare joint inventors, then the joint inventar of inventors who are alse the applicant should be
ideniified in this section.

) Assignee {3 Legal Representative under 35U.8.C. 117 (3 Jdoint Invertor
(@} Person to whom the inventor is obligated to assign, Ty Person who shows sufficient proprietary inferest

if applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Decsased or Legally Incapacitated inventor:

If the Applicant is an Organization check here. <)

Mailing Address Information For Applicant:

Address 1 125 NORTH DRIVE

Address 2

City WESTBOROUGH State/Province MA
Country | US Postal Code 01581
Phone Number Fax Number

Email Address

Additionat Applicant Bata may be generated within this form by selecting the Add bulton.

Assignee information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitule for compliance with any requirement of part 3 of Title
37 of GFR to have an assignment recorded by the Qffice.
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Uriler the Paperwott Reduction Act of 1835, no persras g required 1o respond to a colfestion of information unless { contains a valid OMB sordrad number,

Attorney Docket Number | K41000 PBC2

Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATUSES, AND METHQDS

Title of invention

Assignee 1

Compilete this section i assignes inforrnation, including nor-appiicant assignee inforrnation, is desired to be indluded on the patent
appiication publication. An assighee-applicant identified in the "Applicant Information” section will appear on the patent application
publicalion as an applicant. For an assignes-applicant, complete this section only i ideniification as an assignee is also desired on the
patant application publication.

if the Assignes or Non-Applicant Assignee is an Organization check here,
Organization Name

KOPIN CORPORATION

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 125 NORTH DRIVE

Address 2

City WESTRBOROUGH State/Province M&
Countryi Us Postal Code 01581
Phaone Number Fax Number

Emall Address

Additional Assignes or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
subsection 2 of the “Authorizatioﬁmtif'6§t—Out of Authorization to Permit Access” s‘ection',' ‘then this form must
aiso be signed in accordance with 37 CFR 1.14{c).

See 37 CFR 1.4{d) for the manner of making signatures and ceriifications.

Signature MARK 8. PELOQUIN/ Bate (YYYY-MM-DD)} 2019-04-30

First Name | MARK Last Name | PELOGUIN Registration Number | 50787

Additional Signatwre may be generated within this form by selecting the Add bulton,
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Uriler the Paperwott Reduction Act of 1835, no persras g required 1o respond to a colfestion of information unless { contains a valid OMB sordrad number,

Attorney Docket Number | K41000 PBC2

Application Data Sheet 37 CFR 1.76

Application Number

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,

Title of Ivention | sepARATUSES, AND METHODS

This collection of information is required by 37 CFR 1.76. The infonnation is required o oblain or relain a beneft by the public which
is to file {and by the LISPTO o provess) an application. Confidentiality is governed by 36 US.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes tu complete, including gathering, preparing, and submitling the completed application data
sheet form fo the USPTO. Time will vary depending upon the individual case. Any comments on the amount of ime you require fo
complete this form andior suggestions for reducing this burden, should be sent to the Chisf Informalion Officer, USRS Patent and
Trademark Office, U S. Depanment of Commerce, P.O. Box 145D, Alexanxdria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450,
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Privacy Act Statement

The Privacy St of 1974 {P.L. 93-570) requires that you be givan certain information iy connection with yvour stfanission of the attached fovvrelated 1o 8 patent
apptication or patent. Accordingly, pursuant 1o the raguirements of the Act, please be advizsed that: (1) the general authority for the collection of this information
fs 35 USC MY 2k () fumishing of the information solicited is voluntary; and {3} the principal purpose for which the information ts used by the U5, Patent ard
Teademark Office is 1o process and/or examine your subimission refated to a patent spplication or patent. fyou do not fumish the reguested information, the U5,
Patent and Trademark Office may rint be able to process andfor examing your sutandssion, which mmay result in termination of proceedings or abandonment of
the application or expiration of the patant.

The infonmation provided by you in this form will be subyect to the following routine uses:

i Theinformation on this form will be treatad confidentiafly to the extent affowed under the Fresdorm of Information Act {5 105.C 5527 and the Privacy
At 15U S 552a). Records from this system of recorads ray be disclosed tor the Departrment of Justics 1o determine whether the Frovdom of
tnformation Act regquires disclosure of these records,

2. Arecord from this systems of records may be disclosed, as a8 routing use, in the course of presenting svidence (o & court, magistrate, or administrative
triburial, including disclosyres to opposing counsed in the course of seiterment negotiations.

Lt

A record i this system of records may be disclosed, a5 a routine use, to a Mamber of Comgress subsnitting 2 reguest involving an indbvidual, to whom
the record pertaing, when the individua fas requested asststance from the Member with resprect 1o the subject matter of the record,

4. & record in this sysbem of records may be disclosed, 25 & routine use, to a contractar of the Agency having need for the irformation in order ta perform
acontract, Recipients of information shall be reguired to comply with the requirements of the Privacy Act of 1974, as smended, pursuan to 5 U5.C
552aimd

5. A revord related to an international Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intelfectual Property Crganization, pursuarnt to the Patent CooperationTreaty.

G, Arecord in this system of records may be disclosed, as 3 routine use, to another federal agency for purposas of National Security review (35 ULS.C 181}
and for review pursuant 1o the Stomic Energy Aoy 42 U5.C 2180
7. A orevord from this system of records may be disclosed, as & routine use, to the Administrator, General Services, or histher designes, during an

rspection of records conducted by G5A as part of that agency’s responsibifity 1o recommend roprovements in records management practices and
programs, under sghority of 44 11.5.0, 2004 snd 2908, Such disddosure shalt be made in accordance with the GSA reguiations governing inspection of
vecords for this purposg, and any other relevant {le, GSA or Comvierca) dirgctive, Such disclosure shalt not be used to make detenminations about
trichividuads.

8 A revord from thds system of records may be disclosed, as & routine use, to the pubtic after eithar publicattor of the application pursuant to 35 U.8C
122{b} of issuarme of 3 patent purstant o 35U.5.0, 151, Further, arecord may be disclosed, subject to the limftations of 37 CFR 1,14, a8 8 routine use,
10 the public if the record was filed in an spplication which becane atandoned or in which the procesdings were terminated armd which application s
referanced by either a published application, an application open to public inspections or an isaued patent,

9. A record from this system of recards may be disclosed, as & routine use, 1o a Federal, State, or local law enforcement agency, if the USPTD becomes
aware of a viokation or potential viclation of law or regulation.
EFS Wab 2213
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Filer: Mark S. Peloguin
Attorney Docket Number: K41090.P8C2
Filed as Small Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75
UTILITY SEARCH FEE 2111 1 330 330
UTILITY EXAMINATION FEE 2311 1 380 380
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 785
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Electronic Acknowledgement Receipt

EFS ID: 35882766
Application Number: 16399867
International Application Number:
Confirmation Number: 9984

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C2
Receipt Date: 30-APR-2019
Filing Date:
Time Stamp: 20:19:16

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type EFT
Payment was successfully received in RAM $785

RAM confirmation Number

050119INTEFSW20201800

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
469794
04K41090P8C2POWERCFATTO
no 2
1 Power of Attorney RNEY82A82Bi.pdf
853417e6f6183f7fa5 1fd7dee1cde515accfd
85a
Warnings:
Information:
7346587
0120190430K41090P8C2v20Fin
2 al2SPECIFICATIONnumbersasfil yes 48
edi_pdf 9b06f03ecc2a54b0771083f2623febbecAbo|
Multipart Description/PDF files in .zip description
Document Description Start End
Abstract 48 48
42 47
Specification 1 11
Warnings:
Information:
2205573
3 Drawings-other than black and white | 020190430K41090P8C2FIGURE o 2
line drawings S117v08FINAL2i.pdf
23aeb3a93632719fa1903383ce8d 11171564}
bco6
Warnings:
Information:
220397
N . 0320190430K41090P8C2NPRsb
4 Nonpublication request from applicant . no 1
0035i.pdf
51d3fb8e520ec02cdad63d8660482a2bd72
8c2f2
Warnings:
Information:
1391922
5 Application Data Sheet 0020190430K41090P8C2ADSai no 8

a0014i.pdf

3c81e62254b9cbdf15dc32bdbb914d2466
b86bfS
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Warnings:

Information:

This is not an USPTO supplied ADS fillable form

35210
6 Fee Worksheet (SB06) fee-info.pdf no 2
191def7baf0085588dcobf6c1b78bab69240)
052b
Warnings:
Information:
Total Files Size (in bytes): 11669483

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 16399867 Document Date: 04/30/2019

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/399,867 04/30/2019 Dashen Fan K41090.P8C2
CONFIRMATION NO. 9984
51340 FORMALITIES LETTER
PELOQUIN, PLLC
800 FIFTH AVENUE IR MR
SUITE 4100 000000108133317

SEATTLE, WA 98104-3100
Date Mailed: 05/14/2019

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which to file all required items below to avoid
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136(a).

+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

+ $ 80 surcharge.

+ $( 0) previous unapplied payment amount.

+$80 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
page 1 of 2
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Dashen Fan
Joseph Yong Kwon

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ngfissha/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/399,867 04/30/2019 2845 785 K41090.P8C2 20 3
CONFIRMATION NO. 9984
51340 FILING RECEIPT
PELOQUIN, PLLC
500 FIFTH AVENUE RO OO A T
SUITE 4100

SEATTLE, WA 98104-3100
Date Mailed: 05/14/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Dashen Fan, Bellevue, WA;

Joseph Yong Kwon, San Jose, CA,;
Applicant(s)

Kopin Corporation, Westborough, MA
Assignment For Published Patent Application

Kopin Corporation, Westborough, MA

Power of Attorney: The patent practitioners associated with Customer Number 51340

Domestic Priority data as claimed by applicant
This application is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/13/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/399,867

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes

Early Publication Request: No

** SMALL ENTITY **

Title

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS

Preliminary Class
341
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/399,867
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
o o o N/A N/A N/A 330 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= 50 - 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 230 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
% Independent * Minus | *** = _ OR
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = _ OR
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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APPLPIATION NUMERR. [ BILENG QR FTHT BATE ; FIRST RAMSED APPLICANT § ATTY, DOUKET s sTTrLg 1
16/300 867 RN Dishon Fan RAT000. PS03
CONFIRMATION NO. 9984
51340 FORMALITIES LETTER
PELODQUIN, PLLC o .
800 FIFTH AVENUE A
SUITE 4100

SEATTLE, WA 88104-3100
Date Mailed: 05/14/2019

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b}
Filing Date Granted
ltems RBequired Yo Avoid Abandonment:

An application number and filing date have been accorded o this application. The temy{s} indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which o file alt required items below to avoid
abandonment. Extensions of ime may be oblained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136{a}.

» Surcharge as set forth in 37 CFR 1.16{(]) must be submitied.
The surcharge Is due for any ong of
« fate submission of the basio filing fee, search fee, or examination fee,
- tate submission of inventor's oath or declaration,
« filing an application that does not contain at ieast one claim on filing, or
+ submission of an application filed by reference (o a previpusly filed application.

SUMMARY OF FEES DUE:

The fea{s) required within TWO MONTHS from the date of this Notice 1o avoid abandonment is/are temized
below. Small antity discount is in sifect. If applicant is gualified for micro entity status, an acceptable Certification
of Micro Endity Status must be submitted to establish micro entity status. {See 37 CFR 1.28 and forms
PTO/SBASA and 158

+ 5 80 surcharge.

« B{ 0} pravious unapplied paymeant amount,

«$ 80 TOTAL FEE BALANCE DUE.

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for carrection of these deficiencies. Howsever, if a deficlency relates o the inventor's
oath or declaration, the applicant must file an cath or declaration in compliance with 37 GFR 1,83, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with raspect o each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 GFR 1.53{f}.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):
page 1 of 2
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Dasghen Fan
Joseph Yong Kwon

Faplies must be received in the USPTO within the sel ime period or must include a proper Gertificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing o transmission data within the set time period. For more
information and a suggested format, see Form PTO/SBA2 and MPEP 512,

Replies should be mailed o

Mail Stop Missing Parts
Commissioner for Patents
P.Q. Box 1450

Alexandria VA 22313-1450

Registered usars of EFS-Web may alternatively submit their reply 1o this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice®.

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at hilpfwww usplo.goviebe.

If vou are not using EFS-Web to submit your reply, vou must inchude a copy of this notice,

Quesions about the contents of this aotios and the
requirements i sets forth should be divected to the Office
of Data Managament, Application Assistance Unit, at

(5713 2724000 or {871) 2724200 or 1-888-786-0141.

Mg fissha/
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Doc Code: PA.
Document Descriplion: Power of Altomey Aproved veangh G202, FIMB AES1.0055

PTOEBIAMES D713

DEPARTIMENT OF COMME
Urslal the Papsreornk Reductan Act of 1893, no peesons s raquiied 10 respond 10 & colls  prdirt zve & vakid OME contral number,

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This fornt is to be submilted with the Power of Attormney by Applicant form (PTOMAIASZE) to identify the applicalion fo which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attomey by Applicant form. If neither form PTO/AIARRA nor form PTO/AIAZZEE identifies the application to which the Power of Alforney is

directed

, the Power of Attorney will nat be recognized in the application.

Application Number 16/389,867
Filing Date APRIL 30, 2019

First Named inventor

DASHEN FAN

Title

%BEAMFORMNG USING FRACTIONAL TIME DELAY IN DIGITALLY
 OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

Art Unit Not yet assigned

Examiner Name Not yet assigned

Attorney Docket Number K41000.PRC2

SIGNATURE of Applicant or Patent Practitioner

Signature IMARK S. PELOQUIN/ o orena May 30, 2019

Name

MARK S. PELOQUIN Registration | 50, 787

Mumber

Title {if Applicantis a
juristic entity)

Applicant Name (if Applicant is a jnstic enlity)

NOTE: This form must be signed in accordanes with 37 CFR 1.33. See 37 CFR 1.4{d} for signature requiraments and cerifications. if

niore than one apphicant, use mulliple forms.

v

“Totat of 7} forms are submitied.

This collechon of infonmation is required by 37 OFR 1.131, 1.32, and 1.33. The information is required to oblain or retain a benedit by
the public which is 1o file {(and by the USFTO fo propess) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR
1.11 and 1,14, This collaction is estimated o take 3 minutes o complete, including gathering, prepanng, and submitting the compleled
application form to the UBFTO. Time will vary depending upan the individual case. Any commants on the amount of time you equire
to complete this form anddor suggestions for reducing this burden, should be sent {o the Chisf Information Officer, U8 Patent and
Trademark Office, U.S. Depantiment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIE ADDRESE, SEND TO: Commissioner for Patents, P.C. Box 1450, Alexandria, VA 223131450,

]

if vou naed assistance in comgleting the form, call 1-800-PT(-819¢ and sefect aplion £
¥ A b3

Attornay Docket Number | K41080,P8C2
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Electronic Patent Application Fee Transmittal

Application Number:

16399867

Filing Date:

30-Apr-2019

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Filer: Mark S. Peloguin
Attorney Docket Number: K41090.P8C2
Filed as Small Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 80
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Electronic Acknowledgement Receipt

EFS ID: 36161280
Application Number: 16399867
International Application Number:
Confirmation Number: 9984

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C2
Receipt Date: 30-MAY-2019
Filing Date: 30-APR-2019

Time Stamp: 18:31:12

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type EFT
Payment was successfully received in RAM $80

RAM confirmation Number

053119INTEFSW18320100

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
292877
1 Applicant Response to Pre-Exam 20190514K41090P8C2NTFMPi. no 2
Formalities Notice pdf
f59b1534ff02beaecc7f7a68db0fae7bccf29
2ff

Warnings:

Information:
566124

5 Power of Attorne K41090P8C2POWEROFATTORN . ,
y EY82A82Bexecutedii.pdf

22938d1c4cdBaead44e746e778a5ce40bd 2]
a2677

Warnings:

Information:

30736
3 Fee Worksheet (SB06) fee-info.pdf no 2
955fc2d6f510e22e8d1d2e1c11462953225
17a2b
Warnings:
Information:
Total Files Size (in bytes): 889737

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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505501585 05/30/2019
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT5548389
Stylesheet Version v1.2
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date
JOSEPH YONG KWON 05/07/2019
RECEIVING PARTY DATA
Name: KOPIN CORPORATION
Street Address: 125 NORTH DRIVE
City: WESTBOROUGH
State/Country: MASSACHUSETTS
Postal Code: 01581
PROPERTY NUMBERS Total: 1
Property Type Number
Application Number: 16399867

CORRESPONDENCE DATA
Fax Number: (206)770-6562

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 206-447-1336

Email: mark@peloquinlaw.com

Correspondent Name: PELOQUIN, PLLC

Address Line 1: 800 FIFTH AVENUE

Address Line 2: SUITE 4100

Address Line 4: SEATTLE, WASHINGTON 98104-3100
ATTORNEY DOCKET NUMBER: K41090.P8C2
NAME OF SUBMITTER: MARK S PELOQUIN
SIGNATURE: /MARK S. PELOQUIN/
DATE SIGNED: 05/30/2019

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 2
source=K41090.P8C2 - AF Assignment JKWON-executed#page1 .tif
source=K41090.P8C2 - AF Assignment JKWON-executed#page?.tif
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K41090.P8C2 ASSIGNMENT | PATENT

Attorney's Docket No.: K41090.P8C2 ASSIGNMENT (For Execution After Filing Patent
Application)

In consideration of good and valuable consideration, the receipt of which is hereby
acknowledged, we the undersigned, _Joseph Yong Kwon

hereby sell, assign, and transfer to Kopin Corporation,

a Corporation of DE, having & principal place of business

125 North Drive, Westborough, MA 01581 , ("Assignea"),

and its successors, assigns, and legal representatives, the entire right, title, and interest for the
United States and all foreign couniries, in and to any and all improvements that are disclosed in
the application for the United States patent that was filed April 30, 2019 and assigned -
Apptication No. 16/399.867 and is entitled

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

and in and to said application and all divisional applications, continuation applications,
continued prosecution applications, continuation-in«part applications, substitute applications,
renewal applications, reissue applications, reexaminations, extensions, and all other patent
applications that have been or shall be filed in the United States-and all foreign countries on any
of said improvements; and in and to all original patents, reissued patents, reexamination
certificates, and extensions, that have been or shall be issued inthe United Siates and all
foreign countries on said improvements; and inand to all rights of priority resulting from the
filing of said United States application;

agree that said Assignee may apply forand receive a patent or patents for said
improvements in its own name; and that, when requested, without charge to, but at the expense
of, said Assignee, its successors, assigns, and legal representatives, to carry out in good faith
the intent and purpose of this Assignment, the undersigned will execute all divisional
applications, continuation applications, continued prosecution applications, continuation-in-part
applications, substitute applications, renewal applications, reissue applications, reexaminations,
extensions and all other patent applications on any and all said improvements; execute all
rightful oaths, assignments, powers of attorney, and other papers; communicate to said
Assignee, its successors, assigns, and representatives all facts known to the undersigned
relating 1o said improvements and the history thereof, and generally assist said Assignee, its
successors, assigns, or representatives in securing and maintaining proper patent protection for
said improvements and for vesting title to said improvements, and all applications for patents
and all patents on said improvements, in said Assignee, its successors, assigns, and legal
representatives; and

covenant with said Assignee, its successors, assigns, and legal representatives that no
assignment, grant, mortgage, license, or other agreement affecting the rights and property

herein conveyed has been made to others by the undersigned, and that full right to convey the
same as herein expressed is possessed by the undersigned.

