i

0Ld SN 18eel

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

o
(e 0}
)
22
°3
5S
Q-
(4V]

Utility Patent Application Transmittal
(Only for new nonprovisional applications under 37 CFR 1.53(b))

Attorney Docket No: 115-34USCIP/12667/100126

First Inventor:
Title: -

James H. Derbyshire
Module Integration Integrated Circuits

Application Elements:

1.
2.
3.

X
X
X

X

Fee Calculation (see Box 14)

" Applicant claims small entity status.

Specification Total Pages - 25
- Description

- Claims

- Abstract of the Disclosure

Drawing(s) - (6 Figures) Total Sheets - 6
Oath or Declaration Total Pages - 3
a. XI Newly executed (original or copy)

b. [0 Unexecuted

c. [J Copy from a prior application (37 CFR 1.63(d))

(for continuation/divisional with Box 12 completed)

i. [0 DELETION OF INVENTOR(S)
Signed statement attached deleting inventor(s) named in
the prior application, see 37 CFR 1.63(d)(2) and 1.33(b).

Accompanying Application Parts:

6.

7.

10.

1.

X

O 0 X O O

Assignment Papers (cover sheet & document(s))

Information Disclosure Statement (IDS)/PTO-1449 Copies of IDS Citations [
Preliminary Amendment

Return Receipt Postcard (Should be specifically itemized)

Certified Copy of Priority Document(s) (if foreign priority is claimed)

Other:

Exhibit 1002
Kangxi Communication Technologies v. Skyworks Solutions, Inc.
0001



Attorney Docket No: 115-34USCTP/12667/100126

Page 2
First Inventor: James H. Derbyshire

12. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below

and in a preliminary amendment:

OLd SN 18eel

[0 Continuation [0 Divisional [J  Continuation-in-part (CIP)
of prior Application No. filed
Prior application information: Examiner: Group Art Unit:

For CONTINUATION OR DIVISIONAL APPS only: The entire disclosure of the prior application, from which an oath or declaration is
supplied under Box 5c, is considered a part of the disclosure of the accompanying continuation or divisional application and is hereby

incorporated by reference. The incorporation can only be relied upon which a portion has been inadvertently omitted from the submitted
application parts.

13. CORRESPONDENCE ADDRESS: 23838

Gary Morris, Reg. No. 40,735

Kenyon & Kenyon

1500 K Street, N.W., Suite 700

Washington, DC 20005-1257

PHONE: (202)220-4200

FAX:  (202) 2204201
Agent: Gary Morris, Reg. No. 40,735

14. FEE CALCULATION: \

X Applicant Claims Small Entity Status AMOUNT
1. BASIC FILING FEE
Large Entity Small Entity
Fee Code Fee (8) Fee Code Fee ($)
1001 770.00 2001 385.00 $385.00
2. EXTRA CLAIM FEES _ Extra Claims | Fee From Below
Total Claims 35 - 20 = 15 x $9.00 = $135.00
Independent Claims 3 - 3 = 0 x $43.00 =
Multiple Dependent F* =
Large Entity Small Entity
Fee Code Fee ($) Fee Code Fee (3)
1202 . 18.00 2202 9.00
1201 86.00 2201 43.00
3. OTHER
| Fee Code-8021 | Fee($)-40.00 | Recording Patent Assignment $40.00
’ TOTAL $560.00
15. X The Commissioner is hereby authorized to charge all fees in Box 14 above to Deposit
Account 50-1142.
16. X The Commissioner is hereby authorized to charge any additional fees required or

credit any overpayment to Deposit Account No. 50-1142.

Date: jUNe 2 (20&&/

Submitted By:

Gary Morris, Reg. No. 40,735
Telephone: (202) 220-4200

Exhibit 1002
Kangxi Communication Technologies v. Skyworks Solutions, Inc.
0002



115-34USCIP/12667/100126

Module Integration Integrated Circuits

[0001] This application is a continuation in part of United States Patent Application No:
10/680,208, filed on: October 08, 2003.

Field of the Invention

[0002] The invention relates to the field of RF front-end circuits and more specifically to

the field of multi-standard RF front-end circuits implemented in a small module size.
Background of the Invention

[0003] Typically, manufacturers in the area of wireless products wish to implement radio
media interface circuits into radio terminals, such as PCMCIA cards or dongles, which
typically must operate within the context of two or more radio standards but in
accordance with one standard at any one time. These radio standards are for example
collectively referred to as the IEEE 802 standard, which is well known to those of skill
in the art. This standard is typically divisible into a number of individual radio standards
including one standard at 5.8 GHz, known as 802.11a, and another two standards at

2.45GHz, known as 802.11b and 802.11g.

[0004] In terms of these radio standards, manufacturers are often interested in building
radio terminals that will be able to operate at 802.11a, b, and g standards, with only one
particular standard being active at any one time. As a result, the manufacturers are
interested in acquiring a front-end module that incorporates receive and transmission
elements such as the low noise amplifiers (LNA), power amplifiers (PA), impedance
matching components, and RF switches for all the standards that the terminal or card

must deal with. Thus providing them with flexibility in their radio terminal designs.

[0005] Unfortunately, PAs and other components such as the LNA, are highly

specialized components that have specifications that generally do not overlap with other

radio frequency bands. Thus, a 5.8 GHz PA is generally not suitable for use 2.4GHz PA.

As aresult, distinct components such as the LNAs and PAs are incorporated into the

module in order to accommodate different radio standards. Moreover, many of the high
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performance RF components such as PAs and LNAs have a relatively low level of
ancillary circuit integration. For example, voltage regulation circuits, temperature
regulation circuits, control circuits and other circuits that are used for control and
optimization of the operation of the PA are often not integrated into a same die with the
PA but rather disposed as discrete components, on separate semiconductor substrates,
within the module surrounding the PA die. It is well understood by most module
designers that adding more components to the module increases cost, reduces yield and
durability while resulting in an increase in module size. This effect is compounded when
additional circuitry is used for each active RF component such as an RF switch, LNA,

and PA.

[0006] Recent advances in SiGe BICMOS technology have allowed for progressively
higher levels of integration of high-performance RF components. For example, a high-
performance 2.45GHz PA for the 802.11b/g standard implemented in SiGe BICMOS
technology can incorporate voltage and temperature regulation circuitry along with
various power optimization and control schemes manifested in control circuitry. The
benefit of such high levels of integration are well understood by the IC design
community and include reduced module sizes, reduced cost, reduced assembly time, and
increased yield and module longevity. Moreover, for PAs in particular, the robustness of
the PA in tolerating of mismatch conditions to the antenna can be improved with voltage
standing wave ratio (VSWR) sensing circuitry and PA output power sensing circuitry
integrated into the PA chip. In this particular example, a determination of high VSWR
might lead to the generation of a control signal to reduce power output and thereby
protect one or more PA gain stages from over voltage conditions. Clearly, integration of
this type of ancillary circuitry into the PA has the potential to increase PA performance
and robustness with a minimum increase in the module size. In respect of LNAs, the

integration of bias point control circuitry is important.

[0007] However, the usage of SiGe BiCMOS technology in the industry is currently
limited. For example, for 5.8GHz PAs, only a small number of manufacturers are
utilizing SiGe for whereas several end users are utilizing GaAs or group III-V based

technologies. The GaAs based technologies however offer more gain per stage and lower
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losses in the RF signal path at 5.8GHz. GaAs based technology, however, is often
unsuitable for the integration of ancillary circuits for use with the GaAs'based RF
component. Voltage regulation, for example, may not be integrated into the GaAs based
PA due to the lack of suitable elementary devices within the GaAs based technology.
Therefore, in the context of a module, the module designer is compelled to add those
additional circuits, or dies, for supporting of the GaAs based components. As mentioned
previously, the addition of more components causes a detriment to the module size and

cost.

[0008] A need therefore exists to for providing a compact RF module that supports a
number of RF standards. It is therefore an object of the invention to provide a compact
RF module that overcomes the limitations of the prior art by facilitating integration of
multiple circuit components into a same module in order to support a number of RF

standards.
Summary of the Invention

[0009] In accordance with the invention there is provided an electronic apparatus
comprising: a first integrated circuit semiconductor die comprising; a first portion of a
first signal conditioning circuit integrated within the first integrated circuit die and
disposed along a first signal path; a second integrated circuit semiconductor die
comprising: a second portion of the first signal conditioning circuit integrated within the
second integrated circuit die and disposed along the first signal path for performing a
first signal conditioning function along with the first portion of a first signal conditioning
circuit for a signal propagating along the first signal path; and, a substrate for supporting
the first and second integrated circuit semiconductor dies and for providing electrical

connection to and from the first and second integrated circuit semiconductor dies.

[0010] In accordance with the invention there is provided a method of manufacturing a
module comprising: providing a first signal conditioning circuit comprising a first
portion and a second portion; implementing the first portion of the first signal
conditioning circuit within a first semiconductor die; implementing the second portion of

the first signal conditioning circuit within a second semiconductor die; bonding the first
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and second dies to a common substrate; and, forming electrical connections between the
two dies to complete the first signal conditioning circuit from the first portion of the first

signal conditioning circuit and the second portion of the first signal conditioning circuit.

[0011] In accordance with the invention there is provided an electronic apparatus
comprising: a first integrated circuit semiconductor die comprising: a first portion of a
first signal conditioning circuit integrated within the first integrated circuit die and
disposed along a first signal path; a third portion of a first signal conditioning circuit
integrated within the first integrated circuit die and disposed along the first signal path; a
second integrated circuit semiconductor die comprising: a second portion of the first
signal conditioning circuit integrated within the second integrated circuit die and
disposed along the first signal path for performing a first signal conditioning function
along with the first and third portions of the first signal conditioning circuit for a signal
propagating along the first signal path; and, a substrate for supporting the first and
second integrated circuit semiconductor dies and for providing electrical connection to

and from the first and second integrated circuit semiconductor dies.