K41090.P8C2 Page 1of2 PELOQUIN, PLLC

Page 102 of 275



K41090.P8C2

ASSIGNMENT  patenT

Each Inventor: Please
.also list the date that
you signed the
accompanying
DECLARATION:

Each Inventor: Please Sign and Date Below:

WA T 2049 e 20

Date - ~“Name: Joseph Yong Kwon Date
State of: } Assignment Document Return Address:
18S. PELOQUIN, PLLC
County of: ) 800 Fifth Avenue, Suite 4100
; Seattle, WA 98104-3100
{206) 447.1338
On this day of 20 , hefore me, .

the undersigned Notary Public,

personally appeared ,,,,, ,

[ 1personally known to'me [__] proved to me on the basis of sahsfactory evidence {o be the

person(s) whose name(s)
that executed i

subscribed te the within instrument, and acknowledged

WITNESS my hand and official seal.

Notary's Signature

R. €. SINGH
Notary Public - California
Sania Glara County
Commigsion # 2127652
g oM. Expires Oct 21

*

PLYNNE

K41080.P8C2

A mww pnbia: orother officey completing thxs centificate verifies oni; thaidentity of tte ndmdua} who ssgnad
the dacument o which this contificate s attached, and ok the truthfutness, accuracy, on validity of that dogument. | -

State ofCafornia, County ofSanta Clea . Dn &jjf s ﬁ beforsmaRESigh,

IPLE) & e
Notary Public, personany ansearsd Bl Koo
whoproved tn me onthe bects of mfacmrywdeése {obe the peisanls] whose namels} isfara subiseribest =
thaswithin instrumentand acknowledzed 1o e thatheshefthey executed the same in ither el authorized
ca;ssc,zy(xas) and 4t by hisfrersifeir ignaturefs) on e nsirdmant e persanis), b th ntity wkem Hehaof
whith thg Rersonts) anted, axecutad the instrummnt. Foortf; under PENALTY OF PERILIRY under the hais ol the
State of Calfforia that the foregoing paragrentyis trumand conract WITHESS my bandand afficialseal

L

Page 2 of 2 PELOQUIN, PLLC
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/399,867 04/30/2019 Dashen Fan K41090.P8C2
CONFIRMATION NO. 9984
51340 POA ACCEPTANCE LETTER
PELOQUIN, PLLC
800 FIFTH AVENUE ORI AR
SUITE 4100 000000108597232

SEATTLE, WA 98104-3100
Date Mailed: 05/31/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 05/30/2019.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/zabraha/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/399,867 04/30/2019 2845 865 K41090.P8C2 20 3
CONFIRMATION NO. 9984
51340 UPDATED FILING RECEIPT
PELOQUIN, PLLC
500 FIFTH AVENUE RO OO R SRR
SUITE 4100

SEATTLE, WA 98104-3100
Date Mailed: 05/31/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Dashen Fan, Bellevue, WA;

Joseph Yong Kwon, San Jose, CA,;
Applicant(s)

Kopin Corporation, Westborough, MA
Assignment For Published Patent Application

Kopin Corporation, Westborough, MA

Power of Attorney: The patent practitioners associated with Customer Number 51340

Domestic Priority data as claimed by applicant
This application is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/13/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/399,867

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes

Early Publication Request: No

** SMALL ENTITY **

Title

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS

Preliminary Class
341
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
16/399,867 04/30/2019 Dashen Fan K41090.P8C2
CONFIRMATION NO. 9984
51340 INFORMAL NOTICE
PELOQUIN, PLLC
800 FIFTH AVENUE IR AR
SUITE 4100 000000108597298

SEATTLE, WA 98104-3100
Date Mailed: 05/31/2019

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Dashen Fan
Joseph Yong Kwon

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/zabraha/
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/399,867
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
o o o N/A N/A N/A 330 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= 50 - 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 230 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
% Independent * Minus | *** = _ OR
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = _ OR
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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i AFPLICATION NUMEER t BILENG O FTHC TATH i FIRST NAMED APPLICANT § ATTY, DOURET NOATTLE i

16/399 867 47302014 Pashen Fan K41000.P8C2
CONFIRMATION NO. 9984
51340 FORMALITIES LETTER
PELOQUIN, PLIC - - ——
800 FIFTH AVENUE W &@ jg%]l@lg”
‘ OH133317
SUETE 4100

SEATTLE, WA 98104-3100
Date Mailed: 05/14/2019

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b
Filing Date Granted
ems Beguired To Avoid Abandonment:

An application number and filing date have Deen accorded to this application. The temy{s) indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which to file alt required items below to avoid
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136{a).

» Surcharge as sef forth in 37 CFR 1.16{f) must be submitted.
The surcharge is due for any one of;
« jate submission of the basio filing Tee, search fee, or examination fee,
= late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference (o a previpusly filed application.
SUMMARY OF FEES DUE;

The fea{s) required within TWO MONTHS from the date of this Notice 1o avoid abandonment is/are femized
below. Small antily discount is in sifect. If applicant is gualified for micro entity stalus, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SBASA and 158)

+ % 80 surcharge.

« 5{ O} previous unapplisd payment amount.

«$ B0 TOTAL FEE BALANCE DUE,

Applicant is nolified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the invenlor's
path or declaration, the applicant must file an cath or dedlaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.84, executed by or with raspect fo each actual inventar no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):
page 1 of 2
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Dashen Fan

Joseph Yong Kwan
Raplies must be receivad in the USFTO within the set ime period or must include a proper Ceddificate of Mailing
or Transmission under 37 GFR 1.8 with a mailing or transmission date within the set tims period. For more
information and a suggested format, see Form PTO/SBA2 and MPEP 512,

Replies should be mailed to:

Mail Stop Missing Parls
Commissioner for Patents
P.Q. Box 1450

Alsxandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply 1o this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response 1o Pre-Exam Formalities Notice®.

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at hilpAwwnuspio.goviebe.

If vou are not using EFS-Web to submit your reply, vou must include a copy of this notice,

Questions about the contents of this notice and the
requirements i seis forth should be divected to the Office
of Data Management, Application Assistance Ui, at

(5713 2724000 or (871) 2724200 or 1-888-7286-0161,

Mg tisshy/

page 2of 2
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Electronic Patent Application Fee Transmittal

Application Number:

16399867

Filing Date:

30-Apr-2019

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Filer: Mark S. Peloguin
Attorney Docket Number: K41090.P8C2
Filed as Small Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 80
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Electronic Acknowledgement Receipt

EFS ID: 36579178
Application Number: 16399867
International Application Number:
Confirmation Number: 9984

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C2
Receipt Date: 15-JUL-2019
Filing Date: 30-APR-2019

Time Stamp: 11:27:15

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type EFT
Payment was successfully received in RAM $80

RAM confirmation Number

071519INTEFSW11273100

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
295189
1 Applicant Response to Pre-Exam 0020190715K41090P8C2RNTF no 2
Formalities Notice MPi.pdf
3ee2d2c181a54831f7fbd8ce2a54adbdea7
b77¢3
Warnings:
Information:
30737
2 Fee Worksheet (SB06) fee-info.pdf no 2
e39db85bb8b974290495186a2f5665¢78fa
cafc0
Warnings:
Information:
Total Files Size (in bytes): 325926

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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16399867

PLUS Search Results for S/N 16399867, Searched Mon Dec 09 10:10:30 EST 2019

The Patent Linguistics Utility System (PLUS) is a USPTO automated search system
for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which
produces a list of patents that are most closely related linguistically to the application
searched. This search was prepared by the staff of the Scientific and Technical Information
Center, SIRA.

4684925 99 5948073 99
4766416 99
4843390 99
4943807 99
4951052 99
4972356 99
4972357 99
5010347 99
5023921 99
5030954 99
5117441 99
5155743 99
5162798 99
5187482 99
5203335 99
5206648 99
5241310 99
5245345 99
5351016 99
5387913 99
5450083 99
5465270 99
5506932 99
5512895 99
5541600 99
5568142 99
5568206 99
5579004 99
5588027 99
5590065 99
5610942 99
5617058 99
5627536 99
5638010 99
5675277 99
5682160 99
5682161 99
5710729 99
5719573 99
5732044 99
5748842 99
5754131 99
5754592 99
5777512 99
5784419 99
5789689 99
5905769 99
5909463 99
5917809 99
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505820781 12/13/2019

PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1
Stylesheet Version v1.2

EPAS ID: PAT5867611

SUBMISSION TYPE:

NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date
KOPIN CORPORATION 11/22/2019
RECEIVING PARTY DATA
Name: SOLOS TECHNOLOGY LIMITED
Street Address: UNIT 211, 2/F., PHOTONICS CENTER, NO. 2 SCIENCE PARK EAST
AVENUE
Internal Address: HONG KONG SCIENCE PARK, SHATIN, N.T.
City: HONG KONG
State/Country: HONG KONG
PROPERTY NUMBERS Total: 22
Property Type Number
Patent Number: 7386135
Patent Number: 8885850
Patent Number: 9456275
Patent Number: 9491544
Patent Number: 9406293
Patent Number: 9633670
Patent Number: 9257952
Patent Number: 9792927
Patent Number: 9312826
Patent Number: 10306389
Patent Number: 9941895
Patent Number: 10298253
Patent Number: 10339952
Application Number: 14886054
Application Number: 14886080
Application Number: 16399867
Application Number: 16171254
Application Number: 16171266
Application Number: 16420082
Application Number: 62873889
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Property Type Number
PCT Number: US2018057869
PCT Number: US2018057879

CORRESPONDENCE DATA

Fax Number: (206)770-6562

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 206-251-1699
Email: mark@peloquinlaw.com
Correspondent Name: PELOQUIN, PLLC
Address Line 1: 800 FIFTH AVENUE, SUITE 4100
Address Line 4: SEATTLE, WASHINGTON 98104
ATTORNEY DOCKET NUMBER: KSTL20191112
NAME OF SUBMITTER: MARK S. PELOQUIN
SIGNATURE: /MARK S. PELOQUIN/
DATE SIGNED: 12/13/2019
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 4

source=Solos Patent Assignment-executed#page1 .tif
source=Solos Patent Assignment-executed#page?2.tif
source=Solos Patent Assignment-executed#page3.tif
source=Solos Patent Assignment-executed#page4.tif
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ASSIGNMENT No.: KSTL20191112

ASSIGNMENT OF UNITED STATES PATENTS, UNITED STATES PATENT APPLICATIONS,
AND INTERNATIONAY: (PCT) & FOREIGN PATENT APPLICATIONS

Whereaé; Kopin Corporation, a Delaware corporation, having a place of business at 125
North Drive, Westborough, Massachusetts 01581 (hereinafter “Assignor™) is the sole owner of the
entire right, title and interest in and to the United States Patents, United States Patent Applications,
and International (PCT) and Foreign Patent Applications all of which are described in the IP
Schedule attached hereto and made a part hereof (hereinafter “Patents™); and

Whereas, Solos Technology Limited, a IHong Kong corporation, having a place of
business at Unit 211, 2/F., Photonics Centre, No. 2 Science Park East Avenue, Hong Kong
Science Park, Shatin, N.T, Hong Kong (hereinafler “Assignee™) is desirous of acquiring the
entire right, title and interest in and to the Patents.

| NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby

acknowledged, the Assignor has sold, assigned and transferred, and by these presents does hereby
sell, assign and transfer Assignor's entire right, title and interest in and to the Patents and all reissues
and exiensions thereof, including all claims, if any, which may have arisen for infringement of the
patents prior to the date of this assignment, all said rights to be held and enjoyed by the Assignee for
its own use and for the use of its successors, assigns or other legal representatives, to the full end of
the terin for which the Patents have been or will be granted, extended or reissued, as fully and
entirely as the same would have been held and enjoyed by the Assignor if this assignment and sale
had not been made.

Assignor further agrees that Assignor will, without demanding any further consideration
therefore, at the request but at the expense of Assignee, do all lawful and just acts, including the
execution and acknowledgment of instruments, that may be or become necessary for obtaining,

sustaining, or reissuing the Patents, and for maintaining and perfecting Assignee's right (o the

Patents.
ASSIGNOR ASSIGNEE
Kopin Corporation Solos Technology Limited
Signature: Signature:

S K e ,
Printed Name: / 40' Al 7‘ Cho! | Printed Name: L/Kgn”\‘/\ d’\M
Tite: Chief Technol gy Officer |Tie (Gerenak, Wpﬂ
Date:__ Aoy, 22 20 /f} Date:__2.2 N‘O\] 20 LCT %

Page 1 0f4
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ASSIGNMENT No.: KSTL20191112

IP SCHEDULE
UNITED STATES PATENTS

FILE NUMBER

PATENT NO.

ISSUE DATE

TITLE

41090.C001

7,386,135

June 10, 2008

Cardioid Beam with a
Desired Null Based Acoustic
Devices, Systems and
Methods

41090.C011

8,885,850 .

November 11, 2014

Cardioid Beam with a Desired Nuli
Based Acoustic Devices, Systems
and Methods

41090.C022

9,456,275

September 27, 2016

Cardioid Beam with a Desired Null
Based Acoustic Devices, Systems
and Methods

41090.C033

9,491,544

November 8, 2016

Frequency Domain Noise
Cancellation With A Desired Null
Based Acoustic devices, Systems,
and Methods

41090.C044

9,406,293

August 2, 2016

Apparatus and Methods to Detect and
Obtain Desired Aundio

K41090.P001

9,633,670

April 25,2017

Dual Stage Noise Reduction
Architecture For Desired
Signal Extraction

K41090.P002

9,257,952

February 9, 2016

Apparatuses and Methods for
Multi-Channel Signal
Compression During Desired
Voice Activity Detection

K41090.P2C1

9,792,927

October 17, 2017

Apparatuses and Methods for
Multi-Channel Signal
Compression During Desired
Voice Activity Detection

K41090.P003

9,312,826

April 12,2016

Apparatus and Methods for
Acoustic Channel Auto-
Balancing During Multi~
Channel Signal Extraction

K41090.P003

10,306,389

May 28,2019

Head Wearable Acoustic
System with Noise Canceling
Microphone Geometry
Apparatuses and Methods

K41090.P008

9,941,895

April 10,2018

Time Delay in Digitally
Oversampled Sensor Systems,
Apparatuses, and Methods

K41090.P8C1

10,298,253

May 21, 2019

Time Delay in Digitally
Oversampled Sensor Systems,
Apparatuses, and Methods

K41090.p2C2

10,339,952

July 2, 2019

Apparatuses and Systems for
Acoustic Channel Auto-
Balancing During Multi-
Channel Signal Extraction

Page 2 of 4
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ASSIGNMENT No.: KSTL20191112

IP SCHEDULE (Continued)
UNITED STATES PATENT APPLICATIONS

FILE NUMBER

SERIAL NO.

FILING DATE

TITLE

K41090.P004

14/886,054

October 18, 2015

Wrist Wearable Apparatuses and
Methods with Desired Signal
Extraction

K41090.p007

14/886,080

October 18, 2015

Apparatuses and Methods for
Enhanced Speech Recognition in
Variable Environments

K41090.P8C2

16/399,867

April 30.2019

Beamforming Using Fractional Time
Delay in Digitaily Oversampled
Sensor Systems, Apparatuses, and

-| Methods

K41090.P013

16/171,254

October 25,2018

Programmable Fractional Time Delay
in Digitaily Oversampled
Microphone Systems, Circuits, and
Methods

K41090.P014

16/171,266

QOctober 25,2018

Fractional Time Delay
Structures in'Digitally
Oversampled Microphone
Systems, Circuits, and Methods

K41090.P016

16/420,082

May 22, 2019

Microphone Confligurations for
Eyewear Devices Systems,
Apparatus, and Methods

K41090.Z017

62/873,889

July 13,2019

Wearable Devices Apparatuses,
Systems, and Methods

Page 3 of 4
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ASSIGNMENT No.: KSTL20191112

IP SCHEDULE (Continued)

INTERNATIONAL (PCT) & FOREIGN PATENT APPLICATIONS

FILE NUMBER

SERIAL NO.

FILING DATE

TITLE

K41090P08PCT-CN

201780047952.0
(China)

January 31,2017

Time Delay in Digitally
Oversampled Sensor Systems, -
Apparatuses, and Methods

K41090PO8PCT-JP | 2019-526185 January 30,2019 | Time Delay in Digitally

Oversampled Sensor Systems,
(Japan) Apparatuses, and Methods

K41090P013PCT PCT/US2018/057869 | October 26, 2018 | Programmable Fractional Time
Delay in Digitally Oversampled
Microphone Systems, Circuits, and
Methods

K41090P014PCT PCT/US2018/057879 | October 27, 2019 | Fractional Time Delay Structures in

Digitally Oversampled Microphone
Systems, Circuits, and Methods
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
51340 7590 12/16/2019
PELOQUIN, PLLC MAL LAM T
800 FIFTH AVENUE
SUITE 4100 | ART UNIT PAPER NUMBER |
SEATTLE, WA 98104-3100 2845
DATE MAILED: 12/16/2019
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/399,867 04/30/2019 Dashen Fan K41090.P8C2 9984

TITLE OF INVENTION: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATUSES, AND METHODS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 03/16/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

51340 7590 12/16/2019 Certificate of Mailing or Transmission

PELOQUIN PLLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
? States Postal Service with sufficient postage for first class mail in an envelope
800 FIFTH AVENUE addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 4100 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
SEATTLE, WA 98104-3100 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/399,867 04/30/2019 Dashen Fan K41090.P8C2 9984

TITLE OF INVENTION: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS,
APPARATUSES  AND METHODS

APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 03/16/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
MAL LAMT 2845 341-155000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/399,867 04/30/2019 Dashen Fan K41090.P8C2 9984
| EXAMINER |
51340 7590 12/16/2019
PELOQUIN, PLLC MAL LAM T
800 FIFTH AVENUE
SUITE 4100 | ART UNIT PAPER NUMBER |
SEATTLE, WA 98104-3100 2845

DATE MAILED: 12/16/2019

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11)
Page 126 of 275



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes&‘\azgrfz?fo ] éL'iglation or potential violation of law or regulation.



Application No. Applicant(s)
; . 16/399,867 Fan et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
LAM T MAI 2845 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 4/30/2019.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[J Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/LAM T MAI/

Primary Examiner, Art Unit 2845

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20191207
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Application/Control Number: 16/399,867 Page 2
Art Unit: 2845

DETAILED ACTION
Notice of Pre-AlA or AlA Status

The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.

Allowable Subject Matter

Claims 1-20 are allowable.

The following is an examiner’s statement of reasons for allowance: Claim 1 is allowed over the
prior art of record. The prior art of record, considered individually or in combination, fails to fairly teach
or suggest claimed features, which is “combining the time delayed first oversampled digital signal with a
second oversampled digital signal to obtain the beamformed digital signal, wherein the second
oversampled digital signal is responsive to the analog field”, structurally and functionally interconnected
with other limitations in the manner as cited in the claim and dependent claims.

Claim 11 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “arithmetic unit, the
arithmetic unit is configured to receive the time delayed oversampled digital output signal and the
second oversampled digital output signal, the arithmetic unit is configured to produce the beamformed
digital signal from the time delayed oversampled digital output signal and the second oversampled

IM

digital output signal” structurally and functionally interconnected with other limitations in the manner
as cited in the claim and dependent claims.

Claim 16 is allowed over the prior art of record. The prior art of record, considered individually
or in combination, fails to fairly teach or suggest claimed features, which is “arithmetic unit, the
arithmetic unit is configured to receive the time delayed oversampied digital output signal and a second

oversampied digital output signal, wherein the second oversampied digital output signal is responsive to

the analog field, the arithmetic unit is configured to produce the beamformed digital signal from the
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Application/Control Number: 16/399,867 Page 3
Art Unit: 2845

time delayed oversampied digital output signal and the second oversampied digital output signal”,
structurally and functionally interconnected with other limitations in the manner as cited in the claim
and dependent claims.

Any comments considered necessary by applicant must be submitted no later than the payment
of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such
submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”

Cited References

The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure. Cited references are related to instant application subject matters.
Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to LAM T MAI whose telephone number is 571 272-1807. The examiner can normally
be reached on Monday-Thursday 7am-530pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Dameon Levi can be reached on 571-272-2105. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic
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Art Unit: 2845

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR

CANADA) or 571-272-1000.

/LAM T MAI/
Primary Examiner, Art Unit 2845
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Fan et al.
Examiner Art Unit
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U.S. PATENT DOCUMENTS
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* [ A | US-20110271957-A1 11-2011 Matis; Robert J. AB1K9/0009 128/203.12
* | B | US-20140009564-A1 01-2014 Cleve; Pascal H04M3/002 348/14.08
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*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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Application/Control No. Applicant(s)/Patent Under Reexamination
Index of Claims 16/399,867

v | Rejected - | Cancelled N | Non-Elected A Appeal

Fan et al.

““ Examiner Art Unit

LAM T MAI 2845

Allowed + | Restricted | | Interference O | Objected

CLAIMS
Claims renumbered in the same order as presented by applicant O cpPa O T1.D. (J R.1.47

CLAIM DATE
Final Original | 12/07/2019
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U.S. Patent and Trademark Office Part of Paper No.: 20191207
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 16/399.867 Fan et al.
T e
LAM T MAI 2845
CPC - Searched*
Symbol Date Examiner
HO03M1/1245 .cpc. 12/08/2019 lammai
H04B7/0617.cpc. 12/08/2019 lammai
HO3M3//462.cpc. 12/08/2019 lammai
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
341 122-160 12/21/2018 lammai

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Global Dossier/Google Scholar/NPL Search/IP.com/Plus/East Text 12/08/2019 lammai
Search

Inventors and Assignee 12/08/2019 lammai
Reviewed Related Application 15/225,745 and 15/947,845 12/08/2019 lammai

/LAM T MAI/
Primary Examiner.Art Unit 2845

U.S. Patent and Trademark Office
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LAM T MAI 2845
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
HO3M1 1245 12/08/2019 lammai
HO4B7 0617 12/08/2019 lammai
HO3M3 462 12/08/2019 lammai
/LAM T MAI/

Primary Examiner.Art Unit 2845

U.S. Patent and Trademark Office
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CPC
Symbol Type Version
HO3M 1245 F 20130101
HO3M 462 | 2013:0:1:01
H04B 0617 | 2013-01-01
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Symbol Type Set Ranking Version
NONE
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(Assistant Examiner) (Date) 20
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Primary Examiner, Art Unit 2845 O.G. Print Claim(s} | O.G. Print Figure
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

16/399,867 Fan et al.
Examiner Art Unit
LAM T MAI 2845

INTERNATIONAL CLASSIFICATION

CLAIMED

HO3M1/12

HO3M3/00

HO4B7/06

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

341

155

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

341 160

NONE

(Assistant Examiner)

(Date)

Total Claims Allowed:

20

/LAM T MAl/
Primary Examiner, Art Unit 2845

(Primary Examiner)

08 December 2019

(Date)

O.G. Print Claim(s} | O.G. Print Figure
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i¢399 857 Fan ot al.

H “ “HH Examiner Art Unit
LAM T MAI 2845

Claims renumbered in the same order as presented by applicant [J CPA T.D. O R.1.47
CLAIMS

Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original

1 10 19

2 11 20

3 12

4 13

5 14

6 15

7 16

8 17

9 18
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 20
/LAM T MAI/ 08 December 2019 ) ) N
Primary Examiner, Art Unit 2845 O.G. Print Claim(s} | O.G. Print Figure
(Primary Examiner) (Date) 1 10
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EAST Search History

EAST Search History

EAST Search History (I nterference)

Ref iiHits {Search Query DBs Default Plurals {iTime

# Operator Stamp

L1 2 (beamform$4 adj digital adj signal and  {jUS-PGPUB; {OR ON 2019/12/08
delay$4 near tim$4).clm. USPAT 14:34

L6 6 (beamform$4 and time near delay$4 and jUS-PGPUB; {OR ON 2019/12/08
oversampl|$4).cim. USPAT 15:45

12/8/2019 3:46:02 PM
C:\ Users\ Imai1\ Documents\ EAST\ Workspaces\ 16399867.wsp

file:///C/Users/Imail/Documents/e-Red%20Folder/16399867/EASTSearchifisiery 36 892967_Accessible Version.htm[12/8/2019 3:46:05 PM]




EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref
#

Hits

Search Query

DBs

Default
Operator

Plurals

Time
Stamp

L3

HO3M1/1245.cpc. and beamform$4 with
time near delay$4 with oversampl$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/08
15:41

L4

HO3M3/462.cpc. and beamform$4 with
time near delay$4 with oversampl$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/08
15:42

L5

H04B7/0617.cpc. and beamform$4 with
time near delay$4 with oversampl$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/08
15:42

St

348

"Kopin corporation”.asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
16:06

S2

27

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
16:06

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
16:07

8905

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
18:49

41

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
18:49

S6

2282

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
19:05

S7

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
19:06

file:///C/Users/Imail/Documents/e-Red%20Folder/16399867/EASTSearchifisgery 46 892967_Accessible Version.htm[12/8/2019 3:43:43 PM]




EAST Search History

S8 15 (microphone (digital adj sensor)) with US-PGPUB; {iOR ON 2017/05/29
(adc ad a/d (analog adj digital)) with USPAT; 19:09
time adj delay EPO; JPO;
DERWENT;
IBM_TDB
S9 33 oversampl$4 adj digital adj output US-PGPUB; {{OR ON 2017/05/30
USPAT; 09:59
EPO; JPO;
DERWENT;
IBM_TDB
S10 30 oversampl$4 adj digital adj output with {§US-PGPUB; {OR ON 2017/05/30
time near delay USPAT; 09:59
EPO; JPO;
DERWENT;
IBM_TDB
S11 {0 oversampl$4 adj digital adj output same {US-PGPUB;{{OR ON 2017/05/30
time near delay USPAT; 10:01
EPO; JPO;
DERWENT;
IBM_TDB
S12 §2 (microphone (digital adj sensor)) with US-PGPUB; {i{OR ON 2017/05/30
oversampl$4 with time adj delay USPAT; 10:05
EPO; JPO;
DERWENT;
IBM_TDB
S13 47 (digital adj sensor and time adj US-PGPUB; {{OR ON 2017/05/30
delay).clm. USPAT; 10:07
EPO; JPO;
DERWENT;
IBM_TDB
S14 {0 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2017/05/30
near digital near output USPAT; 10:24
EPO; JPO;
DERWENT;
IBM_TDB
S15 i1 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2017/05/30
near output USPAT; 10:25
EPO; JPO;
DERWENT;
IBM_TDB
S19 {192 (("3684829") or ("3755792") or US-PGPUB; {OR OFF 2017/05/30
("3813485") or ("3914746") or USPAT; 11:57
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
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EAST Search History

("7472206") or ("7583355"
("7590675") or ("7626592"
("7680807") or ("7706443"
("7782439") or ("7817071"

or
or
or
).PN.

— — — —

S20

S$19 and time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/30
11:58

S22

$19 and digital near sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/30
11:59

S23

359

"Kopin corporation”.asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

524

30

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S25

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S26

9268

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S27

46

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S28

2402

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S29

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S30

16

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S31

35

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

is32 {0

Joversampl$4 adj digital adj output with {JUS-PGPUB; |

OR

ON

12017/11/13}
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EAST Search History

time near delay USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S33 {0 oversampl$4 adj digital adj output same {US-PGPUB;{{OR ON 2017/11/13
time near delay USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S34 2 (microphone (digital adj sensor)) with US-PGPUB; iOR ON 2017/11/13
oversampl$4 with time adj delay USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S35 {7 (digital adj sensor and time adj US-PGPUB; {iCR ON 2017/11/13
delay).clm. USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S36 {0 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2017/11/13
near digital near output USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S37 i tim$4 near delay$4 near oversampl$4 US-PGPUB; iOR ON 2017/11/13
near output USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S38 {195 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2017/11/13
("3813485") or ("3914746") or USPAT; 09:07
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S39 {2 S38 and time near delay US-PGPUB; {OR ON 2017/11/13
USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
$40 0 S38 and digital near sensor US-PGPUB; {OR ON 2017/11/13
USPAT; 09:07
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EAST Search History

EPO; JPO;
DERWENT;
IBM_TDB

S41

46

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:09

S42

digital adj sensor with time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:11

S43

digital adj sensor and time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:13

S49

375

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S50

35

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S51

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S52

9974

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S53

52

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S54

2615

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S55

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S56

19

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S57

39

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;

OR

ON

2018/09/03
18:13
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EPO; JPO;
DERWENT;
IBM_TDB
S58 {3 oversampl$4 adj digital adj output with {§US-PGPUB; {OR ON 2018/09/03
time near delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S59 i3 oversampl$4 adj digital adj output same {US-PGPUB;}{{OR ON 2018/09/03
time near delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S60 5 (microphone (digital adj sensor)) with US-PGPUB; {OR ON 2018/09/03
oversampl$4 with time adj delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S61 {10 (digital adj sensor and time adj US-PGPUB; {{OR ON 2018/09/03
delay).clm. USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S62 i3 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2018/09/03
near digital near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S63 4 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2018/09/03
near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S64 {198 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2018/09/03
("3813485") or ("3914746") or USPAT; 18:13
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S65 {2 S64 and time near delay US-PGPUB; {{OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
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DERWENT;
IBM_TDB

S66

S64 and digital near sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S67

375

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S68

35

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S69

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S70

9974

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S71

52

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S72

2615

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S73

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S74

19

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S75

39

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S76

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S77

oversampl$4 adj digital adj output same
time near delay

US-PGPUB;
USPAT;
EPO; JPO;

OR

ON

2018/09/03
18:13
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DERWENT;
IBM_TDB
S78 b5 (microphone (digital adj sensor)) with US-PGPUB; {iOR ON 2018/09/03
oversampl$4 with time adj delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S79 {10 (digital adj sensor and time adj US-PGPUB; {{OR ON 2018/09/03
delay).clm. USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S80 i3 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2018/09/03
near digital near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S81 4 tim$4 near delay$4 near oversampl$4 US-PGPUB; iOR ON 2018/09/03
near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S82 1198 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2018/09/03
("3813485") or ("3914746") o USPAT; 18:13
("4021616") or ("4290050") o FPRS;
("4361729") or ("4414685") o EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S83 2 S82 and time near delay US-PGPUB; {{OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S84 #0 S82 and digital near sensor US-PGPUB; {OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S85 b2 digital adj sensor with time adj delay US-PGPUB; {{OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
DERWENT;
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N
H
H
H
H
‘l

{iBM_TDB

S86

digital adj sensor with time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03

18:13

S87

digital adj sensor and time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S95

("10298253").PN.

USPAT;
USOCR

OR

OFF

2019/12/07
21:39

S96

("9941895").PN.