Brief Description of the Drawings

[0012] Exemplary embodiments of the invention will now be described in conjunction

with the following drawings, in which:
[0013] FIG. 1 illustrates a prior art integration of components into a module;

[0014] FIG. 2 illustrates a first embodiment of the invention, a module 200 having two

semiconductor substrates integrated within the module, as opposed to three, as shown in
FIG. 1;

[0015] FIG. 3 illustrates a second embodiment of the invention, which illustrates a more

specific implementation of the first embodiment of the invention;

[0016] FIG. 4 illustrates the method of manufacturing a circuit in accordance in

accordance with an embodiment of the present invention; and,

°
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[0017] FIG. 5 illustrates a third embodiment of the invention, a module 500 having two

semiconductor substrates integrated within the module.

[0018] FIG. 6 illustrates a fourth embodiment of the invention, a module 600 having first

and second integrated circuit semiconductor dies, 611 and 612, integrated within the
module 600.

Detailed Description of Embodiments of the Invention

[0019] FIG. 1 illustrates a prior art integration of components into a module 100.
Disposed within the module 100 is a first signal conditioning circuit 101, a second signal
conditioning circuit 102 and a voltage regulator circuit 103. The first signal conditioning
circuit is disposed between a first RF signal input port 100a and a first RF signal output
port 100b. The second signal conditioning circuit is disposed between a second RF
signal input port 100c and a second RF signal output port 100d. A regulated supply
voltage is provided to both the first and second signal conditioning circuits from the
regulator circuit 103, which is disposed on a different semiconductor substrate than the
first and second signal conditioning circuits, 101 and 102. A supply voltage is provided
to the regulator circuit 103 from a battery (not shown) through a positive supply voltage
input port 100e and through a ground port 100f. The first and second signal conditioning

circuits are also connected to the ground port 100f.

[0020] The voltage regulator circuit 103 is disposed as the third component of this
module 100. Typically, the voltage regulation properties of the regulator circuit 103 are
not optimized for operating with either the first or the second signal conditioning circuits
in order to save on module cost 100. But, a trade-off in the module 100 specifications
allows for the use of a single regulator circuit 103 for regulating the supply voltage to
both signal conditioning circuits. Providing a separate voltage regulator for each signal
conditioning circuit would unfortunately add another semiconductor substrate to the

module 100 and result in an increased module cost.

[0021] For example, the module 100 shown in FIG. 1 is for use in cellular telephones,

where two cellular band power amplifier circuits (PAs) are incorporated into the module
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as the first and second signal conditioning circuits, 101 and 102. In such a module, the
voltage regulation circuit is typically silicon-based and disposed with power amplifier
modules of two different types, such as GaAs based PAs. It is not uncommon to find
that the module size is determined by the area required for the ancillary circuits, such as

the voltage regulation circuit 103, rather than by the area required by core RF

components, such as the PAs.

[0022] Referring to the prior art module illustrated in FIG. 1, all circuits included into the
module are disposed as discrete components. Unfortunately, this leads to progressively
larger and more expensive modules as functionality and performance are increased. A
further disadvantage of the old technology lies in the additional assembly cost and
additional assembly time associated with placing and wiring these numerous circuits and
components within the module 100. It is well understood that in designing and ‘
manufacturing of the module, the area requirements grow in proportionality to the
number of circuits and components used. Furthermore, the probability of manufacturing

errors and defects increases in proportion to the number of circuits and components

required in the design.

[0023] FIG. 2 illustrates a first embodiment of the invention, a module 200 having two
semiconductor substrates integrated within the module, as opposed to three, as shown in
FIG. 1. A first signal conditioning circuit 201 is formed on a first semiconductor
substrate 211 and a second signal conditioning circuit 202 is formed on a second
semiconductor substrate 212. The first signal conditioning circuit 201 is disposed
between a first RF signal input port 200a and a first RF signal output port 200b. The

second signal conditioning circuit 202 is disposed between a second RF signal input port

200c and a second RF signal output port 200d.

[0024] In addition, a first ancillary circuit 203 and a second ancillary circuit 204 are

disposed on the first semiconductor substrate 211. The first ancillary circuit 203, in the
form of a first voltage regulator circuit, is for providing a first regulated supply voltage
to the first signal conditioning circuit 201. The second ancillary circuit 203, in the form

of a second voltage regulator circuit, is for providing a second regulated supply voltage
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to the second signal conditioning circuit 202. An unregulated supply voltage from a
source (not shown) is provided to the first and second regulator circuits through a
positive supply voltage terminal 200e and a ground terminal 200f. In this embodiment,
the first and second voltage regulator circuits, 203 and 204, are integrated into the first
semiconductor substrate 211, along with the first signal conditioning circuit 201. A first
interface port 211a disposed on the first semiconductor die 211 and connected to the
second ancillary circuit 204 connects the sécond ancillary circuit 204 to the second
semiconductor die using a second interface port 212a. The second interface port 212a is
connected to the second signal conditioning circuit 202. For example, the first signal
conditioning circuit comprises an amplifying circuit, such as a PA circuit or a low noise

amplifier (LNA) circuit.

[0025] The integration of circuit components into the module 200 provides for a first
integrated circuit formed in a first semiconductor substrate 211 and manufactured using
a first semiconductor process. Disposed within the first integrated circuit is the first
signal conditioning circuit 201 for performing a first signal conditioning function and the
first ancillary circuit 203 electrically coupled to the first signal conditioning circuit 201
only for use by the first signal conditioning circuit 201 during operation thereof. The
second ancillary circuit 204 is for other than being used by the first signal conditioning
circuit 201 during operation thereof. The second integrated circuit 202 is electrically
coupled to the second ancillary circuit 204 and formed in the second semiconductor
substrate 212 and co-packaged with the first integrated circuit 211 within the module
200. The second integrated circuit 202 operates in conjunction with the second ancillary
circuit 204, via the connection between the ﬁrst and second interface ports, 211a and
212a, for performing the second signal conditioning function. Optionally, the second
signal conditioning function is a similar function to the function performed by the first

signal conditioning circuit 201.

[0026] Advantageously, the integration of circuit functionality into one or more of the
semiconductor substrates offers immediate benefit. Integration of these ancillary circuits
into the same die area already occupied by one of the other core components is efficient

in respect of die area usage. The integration into a module 200, as shown in FIG. 2,
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allows for integration of different signal conditioning circuits that do not have overlap in
their RF bands. The first signal conditioning circuit 201 is for example integrated within
the first semiconductor substrate 211 using SiGe BiCMOS technology, along with the
first and second voltage regulator circuits, 203 and 204. The second signal conditioning
circuit 202 is, for example, integrated into the semiconductor substrate 212 using a GaAs
process. As a result of this integration, the completed module 200 accommodates
different radio standards in a single package. For example, for a 5.8GHz PA, the second
signal conditioning circuit 202 is used and for a 2.45GHz PA the first signal

conditioning circuit is used 201.

[0027] FIG. 3 illustrates a second embodiment of the invention, which illustrates a more
specific implementation of the first embodiment of the invention. Referring to FIG. 3, a
module 300 having two semiconductor substrates, 311 and 312, integrated therein, is
shown. A first signal conditioning circuit 301 is formed on a first semiconductor
substrate 311 and a second signal conditioning circuit 302 is formed on a second
semiconductor substrate 312. The first signal conditioning circuit 301 is disposed
between a first RF signal input port 300a and a first RF signal output port 300b along a
first signal path. The second signal conditioning circuit 302 is disposed between a
second RF signal input port 300c and a second RF signal output port 300d along a
second signal path.

[0028] A first plurality of ancillary circuitry 303a through 303n, in the form of a first
plurality of control circuitry, is disposed within the first semiconductor substrate 311. At
least one of the plurality 303n of ancillary circuitry, 303a through 303n, is unrelated to
the operation of the first signal conditioning circuit 301 and used for accommodating the
requirements of the second signal conditioning circuit 302 formed on the second
semiconductor substrate 312. A plurality of electrical connections, 306a through 306n, -
in the form of wire bonds, for example, is used for electrically coupling the at least one
of the plurality 303n of ancillary circuitry to the second semiconductor substrate 312 for
use by the second signal conditioning circuit 302. The plurality of electrical connections
are disposed between a first plurality of interface ports disposed on the first

semiconductor die and connected to the a least one of the plurality 303n of ancillary
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circuitry, 303a through 303n, and a second plurality of interface ports. The second
plurality of interface ports are connected to the second signal conditioning circuit 302.
The second signal conditioning circuit 302 is for performing a second signal
conditioning function in conjunction with the a least one of the plurality 303n of
ancillary circuitry, 303a through 303n, connected thereto. The first signal conditioning
circuit 301 is for performing a first signal conditioning function independent of the
second signal conditioning circuit 302. As a result, RF signals propagating along the first
signal path and the second signal path do not interfere with each other because the signal

paths are separated on separate semiconductor dies.

[0029] Referring to the embodiment shown in FIG. 3, the first signal conditioning circuit
comprises a first impedance transforming circuit 301a, in series with three amplification
stages, 301b through 301d, and in series with a second impedance transforming circuit
301e. Disposed within the second signal conditioning circuit are a third impedance
transforming circuit 302a, in series with three amplification stages, 302b through 302d,
and in series with a second impedance transforming circuit 302e. Although the signal
conditioning circuits are disposed on different semiconductor substrates, they perform
similar functions. In this case, both signal conditioning circuits comprise PAs since they

are used in RF amplification applications and as a result provide similar functions.

[0030] In addition, a plurality of power detector circuits 304a through 304n are also
preferably integrated within the first semiconductor substrate 311. These power detector
circuits are preferably used for detecting of RF output signal power being propagated
from the first RF signal output port 300b and the second RF signal output port 300d.
Other circuit blocks, such as circuit block 305, are also integrated within the first
semiconductor substrate. Because the first semiconductor substrate is preferably
manufactured using a process that supports a plurality of suitable elementary devices,
such as SiGe BiCMOS, the integration of the first and second ancillary circuits is
facilitated and serves to reduce space in the module without the addition of additional
circuit components manufactured on additional semiconductor substrates, which causes

a detriment to the module size and cost. Preferably, the semiconductor process that
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supports a larger scale of integration is utilized for integrating of a larger plurality of

integrated circuit components therein.

[0031] Integration of a majority of ancillary circuit functionality into one or more of the
semiconductor dies offers immediate benefit. Integration of these ancillary circuits into
the same die area used by one of the core components is very efficient in respect of area
usage within the module. The integration into a module, as shown in FIG. 2 and FIG. 3,
allows for integration of different signal conditioning circuits into a same module that do

not have overlap in their RF bands.

[0032] Optionally, a carrier platform, element 205 shown in FIG. 2, is used for
supporting the various semiconductor dies, 211 and 212, and optionally other electrical
components. The carrier platform 205 is for example a multi-layer laminate or even a
silicon-based platform. The function of the carrier platform 205 is to support the
semiconductor dies and to provide a means of interconnecting the electrical signals and
power supply rails for each semiconductor die, 211 and 212. The embodiments of the
invention are applicable for use in modules and other types of sub-assemblies where
more than one component is co-located. Co-location referring to the disposition of the
module components in close enough proximity such that PCB traces, wirebonds or other
technologies are used to interconnect the components to each other. Often the
components are in close enough proximity that wirebonding from one semiconductor die
to another is sufficient. Thus, these semiconductor dies, 211 and 212, are placed onto the
carrier platform 205 and wirebonded or flip-chipped to establish an electrical connection
to interconnect traces forming part of the carrier platform 205. Typically, after
placement of semiconductor dies and upon completion of wiring therebetween a mold

compound is applied to finish the module.

[0033] Advantageously, only one of the semiconductor substrates within the module are
designed to incorporate all the additional regulation and optimization circuitry required
by the other signal conditioning circuits in the form of active RF components. In this
manner, die area within the module is minimized, and thereby cost, and the number of

components that require circuit connections therebetween is minimized. Furthermore,

-10-
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selection of active RF components on the basis of RF performance is greatly facilitated
without placing additional regulation and additional optimization circuits for the greater

performing RF components.

[0034] Disposing the first and second signal conditioning circuits on separate substrates
advantageously eliminates crosstalk issues therebetween. Thus, output signal noise is
minimized. Prior to designing of a module, a module designer of skill in the art
determines which signal conditioning circuits will pose problems when integrated on a

same semiconductor die and as such those circuits are integrated on separate dies.

[0035] FIG. 4 illustrates a method steps for manufacturing a circuit for reducing crosstalk
therein. A first signal conditioning circuit is implemented within a first semiconductor
die, in step 401. A first portion of a second signal conditioning circuit is implemented in
the first semiconductor die, in step 402. Referring to step 403, a second portion of the
second signal conditioning circuit is implemented in a second semiconductor die.
Thereafter, in step 404, the first and second dies are bonded to a common substrate, and
in step 405, wire bonding between the two dies is performed to complete the second

signal conditioning circuit.

[0036] FIG. 5 illustrates a third embodiment of the invention, a module 500 having two
semiconductor substrates, 511 and 512, integrated within the module. A first portion of a
first signal conditioning circuit 501 and first and second ancillary circuits, 503 and 504,
are integrated on a first semiconductor substrate 511 and a second portion of the first
signal conditioning circuit 505 as well as first and second portions of the second signal
conditioning circuit, 502 and 506, are integrated on a second semiconductor substrate
512. The first portion of the first signal conditioning circuit 501 is disposed between a
first RF signal input port 500a and a first semiconductor substrate output port 511b,
where the second portion of the first signal conditioning circuit 505 is coupled between
the first semiconductor substrate output port 511b and a first RF signal output port 500b.
The first portion of the second signal conditioning circuit 502 and the second portion of
the second signal conditioning circuit 506 are disposed in series between a second RF

signal input port 500c and a second RF signal output port 500d.

11 -
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[0037] The first ancillary circuit 503, in the form of a first voltage regulator circuit, is for
providing a first regulated supply voltage to the first portion of the first signal
conditioning circuit 501. The second ancillary circuit 504, in the form of a second
voltage regulator circuit, is for providing a second regulated supply voltage to the second
portion of the first signal conditioning circuit 505 and to the first and second portions of
the second signal conditioning circuit, 502 and 506. An unregulated supply voltage from
a source (not shown) is provided to the first and second regulator circuits through a

positive supply voltage terminal 500e and a ground terminal 500f.

[0038] The integration of circuit components into the module 500 provides for a first
integrated circuit formed in a first semiconductor substrate 511 and manufactured using
a first semiconductor process. Disposed within the first integrated circuit is the first
portion of the first signal conditioning circuit 501 for performing a first signal
conditioning function in conjunction with the second portion of the first signal
conditioning circuit 505 and the first and second ancillary circuits 503 and 504
electrically coupled to the first and second portions of the first signal conditioning
circuit, 501 and 505, respectively. The second ancillary circuit 504 is for other than
being used by the first portion of the first signal conditioning circuit 501 during
operation thereof. The second integrated circuit 502 includes the first portion of the
second signal conditioning circuit 502 and the second portions of the first and second
signal conditioning circuits, 505 and 506, where these portions operate using the
electrically coupled second ancillary circuit 504 formed in the first semiconductor

substrate 511 and co-packaged with the first integrated circuit 511 within the module
500.

[0039] The second integrated circuit 502 operates in conjunction with the second
ancillary circuit 504, via a connection between the first and second interface ports, 511a
and 512a. Optionally, the second signal conditioning function is a similar function to the

function performed by the first signal conditioning circuit 501.

[0040] For example, the first semiconductor substrate 511 is a SiGe semiconductor

substrate and the first signal conditioning circuit 501 and 505 isaPA circuit, which is

“12-
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known to have high loss, or low quality factor, when integrated on the silicon wafer. It is
well known to those of skill in the art that inductors disposed on the silicon substrate
suffer performance degradation due to absorption of RF energy within the substrate and
other factors, as compared to inductors that are integrated on a semi-insulating GaAs
substrate. Thus, for example, the second semiconductor substrate 512 is a GaAs
substrate, where low-loss passive devices are integrated therein for use by the second
portion of the first signal conditioning circuit 501. For example, the second portion of
the first signal conditioning circuit 505 is an impedance matching circuit, for use with
the first portion of the first signal conditioning circuit 501 in the form of a 2.4GHz SiGe-
based PA. The first portion of the second signal conditioning circuit is for example in the

form of a 5GHz PA.

[0041] Advantageously, this integration scheme provides a module designer with the best
attributes of both semiconductor substrates, which in this case are silicon and GaAs, in
order to achieve a high level of performance, and integration, with a low number of
module components. Of course, other components, such as transmission lines,
capacitors, and inductors for use by the SiGe-based die, are integrated within the second

semiconductor substrate in order to provide increased operating efficiency.

[0042] Advantageously, the integration of circuit functionality into one or more of the
semiconductor substrates offers immediate benefit. Integration of these ancillary circuits
into the same die area already occupied by one of the other core components is efficient
in respect of die area usage. The integration into a module 200, 500, as shown in FIGs. 2
and 5, allows for integration of different signal conditioning circuits that do not have
overlap in their RF bands. The first signal conditioning circuit 201 and, 501 and 505, is
for example integrated within the first semiconductor substrate 211, 511 using SiGe
BiCMOS technology, along with the first and second voltage regulator circuits, 203 and
204, and 503 and 504. The second signal conditioning circuit 202, 502 and 506, for
example, is integrated into the semiconductor substrate 212, 512 using a GaAs process.
As a result of this integration, the completed module 200, S00 accommodates different

radio standards in a single package. For example, for a 5.8GHz PA, the second signal

-13-
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conditioning circuit 202, 502 and 506 is used for the 5.8GHz PA and for a 2.45GHz PA
the first signal conditioning circuit 201, 501 and 505 is used.

[0043] FIG. 6 illustrates a fourth embodiment of the invention, a module 600 having first
and second integrated circuit semiconductor dies, 611 and 612, integrated within the
module 600. A first portion of a first signal conditioning circuit 601a, a third portion of
the first signal conditioning circuit 601b and first and second ancillary circuits, 603 and
604, are integrated within the first integrated circuit semiconductor die 611. A second
portion of the first signal conditioning circuit 605 as well as first and second portions of
the second signal conditioning circuit, 602 and 606, are integrated on the second

integrated circuit semiconductor die 612.

[0044] The first portion of the first signal conditioning circuit 601a is disposed between a
first RF signal input port 600a and an electrical connection 620b that connects an output
port of the first portion of the first signal conditioning circuit 601a to a second portion of
the first signal conditioning circuit 605 disposed in the second integrated circuit
semiconductor die 612. An input port of the third portion of the first signal conditioning
circuit 601b is coupled to an output port of the second portion of the first signal
conditioning circuit 605 using an electrical connection 602c, where an output port of the
third portion of the first signal conditioning circuit 601b forms an RF signal output port
600b. Thus, a first signal path is formed from the first RF signal input port 600a through
to the first RF signal output port 600b.

[0045] A first portion of a second signal conditioning circuit 602 and the second portion
of the second signal conditioning circuit 606 are disposed in series between a second RF
signal input port 600c and a second RF signal output port 600d. A first ancillary circuit
603, in the form of a first voltage regulator circuit, is for providing a first regulated
supply voltage to the first portion and third portions of the first signal conditioning
circuit, 601a and 601b. The second ancillary circuit 604, in the form of a second voltage
regulator circuit, is for providing a second regulated supply voltage to the second portion
of the first signal conditioning circuit 605 and to the first and second portions of the

second signal conditioning circuit, 602 and 606, through an electrical connection 620a.
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An unregulated supply voltage from a source (not shown) is provided to the first and

second regulator circuits through a positive supply voltage terminal 600e and a ground
terminal 600f.