USPAT;
USOCR

OR

OFF

2019/12/07
21:40

S97

392

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S98

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S99

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S100

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S101

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S102

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S103

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S104

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S105

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;

OR

ON

2019/12/07
21:49
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L | JiBM_TDB ‘ :
S106 i#5 oversampl$4 adj digital adj output with  §US-PGPUB; {iOR ON 2019/12/07
time near delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S107 45 oversampl$4 adj digital adj output same {US-PGPUB;{{OR ON 2019/12/07
time near delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S108 {9 (microphone (digital adj sensor)) with US-PGPUB; {OR ON 2019/12/07
oversampl$4 with time adj delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$109 {11 (digital adj sensor and time adj US-PGPUB; {{OR ON 2019/12/07
delay).clm. USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S110 §5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {iCR ON 2019/12/07
near digital near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S111 16 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2019/12/07
near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$112 3200 (("3684829") o ("3755792") US-PGPUB; {iCR OFF 2019/12/07
("3813485") or ("3914746") o USPAT; 21:49
("4021616") or ("4290050") o FPRS;
("4361729") or ("4414685") o EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S113 §2 S112 and time near delay US-PGPUB; {{CR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB

MK
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S114

S112 and digital near sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S115

392

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S116

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S117

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S118

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S119

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S120

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S121

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S122

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S123

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S124

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S125

oversampl$4 adj digital adj output same
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49
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S5126 {9 (microphone (digital adj sensor)) with US-PGPUB; iOR ON 2019/12/07
oversampl$4 with time adj delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$127 {11 (digital adj sensor and time adj US-PGPUB; {{OR ON 2019/12/07
delay).clm. USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$128 5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {iCR ON 2019/12/07
near digital near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$129 {6 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2019/12/07
near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
$130 {200 (("3684829") o ("3755792") US-PGPUB; {{OR OFF 2019/12/07
("3813485") or ("3914746") o USPAT; 21:49
("4021616") or ("4290050") o FPRS;
("4361729") or ("4414685") o EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S131 §j2 $130 and time near delay US-PGPUB; {{OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$132 §0 $130 and digital near sensor US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$133 {160 digital adj sensor with time adj delay US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S134 43 digital adj sensor with time adj delay and {US-PGPUB; {jOR ON 2019/12/07
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oversampl$4 adj digital adj output

USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

21:49

S135

digital adj sensor and time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S136

392

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S137

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S138

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S139

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S140

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S141

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S142

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S143

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S144

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S145

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

IS146 {5

Joversampl$4 adj digital adj output same {JUS-PGPUB;

OR

ON

12019/12/07;

file:///C/Users/Imail/Documents/e-Red%20Folder/16399867/EASTSearchipisgery 56892967_Accessible Version.htm[12/8/2019 3:43:43 PM]




EAST Search History

time near delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S147 {9 (microphone (digital adj sensor)) with US-PGPUB; {{CR ON 2019/12/07
oversampl$4 with time adj delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
5148 {11 (digital adj sensor and time adj US-PGPUB; {{CR ON 2019/12/07
delay).clm. USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S149 {5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{OR ON 2019/12/07
near digital near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S150 {6 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2019/12/07
near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S151 {200 (("3684829") or ("3755792") or US-PGPUB; {{CR OFF 2019/12/07
("3813485") or ("3914746") or USPAT; 21:49
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S152 2 S151 and time near delay US-PGPUB; {iCR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S153 {0 S$151 and digital near sensor US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S154 1392 "Kopin corporation".asn. US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
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EPO; JPO;
DERWENT;
IBM_TDB

S1565

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S156

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S157

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S158

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S159

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S160

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S161

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S162

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S163

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S164

oversampl$4 adj digital adj output same
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S165

(microphone (digital adj sensor)) with
oversampl$4 with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S166

11

(digital adj sensor and time adj
delay).clm.

US-PGPUB;
USPAT;

OR

ON

2019/12/07
21:50
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EPO; JPO;
DERWENT;
IBM_TDB
S167 §5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2019/12/07
near digital near output USPAT; 21:50
EPO; JPO;
DERWENT;
IBM_TDB
S168 {6 tim$4 near delay$4 near oversampl$4 US-PGPUB; {iCR ON 2019/12/07
near output USPAT; 21:50
EPO; JPO;
DERWENT;
IBM_TDB
S$169 {200 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2019/12/07
("3813485") or ("3914746") or USPAT; 21:50
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
$170 §2 $169 and time near delay US-PGPUB; {{OR ON 2019/12/07
USPAT; 21:50
EPO; JPO;
DERWENT;
IBM_TDB
S171 {0 S169 and digital near sensor US-PGPUB; {{OR ON 2019/12/07
USPAT; 21:50
EPO; JPO;
DERWENT;
IBM_TDB
$172 §{{60 digital adj sensor with time adj delay US-PGPUB; {{OR ON 2019/12/07
USPAT; 21:50
EPO; JPO;
DERWENT;
IBM_TDB
S173 43 digital adj sensor with time adj delay and jUS-PGPUB;}{{OR ON 2019/12/07
oversampl$4 adj digital adj output USPAT; 21:50
EPO; JPO;
DERWENT;
IBM_TDB
S174 #4 digital adj sensor and time adj delay and {{US-PGPUB;{OR ON 2019/12/07
oversampl$4 adj digital adj output USPAT; 21:50
EPO; JPO;
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DERWENT;
IBM_TDB

S175

203

beamform$4 adj digital adj signal

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
22:11

S176

beamform$4 adj digital adj signal with
oversampl$5 adj digital adj signal

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
22:13

S192

beamform$4 adj digital adj signal with
delay$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
22:14

S194

41

beamform$4 adj digital adj signal and
delay$4 near tim$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
22:16

S195

beamform$4 adj digital adj signal with
delay$4 near tim$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
22:18

12/8/2019 3:43:39 PM
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EAST Search History (Prior Art)

Ref
#

Hits

Search Query

DBs

Default
Operator

Plurals

Time
Stamp

L3

HO3M1/1245.cpc. and beamform$4 with
time near delay$4 with oversampl$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/08
15:41

L4

HO3M3/462.cpc. and beamform$4 with
time near delay$4 with oversampl$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/08
15:42

L5

H04B7/0617.cpc. and beamform$4 with
time near delay$4 with oversampl$4

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/08
15:42

St

348

"Kopin corporation”.asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
16:06

S2

27

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
16:06

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
16:07

8905

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
18:49

41

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
18:49

S6

2282

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
19:05

S7

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/29
19:06
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S8 15 (microphone (digital adj sensor)) with US-PGPUB; {iOR ON 2017/05/29
(adc ad a/d (analog adj digital)) with USPAT; 19:09
time adj delay EPO; JPO;
DERWENT;
IBM_TDB
S9 33 oversampl$4 adj digital adj output US-PGPUB; {{OR ON 2017/05/30
USPAT; 09:59
EPO; JPO;
DERWENT;
IBM_TDB
S10 30 oversampl$4 adj digital adj output with {§US-PGPUB; {OR ON 2017/05/30
time near delay USPAT; 09:59
EPO; JPO;
DERWENT;
IBM_TDB
S11 {0 oversampl$4 adj digital adj output same {US-PGPUB;{{OR ON 2017/05/30
time near delay USPAT; 10:01
EPO; JPO;
DERWENT;
IBM_TDB
S12 §2 (microphone (digital adj sensor)) with US-PGPUB; {i{OR ON 2017/05/30
oversampl$4 with time adj delay USPAT; 10:05
EPO; JPO;
DERWENT;
IBM_TDB
S13 47 (digital adj sensor and time adj US-PGPUB; {{OR ON 2017/05/30
delay).clm. USPAT; 10:07
EPO; JPO;
DERWENT;
IBM_TDB
S14 {0 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2017/05/30
near digital near output USPAT; 10:24
EPO; JPO;
DERWENT;
IBM_TDB
S15 i1 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2017/05/30
near output USPAT; 10:25
EPO; JPO;
DERWENT;
IBM_TDB
S19 {192 (("3684829") or ("3755792") or US-PGPUB; {OR OFF 2017/05/30
("3813485") or ("3914746") or USPAT; 11:57
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
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("7472206") or ("7583355"
("7590675") or ("7626592"
("7680807") or ("7706443"
("7782439") or ("7817071"

or
or
or
).PN.

— — — —

S20

S$19 and time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/30
11:58

S22

$19 and digital near sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/05/30
11:59

S23

359

"Kopin corporation”.asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

524

30

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S25

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S26

9268

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S27

46

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S28

2402

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S29

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S30

16

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

S31

35

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:07

is32 {0

Joversampl$4 adj digital adj output with {JUS-PGPUB; |

OR

ON

12017/11/13}
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time near delay USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S33 {0 oversampl$4 adj digital adj output same {US-PGPUB;{{OR ON 2017/11/13
time near delay USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S34 2 (microphone (digital adj sensor)) with US-PGPUB; iOR ON 2017/11/13
oversampl$4 with time adj delay USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S35 {7 (digital adj sensor and time adj US-PGPUB; {iCR ON 2017/11/13
delay).clm. USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S36 {0 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2017/11/13
near digital near output USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S37 i tim$4 near delay$4 near oversampl$4 US-PGPUB; iOR ON 2017/11/13
near output USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
S38 {195 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2017/11/13
("3813485") or ("3914746") or USPAT; 09:07
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S39 {2 S38 and time near delay US-PGPUB; {OR ON 2017/11/13
USPAT; 09:07
EPO; JPO;
DERWENT;
IBM_TDB
$40 0 S38 and digital near sensor US-PGPUB; {OR ON 2017/11/13
USPAT; 09:07
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EPO; JPO;
DERWENT;
IBM_TDB

S41

46

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:09

S42

digital adj sensor with time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:11

S43

digital adj sensor and time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2017/11/13
09:13

S49

375

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S50

35

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S51

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S52

9974

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S53

52

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S54

2615

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S55

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S56

19

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S57

39

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;

OR

ON

2018/09/03
18:13
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EPO; JPO;
DERWENT;
IBM_TDB
S58 {3 oversampl$4 adj digital adj output with {§US-PGPUB; {OR ON 2018/09/03
time near delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S59 i3 oversampl$4 adj digital adj output same {US-PGPUB;}{{OR ON 2018/09/03
time near delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S60 5 (microphone (digital adj sensor)) with US-PGPUB; {OR ON 2018/09/03
oversampl$4 with time adj delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S61 {10 (digital adj sensor and time adj US-PGPUB; {{OR ON 2018/09/03
delay).clm. USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S62 i3 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2018/09/03
near digital near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S63 4 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2018/09/03
near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S64 {198 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2018/09/03
("3813485") or ("3914746") or USPAT; 18:13
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S65 {2 S64 and time near delay US-PGPUB; {{OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
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DERWENT;
IBM_TDB

S66

S64 and digital near sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S67

375

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S68

35

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S69

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S70

9974

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S71

52

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S72

2615

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S73

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S74

19

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S75

39

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S76

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S77

oversampl$4 adj digital adj output same
time near delay

US-PGPUB;
USPAT;
EPO; JPO;

OR

ON

2018/09/03
18:13
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DERWENT;
IBM_TDB
S78 b5 (microphone (digital adj sensor)) with US-PGPUB; {iOR ON 2018/09/03
oversampl$4 with time adj delay USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S79 {10 (digital adj sensor and time adj US-PGPUB; {{OR ON 2018/09/03
delay).clm. USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S80 i3 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2018/09/03
near digital near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S81 4 tim$4 near delay$4 near oversampl$4 US-PGPUB; iOR ON 2018/09/03
near output USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S82 1198 (("3684829") or ("3755792") or US-PGPUB; {{OR OFF 2018/09/03
("3813485") or ("3914746") o USPAT; 18:13
("4021616") or ("4290050") o FPRS;
("4361729") or ("4414685") o EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S83 2 S82 and time near delay US-PGPUB; {{OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S84 #0 S82 and digital near sensor US-PGPUB; {OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
DERWENT;
IBM_TDB
S85 b2 digital adj sensor with time adj delay US-PGPUB; {{OR ON 2018/09/03
USPAT; 18:13
EPO; JPO;
DERWENT;
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N
H
H
H
H
‘l

{iBM_TDB

S86

digital adj sensor with time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03

18:13

S87

digital adj sensor and time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2018/09/03
18:13

S95

("10298253").PN.

USPAT;
USOCR

OR

OFF

2019/12/07
21:39

S96

("9941895").PN.

USPAT;
USOCR

OR

OFF

2019/12/07
21:40

S97

392

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S98

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S99

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S100

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S101

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S102

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S103

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S104

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S105

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;

OR

ON

2019/12/07
21:49
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L | JiBM_TDB ‘ :
S106 i#5 oversampl$4 adj digital adj output with  §US-PGPUB; {iOR ON 2019/12/07
time near delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S107 45 oversampl$4 adj digital adj output same {US-PGPUB;{{OR ON 2019/12/07
time near delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S108 {9 (microphone (digital adj sensor)) with US-PGPUB; {OR ON 2019/12/07
oversampl$4 with time adj delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$109 {11 (digital adj sensor and time adj US-PGPUB; {{OR ON 2019/12/07
delay).clm. USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S110 §5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {iCR ON 2019/12/07
near digital near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S111 16 tim$4 near delay$4 near oversampl$4 US-PGPUB; {OR ON 2019/12/07
near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$112 3200 (("3684829") o ("3755792") US-PGPUB; {iCR OFF 2019/12/07
("3813485") or ("3914746") o USPAT; 21:49
("4021616") or ("4290050") o FPRS;
("4361729") or ("4414685") o EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S113 §2 S112 and time near delay US-PGPUB; {{CR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB

MK
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S114

S112 and digital near sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S115

392

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S116

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S117

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S118

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S119

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S120

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S121

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S122

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S123

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S124

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S125

oversampl$4 adj digital adj output same
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49
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S5126 {9 (microphone (digital adj sensor)) with US-PGPUB; iOR ON 2019/12/07
oversampl$4 with time adj delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$127 {11 (digital adj sensor and time adj US-PGPUB; {{OR ON 2019/12/07
delay).clm. USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$128 5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {iCR ON 2019/12/07
near digital near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$129 {6 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2019/12/07
near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
$130 {200 (("3684829") o ("3755792") US-PGPUB; {{OR OFF 2019/12/07
("3813485") or ("3914746") o USPAT; 21:49
("4021616") or ("4290050") o FPRS;
("4361729") or ("4414685") o EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("74722086") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S131 §j2 $130 and time near delay US-PGPUB; {{OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$132 §0 $130 and digital near sensor US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S$133 {160 digital adj sensor with time adj delay US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S134 43 digital adj sensor with time adj delay and {US-PGPUB; {jOR ON 2019/12/07
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oversampl$4 adj digital adj output

USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

21:49

S135

digital adj sensor and time adj delay and
oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S136

392

"Kopin corporation".asn.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S137

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S138

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S139

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S140

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S141

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S142

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S143

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S144

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S145

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

IS146 {5

Joversampl$4 adj digital adj output same {JUS-PGPUB;

OR

ON

12019/12/07;
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time near delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S147 {9 (microphone (digital adj sensor)) with US-PGPUB; {{CR ON 2019/12/07
oversampl$4 with time adj delay USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
5148 {11 (digital adj sensor and time adj US-PGPUB; {{CR ON 2019/12/07
delay).clm. USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S149 {5 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{OR ON 2019/12/07
near digital near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S150 {6 tim$4 near delay$4 near oversampl$4 US-PGPUB; {{CR ON 2019/12/07
near output USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S151 {200 (("3684829") or ("3755792") or US-PGPUB; {{CR OFF 2019/12/07
("3813485") or ("3914746") or USPAT; 21:49
("4021616") or ("4290050") or FPRS;
("4361729") or ("4414685") or EPO; JPO;
("4521099") or ("4577219") or DERWENT;
("4605921") or ("4628345") or IBM_TDB
("5089820") or ("5089917") or
("5177711") or ("5333063") or
("5459718") or ("5483474") or
("5493581") or ("5594438") or
("5717618") or ("5742351") or
("5771012") or ("5801653") or
("5870051") or ("5910957") or
("5910995") or ("5969798") or
("5982132") or ("6034564") or
("6092130") or ("6188785") or
("6195394") or ("6201490") or
("6590616") or ("6643382") or
("6775684") or ("6947497") or
("6961151") or ("6972828") or
("7068841") or ("7187409") or
("7472206") or ("7583355") or
("7590675") or ("7626592") or
("7680807") or ("7706443") or
("7782439") or ("7817071")).PN
S152 2 S151 and time near delay US-PGPUB; {iCR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S153 {0 S$151 and digital near sensor US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
EPO; JPO;
DERWENT;
IBM_TDB
S154 1392 "Kopin corporation".asn. US-PGPUB; {OR ON 2019/12/07
USPAT; 21:49
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EPO; JPO;
DERWENT;
IBM_TDB

S1565

44

Fan.in. and dashen

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S156

kwon.in. and "joseph Yong"

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S157

11433

digital adj sensor

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S158

60

digital adj sensor with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S159

2999

(microphone (digital adj sensor)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S160

(microphone (digital adj sensor)) with
sampl$4 adj clock with time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S161

23

(microphone (digital adj sensor)) with
(adc ad a/d (analog adj digital)) with
time adj delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S162

42

oversampl$4 adj digital adj output

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S163

oversampl$4 adj digital adj output with
time near delay

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/12/07
21:49

S164
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Appl. No. 16/399,867
Response dated March 12, 2020
Reply 1o Notice of Allowance Mail Date 12/16/2019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. ; 16/399,867

Applicant ; SOLOS TECHNOLOGY LTD
Filed : 04/30/2019

TC/IA U : 2845

Examiner ) MAL LAMT

Confirmation No. 9984

Docket No. : K41000.P8C2

Customer No. : 51340

Mail Stop Amendment
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

COMMUNICATED VIA EFS-Wes TO USPTO on 12 MARCH 2020
AMENDMENT AFTER NOTICE OF ALLOWANCE UNDER 37 C.ER 1.312

Sir:
Applicant submits the following amendment under 37 C.F.R. 1.312 to correct

informalities in the allowed claims. No new matter has been enfered.

Amendments to the Claims are reflected in the listing of claims which begin on page 2 of

this paper.

Remarks begins on page 7 of this paper.