[0046] The function of the first signal conditioning circuit, 601a, 605 and 601b, is to
provide a first signal conditioning function utilizing the portions thereof disposed in the
first and second integrated circuit semiconductor dies, 611 and 612. Preferably, the
second portion of the first signal conditioning circuit 605 is an interstage matching
circuit for performing an impedance match between the first and third portions, 601a and
601b, which are preferably in the form of power amplifier circuits. Thus, for example, if
the first integrated circuit semiconductor die 611 includes silicon and the second
integrated circuit semiconductor die 612 includes GaAs, then a signal propagating from
the first portion 601a leaves the first semiconductor substrate 611, using electrical
connection 620b, for interstage matching using the second portion 605. Thereafter, once
the signal has been interstage matched, the signal leaves the second integrated circuit
semiconductor die 612 and is propagated along using electrical connection 620c¢ to the

first integrated circuit semiconductor die 611, where it is received by an input port of the

third portion 601b.

[0047] Optionally, the second portion of the first signal conditioning circuit 605 is
coupled to the RF input port 600a for receiving of the RF input signal directly and serves
to provide an impedance match between the input port and the third portion of the first

signal conditioning circuit 601b.

[0048] Advantageously, the integration of the second portion of the first signal
conditioning circuit 605 within the second integrated circuit semiconductor die 612
allows for signal conditioning operations that are more easily, or more cost effectively,
facilitated by devices manufactured within the second integrated circuit semiconductor
die 612 to be performed by circuitry integrated within the second integrated circuit
semiconductor die for a signal propagating along the first signal path. Furthermore, those
devices that allow for signal conditioning operations that are more easily, or more cost

effectively, facilitated by devices manufactured within the first integrated circuit
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semiconductor die 611 to be performed by circuitry disposed within the first integrated

circuit semiconductor die 611 for the signal propagating along the first signal path.

[0049] When the module design is performed, the signal conditioning circuit and
ancillary circuits are integrated on the semiconductor dies in such a manner that the area
of the die is minimized and other issues, such as noise and cornstalk, are also reduced. In
the prior art, different signal conditioning and ancillary circuits are often disposed within
the modules without foresight given to a reduction in module area and minimization of
individual semiconductor die usage. Typically many different semiconductors dies are
disposed within the module on the substrate, which unfortunately increases the
manufacturing costs and does not result in a compact module size. Additionally, using
some semiconductor manufacturing technologies is more costly for implementing of
certain ancillary circuitry. For example, GaN and InP technologies have much larger
costs associated with die are usage than silicon-based technologies. As a result,
implementing an ancillary circuit in InP or GaN becomes significantly more expensive
than implementing the functionally similar ancillary circuit in a silicon based

technology.

[0050] Though the embodiments of the invention refer to two or more signal
conditioning circuits such as power amplifiers, it well understood and appreciated in the
art that the efficient provision of ancillary circuits necessary or beneficial to the
operation of other types of circuits is enabled using this invention. For example, other
signal conditioning circuits, such as memory buffers are envisioned for use exclusively
by a separate PLL-type circuit and die. In the context of a module, this invention is very
useful because it obviates the placement of some additional dies within. It does,
however, require that the IC designer and module designer work with an overall view of
the module objectives and the requirements of the various functional circuits in the
module. With this invention and the realization that some ancillary circuits will be
integrated into the same semiconductor die area as the signal conditioning circuits
unrelated to those ancillary circuits, the partitioning of signal conditioning circuits and

the ancillary circuits becomes an optimization task.
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[0051] Though the above embodiments refer to a SiGe BICMOS manufacturing
technology, other suitable manufacturing technologies for integration of the ancillary

circuitry is also supported according to the invention.

[0052] The embodiments of the invention further advantageously allow for integration of
silicon-based technologies with other technologies such as GaAs, InP, and GaN that do

not support a similar level of component integration.

[0053] Numerous other embodiments may be envisaged without departing from the spirit

or scope of the invention.
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Claims
What is claimed is:

1. An electronic apparatus comprising:
a first integrated circuit semiconductor die comprising:
a first portion of a first signal conditioning circuit integrated within the
first integrated circuit die and disposed along a first signal path; and
a second integrated circuit semiconductor die comprising;

a second portion of the first signal conditioning circuit integrated
within the second integrated circuit die and disposed along the first signal
path for performing a first signal conditioning function along with the first
portion of a first signal conditioning circuit for a signal propagating along
the first signal path; and,

a substrate for supporting the first and second integrated circuit
semiconductor dies and for providing electrical connection to and from the

first and second integrated circuit semiconductor dies.

2. An electronic apparatus according to claim 1, comprising a second signal
conditioning circuit comprising a first portion of the second signal conditioning circuit
and a second portion of the second signal conditioning circuit integrated within the
second integrated circuit die for performing a second signal conditioning function on a

signal propagating along a second signal path that is different than the first signal path.

3. An electronic apparatus according to claim 2, wherein the first signal conditioning
function and the second signal conditioning function provide similar signal conditioning

functions.

4. An electronic apparatus according to claim 1, wherein the first integrated circuit
die is manufactured using a first semiconductor process and utilizes a silicon based

technology.
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5. An electronic apparatus according to claim 4, wherein the second integrated
circuit die is manufactured using a second semiconductor process and utilizes other than

a silicon based technology.

6. An electronic apparatus according to claim 1, wherein the first portion of the first
signal conditioning circuit comprises at least a power amplifier circuit and where the
function of the first portion of the first signal conditioning circuit is for amplifying of an

input signal using the at least a power amplifier circuit.

7. An electronic apparatus according to claim 6, wherein the second portion of the

first signal conditioning circuit comprises an impedance matching circuit.

8. An electronic apparatus according to claim 2, wherein the second signal
conditioning circuit comprises at least a power amplifier circuit and where the function of
the first portion of the second signal conditioning circuit is for amplifying of an input

signal using the at least a power amplifier circuit.

9. An electronic apparatus according to claim 8, wherein the second portion of the
second signal conditioning circuit comprises an impedance matching circuit and where
the function of the first portion of the second signal conditioning circuit is for amplifying

of an input signal using the at least a power amplifier circuit.

10.  An electronic apparatus according to claim 2, wherein the first semiconductor
process does not facilitate manufacturing and integration of at least one of the second
portion of the first signal conditioning circuit and the second portion of the second signal

conditioning circuit.

11. An electronic apparatus according to claim 1, wherein the second integrated
circuit die is manufactured using a second semiconductor process that is different from

that used to manufacture the first integrated circuit die.
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12. An electronic apparatus according to claim 1, wherein the first integrated circuit
die is derived from a first semiconductor wafer comprised of one of Si, SiGe, GaAs, InP,

and GaN.

13.  An electronic apparatus according to claim 12, wherein the second integrated
circuit die is derived from a second semiconductor wafer that is comprised of other one

of Si, SiGe, GaAs, InP, and GaN.

14.  An electronic apparatus according to claim 1, wherein the first integrated circuit

die is manufactured using a BiCMOS process.

15.  An electronic apparatus according to claim 1, wherein the second portion of the
first signal conditioning circuit comprises at least one of a capacitor and an inductors and

a signal transmission line.

16.  An electronic apparatus according to claim 2, comprising:
a first ancillary circuit integrated within the first integrated circuit die and electrically
coupled to the first portion of the first signal conditioning circuit for use during operation

thereof.

17.  An electronic apparatus according to claim 16, comprising a second ancillary
circuit integrated within the first integrated circuit semiconductor die and electrically
coupled to the second portion of the first signal conditioning circuit and to the first and
second portions of the second signal conditioning circuit for other than performing the
first or the second signal conditioning function and for use by the second portion of the
first signal conditioning circuit and the first and second portions of the second signal

conditioning circuit during operation thereof.

18. A method of manufacturing a module comprising:
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providing a first signal conditioning circuit comprising a first portion and a
second portion;

implementing the first portion of the first signal conditioning circuit within a first
semiconductor die;

implementing the second portion of the first signal conditioning circuit within a
second semiconductor die;

bonding the first and second dies to a common substrate; and,

forming electrical connections between the two dies to complete the first signal
conditioning circuit from the first portion of the first signal conditioning circuit and the

second portion of the first signal conditioning circuit.

19. A method according to claim 18, comprising:

providing a second signal conditioning circuit comprising a first portion and a
second portion; and,

implementing the first and second portions of the second signal conditioning

circuit in the second semiconductor die.

20. A method according to claim 18, wherein the first semiconductor die comprises a
first portion of a first signal path and the second semiconductor die comprises a second
portion of the first signal path, the first signal path disposed between a first input port and
a first output port.

21. A method according to claim 20, wherein the second semiconductor die
comprises a second signal path that is other than the second portion of the first signal path

and in approximate RF isolation therefrom.

22. A method according to claim 18, wherein the second semiconductor die is
manufactured using a more expensive semiconductor process than that used for

manufacturing of the first semiconductor die.

-21-

Exhibit 1002
Kangxi Communication Technologies v. Skyworks Solutions, Inc.
0023



115-34USCIP/12667/100126

23. A method according to claim 18, wherein the first portion of the first signal

conditioning circuit is more cost effectively implemented in the first semiconductor die.

24. A method according to claim 18, wherein the first semiconductor die does not
facilitate implementation of the second portion of the first signal conditioning circuit

therein.

25. A method according to claim 18, wherein implementing of the second portion of
the first signal conditioning circuit within the second semiconductor die provides
increased performance in signal conditioning as compared to implementing of the second

portion of the first signal conditioning circuit within the first semiconductor die.

26. A method according to claim 18, wherein prior to implementing the first signal
conditioning circuit comprises partitioning of the first signal conditioning circuit into the

first portion and the second portion.

27.  An electronic apparatus comprising:

a first integrated circuit semiconductor die comprising:

a first portion of a first signal conditioning circuit integrated within the first
integrated circuit die and disposed along a first signal path;

a third portion of a first signal conditioning circuit integrated within the first
integrated circuit die and disposed along the first signal path; and

a second integrated circuit semiconductor die comprising;

a second portion of the first signal conditioning circuit integrated within
the second integrated circuit die and disposed along the first signal path for
performing a first signal conditioning function along with the first and third
portions of the first signal conditioning circuit for a signal propagating along the
first signal path; and,

a substrate for supporting the first and second integrated circuit
semiconductor dies and for providing electrical connection to and from the first

and second integrated circuit semiconductor dies.
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28.  An electronic apparatus according to claim 27, comprising:

a first RF signal input port coupled with an input port of the first portion of the
first signal conditioning circuit for receiving of a first RF input signal; and

a first RF signal output port coupled with an output port of the third portion of the
first signal conditioning circuit for providing of a first RF output signal,

wherein the first signal path is disposed between the first RF signal input port and
the first RF signal output port,

wherein the coupling circuit comprises;

a first electrical connection disposed between an output port the first
portion of the first signal conditioning circuit and an input port of the second
signal conditioning portion of the first signal conditioning circuit; and,

a second electrical connection disposed between an output port the second
portion of the first signal conditioning circuit and an input port of the third signal

conditioning portion of the first signal conditioning circuit.

29.  An electronic apparatus according to claim 27, comprising:

a first RF signal input port coupled with an input port of the second portion of the
first signal conditioning circuit for receiving of a first RF input signal; and

a first RF signal output port coupled with an output port of the third portion of the
first signal conditioning circuit for providing of a first RF output signal,

wherein the first signal path is disposed between the first RF signal input port and
the first RF signal output port,

wherein the coupling circuit comprises;

a second electrical connection disposed between an output port the second
portion of the first signal conditioning circuit and an input port of the third signal

conditioning portion of the first signal conditioning circuit.

30.  An electronic apparatus according to claim 27, comprising a second signal
conditioning circuit comprising a first portion of the second signal conditioning circuit

and a second portion of the second signal conditioning circuit integrated within the
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second integrated circuit die for performing a second signal conditioning function on a

signal propagating along a second signal path that is different than the first signal path;

31.  Anelectronic apparatus according to claim 27, wherein the first integrated circuit
die is derived from a first semiconductor wafer comprised of one of Si, SiGe, GaAs, InP,

and GaN.

32.  Anelectronic apparatus according to claim 31, wherein the second integrated
circuit die is derived from a second semiconductor wafer that is comprised of the other

one of Si, SiGe, GaAs, InP, and GaN.

33.  An electronic apparatus according to claim 27, wherein the second portion of the

first signal conditioning circuit comprises an interstage matching circuit.

34.  An electronic apparatus according to claim 27, comprising a first ancillary circuit
integrated within the first integrated circuit die and electrically coupled to the first portion
and the third portion of the first signal conditioning circuit for use during operation

thereof.

35.  An electronic apparatus according to claim 34, comprising a second ancillary
circuit integrated within the first integrated circuit semiconductor die and electrically
coupled to the second portion of the first signal conditioning circuit for use during

operation thereof.
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Abstract

A first signal conditioning circuit is formed from a first portion, a second portion and a
third portion. Signal conditioning functions of each of these portions are facilitated by a
predetermined type of integrated semiconductor die within which they are formed. Two
different semiconductor dies are thus provided for facilitating integration of the first
through third signal conditioning portions therein. Wire bonds are provided between the
two different semiconductor dies in order to form circuit paths between the different first
through third portions. The signal routing using between the two different semiconductor
dies provides for completing of the first signal conditioning circuit having a first signal
conditioning function. For example, circuits such as interstage matching circuits are

disposed on a different semiconductor die than power amplifier circuits.
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) Pressure sensor and method of assembly thereof.

@ A pressure sensor assembly is provided con -
taining a substrate (116) having signal conditioning
circuitry (110,126,130) disposed on both surfaces
(134,136) of the substrate (116), with the critical
pressure sensing element (140) disposed on one
surface (134) of the substrate (116) and the laser
trimmable resistors (120) disposed on the other
surface (136) of the substrate (116). A ported hous -
ing (118) seals the one side (134) of the substrate
(116) containing the pressure sensing element
(140), thereby forming a pressurizable chamber
while having the signal conditioning circuitry
(126,130) and resistors (120) on the other surface
(136) exposed for calibration by laser trimming of
the resistors (120). This eliminates the requirement
for a separate housing for the critical pressure
sensing element (140). In addition, when the ported
housing (118) is mounted to the pressure sensing
side (134) of the substrate (116) for formation of the
sealed pressure chamber, the through -holes (122)
which electrically interconnect the signal processing
circuitry (110,126,130) on both sides (134,136) of the
substrate (116) are also concurrently sealed.

114
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This invention relates to a pressure sensor and
to a method of producing a pressure sensor. More
particularly, an embodiment of this invention relates
to the packaging and assembly of a pressure sen -
sor, wherein the sensor employs a double sided
substrate having thick film circuitry on both sur-
faces, as well as an enclosed pressure sensitive
integrated circuit on one of those surfaces, yet
exposed signal conditioning circuitry on the other
surface allowing for calibration of that signal con -
ditioning circuitry by laser trimming means.

Pressure sensors are used in automotive ve —
hicles for a variety of purposes, such as for sens—
ing the vacuum pressure at the intake manifold of a
vehicle's engine, as well as for other applications.
Generally, such pressure sensors contain a pres —
sure sensitive element. A common type of pressure
sensitive element includes a piezo —resistive silicon
element which is integrated with appropriate ad -
justing circuitry in a monolithic silicon integrated
circuit. The piezo —resistive silicon element typi—
cally contains a diaphragm and piezo - resistive
strain sensors disposed on the diaphragm, which
are connected to the adjusting circuitry for mea—
suring the deflection of the diaphragm due to
pressure changes.

Often, the pressure sensor requires calibration

" to compensate for the variations that tend to occur

during manufacturing between individual pressure
sensing elements and signal conditioning circuitry.
To provide for this compensation, it is advanta-—
geous to include either separately or as part of the
integrated circuit, a conditioning network that per -
mits customized adjustment of the output param —
eters for the individual pressure sensor. This con—
ditioning network typically is a network of resistors,
of which some may be selectively maodified or
removed from the integrated circuit by laser trim -
ming the area of the resistors or alternatively by
opening fusible links in the network. However, in
order to calibrate these pressure sensors, the
critical pressure sensing element must first be en -
closed within a pressurizable chamber.

In the past, many different types of pressure
sensor assemblies have been disclosed. Often, the
pressure sensing element has been disposed
within a separate container for pressurization by
means of a port, such as disclosed in US—-A-
4,295,117. The separate container allows the
pressure sensing element to be appropriately
pressurized while the signal conditioning circuitry
remains exposed, thereby facilitating the laser
trimming of the exposed circuitry during calibration.
An illustrative example of this type of prior art
pressure sensor assembly is illustrated in cross -
section in Figure 1. (The size of the components
shown in Figures 1 to 3 are enlarged for the
purposes of this description.) The container 10
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housing the pressure sensing integrated circuit is
located adjacent to, but separate from, the sub-
strate 16 having the associated signal conditioning
circuitry. The container 10 is required so that the
pressure sensing element can be pressurized. Both
the container 10 and substrate 16 are glued to a
backplate 14, therefore leaving only one side of the
substrate 16 available for the signal conditioning
circuitry. This is an inefficient use of substrate

space and unduly increases the size of the as— -~

sembly. During calibration of this type of sensor,
pressure is applied to the pressure sensing ele -
ment within the container 10 through a port 12. A
laser is then able to access, from above, and trim
the resistor 20 within the signal conditioning cir -
cuitry, before a cover 18 is attached.

This prior art approach of Figure 1 has gen-—
erally been satisfactory, although has shortcom -
ings. The separate container 10 housing the sens -
ing element undesirably increases the number of
components within the assembly. The use of a
separate container 10 also requires that additional
interface joints be formed within the assembly,
which increases the number of processing steps,
thereby possibly decreasing product reliability.
Also, as stated above, by utilizing only a single
side of the substrate 16 for the signal conditioning
circuitry, the available area of the substrate is not
efficiently maximized.

An alternative prior art approach is shown in
cross - section in Figure 2. In this configuration, the
critical pressure sensing element 10a is attached to
a substrate 16 having the associated signal con-—
ditioning circuitry also disposed thereon. The sub -
strate 16 is attached to a backplate 14. The pres -
sure sensing element 10a is not contained within a
separate container. Rather, pressurization of only
the rear of the pressure sensing element 10a is
achieved by means of the port 12. In this embodi -
ment, thus, the sensing of pressure changes at the
rear of the sensing element is needed for calibra—
tion of a resistor 20 within the signal processing
circuitry. After laser trimming, a cover 18 is at-
tached to seal and protect the components.

This second approach is problematic in that,
again, only a single side of the substrate 16 can
support signal conditioning circuitry, since the
second side is necessarily sealed by the backplate
14 for pressurization during calibration of the
pressure sensing element 10a through the port 12.
Theretore, the second side cannot be exposed to
the laser trimming operations, leaving only the
topside available for the signal conditioning cir~
cuitry. In addition, rear sensing technology is re -
quired.

Another illustrative prior art approach is shown
in cross —section in Figure 3. Here, the substrate
16 is suspended within a housing 18, therefore
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permitting both sides of the substrate 16 to support
signal conditioning circuitry. However, in order to
calibrate the resistors 20a and 20b of the signal
conditioning circuitry, the resistors 20a and 20b
must be exposed. This, therefore, requires that the
pressure sensing integrated circuit be enclosed
within its own container 10 and pressurized by
means of the port 12, since the sealing cover 18 is
not attached until after the laser trimming oper -
ations carried out during calibration. Although this
approach allows both sides of the substrate 16 to
support signal conditioning circuitry, the design is
still less than ideal since the pressure sensing
element requires a separate pressurizable con-
tainer 10. In addition, a design such as this would
most probably include electrically conductive
through - holes for electrical interconnection of the
two sides of signal conditioning circuitry. For cali -
bration, these through—holes would also require
sealing, unless the pressure sensing integrated
circuit was sealed in its own container, as shown.