Reply to Notice of allowance Mail Page 10f 8 Application No. 16/399,867
Date 12-16-2018
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Reply 1o Notice of Allowance Mail Date 12/16/2019

Amendments {o the Claims

This listing of claims will replace all prior versions, and listings, of the claims inthe

application:

Listing of Claims

Claim 1 (Original). A method to create a beamformed digital signal, comprising:

outputting a first oversampled digital signal output from an analog-to-digital converter
(ADC), wherein the first oversampled digital signal is responsive {o an analog field and the
first oversampled digital signal is created at a sampling clock frequency,;

delaying the first oversampled digital signal by a time delay wherein the time delay is
equal to an integer number of sampling clock cycles to produce a time delayed first
oversampled digital signal, and

combining the time delayed first oversampled digital signal with a second
oversampled digital signal to obtain the beamformed digital signal, wherein the second

oversampled digital signal is responsive 1o the anaiog field.

Claim 2 {Original). The method of claim 1, wherein the combining is performed in an

oversampled signal domain.

Claim 3 (Currently amended). The method of claim 1, wherein the combining is

performed -at an intermediate sampling rate.

Reply to Notice of allowance Mail Page 20f 8 Application No. 16/399,867
Date 12-16-2018
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Reply 1o Notice of Allowance Mail Date 12/16/2019

Claim 4 (Original). The method of claim 1, wherein the combining is performed in a

baseband signal domain.

Claim 5 (Original). The method of claim 1, wherein the first oversampled digital signal and

the second oversampled digital signal are oblained from different sensors.

Claim 8 (Original). The method of claim 1, wherein the first oversampled digital signal and

the second oversampled digital signal are obtained from the same sensor.

Claim 7 (Original). The method of claim 1, further comprising:
applying a low pass filter with decimation {o the time delayed first oversampled

digital signal to ouiput a baseband digital signal that is delayed by the time delay.

Claim 8 (Original). The method of claim 7, wherein the time delay is equal {0 a fraction of

a baseband sampling period.

Claim 9 (Original). The method of claim 7, wherein the time delay is greater than a

baseband sampling pericd.

Claim 10 (Original). The method of claim 7, wherein the first oversampled digital signal is

digitized o create samples which are more than one bit deep.

Reply to Notice of allowance Mail Page 30f 8 Application No. 16/399,867
Date 12-16-2018
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Reply 1o Notice of Allowance Mail Date 12/16/2019

Claim 11 (Original). A system to create a beamformed digital signal, comprising:

a first digital sensor responsive {0 an analog field, the first digital sensor is
configured to output a first ovaersampled digital output signal at a sampling clock frequency;

a second digital sensor responsive to the analog field, the second digital sensor is
configured to output a second oversampiled digital output signal at the sampling clock
frequency;

a time delay element, the time delay element is configurad {0 receive as an input, the
first oversampled digital cutput signal and to ouiput a time delayed oversampled digital
output signal, wherein the time delayed oversampled digital output signal and the second
oversampled digital output signal are separated by a time delay that is imparted by the time
delay element; and

an arithmetic unit, the arithmetic unit is configured to receive the time delayed
oversampled digital output signal and the second oversampled digital output signal, the
arithmetic unit is configured to produce the beamformed digital signal from the time delayed

oversampled digital output signal and the second oversampled digital output signal.

Claim 12 (Original). The apparatus of claim 11, wherein the arithmetic unit combines the
time delayed oversampled digital output signal and the second oversampled digital output

signal.

Reply to Notice of allowance Mail Page 4 of 8 Application No. 16/399,867
Date 12-16-2018
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Reply 1o Notice of Allowance Mail Date 12/16/2019

Claim 13 (Original). The apparatus of claim 12, wherein the arithmetic unit combines the
time delayed oversampled digital output signal and the second oversampled digital output

signal using a summation function.

Claim 14 (Original). The apparatus of claim 12, wherein the arithmetic unit combines the
time delayed oversampled digital output signal and the second oversampled digital output

signal using a subtraction function.

Claim 15 (Original). The apparatus of claim 11, further comprising:
a sigma-delta modulator, the first digital sensor utilizes the sigma-delta modulator
and the first digital sensor is configured to produce a puise density modulated (PDM) output

signal at the sampling clock frequency responsive to the analog field.

Claim 16 (Currently amended). A system (o create a beamformed digital signal,
comprising:

a digital sensor responsive {o an analog field, the digital sensor is configured to
output an oversampled digital output signal at a sampling clock frequency;

a time delay element, the time delay element is configurad {¢ receive as an input, the
oversampled digital cutput signal and to output a time delayed oversampled digital output
signal, wherein the time delayed oversampled digital output signal and the-a second
oversampied digital output signal are separated by a time delay and the time delay is

imparted by the time delay element; and
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an arithmetic unit, the arithmetic unit is configured to receive the time delayed
oversampled digital output signal and a-the second oversampled digital output signal,
wherein the second oversampled digital output signal is responsive 1o the analog field, the
arithmetic unit is configured to produce the beamformed digital signal from the time delayed

oversampled digital cutput signal and the second oversampled digital output signal.

Claim 17 {Original). The apparatus of claim 18, wherein the arithmetic unit combines the
time delayed oversampled digital output signal and the second oversampled digital output

signal.

Claim 18 (Original). The apparatus of claim 17, wherein the arithmetic unit combines the
time delayed oversampled digital output signal and the second oversampled digital cutput

signal using a summation function.

Claim 19 (Original). The apparatus of claim 17, wherein the arithmetic unit combines the
time delayed oversampled digital output signal and the second oversampled digital output

signal using a subtraction function.

Claim 20 (Original). The apparatus of claim 16, further comprising:
a sigma-delta modulator, the digital sensor utilizes the sigma-delta modulator and
the digital sensor is configured to produce a puise density modulated (PDM) output signal

at the sampling clock frequency responsive {o the analog field.
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REMARKS
Claims

Claims 1 through 20 are allowed. The current amendment to claim 3 corrects a
grammatical error in the claim. The current amendments {o claim 16 cure antecedent basis
informalities. Applicant requests entry of the amendments o claims 3 and 16 under 37

C.F.R.1.312. No new malter has been entered.

Reply to Notice of allowance Mail Page 7 0f 8 Application No. 16/399,867
Date 12-16-2018

Page 189 of 275



Appl. No. 16/399,867
Response dated March 12, 2020
Reply 1o Notice of Allowance Mail Date 12/16/2019

CONCLUSION

Claims 1 through 20 have been allowed.

Communication via cleartext email is authorized.

Respectfully submilted,
PELOQUIN, PLLC

March 12 2020 Mark S. Peloguin/

Date Mark S. Peloguin, Esq.
USPTO Registration # 50,787
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The RCE fee under 37 CFR 1.17{e) is reguired by 37 CFR 1,114 when the RCE is filed
The Director is hereby atthorized to charge the following fees, any underpayment of fees, or oredit any overpaymenis, to
Deposit Account No.

i
Fad [j E.E

RCE fee required under 37 CFR 1.17(8}
[:] Extension of time fee {37 OFR 1,138 and 111}

B, D Dther

b. Ij Cheek it the amount of $ enciosed

<. D Fayment by credit card {Form FT0-2038 enciosed) d. Paymeant by EFS-Wab

WARNING: information on this form may beconte public. Credit card information should not be included on this form. Provide credit
oard information and authorization on PTO-2038,

f SIBNATURE QF APPLICANT, ATTORNEY, OR AGENT REQUIRED )
Signature MMARK § FELOQUINY Date % March 13,2000
L Name (PrintTups} | MARK S PELOQLEN Registration No.  {gnyer )

CERTIFICATE OF MAILING OR TRANSRBIISSION

i hereby centify that this correspondencs s haing EF&-Web transeitted to the Unfled Steles Patent and Trademark Office (USFTO), deposited with the United
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TS CONBETOn OF MEoraiaton 1 vequived by 37 CFR 1114, TS AL 19 vesapsiond T abirin o retain a b bhenett by by the .}um(‘ whtich s o fils {and by the DEPTO
to process) an appdication. Qont dcniza!ii\, ts goverred by 33 UB.C 122 and 37 CFR 1.1t and 1,14, This collerion is sstimated b tabe 12 mindes to romplete,
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claims, the application is abandoned. ¥ there is at least one allowed claim, the application will be passed {o issue
on the allowed claim{s). Sea MPEPF 1215.01.

See MPEP 706.07(h} for further information on the RCE practice.

Page ¥ of ¥

Page 198 of 275



Privacy Act Statement
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collection of this information is 35 LL.S.C. 2{b){2); (2} Rurnishing of the informadion soficlted is voluntary;
and {3} the principal purpose Tor which the information is used by the U 8. Patent and Trademark
Office is to provess andfar examine vour subimission related to a patent application of patent. If you de
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process andfor examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information pravided by you in this form will be subject (o the following routine uses;

1.

e

The information on this form will be treated confidentially to the extent allowed under the
Freedom of information Act {5 UL.8.C. 352} and the Privacy Acl {5 U.8.C 552a). Records from
this system of records may be disclosed to the Departmant of Justice to detarmine whether
disclosure of these records is requirad by the Freadom of Information Act.

A record from this systemn of records may be disclosed, as a routine use, in the course of
presenting evidence 1o a court, magistrate, or adminisirative tiibunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A racord in this system of records may be disclosed, as a routine use, fo a Member of
Congress subimitting a requast involving an individual, to whom the record pertains, whan tha
individual has requesied assistance from the Member with respect to the subject matter of the
record.

A record in this systermn of records may be disclosed, as a roulineg use, 10 a contracior of the
Agency having need for the information in order 1o perform a contract. Recipients of
infarmation shall be required to comply with the requiremants of the Privacy Act of 1874, as
amended, pursuant o § U.S.C. 582a(m).

A record related o an Intermnational Application filed under the Patent Cooperation Trealy in
this system of renords may be disclosed, as a routine use, 1o the International Bureau of the
Wond Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
Arecord in this system of records may be disclosed, as a routing use, o ancther federal
agenoy for purposes of National Securily review (35 U.S.C. 181) and for raview pursuant o
the Alomie Energy Act (42 ULS.C. 218(ch.

A recopd from thia system of records may be disclosad, as & rouline wie to-the Administrator,
General Services, or histher designes, during an inspection of records conducted by GBA as
part of that agency's responsibility o recommeand improvements in records management
practices and programs, under authority of 44 U.5.C. 2804 and 2906, Such disclosure shall
be made in acocordance with the G3A regulations governing inspection of records for this
purpose, and any cther relevant {i e, GSA or Cormmerca) directive, Such disclosure shall not
be used lo make determinations about individuals.

A record from this sysiem of records may be disclosed, as a routine use, to the public after
gither pubdication of the application pursuant to 35 U.S.C, 122{b) wr issuance of a palent
pursuant to 35 US.C. 151, Further, a record may be disclosed, subject to the limitadions of 37
CFR 1.14, as a routine use, fo the public if the record was filed In an application which
became abandonsd o in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

Arecord from this system of records may be disclosed, as & routine use, lo a Federal, Siate,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
viotation of law or regulation.
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Fatent examiner: KIiTA
Represe: fztiv&f&ppiic“i : MURAL, Yasuszbi (and 1 {ihV§ 3
Applied Frovisions Af?iﬂit 29023, Article 36, Article 37

This application should be refused for the veason mentioned below. If the applicant

has any opinlon{s} sgaiust the reasen, a written opinion s%nulﬁ he subwmitted within 3
gt X

months frow the da f@ on which this notification was dispateohsd

L (Unity ﬁf tueention) This patent application does not fuifill the v
7 the item{s) listud

the provision of Patent Act Avticle 37 in temms of

egiirement of
betow,

2. Cloventive stepd The claimed invention{s) listed b\ aw of this patent application
shall net be grasied o patent under 1&@ provision of Fatent Aol Article 28 (2) for
the reason that the eclaimed Inventiond <) could have pasily been made by versons ghe

T : ¢ 3
H

have comuen kuowledge {n the ?ecnn;cai field fo which the clalmed invention{s)

pertains, on the basis of the ituvention{s) deseribed in the distributed ¢ 1§'1r s Y ion

listed below or wade available to the public through electric 1f¥{<omw4= fcation liunes
n Japan or other fereign countries prior 1o the filing of the patent appli ‘"?!un

3, {(Clarity} Tuisg patent %ppitwaltwn does not fulfill the reguivement of the
provision of Patent Acy Arvicle 38(8¥ {11} in terms of the itvem{s) listed below

vegarding the statement of the scope of claims

Rote (For the cited documents, pleass refer to the list of cited documents below,
- Reason b Uity of Invention}

L, Betermingtion of the subject of sxamination based on special technical Teatures

sined in claim |, Ou the

he eommon ‘echni*'i feature
hni‘ai feature of "to be used
he technical feature does not

A spe sehnical feature iz Tound in the invention ol
other hand, the invention seeording to Claim 31-33 has 1
of the invention according to Claiw 1 and the common fec

in the analog / digital conversion system.”, However, 1
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contribute to the prior art in light of the discioged content of the cited document
1, and thas cawnot be considered to be a speetal technical festure, Furthermors,
there is no other idewtical or corrvesponding special technical feature between the
fnvention according to €laim 1 and the invention geeording to Clafn 31-34

2. Betermination of the subject of esamination hased on the effictency of examination

The invention according o Ulaim 31-33 is wot an invention of the same category

i
including all the matters specifying the {nveuntion of the in“&ﬁfion weeording o
Claim 1, Moreover, as a result of examining the tuvention subjert to examination, the
invention according to Claim 31-33 is not an toveutlon that is apahia of performiug
examinalion withont substantially regu Iiino an additional prior art search oy
determination, and there {8 ne other circumstances in whieh 1t can be said that it is
efficient to conduct examination toget h\r with the invention,
Therefore, the inventiﬁn according fto Claiw S1-33 3¢ not o subjedt to exambvation
concerning & vrequivement nther than the provisions of Artiecle 37 of the Patent Act,

Since the dppfifai fon vicolates the provigions of Article 37 of the Patent Acy, the
fnventions according to Clalms other than Clatms 1-30 and 34-54 have nol been
examined vu the requiremsnts other than Article 37 of ithe Patent Act, Note that since
the ,;i ing date of the %npﬁirstien is April 1, 2007, it should be voted that the
amendment do@c wi constitute an amendwent that violates Arvicle 17, paragraph (2,
item (4) of the Ps { nt Act,

~ Reason 2 (Inventive atep)

Claim 1
~ Cited Bocwmmsent, eto, i-4

~ Remarks
Hted Docusent 1 (see, tu particular, Coluww 4, Line 1357, {oluma 6, Line 38-30, and
&Qizmﬁ 8, Line 22-33, and Fig., 2,3 bIA systew fTor de aving gigual owipnt from an
analogue / digital converter, comprising : g delfa-sigma Fﬂﬁtfst& I contigured to
mutpul an oversampled digital output signal at a admpl g clock irvqurd ¥ o1 oandd
system is described including a time-delay element \dfia‘ memory 23 configured to
recaive the uxotsampiﬁd digital output sigual as input and to uﬁspzb a timedelayed
oversampled digital outpnt stgnal. Here, the cited document 1 does not particglarly
deseribe that the i gl ital sensor is provided, and there is no description that the
anglog signal, which ix an input of the delta sigma modulator, is & signal fyom the
digital ssusor, which {8 responsive to the amount of the aualug ield. However, a
Sv stem in which a signal iinm a digital sensor responsive to the amount of an analog
eld is inpul to oversag }i ng means such as a delta sigwa modulator fo perform
is disclosed in Cited Docmment 2 {see the ghstract, ete, ), and Cited
Fig, §,7 and the description thereof}, As shown in the cited document
seriptions in (00271 to [0030], and Fig. 1), no remarkable difficulvy
%auﬂd in Tiﬁi a digital sensor is provided to the invention deseribed in thv eited
document |, and a signal from a digital sensor respousive to the smount of an analog

g
T
i

i
X
+
L
) N

H
1N
%+
L8

aamp¥ i
Dammmﬁlii‘St

Page 201 of 275



fleld s sampled, Hence, the invention according to Claim 1 o it
pplication could have heen e wsily conceived by a pevson skilled in the art
fie fnvention deses 1§fi in the cited docwsent | amd the weli-known art deserib
he oited document 2-4,

s n
e
P
eI ]
oo
ot
et
o

ted Borument, ete, 1-4
-~ Remarks

weludes v filter

{subsampling Filverd), whersin the filters sre v orecelve a delayed
oversampled digital ¢ }aipni qxgn&i as input, and are coufigured to receive
the amplified oversampled digital osutput signal ax su inpul signal. Low-pass
Fiiterig

The inventiion described v the cited docuwent 1 Tovther d

g the time-delaved oversampled digital output sigual and decimating i1 1o a
sampis rate. And ontput a delaved, thimned, delayved digital outpnt signal,
n the lfower oamp}! rate is leszs than the sampling clock frequency, Hence, the

L
tion according to (laim 2,44 of the present application could have been easily
*nnwﬂtved by a persmﬂ skilled in the srt based on the itunvention deseribed in the
cited document 1 oand the well-kpown art described in the cited doecument 2-4,

= Clatn 3,4, 10
- Cited Dovoment, ete, 1-4

- Remarks

It is well known to use PDM signal as an optpubl of a delts sigwa m@du}“?n‘i snd ?Here
iz no remarkable difficenlty tn cousidering & filter to which PDM signal is input as

a PI receiver, Henes, the invention &Llufdlng to Olaim 3,4, 10 of the presenmt

application is the invention deseribed tn Cited Document 1, and

1t counld have been eas’iv ponceived by a person skilled in the art based on the

woll-known art deseribed in the cited document 2-4,

P

~ Llabw 57
- {ited Document, sto, 14

Remarks

The digital seunsor deseribed tn the well-Known example is a nicrovhons, and the cited
doecument 4 is a MEMS sensor, The cited document 3 uses the MEMS sensor, The digital
sensor in the ¢ zied document % is a microphonse, In addition, iho amount of acoustic

pressure field i used for the analog field., Hence, the invention according to Clalm

57 of the present appli Cit}on could have been eagily conceived by a peraon skiliad
in the art baseé an the invention deseribed in the eited document 1 and the
well- 1

b &
~kaown art described in the oited docuwent 2-4,

1,
i
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- Clatw 8,8, 16,34,38
-~ {ited Dﬂnumﬁnf, ete, 1-4

- Remarks
I is obvicus for the operstion of the memory that th time delay applied by & time
dela i !

o

ay clement {delay memory 2} in the invention deseribed in the cited decument 1 ig
tuteger mugber of sapple clovk, and the definition of the baseband cawple rate is
unclear, The *Wznned freguency cotrresponds to the sampling clock fre 1u@ﬁv belng
divided by some va ye, Henes, the invention sccording to Olaim &9, 16,34, 38 of the
present Qpp~1rai fon could have been easily coucetved by a person § Ri}}To in the art
has:d on the invention described in the citved deocument 1 and the well-kuown arts
thed in the olited docment 24,

,ﬂ.
i
"
7T
w
-
o4
ity
pamt

- Llatwm 1,12, 45
- ited Huuum:ht, ete, 1-4

e
ot

In the lgvention describad iv cited document 1, the filters are configired to have
myitiple stages (2 st:gth in Fig, 2}, and it is alse within s range that conld have
been easily conceived by a person \&xii;d in the art to set the nusber of the filters

to 3. Lvn(o the ipvention according to Claim 11
coitd have boen easily concelved by a person akil
inven§;1n deseribed in the cited document 1 oand t
gited document 2-4.

12,45 of the present application
fed in the art based on the
he well-known art described in the

Cladm 13-15
{ited Document, sto. 15

o

Sinte it is a well-kuown art to input a signal of & microphone and perform a beam
orming operation, as shown in cited docuwment & {rvefer to Fig, 2 ﬁnd the deseription
hereof'}, th&re is no remarkable difficulty in g~1§0rm‘1- a beamforming operstion in
be invention degeribed in cited document 1. Hence, the invention according to Claia
3-1% of the pressnt s fpi: ation eould have been Nd\ll conceived by a person skilisd
in the art based on the lwvention deseribed in the tiind docuwent 1 and

weli-known ari described {n the oited vnruuini sws,

A

3
IR
1
i

- Clatm 1718
- (ited Docgment, ete, -8

~ Remarks

As deserthed sbove, in the uveution desoribed v Cited Bocument @, the filter i
contigured fowaultiple stages (2 stages in Figo 2), and it ds withiv a range that
eold have been eagily conceived by a person skilled in to meke the number of
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fifters be 3, and 10 {8 a woll-kpown art fto convert PRE output of DM ocutpul to POM
uiput as shown in Cited Document 6 {{00341). Hence, the 1nxﬁnt10m according to Claim
7149 of the present application could have been Huhi}y conceived by a person

e in the art ¥w«aa on the invention de%c*i%vd v the cited document 1 and

art described to the coited document 2-6,

o
oo
s
m

= Clain 20
= (ited Bovuoment, ete, 1-7

Remarks
ois a well-kuown art 1o coufigure a decimatior f’f ‘ﬁod at an output siage
of an overs aw izng clrewit as 8 OO filter or & Plter, ag shown in Cited
i ee the deseripiion in gﬂﬂﬂwai. Henca, {hﬁ 1nventzon aecording to Claim
20 of the pTeseht application could have besp easily conceived by a person skilled in
the art hased on the {nvention described in the cited document 1 and the well-known
art described iw the cited document 2-7,

-~ Lhaim 21,82
- Dited Document, etg, 157

- Remarks

& pvtsni skibled i the art could have appropristely determined to determine what
value the sampling Trequency to be gsed ix, in view of the input signal, the power
constimptivn, and the ke, Hence, the :n*whfiun according to Ulatw 21,22 of the
present appliieation condd have been easily eoncelved by a person skilled in the art
based on the tuveniion de hP?}?{ﬂ 1u the cited document b oand the well-known art
destribed in the cited document

Slaim 23,24
tted Bocument, ete, 1-7

~ Kemarks

As deseribed above, the digital sensor deseribed in the weii known example iz a

miorophons, and the cited doctment 4 is a ¥EMS sensor, The cited document § uses an

MEMS sensor as the digital senser in the ¢ited document 4. I addivion, thv smoynt of

acoustic pressure field is used for the analog fleld, Hence, the lovention accordiug
i

to Claim 23, 24 of the presen Rggiltiltﬂn could have been easily umnﬁeired by a

person skiiied in the art based on the invention deqcvi%WG in the cited document 1
and the weil-kuown art deseribed in the cited document 2-7,

~ {ladim 25-28
< Dited Document, efo, I+

-t
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- Remarks

The ti

ime delay element in the inventiow described iy the eited document 1 ig a
huffer, and a delay tine and a programmable delay ¢ ?ﬁmzu? as a delay element arve wel
known, Hence, the invention a((ozding to Dlaim 25-28 of the prosent applivation
could have beew easily copeeived by a person skilled in the art based on the
invention described in the cited document | and the wei%~known art described in the
cited docusent 2-7,
~ Uladm 26, 30, 35-38,41-43, 46-48
-~ ed Bocumont, ete, 1-7
~ Romarks
Al though the definition of the "baseband” is nnclear, uo remavkable diffouity is
found v considering the output of the ADC system as the baseband signal. Bence, the
inventions sccording to Olsims 29, 33,35 1o 38‘41, and 1o 43,48 of the present
appi;cat.nn fuwid have been eastly concelived by a person skilled tu the art hased ou
the inventi d@a«ﬁ‘i @d in the cited document | ané the well-known art described in

\rd
i

the pited dO( uent 44,

- a1l ﬂuxﬁﬂ ent, ete, 1-4,8

~ Remarks

Cited Document & {see Fig, 8, eto.) describes that an oy
modiiator 18 spliv to give different delays, end Ho o vema
cont gy ¢ lnvention deseribed in Cited Document |

give dif clavs like Cited Bocument 8, Hence, the

&
by
1
d

of a delta \U:Lm
vhable difficulty 4
to have a contig
invention aceordin

Tput
) iU Y
gurabion

g to (s

i

4951 of the present application conld have been easily counceived by & person skilie

in the art based on the inveutions described in Cited Documents 1 8 and the
woll-known arts deseribed in Cited Document 2-4.
- Llaim 52

- {ited Document, ste, 194, 8
- Remarks
As deseribed above, iun the inventinw described in £ited Document 1, the fiiter is
configured fo have wmultiple stages {2 stages in Fig. 2}, Hence, the invention
according fto Claim 52 of the pre ‘“ent application could have been easily counsived by
a person skitled in the art based on the inventions described in Cited Docoments 1 0¥
and the weli-kuown aris described in Cited Dociment 2-4,

Claim 53

Cited Document, stg, 1-5,8
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- Remarks

Ay deseribed above, 1t is & well-known art to fnput a signal of & aivrophone and
form a beamforming operation, amd therefore, i%* 1 no vemarvkable difficulty in
performing a beamforming operation in the invention described in the cited document
Therefore, ne vemavkable difficulty is found in ps‘fnrrang a beawforming operation
iu ?;he invention described in the cited document 5, 2. Hence, the invention
ding to Claim 53 of the present application cogld have been easily conceived by
fed in the art based on the ihv“ﬁiians deseribed in Cited Documents 18
~kinown arts deseribed in Cited Bocument

- Claim b
~ {ited Document, efc, 1-4,8

- Remarks

ﬁ

iy well koown that o PDM sigual I usv& as an outpnt of g & X wmodulator, Henes
the iuvention accordiuvg to Claim 54 of the pressp appi'ﬂat’qn canld have been easi
ponceived by a person skilled in the ari based on the tnventions deseribed in {ted
Poctiments 1 & and the well-kuown arts deseribed in Cited Document 2-4.

At
&

—
frie i

- Reason 3 (Clarity:

= Clagim I~ f,S%wﬁS,é&wSi

Iho 1ing Sodigital converter CARY described in the Ulaim 1,16, 34, 44,49

Begavding the tiwe delay of i ¢ sigwal output frew {3, the rﬁihiibﬁohAP hetwesn the
3n&iag f d5§'*ai enpverter ax& the other confignration {in particnlar, the digita

sensor, the d@ ta modulator, ote,} Is unclear, and the coufiguration of the invention
is nnci&a;. game can be taid for Clatms 2-18 and 17-38, 35«&&, 45-48, and 50-54,

Th@ E""‘,‘:i\{§¥"{’., I .{.Fl\'(“ﬂ 3051}% ?.‘;Cﬂf}i‘d,il'in‘ {0 U:nma { o :)‘{3, 2‘4, rUini FRE I t‘b a E}{ :t )53: 8¢
E & L
{

-~

Regarding Clatus ¥ 1o 15,21, and to 24,88, 30,35 - 38,48 1o 43,46,47, and 9,11 1o
37,40, v is unclesr which signals indicate the sipmals, and the configuration of the
ton 13 n Sear, and the configuration of the inveniion is not clear in
Cinims to 49,486,470 13,21,29, 30,35, The same applies to Claim 16, 14, 15,22 ~ 24, 3§, 43,
Thevefore, The invention in Claing B15 and 21-24 28, 30, 35-38, 40-43, 48, and 47 iz

not clear,

o
—
-

~ Llalm §H~i§,53

Regarding the "beamforming” described in Cladm §3,14,53, it
is 1o bhe H%t(i in the system, It is nol olear shether the beanfo
expresses that the confignration deseribed in Claiw 13, i%.a i fmp
configuration deseribed in Clatm 1. o addition, 1t is unclear what
thivteenth signal of the "beam forming process by the second signal
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Ciaim 2 is. The sawe applies to (laiw 15, Therefore, the investions accordiug fo
Claims 13 to 15,53 are not olear,

ey

whether or nob the desceription 'ﬂ U oof €l ts ipeluded in the

; weent ton, The same applies to Clatw 45-48, Therefore, the
ention according to Olalm 44-48 is not rlvaz.

inventio rding to ¢

P
Ses

oves

ped

s

<Thﬁ figt of cited documents ote, ”
L.the deseription of US Pateut Ne. 05883822
2.3 Z010-1221814 (Bocumwent showinug well-Ronwn ap

F1s)
a&?*mmwwimm {focument showing well-known artg)
4, The deseription of US Publication of Unexamined Patent Application o, 2015/0281R36

{Document showing well-known arts)
5.JF 2016-4203684 (Docwment showing well-knowsn arts)
B, JP 2007245393 ? {Bocament showing well-known arts)
7. 2002-3002248 (Document showing well-known avis)
%, The deser *pszon of US Publication of Unexamined Patent Application No. 2011/0013488

Record of the result of prior art search

IPC
HOIMS /00-8/00
HO4B14/02

This rﬁrvrd of the resylt of prior avt search does not coustitute the preasous for
cof

Snggestions in asending
{1}

1} $hen naking amendment to the description or the scope of elaims, the asended
parts shorid be underlined so ag to be clearly id(s.;?,<g tplease refer to Note 8§ aud
7 of Torm 13, a&gni“ ions under the Patent dctl,

{21The amendment shall be made within the scope of the watiers stated in the
transtation of the description or drawings \11&1 ed to deseriptions in the drawings)
of the intwr*&iion;i patent application at the tnlernational iiizig \ﬂie, the
transiation of the scope of claimg of the ,ntvrna'innwi patent application at the
international filing date {in the case where a translation of the amended scope of
ciaims under the provisions of Article 18 (1) of the Patent {ooperation Treaty is
'ubmzti>¥ the relevant transltation), or the drawing of the interuational patent

splication at the international filing date {except the descriptions in the
i”w%!“a .y {hereinafter referved to gs & tranq}a*inn ste, ) {in the ecase of having
amended the description, scope of claims or the drawings by submitting &
wistransiation correction document, the trwnxiaézon, ete, or the asended deseripiion,
amended olatms or -mra{ed drawings). In addition, for the evidence of the legality
of each amendment, allege the legality of each dmvﬁd =nt in oA written epinion with
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- wication of the corresponding parts in the transhation, ete. {in the case of
aﬂ@ﬁdfig the desceription or drawings by spmitting a Correction of Mistransistion,
‘ }

atton, efv., or the amemded description, or the scope of olaims, or the

b One should wake sire not to perform any corrections that Inveke a vioiation
against Patent Act Article 17-2(4) when amending the scope of claims,

IT vou have any guestion or arve willing to make an interview with the examiner to
discnss issues on this notification of reasons Tor refusal, please confact uy at:it

transfers from o Roppongl temporary government building to this government building,

and the Fourth Examination Hepartmﬁni 3tarts the business in this government butlding

on Relwa 2{2020) Thurs., May 7. & telephone and connection by FAX camnot be ccvw~vi
during the peried on April 30 (Thurs, )} to Beiwa 2(2020) May 1 {goid) because of

i
move, After & move changes & FAX number {a tslephone number doss not changs). Please
gontivm uwimher by telephons a priovi,

Fourth Examination Departmsnt digital communivation KITAMURS, Nerihiko
EEL.ES iﬁxi HHOT Extension 3555
FAX, 03-3585-2106 (valid 111} Reiwa 2(2020} Tue., April 283

A Birector General{p.p.}, a Divector{p.p. ), an exaniner, an assistant examiner,
HIRDRAWS, Hir AMURA, Norihike, and 9471 9297
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MAGNETIC MEABURING DEVICE AND AD CONVERSION AFPPARATUS

Inventor{s): SUZUKI HIROHISA; HASEGAWA KAZUQ; TAKAGT TAKASHY;
HIROBE KiYO 1 (SUZUKI HIROHISA, | HASEGAWA KAZUQ, ;
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Abstract of JP2040122191 {8}

FROBL FM T RE SOLVED: To provide a magnetio msasurh 3 davics having a plurality
of zmu natic sensors in whinh oiroult sizs of it AX {della-sigma) type ADRC {Analog-lo
Digital corversion apparatis) can be au;;s%‘»d SOLUTION: & AT modulator .-..2 :
device i delfa-sigma modulated by nput of sensor signal from ane of the plurall y m‘%
magnetic sansors 8 switchad with *\sa\s\u had put awitching oyoles 10 be solectad, &
dighal fltar 34 generales measurgmant data bagsed on ti’zs‘ dits oversampled gtowela 7
t}y the A modudstor 2. The digiial iler 24 has g counier 34, For the selsdisd
magnsiio sansor 8, thig cmnie* 34 accumulates the data input svery ovele T 0
gensrats and oulput messurarnant data, while ressiling any counted valus for this
magnstic SensO %5 o newly stad aootmidation for the nestd magnetio sansor 8 1o be
selectad than, [ CORYREGHT. (C1010,IPOKINPT

hitps Awordwide. espacenst comipublicationDetails/biblio?DB=EPCGDOCKI=2ANT= 8 adjucant=truaklocale=en_EP&FT=D8date=201008034CC... 1Mt
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e o distance. A
meaans that conducts the tme delay processing as sbhove sspecially consists of 5
oversampling provessing seoction 43d that qam;}iea sm fomin g digital signad with 8
sampling frequancy at an integer muitiple of the frequenay of tmé neoming signad, an
LIRF 420 that imits & frequeney band of the f‘V{?Y“Ef"?&Qi{,{i signal, an oversampling deday
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5
v

i

{ S
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84

sampling #
g i the delaven signal (o restore B {0 the origingl sampling signal or the like,
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sigrial of @ destrad sampiing rate, and demodulation processing s subsequerntly carried
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Dashen Fan
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RCE- 1ST REQUEST 2801 1 650 650

Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 720
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Decision Date: March 13, 2020

In re Application of :
DECISION ON PETITION

UNDER CFR 1.313(c)}(2)

Dashen Fan

Application No: 16399867
Filed : 30-Apr-2019
Attorney Docket No: K41090.P8C2

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed March 13, 2020 , to withdraw the above-identified
application from issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for

continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance.

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197.

This application file is being referred to Technology Center AU 2845 for processing of the request for continuing examination
under 37 CFR 1.114.