US-A-4,756,193 and US - A- 4,859,227 have
offered an alternative approach to housing the
pressure sensing element within a separate con -
tainer. Both these patents leave the pressure
sensing chip in an open chamber and then enclose
it by means of a flange on the pressure application
nozzle. Therefore, when the chamber requires
pressurization, such as for the calibration operation,
the pressure sensing element is sealed by the
flange of the pressure application nozzle. This has
been a satisfactory approach; however, this design
utilizes only a single side of the device for sup -
porting the signal conditioning circuitry.

The present invention seeks to provide an im -
proved pressure sensor and method of producing
such a pressure sensor.

According to an aspect of the present inven -
tion, there is provided a pressure sensor as speci —
fied in claim 1.

This invention can provide a pressure sensor
assembly which maximizes the efficiency of the
design by employing a double sided substrate for
population by signal conditioning circuitry, and by
eliminating the requirement for separately contain ~
ing the pressure sensitive element. In addition,
such a pressure sensor could facilitate the cali-
bration of the signal conditioning circuitry of the
pressure sensing element by laser trimming oper -
ations. Furthermore, such a pressure sensor can be
amenable for manufacturing by automotive pro-
duction techniques for use in automotive applica—
tions.

The invention can also provide a pressure
sensor wherein the pressure sensing element is
attached to one surface of a substrate, that surface
being appropriately sealed and pressurized, yet
wherein signal conditioning circuitry including
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trimmable resistors, remains accessible for laser
trimming during calibration, prior to final sealing of
the pressure sensor.

Through —holes may be provided from one
surface of the substrate to another at a perimeter of
the substrate, allowing adhesive at the perimeter of
the substrate to seal the through - holes.

According to another aspect of the present
invention, there is provided a method of producing
a pressure sensor as specified in claim 5.

Preferably, the method concurrently mounts
the substrate to a housing and seals through -
holes which provide electrical interconnection be —
tween the two sides of the substrate having dis-
posed thereon signal conditioning circuitry.

In a practical embodiment, a pressure sensor
assembly is provided which provides a substrate
having signal conditioning circuitry disposed on
opposite surfaces of a supporting substrate, with
the pressure sensing element disposed on one of
these surfaces and laser trimmable resistors dis—
posed on the other surface of the substrate. A
separate housing for the pressure sensing element
is not required, since the preferred housing seals
the side of the substrate containing the pressure
sensing element thereby forming a pressurizable
chamber, yet with the preferred housing, the re ~
sistors disposed on the opposite side of the sub -
strate remain exposed for laser trimming during
calibration.

Preferably, the. housing includes a circum-
ferential ledge, on which the supporting substrate
rests. This ledge spaces the substrate up from the
bottom surface of the housing, thereby forming an
air—tight chamber below the substrate for the
pressure sensing element. A port may be provided
into the chamber within a wall of the housing for
pressurization of the chamber. In addition, when
the substrate is attached to the circumferential
ledge of the housing for sealing the pressure
sensing element, through - holes which electrically
interconnect the signal processing circuitry on both
of the substrates are also concurrently sealed,
since the through—holes are preferentially dis—
posed along the perimeter of the substrate so as to
contact the circumferential ledge within the hous -
ing.

When the substrate is mounted to the circum -
ferential ledge within the housing, the through-
holes are preferably sealed and a pressure cham -
ber is concurrently formed. After final calibration
and laser trimming of the resistors provided on the
opposite surface of the substrate, a cover may be
attached to seal the exposed signal conditioning
circuitry.

A significant advantage of this embodiment is
that the signal — processing circuitry remains ac —
cessible until the final passivation treatment is ap -
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plied to the assembly. Where thick film circuitry is
utilized, such an advantage allows for final trimming
of the resistors in the circuit for the purpose of
correcting any signal output errors resulting from
processing tolerances of the circuit and the pres -
sure sensing element. In addition, the design of
this assembly can efficiently provide for opposite
surfaces of the supporting substrate to be popu -
lated by signal conditioning circuitry, therefore re -
ducing the size of the substrate required and ac -
cordingly the size of the entire device. Also, a
separate housing for the critical pressure sensing
element may not be required since the pressure
sensing side of the substrate can be sealed air-
tight while the other side of the substrate remains
exposed for calibration, thereby minimizing the
number of components and joints within the as-—
sembly. In addition, extra processing steps may
not be required for sealing the electrical intercon —
nection through -holes electrically connecting the
circuitry disposed on both surfaces of the sub-
strate.

The design of this embodiment can provide a
small compact assembly amenable to automotive
production techniques.

An embodiment of the present invention is
described below, by way of illustration only, with
reference to the accompanying drawings, in which:

Figures 1 to 3 are cross - sectional side views of

the construction and arrangement of prior art
pressure sensor assemblies;

Figure 4 is a cross - sectional bottom plan view
of an embodiment of pressure sensor assembly
showing a pressure sensing element and asso -
ciated signal processing circuitry;

Figure 5 is a cross—sectional plan view of the

pressure sensor assembly of Figure 4;

Figure 6 is a cross—sectional side view of the
pressure sensor assembly taken along line 6 -6
of Figure 4 showing a pressure chamber and
sealed substrate; and

Figure 7 is a cross - sectional side view of the

finished pressure sensor assembly of Figure 6.

As shown in Figures 4 to 7 (which are enlarged
views), a pressure sensor assembly is provided
which contains a substrate 116 having signal con -
ditioning circuitry disposed on opposite surfaces
134 and 136 of the substrate 116, with the critical
pressure sensing integrated circuit 110 disposed
on the lower surface 134 of the substrate 116 and
signal conditioning circuitry containing at least one
resistor 120 disposed on the top surface 136 of the
substrate 116 which can be laser trimmed during
calibration. The housing 118 seals the bottom side
134 of the substrate 116 containing the pressure
sensing chip 110, thereby forming a pressurizable
chamber 138, while keeping the resistor 120 on the
top surface 136 exposed for subsequent laser
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trimming. In addition, when the lower surface 134
of the substrate 116 is secured to a circumferential
ledge 128 of the housing 118 for formation of the
pressure chamber 138, the through-holes 122
which electrically interconnect the circuitry pro-
vided on the two surfaces 134 and 136 are sealed
at the same time.

With specific reference to Figure 4, a pressure
sensing chip 110 is disposed on the lower surface
134 of an alumina substrate 116. The pressure
sensing chip 110 preferably consists of a piezo -
resistive silicon element which is integrated with
adjusting circuitry in a monolithic silicon integrated
circuit. The piezo —resistive silicon element typi-—
cally contains a diaphragm and piezo - resistive
strain sensors disposed on the diaphragm and
connected to the adjusting circuitry for measuring
the deflection of the diaphragm arising from pres -
sure differentials across the diaphragm. Any other
suitable means for sensing pressure changes could
be employed instead of this type of pressure
sensing integrated circuit 110.

The pressure sensing circuit 110 is bonded to
the top of a rectangle (or other shape correspond -
ing to the lower surface of pressure sensing circuit
110) of Pyrex ™ glass or suitable material. A layer
of a suitable bonding agent is deposited evenly
onto the bottom surface 134 of the substrate 116 at
that region where the sensing element 110 is to be
attached. The bonding agent ensures uniform ad -
hesion between the components. A preferred
bonding agent might be a silicone adhesive, such
as Dow Corning 6611 silicone compound. This
compound is a high purity silicone having an ad -
ditional advantage of avoiding ionic contamination
of the sensitive electronic circuitry.

The base of the glass layer is attached to the
lower surface 134 of the substrate 116 by means of
a suitable bonding agent, such as silicone adhe -
sive. The glass layer provides an even transition
between coefficients of thermal expansion for the
various materials, while the silicone adhesive
serves to absorb any undesirable stresses pro-
duced during use which could be transmitted di-
rectly to the sensing chip 110 if it were mounted
directly to the substrate 116.

Additional associated thick film signal pro-
cessing circuitry, represented by electrically con -
ductive runners 126, is deposited on the lower
surface 134 of substrate 116 and electrically con—
nected to pressure sensing integrated circuit 110.
The pattern of the runners 126 is merely an ex—
ample, the actual pattern depending on the specific
application for the pressure sensor.

The thick film signal conditioning circuitry re —
presented by runners 126 on the lower surface 134
are in electrical communication with the thick film
signal conditioning circuitry provided on the top
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surface 136 of the substrate 116 by means of
through—holes 122, represented by selectrically
conductive runners 130 in Figure 5. The electrically
conductive runners 126 and 130 allow the input
power and output signal to be transmitted to and
from the pressure sensor chip 110 for signal con~
ditioning and processing. The conditioned output
signal is thereafter transmitted from the thick film
circuitry 126 and 130 to the associated vehicle
control system by means of external electrical
connections (not shown), which are known in the
art.

The thick film circuitry 126 and 130 is depos -
ited onto the respective surfaces 134 and 136 of
the alumina substrate 116 using conventional
means such as silk screening techniques, although
other techniques could also be used. The thick fiim
circuitry 126 and 130 can be of any electrically
conductive material, such as copper, nickel, pal -
ladium or silver or an electrically conductive alloy
of these materials. A preferred composition for the
thick film circuitry 126 and 130 is a conventional
palladium - silver alloy due to its good conductivity
and the expertise already available in the field of
depositing such a material.

As stated above, electrically conductive
through —holes 122a and 122b (shown in Figures 4
and 5) provide connection paths between the two
surfaces 134 and 136 of the substrate 116 for
electrically connecting the thick film circuitry 126
and 130 on both surfaces 134 and 136 of the
substrate 116. The interior, cylindrical surface of
the electrically conductive through-holes 122 is
coated with an electrically conductive material,
such as a conventional palladium - silver alloy, but
may include any of those materials listed above for
formation of the thick film circuitry. The actual
number of through —holes 122 may vary depending
on the specific application. Two through—holes
122a and 122b are shown in the embodiment,
although it is reasonable to expect that there could
be a large number of through —holes in a particular
application.