Office of Petitions
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Electronic Acknowledgement Receipt

EFS ID: 38858282
Application Number: 16399867
International Application Number:
Confirmation Number: 9984

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C2
Receipt Date: 13-MAR-2020
Filing Date: 30-APR-2019

Time Stamp: 12:39:58

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type EFT

Payment was successfully received in RAM $720

RAM confirmation Number E20203CC39543501

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
31706
1 Petition automatically granted by EFS petition-request.pdf no 2
50b5aa527349196248008f643af4ecd0642
27adf
Warnings:
Information:
1201824
Quick Path Information Disclosure 20200312K41090P8C25b0009Q
2 s PIDSi.pdf no 2
tatement I.p da269b61db02bec092b5d737ce25a32845
084fe8
Warnings:
Information:
828357
3 Information Disclosure Statement (IDS) | 20200313K41090JP8C2IDSsb00) o 2
Form (5808) 08ab|pdf b045c297aedd8be6b48ed0ccde1710d 145
3e6636
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
1661196
4 Request for Continued Examination 20200313K41090JP8C21stRCES o 3
(RCE) b0030Ipdf 995fb05dc2d1047a7e7a4303e46f2a07570
0642d
Warnings:
This is not a USPTO supplied RCE SB30 form.
Information:
3229884
5 Foreign Reference JP1 90052POAle:ch|neTran5|. no 9
p effba680b95c0a8916b1ff273cb1e3e1048d
Warnings:
Information:
5146390
6 Foreign Reference 2JPA2010122191EngBiblioi.pdf no 13

d6f0f2a98c1b1940fc42c1279bb72ca28139)
5e38
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Warnings:

Information:

4679197

7 Foreign Reference 3JPA2000197180EngBiblioi.pdf no 10

aalb1dc872ddc7alae2a238095e9aefach2
69277

Warnings:

Information:

1861661

8 Foreign Reference 7JPA2002300224EngBiblioi.pdf no 5

377519e02473a802d0200405800ea49500¢
37cad

Warnings:

Information:

32379

9 Fee Worksheet (SB06) fee-info.pdf no 2

78e3639d0816b5f895355db259347f293d
1701a

Warnings:

Information:

Total Files Size (in bytes): 18672594

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/140

Doc Code: PET.AUTO U.S. Patent and Trademark Office
Document Description: Petition automatically granted by EFS-Web Department of Commerce

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF

THE ISSUE FEE UNDER 37 CFR 1.313(c)

Application Number 16399867

Filing Date 30-Apr-2019

First Named Inventor Dashen Fan

Art Unit 2845

Examiner Name LAM MAI

Attorney Docket Number K41090.P8C2

Title BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR

SYSTEMS, APPARATUSES, AND METHODS

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the Office
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § 1.17(h} and a
showing of good and sufficient reasons why withdrawal of the application from issue is necessary.

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313(c).

A grantable petition requires the following items:

{1} Petition fee; and

{2} One of the following reasons:

{a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or
claims to be patentable;

{b) Consideration of a request for continued examination in compliance with § 1.114 {for a utility or plant application only}); or
{c} Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a
CPA under 37 CFR 1.53(d).

Petition Fee

(e Small Entity

() Micro Entity

(O Regular Undiscounted

Reason for withdrawal from issue
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(O One or more claims are unpatentable

@ Consideration of a request for continued examination (RCE) {List of Required Documents and Fees)

O Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must
have power of attorney pursuant to 37 CFR 1.32(b)}.

RCE request,submission, and fee.

| certify, in accordance with 37 CFR 1.4(d)(4) that :
The RCE request ,submission, and fee have already been filed in the above-identified application on

Are attached.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney
in this application.

(O Anattorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity.

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attomey in the application

(O Ajointinventor; all of whom are signing this e-petition

Signature /MARK S PELOQUIN/
Name MARK S PELOQUIN
Registration Number 50787
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PTOER08 0708

Approvd far use through 11302020, 0MB 0651-0031

U5, Patent end Trademmi Offics; U3, DEPARTMENT OF COMMERCE

Lindey e Fapggnvark Ran‘jmﬁm Aot af 1888 no persting are restuinsad 1 respond fo g collsction of information urdess i contains a valid OMEB control number.

Complete if Known ™
| Application Number 16388 BE7

Filing Date April 30, 2018
INFORMATION DISCLOSURE P e T DASTE  EAR

STATEMENT BY APPLICANT AR URL 3870

{Use ax many sheels gs necessary} Eraminer Name MALTAMT

-

Substisite for forar 1443 BT

Sheat |1 Lo 12 Attomey Dockel Number | K41080.PRCZ

. 8, PATENT DOCUMENTS
Examiner | Cita Dooument Number Publication Oate Marnes of Patentes or Pages. Columng, Lines, Where
fritiate” Mot s PRE-RIO-YYYY Apploart of Cited Doogmen Relevant Passages of Relevant

Number-King Qoee” e Figures Appasy

US- 5 883 822 03-16-1999 |FRANCE TELEGOM
U3 2015/0281836 A1 10-01-2015  |ANALOG DEVICES TECHNOLOGY
US- 2016/0157828 A1 06-09-2018 | CHIKAYOSH! BUM

UE- 2007/0188400 A4 08-18-2007 | MITSUM! ELEQTRIC CO., LTD.
VS 2011/0013488 A1 01-20-2011  [WEIMA

-
U&:

oo RGN BATENT DOCUMENTS e
Examiner Publioation Pages, Columns, Linss,
Initials” Date Applicsnt of Gitad Docurmaent Whare Relevant Passages .
M-EDRYYYY Ty Relevars Figures Appear | T

Enntry Dode” Numsr VKing Dode® U krownd

JR20101 22191 06-03-2010 [SANYO ELECTRIC CO v
JP2000197180 07-14-2000 |VICTOR CO OF JAPAN LTD ¥
JP002300224 10-11-2002 |HITACH! INT ELECTRIC INC| v
¥
v

Sate
Lonmiderad

TERAMINER: inital if reforence ronsiderad, whether or oot oitalion is in conformance with MPER 808, Draw fine through citation i not in contovmance and not
sonsidered. ndduds copy of this fonn with next communiastion o applicant. ﬁ&ppii t's unigue citation designation mumber foptional), * e Kinds Codes of
LISPTO Patent Documents af yaewiustio.coy of MPER 901.04, * Enter Offics that issued he document, by the Gwcdeiier code {WIPQ Rpndard ST.3). * For
Japanase patent docwenents, B dostion of the year of the reign of e Emparor must precede the seist surbsr of the patert dooursent. “Kind of dosurment by
the apprapriate symbols as indicated on tha document under WIPL Standard ST.16 # possible. *Appiicant is to place 3 check mark here ¥ English isnguage
Transiation is atwcded,
This pottestion of idormation i required by 37 CFR 157 and 1.88. The inforrmations s reguired o obiain o retein @ benefit by the public which i {o file {and by the
LSPTO o process) an applination.  Confidentiatily s gvemed by 38 US.Q, 122 and 37 CFR 114, This collection is sstimated in take 3 hours o complete,
inclsscling geatbering, prepsdng, and sobmiiting the completed applicstion fom o the USPTIL Tims will vary depending upos e individual eage. Any ooraments
on the amt of thne you reguies o complete this forvy antbior suggestions fur redusing this burden, shoultd be sent o the Chief information Officer, U8, Patont
and Trademark Offfcs, PO Boy 1480, Slexandrda, VA 223131480, DO NOT SERD FEES QR COMPLETED FORMS TO THIS ADDRESS. SEND
TQ: Commissd for Pat , P.O. Box 1450, Alexandria, VA& 22313-1450.

I vou noed assistance in completing the form, call 1-800-PTO-GY 98 {1-800-785-8188} and selsct oplion 2.
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FTOBE08L D70

Agproved for use Ywough TI30/2020. OME GA31-003

U5, Patent and Trademark Offics; U.5. DEPARTMENT OF COMMERCE

Under the Paprrensk Redugtion Astol 1888, nucpersons are reauired fo esspond to g sollection of nfinmation uniess i contains s valid OMB contet tiumbear,
Complete if Known

Tubstinbe for forny 1448 TR
' Apphication Number 16/396.887

INFORMATION DISCLOSURE | Filing Date Aprif 30, 2019
STATEMENT BY APPLICANT | First Named tnventor  {nacuen FAN

Art Unit 2879
Examiner Name MAL LAMT
Sheet |2 “ 12 Attormey Docket Number {11090 P8C2

(Use as many shepis 85 necessary)

“Examiner | include name of the author {in CARITAL LETTERS}, fitle of the arlicle {wﬁén appropriate}, itle of
inftials” No. the #flam (book, magazine, joumal, seial, syaposium, catalog, ek}, date, page(s), volume-issue 7

number(s), publisher, city and/or country where published.

OFFICE ACTION 1SSUED IN CORRESPONDING JP PATENT /
APPLICATION NO. 2018-526185.

Examiner Date
Signature Considered

CEXAMINER: Inftial ¥ refersnce considered, whather or ant citation Is in corformanus vath MPEP 858, Dvaw line through citation if sot in sorformancs and nol
cunsidered. inciutde copy of this form with next sommunioation to applicant.

1 Spplicant's unique citation designation number fopfions). S Applicant §s 1o pisce a check mark here if English ianguage Transtation is stiachesd.

Thiz cuitsetion of informepion i reguiced by 37 CFR 158 The information is reguived fo obizin o retein o beaafit by the public which is o fle {and by the UEPTO
o process) an application,  Coefidentiality s govamed by 35 US.0, 122 and 37 OFR 114, This collection is esfimated i (ake 2 hours to complete, including
gathering, preparing, and stibmitiing the complsted application form o the USPTD. Time will vary depanding upan the individual case. Aoy somments on the
arrniril of Hme you require o complete this Torm andior sugnestions i redusing this burden, showld be st to the Ohist Infamation Oificer, U.S. Patent and
Trademark Office, PO, Boy 14530, Alncandda, VA 223131480 D0 NOT 38ND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO!
Conunissioner for Patents, P.0O. Box 1458, Alexandria, VA 22313-1450.

¥ vou nead assistance in completing the form, call 1.800-PTO-GT08 {1-800-786.¢188} and selsc! option 2.
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Electronic Patent Application Fee Transmittal

Application Number: 16399867

Filing Date: 30-Apr-2019

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name: Dashen Fan
Filer: Mark S. Peloguin
Attorney Docket Number: K41090.P8C2

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sull)j-s'l';(tsa\)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 120 120
Total in USD ($) 120
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Electronic Acknowledgement Receipt

EFS ID: 38858864
Application Number: 16399867
International Application Number:
Confirmation Number: 9984

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Customer Number:

51340

Filer:

Mark S. Peloquin

Filer Authorized By:

Attorney Docket Number: K41090.P8C2
Receipt Date: 13-MAR-2020
Filing Date: 30-APR-2019

Time Stamp: 12:55:04

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type EFT

Payment was successfully received in RAM $120

RAM confirmation Number E20203CC55313710

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
30582
1 Fee Worksheet (SB06) fee-info.pdf no 2
8bcla3cal9b64342cbe071d0%aedaal81as|

71d19

Warnings:

Information:

Total Files Size (in bytes): 30582

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/399,867 04/30/2019 Dashen Fan K41090.P8C2 9984
51340 7590 03/17/2020 | EXAMINER
PELOQUIN, PLLC
800 FIFTH AVENUE MAL LAM T
SUITE 4100
SEATTLE, WA 98104-3100 | ART UNIT | paperNUMBER
2845
| MAIL DATE | DELIVERY MODE
03/17/2020 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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recti Application No. Applicant(s)
Not COfA//VO bili 16/399,867 Fan et al.
olice of Allowabliity Examiner ArtUnit | AIA (FITF) Status
LAM T MAI 2845 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 3/13/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 3/13/2020.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (3 Other .

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.
/LAM T MAI/
Primary Examiner, Art Unit 2845

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200316
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P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
16/399 867 04/30/2019 Fan etal. K41090.P8C2
EXAMINER
PELOQUIN, PLLC
800 FIFTH AVENUE SUITE 4100 LAMT MAI
SEATTLE, WA 98104-3100 ARTUNIT | PAPER
2845 20200316
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner for Patents

IDS filed on 3/13/2010 has been considered.

/LAM T MAI/
Primary Examiner, Art Unit 2845

PTO-90C (Rev.04-03)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

BIB DATA SHEET
CONFIRMATION NO. 9984

SERIAL NUMBER FILINSA%rE 371(c) CLASS GROUP ART UNIT ATTORN'\IlE\OIIDOCKET
16/399,867 04/30/2019 341 2845 K41090.P8C2
RULE
APPLICANTS
Kopin Corporation, Westborough, MA
INVENTORS

Dashen Fan, Bellevue, WA;
Joseph Yong Kwon, San Jose, CA;

** CONTINUING DATA *+++sssssickiknkinknssns
This application is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

k% FOREIGN APPLICATIONS kkhhkhkhhkhhhkhkhkhhkhkkhkhk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **

05/13/2019
Foreign Priorty ciaimed ] Yes Mo STATEOR | SHEETS | TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met [ ves bdNo | 4 Mt after COUNTRY |DRAWINGS | CLAIMS CLAIMS
X?&iﬂgﬁiéﬂged % l:nn.tm WA 20 20 3
ADDRESS

PELOQUIN, PLLC

800 FIFTH AVENUE
SUITE 4100

SEATTLE, WA 98104-3100
UNITED STATES

TITLE

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS

|Q All Fees
|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper |
FILING FEE i i
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [ 1.17 Foes (Processing Ext. of time) I

945 No. for following: |EI 1.18 Fees (Issug)
|EI Other
|2 Credit

BIB (Rev. 05/07).
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Receipt date: 03/13/2020 16/399,867 - GAU: 2845

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.T. M/
PTOER08 0708
Approvd far use through 11302020, 0MB 0651-0031
U5, Patent end Trademmi Offics; U3, DEPARTMENT OF COMMERCE
Lindey e Fapggnvark Ran‘jmﬁm Aot af 1888 no persting are restuinsad 1 respond fo g collsction of information urdess i contains a valid OMEB control number.

Complete if Known ™
| Application Number 16388 BE7

Filing Date April 30, 2018
INFORMATION DISCLOSURE P e T DASTE  EAR

STATEMENT BY APPLICANT AR URL 3870

{Use ax many sheels gs necessary} Eraminer Name MALTAMT
Sheat |1 Lo 12 Attomey Dockel Number | K41080.PRCZ

-

Substisite for forar 1443 BT

. 8, PATENT DOCUMENTS
Examiner | Cia Dosuvent Kumber Publication Date Mame of Patentes or Pages, Columng, Lines, Whare
fritiate” Mot s PRE-RIO-YYYY Apploart of Cited Doogmen Relevant Passages of Relevant
3 8 e Figures Appaar

Number-Kind Qo
US- 5 aR3 822 03-18-1999  [FRANCE TELECOM
Y5 2015/0281836 A1 10-01-2015 | ANALOG DEVICES TECHNDLOGY
U 2016/0157828 Al O8-08-2018 | CHIKAYOSH SuM
US- 2007/0188400 A1 08-18-2007 | MITSUM ELECTRIC 0., LTD.

VS 2011/0013488 A1 01-20-2011  [wWEIMA

-
U&:

oo RGN BATENT DOCUMENTS e
Examiner Publioation Pages, Columns, Linss,
Initials” Date Applicsnt of Gitad Docurmaent Whare Relevant Passages .
M-EDRYYYY Ty Relevars Figures Appear | T

Enntry Dode” Numsr VKing Dode® U krownd

JR20101 22191 06-03-2010 [SANYO ELECTRIC CO v
JP2000197180 07-14-2000 |VICTOR CO OF JAPAN LTD ¥
JP002300224 10-11-2002 |HITACH! INT ELECTRIC INC| v
¥
v

Data
Considersd 03/16/2020

TERAMINER: inital if reforence ronsiderad, whether or oot oitalion is in conformance with MPER 808, Draw fine through citation i not in contovmance and not
sonsidered. ndduds copy of this fonn with next communiastion o applicant. ﬁ&ppii t's unigue citation designation mumber foptional), * e Kinds Codes of
LISPTO Patent Documents af yaewiustio.coy of MPER 901.04, * Enter Offics that issued he document, by the Gwcdeiier code {WIPQ Rpndard ST.3). * For
Japanase patent docwenents, B dostion of the year of the reign of e Emparor must precede the seist surbsr of the patert dooursent. “Kind of dosurment by
the apprapriate symbols as indicated on tha document under WIPL Standard ST.16 # possible. *Appiicant is to place 3 check mark here ¥ English isnguage
Transiation is atwcded,
This pottestion of idormation i required by 37 CFR 157 and 1.88. The inforrmations s reguired o obiain o retein @ benefit by the public which i {o file {and by the
LSPTO o process) an applination.  Confidentiatily s gvemed by 38 US.Q, 122 and 37 CFR 114, This collection is sstimated in take 3 hours o complete,
inclsscling geatbering, prepsdng, and sobmiiting the completed applicstion fom o the USPTIL Tims will vary depending upos e individual eage. Any ooraments
on the amt of thne you reguies o complete this forvy antbior suggestions fur redusing this burden, shoultd be sent o the Chief information Officer, U8, Patont
and Trademark Offfcs, PO Boy 1480, Slexandrda, VA 223131480, DO NOT SERD FEES QR COMPLETED FORMS TO THIS ADDRESS. SEND
TQ: Commissd for Pat , P.O. Box 1450, Alexandria, VA& 22313-1450.