The through-holes 122a and 122b contact
respective bond pads 124a and 124b on the lower
surface 134 of the substrate 116 (Figure 4) and
respective bond pads 124c and 124d on the top
surface 136 (Figure 5). The bond pads 124 are
formed from the same electrically conductive ma -
terial as the thick film circuitry 126, so as to ensure
intimate and continuous contact between a bond
pad 124 and a through-hole 122. Although the
bond pads 124 do not need to be formed of the
same electrically conductive material used for the
thick film circuitry 126 and 130, it is practical and
efficient to use the same material on a single
surface of the substrate 116 so as to minimize
processing steps. The uniform and continuous
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contact between the through —holes 122 and bond
pads 124 ensures continuous electrical connection
between the thick film signal conditioning circuits
126 and 130 provided on both surfaces 134 and
136 of the substrate 116.

An advantage of this embodiment is that both
surfaces 134 and 136 of the substrate 116 are
designed to support signal conditioning thick film
circuitry 126 and 130. This preferred design mini—
mizes the space required for the signal condition —
ing circuitry 126 and 130, thereby providing an
efficient and compact pressure sensor package.

As shown most clearly in Figures 4 and 5, the
through — holes 122 are purposely positioned along
the perimster of the substrate 116. This readily
enables the subsequent sealing and packaging of
the pressure sensing integrated circuit 110, as de -
scribed more fully below. In the preferred em -
bodiment, regardless of the number of through -
holes 122 employed, the through - holes 122 are all
positioned along the perimeter of the substrate
116. In addition, it is to be noted that the through -
holes 122 may be useful for electromagnetic in -
terference purposes as well as for electrically in -
terconnecting the signal conditioning circuitry 126
and 130. For electromagnetic protection, some or
all of the through-holes 122 would contact an
electrical ground instead of contacting the bond
pads 124 associated with the signal conditioning
circuitry 126 and 130.

Figure 5 illustrates the top surface 136 of the
substrate 116. A single resistor 120 is shown as
part of the signal conditioning circuitry 130, al-
though in practice, a plurality of resistors may be
provided within the signal conditioning circuitry
130. In addition, although not shown in Figure 4,
resistors may be provided on the opposite, lower
surface 124 of the substrate 130 as well. However,
these resistors would not be accessible by laser
trimming methods during calibration. In addition, as
stated above with reference to Figure 4, the exact
pattern delineated by the thick film circuitry 130 is
dependent on the particular application, as will be
apparent to the person skilled in the art. The re -
sistor 120 is preferably of a ruthenium thick film
material deposited onto the surface 136 using
conventional means such as silk screening.

As shown in Figure 6, the lower surface 134,
which forms a pressure sensing side of substrate
116, is enclosed within a ported housing 118. The
ported housing 118 is preferably formed from a
rigid light—weight material, such as Celanex
3300D, a 30% glass filled polyester commonly
referred to throughout the industry as "PBT", al -
though other suitable materials could also be em —
ployed.

The ported housing 118 contains an integral
circumferential ledge 128 disposed around its cir -
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cumference for concurrently sealing the through -
holes 122 on formation of the pressure chamber
138. The pressure sensing integrated circuit 110
must be in a sealed pressure chamber 138 in order
to calibrate the sensor and to operate properly. The
perimeter of the lower surface 134 of the substrate
116 is secured to the circumferential ledge 128 of
the housing 118 by suitable means, such as Dow
Corning 6611 silicone adhesive, although other
suitable materials could also be used. This adhe -
sive region is represented by region 114 on the
lower surface 134 of the substrate 116 (also shown
in Figure 4).

The through - holes 122, which electrically in -
terconnect the signal processing circuitry 126 and
130 on both surfaces 134 and 136 around the
perimeter of the substrate 116, also contact the
circumferential ledge 128 of the ported housing
118 so as to be sealed concurrently on formation
of the pressure chamber 138. This concurrent
sealing of the through —holes 122 ensures an air -
tight pressure chamber 138 for the pressure sens -
ing chip 110 and intimate adhesion between the
ported housing 118 and the substrate 116.

A port 112 is provided within the ported hous -
ing 118 for pressurizing the pressure sensing
chamber 138. The pressure sensing chamber 138,
which encloses the pressure sensing integrated
circuit 110, is found by the walls of the ported 118
and the bottom surface 134 of the substrate 116.
The port 112 is preferably formed from a rigid
molded plastics material, although can be formed
from any suitable material that can withstand
pressurization. In addition, it may be desirable to
provide a plurality of ports 112 within the ported
housing 118, depending on the application.

It is to be noted that the pressure sensing
integrated circuit 110 can be located anywhere on
the lower surface 134 of the substrate 116. It is
advantageous that the pressure sensing chip 110
be placed near the centre of the substrate 116 for
minimization of stress due to the movement of the
diaphragm. However, at this location the chip 110
is the most exposed to the effects of pressurization
from the port 112, which can cause other types of
stresses. Therefore, in some circumstances it may
be preferable to position the pressure sensing chip
110 near but not at the centre of the substrate 116.

During testing and calibration of the assembly,
test pressures are applied through port 112 into the
pressure sensing chamber 138 over a variety of
temperatures. The signal conditioning circuitry 126
and 130 and resistor 120 on the top surface 136 of
the substrate 116 are accordingly tested. If modi-
fication of the resistor 120 is required, a laser is
used to trim the necessary area from the resistor
120, therefore adjusting its resistivity and its signal
output. The use of laser trimming is known in the
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microslectronics art and so will not be described in
further detail herein.

It is to be recognized that this embodiment
permits testing and adjusting to be carried out
without requiring that the entire package, probes or
test equipment be enclosed in any special low
pressure atmosphere. Moreover, testing and ad -
justing does not require sensing of the rear surface
of the substrate 116 or optical access to the sur-
face of the pressure sensing chip 110.

After testing and calibration, a high temperature
vulcanizing silicone passivation gel (not shown),
such as Dow Corning Q3-6635, is fed into the
chamber to protect the substrate 116 and overlay -
ing circuitry 130 and components 120. Such a
protective gel is very compliant for purposes of
minimizing stresses due to thermal expansion and
contraction of the gel in relation to the internal
components of the pressure sensor assembly.

As shown in Figure 7, a top cover 132 is
attached to the perimeter of the ported housing 118
to seal the exposed top surface 136 of the sub-
strate 116 having the signal conditioning circuitry
130 and laser trimmed resistor 120. The top cover
132 is preferably formed from a rigid molded
plastics material, such as the glass filled polyester
employed to form the ported housing 118, or any
suitable material. The top cover 132 is attached to
the ported housing 118 by any suitable means,
such as by the use of an adhesive like Dow Cor -
ning 6611 silicone compound.

An air gap of approximately 1.5 mm (1/16
inches) is left between the cover and the silicone
passivation gel to provide for thermal expansion.

A significant advantage of this embodiment is
that both the pressure sensing integrated circuit
110 and the hybrid thick film circuitry 126 and 130
are enclosed within a package in a manner which
minimizes the weight and space requirements of
the package. This is accomplished by efficiently
utilizing both sides of the substrate 116 for sup -
porting the circuitry. Furthermore, the pressure
sensing integrated circuit 110 does not require a
separate housing since the pressure sensing side
of the substrate 116 is sealed air-tight by the
ported housing 118.

An additional advantage is that the through -
holes 122 are sealed concurrently as the substrate
116 is mounted to the housing 118, therefore
eliminating additional processing steps. This is
accomplished with the use of the preferred ported
housing 118 which has a circumferential ledge 128
on which the supporting substrate 116 is mounted,
which also seals the through-holes 122. This
ledge 128 spaces the substrate 116 above the
lower surface of the housing 1186, thereby forming
an air—tight pressure chamber 138 below the
substrate 116 for the pressure sensing chip 110.
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A further advantage is that the hybrid thick film
circuitry remains accessible after being deposited
onto the substrate 116 until the final passivation
treatment is applied. This allows for final trimming
of the resistors 120 in the circuitry 130 for the
purpose of correcting any signal output errors re -
sulting from processing of the individual elements
of both the circuitry 130 and the pressure sensing
integrated circuit 110 due to tolerances and ther -
mally or mechanically induced stresses.

This design provides a small compact assem -
bly which is amenable to automotive production
techniques.

The ported housing could also be designed in
such a manner as to form a pressure chamber at
the same time as sealing the through - holes, even
when the through —holes are not located along the
perimeter of the substrate.

Claims

1. A pressure sensor comprising a substrate
(116) including substantially oppositely dis—
posed first and second surfaces (134,136);
thick film signal conditioning circuitry (126,130)
disposed on the first surface (134) and in-
cluding at least one resistor (120) having a
resistance adjustable in response to a signal
output by the signal conditioning circuitry; a
pressure sensing integrated circuit (110) dis =
posed on the second surface and including a
pressure sensitive element (140) and asso-
ciated circuitry (110) for producing a pressure
sensitive output signal; at least one electrically
conductive passage (122a,122b) in the sub-—
strate coupled to the thick film signal con-
ditioning circuitry and to the associated cir-
cuitry; and a ported housing (118) including a
ledge (128), the substrate being mounted on
the ledge and the or each passage being
sealed so as to form a pressurized chamber
enclosing the pressure sensing integrated cir —
cuit.

2. A pressure sensor according to claim 1,
wherein the or each electrically conductive
passage is located adjacent a perimeter of the
substrate; the ledge of the ported housing ex—
tending along the perimeter of the substrate.

3. A pressure sensor according to claim 1 or 2,
comprising a cover (32) for enclosing the first
surface (136) of the substrate after adjustment
of the resistance of the or each resistor dis—
posed on the first surface of the substrate.

4. A pressure sensor according to any one of
claims 1 to 3, wherein the substrate is of
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alumina and the pressure sensing integrated
circuit is of silicon.