I vou noed assistance in completing the form, call 1-800-PTO-GY 98 {1-800-785-8188} and selsct oplion 2.
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Receipt date: 03/13/2020 16/399,867 - GAU: 2845

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.T.M/

Agiproved fur s
WS, Patent and Tradenuuk O

FTOBE08L D70
trough THE0/2020. OMB GRRT-INH
WS, DERPARTMENT OF COMMERCE

Under the Paprrensk Redugtion Astol 1888, nucpersons are reauired fo esspond to g sollection of nfinmation uniess i contains s valid OMB contet tiumbear,
Complete if Known

Tubstinbe for forny 1448 TR
' Apphication Number 16/39G 867
INFORMATION DISCLOSURE | Filing Date Aprit 30, 2019
STATEMENT BY APPLICANT | First Named inventor [ yaqueny FAN
Art Unit 2877
{Use a5 many sheels 85 necessary}
Exaniner Name MAL LAMT
Sheet o o 12 Attorney Docket Number {11090 P8C2
Examiner Cite; inciude name of the author {in CAPITAL LETTERS), title of thé article {when appropriate), title of
inftials” No. the #flam (book, magazine, joumal, seial, syaposium, catalog, ek}, date, page(s), volume-issue 7
number(s), publisher, city and/or country where published.
OFFICE ACTION 1SSUED IN CORRESPONDING JFP PATENT s
APPLICATION NO. 2018-526185.
 S—
Examiner / T MAI/ Irate
Signature LAY Considered 43/16/2020

CEXAMINER: Inftied ¥ refersnce considered, whather or not citation is in sordformancs «ith MPEP 808, Draw Bine through cltation if not in sonformsnos and nat
cunsidered. inciutde copy of this form with next sommunioation to applicant.

1 Spplicant's unique citation designation number {oplionail. 2 Applicant js 1o plsce a check mark here if English ianguage Transtation is
Thiz cuitsetion of informepion i reguiced by 37 CFR 158 The information is reguived fo obizin o retein o beaafit by the public which is o fle {and by the UEPTO
o process) an application,  Coefidentiality s govamed by 35 US.0, 122 and 37 OFR 114, This collection is esfimated i (ake 2 hours to complete, including
gathering, preparing, and stibmitiing the complsted application form o the USPTD. Time will vary depanding upan the individual case. Aoy somments on the
arrniril of Hme you require o complete this Torm andior sugnestions i redusing this burden, showld be st to the Ohist Infamation Oificer, U.S. Patent and
Trademark Office, PO, Boy 14530, Alncandda, VA 223131480 D0 NOT 38ND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO!
Conunissioner for Patents, P.0O. Box 1458, Alexandria, VA 22313-1450.

¥ vou nead assistance in completing the form, call 1.800-PTO-GT08 {1-800-786.¢188} and selsc! option 2.

Page 256 of 275



EAST Search History

EAST Search History

EAST Search History (Prior Art)

RefHits {{Search Query DBs Default j{iPlurals {iTime
# Operator Stamp
L1 §1 (("5883822") or ("20150281836") or JUSPAT; USOCR OR OFF 2020/03/16
("20160157828") or ("20070189400") 12:15
or ("20110013488") or
("2010122191") or ("2000197180") or
("2002300224")).PN.
L2 27 #(("5883822") or ("20150281836") or {{US-PGPUB; OR OFF 2020/03/16
("20160157828") or ("20070189400") {{USPAT; USOCR; 12:15
or ("20110013488") or FPRS; EPO; JPO;
("2010122191") or ("2000197180") or iDERWENT;
("2002300224")).PN. IBM_TDB

3/16/2020 12:17:03 PM
C:\Users\Imail\Documents\EAST\Workspaces\16399867.wsp

file:///C/Users/Imail/Documents/e-Red%20Folder/16399867/EAST Searchipisgerp 86892367 _Accessible Version htm([3/16/2020 12:17:03 PM]




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/399,867 04/30/2019 Dashen Fan K41090.P8C2 9984
51340 7590 03/27/2020 | EXAMINER
PELOQUIN, PLLC
800 FIFTH AVENUE MAL LAM T
SUITE 4100
SEATTLE, WA 98104-3100 | ART UNIT | paperNUMBER
2845
| MAIL DATE | DELIVERY MODE
03/27/2020 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/399,867 Fanetal.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
LAM T MA 2845 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 12 March 2020 under 37 CFR 1.312 has been considered, and has been:
a) entered.

by ] entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d)J disapproved. See explanation below.

e) ] entered in part. See explanation below.

/LAM T MALl/
Primary Examiner, Art Unit 2845

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20200324
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Receipt date: 03/12/2020 16/399,867 - GAU: 2845

Appl. No. 16/399,867
Response dated March 12, 2020
Reply 1o Notice of Allowance Mail Date 12/16/2019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. ; 16/399,867

Applicant ; SOLOS TECHNOLOGY LTD
Filed : 04/30/2019

TC/IA U : 2845

Examiner ) MAL LAMT

Confirmation No. 9984

Docket No. : K41000.P8C2

Customer No. : 51340

Mail Stop Amendment
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

COMMUNICATED VIA EFS-Wes TO USPTO on 12 MARCH 2020
AMENDMENT AFTER NOTICE OF ALLOWANCE UNDER 37 C.ER 1.312

Sir:
Applicant submits the following amendment under 37 C.F.R. 1.312 to correct

informalities in the allowed claims. No new matter has been enfered.

Amendments to the Claims are reflected in the listing of claims which begin on page 2 of

this paper.

Remarks begins on page 7 of this paper.

OK TO ENTER: /L.T.M/

Reply to Notice of allowance Mail Page 10f 8 Application No. 16/399,867
Date 12-16-2018
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

BIB DATA SHEET
CONFIRMATION NO. 9984

SERIAL NUMBER FILINSA%rE 371(c) CLASS GROUP ART UNIT ATTORN'\IlE\OIIDOCKET
16/399,867 04/30/2019 341 2845 K41090.P8C2
RULE
APPLICANTS
Kopin Corporation, Westborough, MA
INVENTORS

Dashen Fan, Bellevue, WA;
Joseph Yong Kwon, San Jose, CA;

** CONTINUING DATA *+++sssssickiknkinknssns
This application is a CON of 15/947,845 04/08/2018 PAT 10298253
which is a CON of 15/225,745 08/01/2016 PAT 9941895

k% FOREIGN APPLICATIONS kkhhkhkhhkhhhkhkhkhhkhkkhkhk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **

05/13/2019
Foreign Priorty ciaimed ] Yes Mo STATEOR | SHEETS | TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met [ ves bdNo | 4 Mt after COUNTRY |DRAWINGS | CLAIMS CLAIMS
X?&iﬂgﬁiéﬂged % l:nn.tm WA 20 20 3
ADDRESS

PELOQUIN, PLLC

800 FIFTH AVENUE
SUITE 4100

SEATTLE, WA 98104-3100
UNITED STATES

TITLE

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR
SYSTEMS, APPARATUSES, AND METHODS

|Q All Fees
|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper |
FILING FEE i i
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [ 1.17 Foes (Processing Ext. of time) I

945 No. for following: |EI 1.18 Fees (Issug)
|EI Other
|2 Credit

BIB (Rev. 05/07).
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Receipt date: 03/13/2020 16/399,867 - GAU: 2845

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /L.T. M/
PTOER08 0708
Approvd far use through 11302020, 0MB 0651-0031
U5, Patent end Trademmi Offics; U3, DEPARTMENT OF COMMERCE
Lindey e Fapggnvark Ran‘jmﬁm Aot af 1888 no persting are restuinsad 1 respond fo g collsction of information urdess i contains a valid OMEB control number.

Complete if Known ™
| Application Number 16388 BE7

Filing Date April 30, 2018
INFORMATION DISCLOSURE P e T DASTE  EAR

STATEMENT BY APPLICANT AR URL 3870

{Use ax many sheels gs necessary} Eraminer Name MALTAMT
Sheat |1 Lo 12 Attomey Dockel Number | K41080.PRCZ

-

Substisite for forar 1443 BT

. 8, PATENT DOCUMENTS

Examiner | Cia Dosuvent Kumber Publication Date Mame of Patentes or Pages. Columng, Lines, Where
fritiate” Mot s PRE-RIO-YYYY Apploart of Cited Doogmen Qﬂ‘ewanf_ _F‘a’ssag»ﬁb of Redevant
Number-King Qoee” e Figures Appasy
Us- 5 68838272 03-18-1898  FRANOETEEEQON Le Toumeur et al.
Y5 2015/0281836 A1 10-01-2015 e CHE SEEREE Nguyen et al.

to docurfiErt, VS 2016/0157828 AT 06-08-2018 | CHIKAYOSH! SUM
ST W/ Y 2007/0188400 A4 08-16-2007  MSSREELERTRIGDDm Nakano et al.

4/15,/2Q20 VS 2011/0013488 A1 01-20-2011  [WEIMA

-
U&:

Changels}mpphest

oo RGN BATENT DOCUMENTS e
Examiner Publioation Pages, Columns, Linss,
Initials” Date Applicsnt of Gitad Docurmaent Whare Relevant Passages .
M-EDRYYYY Ty Relevars Figures Appear | T

Enntry Dode” Numsr VKing Dode® U krownd

JR20101 22191 06-03-2010 [SANYO ELECTRIC CO v
JP2000197180 07-14-2000 |VICTOR CO OF JAPAN LTD ¥
JP002300224 10-11-2002 |HITACH! INT ELECTRIC INC| v
¥
v

Data
Considersd 03/16/2020

TERAMINER: inital if reforence ronsiderad, whether or oot oitalion is in conformance with MPER 808, Draw fine through citation i not in contovmance and not
sonsidered. ndduds copy of this fonn with next communiastion o applicant. ﬁ&ppii t's unigue citation designation mumber foptional), * e Kinds Codes of
LISPTO Patent Documents af yaewiustio.coy of MPER 901.04, * Enter Offics that issued he document, by the Gwcdeiier code {WIPQ Rpndard ST.3). * For
Japanase patent docwenents, B dostion of the year of the reign of e Emparor must precede the seist surbsr of the patert dooursent. “Kind of dosurment by
the apprapriate symbols as indicated on tha document under WIPL Standard ST.16 # possible. *Appiicant is to place 3 check mark here ¥ English isnguage
Transiation is atwcded,
This pottestion of idormation i required by 37 CFR 157 and 1.88. The inforrmations s reguired o obiain o retein @ benefit by the public which i {o file {and by the
LSPTO o process) an applination.  Confidentiatily s gvemed by 38 US.Q, 122 and 37 CFR 114, This collection is sstimated in take 3 hours o complete,
inclsscling geatbering, prepsdng, and sobmiiting the completed applicstion fom o the USPTIL Tims will vary depending upos e individual eage. Any ooraments
on the amt of thne you reguies o complete this forvy antbior suggestions fur redusing this burden, shoultd be sent o the Chief information Officer, U8, Patont
and Trademark Offfcs, PO Boy 1480, Slexandrda, VA 223131480, DO NOT SERD FEES QR COMPLETED FORMS TO THIS ADDRESS. SEND
TQ: Commissd for Pat , P.O. Box 1450, Alexandria, VA& 22313-1450.

I vou noed assistance in completing the form, call 1-800-PTO-GY 98 {1-800-785-8188} and selsct oplion 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/399,867 05/12/2020 10651866 K41090.P8C2 9984
51340 7590 04/22/2020
PELOQUIN, PLLC
800 FIFTH AVENUE
SUITE 4100

SEATTLE, WA 98104-3100

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Dashen Fan, Bellevue, WA;
Kopin Corporation, Westborough, MA
Joseph Yong Kwon, San Jose, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Doc Code: PA.
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 01/31/2018. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is

directed, the Power of Attorney will not be recognized in the application.

Application Number 16/399,867

Filing Date 04/30/2019

First Named Inventor Dashen Fan

Title BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

Art Unit 2845

Examiner Name LAM T MA|

Attorney Docket Number |1537-001USC2

SIGNATURE of Applicant or Patent Practitioner

Signature /Keegan Caldwell/

Date (Optional)

Name Keegan Caldwell

Registration
Number

73731

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

more than one applicant, use multiple forms.

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If

*Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED
PO PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A))

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and

to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 145340

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

|:| Firm or
Individual Name

Address

City | state | Zip
Country

Telephone | Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Solos Technology Limited

|:| Inventor or Joint Inventor (title not required below)

|:| Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

|:| Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent

The undersigned (whose title is suppiieueeiGigietiuthorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature ol Fan | Date (Optional) |

Name Kenneth Fan “~—D409388C60ED4C5...
Title Co-Founder

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

I:lTotaI of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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DocuSign Envelope |ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED

PTO/AIA/82B):

No more than ten (10) patent practitioners total may be appointed as set forth below by name and registration number.
This page need not be submitted if appointing the Patent Practitioner(s) associated with a Customer Number (see form

Name

Registration
Number
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PTO/AIA/82C (07-13)
Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT




DocuSign Envelope |ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in
connection with your submission of the attached form related to a patent application or patent.
Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general
authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used
by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent
and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the
patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including
disclosures to opposing counsel in the course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains,
when the individual has requested assistance from the Member with respect to the
subject matter of the record.

4. Arecordin this system of records may be disclosed, as a routine use, to a contractor of
the Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974,
as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty
in this system of records may be disclosed, as a routine use, to the International Bureau
of the World Intellectual Property Organization, pursuant to the Patent Cooperation
Treaty.

6. Arecordin this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant
to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA as part of that agency's responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public
after either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a
patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the
limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and
which application is referenced by either a published application, an application open to
public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency, if the USPTO becomes aware of a violation or
potential violation of law or regulation.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: S010s Technology Limited
Application No./Patent No.: 16/399,867 ; 10651866 Filed/Issue Date: 04/30/2019 ; 05/12/2020
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

Titled:
SOLOS TECHNOLOGY LIMITED a Limited Liability Company
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: KWON, JOSEPH YONG To: KOPIN CORPORATION
The document was recorded in the United States Patent and Trademark Office at
Reel 049324 , Frame 0997 , or for which a copy thereof is attached.
2 From: KOPIN CORPORATION To: SOLOS TECHNOLOGY LIMITED

The document was recorded in the United States Patent and Trademark Office at
Reel 051280 , Frame 0099 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel _ ~~ ,Frame__ , orfor which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel _ ~~ ,Frame__, orforwhich a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/KEEGAN CALDWELL/ 08/28/2023

Signature Date

Keegan Caldwell 73731

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 48500433
Application Number: 16399867
International Application Number:
Confirmation Number: 9984

Title of Invention:

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS

First Named Inventor/Applicant Name:

Dashen Fan

Customer Number:

51340

Filer:

Keegan M. Caldwell/Rachel Riley

Filer Authorized By:

Keegan M. Caldwell

Attorney Docket Number: K41090.P8C2
Receipt Date: 28-AUG-2023
Filing Date: 30-APR-2019

Time Stamp: 14:52:12

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)/ Ml.l":l. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
268767
1 Power of Attorney 1537-001USC2_POA.pdf no 4
ae35e5b15b9%e469370de7ead004444b1dfg]
ccBc2
Warnings:

Page 271 of 275




Information:

83342
Assignee showing of ownership per37 | 1537-001USC2_373_Statement
2 no 3
CFR3.73 pdf
38a336d86888d78742c4150443f6cceedb3
16c9d
Warnings:
Information:
Total Files Size (in bytes): 352109

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/399,867 04/30/2019 Dashen Fan 1537-001USC2
CONFIRMATION NO. 9984
145340 POA ACCEPTANCE LETTER
200 Clarendon Street G
59th Floor 0C000000061503049

Boston, MA 02116
Date Mailed: 09/07/2023

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/28/2023.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/wrhopkins/

page 1 of 1
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.Q. Box 1450

Q. Box 145
Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE

FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/399,867 04/30/2019 Dashen Fan 1537-001USC2
CONFIRMATION NO. 9984
51340

POWER OF ATTORNEY NOTICE
PELOQUIN, PLLC

PO Box 748 AR A00CAR WA 0
*0C000000061503021*

VASHON, WA 98070-0748

Date Mailed: 09/07/2023

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/28/2023.

» The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/wrhopkins/

page 1 of 1
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Case 1:1268-cv-10304-ADB  Document 3 Filed 01/723/26 Page 1 of i

AQO 120 (Rev. 08/10)

O Mail Stop 8 REPORT ON THE
‘ Director of the U.S, Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1436 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.5.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Massachusetis on the following
[} Trademarks or [ Patents. { [7] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED .8, DISTRICT COURT
for the District of Massachusetis
PLAINTIFF DEFENDANT
Solos Technology Limited Meta Platforms, Inc., Meta Platforms Technologies, LLC,
Qakley, inc., Luxottica of America, Inc., and
EssilorLuxottica USA, Inc.
PATENT OR DATE OF PATENT O YRR O DATENT (R TR ATV
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,306,389 5/28/2019 Solos Technology Limited
2 11,082,085 81312021 Solos Technology Limited
3 11,871,174 1/8/2024 Solos Technology Limited
4 12,216,338 2/4/2025 Solos Technology Limited
5 10,651,866 5M2/2020 Solos Technology Limited
{n the above-—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED NCLUDED BY
[ Amendment T Answer 7] Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT N (T A TR (YD T A TYO
TRADEMARK NG, OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/AJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—VUpeon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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