8. A method of producing a pressure sensor
comprising the steps of providing a substrate
(116) including first and second surfaces
(134,136); providing on the first surface (136) a
thick film signal conditioning circuit (126,130)
including at least one resistor (120) having an
adjustable resistance; providing on the second
surface (134) a pressure sensing integrated
circuit (110) including a pressure sensitive
element (140) and associated circuitry (110) for
producing a pressure sensitive output signal;
providing on the substrate at least one elec —
trically conductive passage (122a,122b) for
electrically interconnecting the thick film signal
conditioning circuit and the associated cir—
cuitry; and enclosing the second surface (134)
of the substrate by means of a ported housing
(128) and substantially simultaneously sealing
the or each electrically conductive passage so
as to form a pressurisable chamber.

6. A method according to claim 5, wherein the or
each electrically conductive passage is located
adjacent a perimeter of the substrate.

7. A method according to claim 5 or 6, compris —
ing the steps of pressurizing the chamber so
as to cause the pressure sensitive integrated
circuit and the signal conditioning circuit to
produce an output signal; and adjusting the
resistance of the or each resistor (120) dis—
posed on the first surface in response to the
output signal.

8. A method according to claim 7, comprising the
step of enclosing the first surface of the sub -
strate after adjustment of the or each resistor.

9. A method according to claim 8, wherein-the
substrate is enclosed in a manner as to make
the pressure sensor air —tight.

10. A method according to claim 8 or 9, compris ~
ing the step of passivating the first surface of
the substrate after adjustment of the or each
resistor and before enclosing the first surface
of the substrate.
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Description

METHOD OF SURFACE MOUNTING RADIO FREQUENCY
COMPONENTS AND THE COMPONENTS
Technjcal Field

The present invention relates in general to an
improved method for surface mounting radio freguency
components, and a radio frequency component for mounting
in accordance with the improved mounting method. The
invention more particularly relates to a method of
surface mounting radio frequency components in a manner
which facilitates the placement of the components in
close proximity to one another, and which can be
accomplished with an improved radio frequency component.
Background Art

There have been many methods for the surface
mounting of radio frequency components, in particular
those components which interact with signals having
frequencies between approximately one kilohertz and
approximately twenty six gigahertz. An example of such a
prior art surface mounting method for radio frequency
components required the use of a circuit board having a
number of traces thereon in cooperation with components
having electronic devices on a carrier. A pair of
input/output launch pads, or contact areas, located on
the underside surface of the carrier member connected to
the electronic devices provide an external connection
point to the component.

The prior known method requires the components to be
positioned on the circuit board according to a
predetermined design. Once positioned, the contact
points of the components have been connected to the
traces by soldering. The components have been oriented
on the circuit board to position the edges of the
components preferably at right angles to the traces to
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avoid unwanted perisitic effects where at least a portion
of the high frequency signal can otherwise be lost.

While the prior known surface mounting technique for
radio frequency components has served its purpose
generally in facilitating the assembly procedure, it has
not provided a designer of radio frequency circuits with
much flexibility. The lack of flexibility relates to the
requirement for customization in the development process.
The design of radio frequency circuits is an application
specific undertaking. The designer must not only specify
the types of electronic devices contained within the
component, but also specify the configuration of the
board layout for the components for each radio frequency
application. The configuration of each one of the
components is important, since it is desirable to have a
high density clustering of the components on the board to
reduce its overall size. As a result, the designer must
not only design the layout of the traces on the circuit
board, but also design the configuration of the
components to be used with the custom designed circuit
board.

Efficiency can be increased by the designer by
creatively arranging the positions of the components in
the layout of the board. However, the customization of
each one of the components and the board layout required
greatly increases the cost of producing radio frequency
devices. Therefore, it would also be highly
desirable to have a new and improved method of surface
mounting radio frequency components which does not
require, or at least greatly reduces, required
customization of the radio frequency components and the
associated board layout, and which permits the
manufacturing of radio frequency devices in a relatively

inexpensive manner.
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Another drawback of the conventional surface
mounting technique for radio frequency components relates
to the layout of the traces used to connect components.
Due to the inherent characteristics of radio fregquency
signals, the traces are positioned on the circuit board
in such a manner to eliminate right angle bends therein.
Thus, instead of using a simple right angle bend to
redirect the course of a trace, designers have resorted
to the use of mitered corners and interconnecting trace
segments at less severe angles, to achieve a desired
circuit within the constraints imposed by the size of the
circuit board.

Using mitered bends and other such design
restrictions for the traces, the amount of circuit board
is undesirably large to accommodate all of the required
traces. The result has been an overly large board with a
less than desirable density of components.

This inefficient use of the circuit board is even
more apparent when bends and turns to the trace are
required. For example, a 180° "U"-turn in a trace
connecting two parallel chains of radio frequency
components, such as filters, requires the dedication of a
large area of the circuit board to accommodate a
segmented U-shaped trace. Thus, valuable space on the
board to accommodate the large U-shaped segmented trace
is lost. Also, the U-shaped.trace can cause an unwanted
and undesirable loss of the radio frequency signal.

Therefore, it would also be highly desirable to have
a new and improved method of surface mounting radio
frequency components in a more effective manner.
Disclosure of Invention

Therefore, the principal object of the present
invention is to provide a new and improved method of
surface mounting radio frequency components, and a radio
frequency component for use in such a method, to reduce
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greatly the need for customizing the radio frequency
components, to increase component density, and to
simplify the board layout design requirements.
Briefly, the above and further objects of the
present invention are realized by providing a new and
improved method of surface mounting radio frequency

. components, and a radio frequency component for use

therein, to facilitate greatly circuit board layout and
to reduce or eliminate entirely the requirement for
customized radio frequency components. Such a new and
novel method of surface mounting radio frequency
components utilizes the circuit board in.an efficient
manner to enhance the highly desirable high density
clustering of components.

The method of surface mounting radio frequency
components includes using at least one radio frequency

component having a pair of input/output contact points or

areas at corners on the underside of the component,
wherein each of the input/output contact points or areas
abuts the adjoining edges of the corners. The component
is positioned relative to a pair of traces on a circuit
board for enabling an electrical connection thereto in a
range of angular dispositions. By using a single
non-customized component, adjacent components can be
configured with a signal flow path of a range between
about 0° (a chain configuration) and about 180° (a
"gt-turn).
Brief Description of Drawings

The above mentioned and other objects and features
of this invention and the manner of attaining them will
become apparent, and the invention itself will be best
understood by reference to the following description of
the embodiment of the invention in conjunction with the
accompanying drawings, wherein:
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FIG. 1 is a partial diagrammatical view of a portion
of a prior art radio frequency circuit, illustrating
conventional surface mounting methods;

FIG. 2 is a partial diagrammatical view of a portion

5 of another prior art radio frequency circuit,
illustrating conventional surface mounting methods;

FIG. 3 is a partially diagrammatic, broken away
elevational view of a radio frequency component, which is
constructed according to the present invention:;

10 FIG. 4 is an enlarged bottom view of the radio
frequency component of FIG. 3;

FIG. 5 is a partial diagrammatical view of a radio
frequency circuit, including a radio frequency component,
which is surface mounted according to the method of the

15 present invention to provide a signal flow path having a
180° turn:;

FIG. 6 is a partial diagrammatical view of another
radio frequency circuit utilizing the radio frequency
component of FIG. 5, which is also surface mounted

20 according to the method of the present invention to
provide a signal flow path having a 90° turn;

FIG. 7 is a partial diagrammatical view of yet
another radio frequency circuit, also utilizing the radio
frequency component of FIG. 5, which is also surface

25 mounted according to the method of the present invention
to provide a signal flow path having a 0° turn (linear or
chain configuration):

FIG. 8 is a partial diagrammatical view of a further
radio frequency circuit, which is also surface mounted

30 according to the method of the present invention to
provide a 180° signal flow path turn;

FIG. 9 is a partial diagrammatical view of another
radio frequency circuit, and another radio fregquency
component, which is also surface mounted according to the

35 present invention; and
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FIG. 10 is a partial diagrammatical view of another
radio frequency circuit, which is also surface mounted
according to the method of the present invention:;

FIG. 11 is a partial diagrammatical view of yet

5 another radio frequency circuit, and yet another radio
frequency component for use therein, which is also
surface mounted according to the method of the present inventio:
Best Mode for Carrying Out the Invention

Referring now to FIG. 1, there is shown a bottom

10 view of a portion of a prior art radio frequency circuit
generally indicated at 10, which employs conventional
surface mounting techniques according to a prior art
method. The circuit 10 includes a conventional radio
frequency component 11 having a generally rectangular

15 underside 12 and edges 14, 16, 18 and 20. Edges 14 and
20 intersect at a corner area generally indicated at 22
of the underside 12, and edges 16 and 18 intersect to
form a corner area generally indicated at 24 of underside
12.

20 A pair of input/output contact members 30 and 32 are
disposed at the opposite respective side edges 20 and 16
spaced from the respective corner areas 22 and 24 to
enable the radio frequency component 11 to be connected
electrically to the circuit board.

25 According to the prior art method of surface
mounting the component 11, the radio frequency component
11 is positioned over the circuit board to align the
input/output connection members 30 and 32 with a pair of
traces 40 and 50, respectively. In order to reduce

30 interference introduced by the traces 40 and 50, the
traces 40 and 50 include connection portion 42 and 52,
respectively, which are connected to the input/ocutput
connection members 30 and 32 by conventional soldering
techniques and which are substantially perpendicular to

35 the adjacent edges 20 and 16, respectively.
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It is well known in the art that an improper
arrangement of the traces carrying radio frequency
signals can cause a loss of the signals. In this regard,
traces having sharp turns, such as right angle turns
without any mitering or other design considerations, are
to be avoided since the adjoining traces can create
unwanted perisitic effects in the form of electrical
interference. The result of such interference is a
signal loss.

To reduce signal losses caused by abrupt turns in
the traces, all right angle turns in the course of the
segmented trace 50 on a circuit board (not shown) have
been eliminated by using angled trace members, such as
trace members 54, 56, 58 and 60. In this regard, trace
members 52 and 60 are spaced apart from one another, and
are substantially parallel, but the intermediate portion
of the trace 50 employs an irregular shape due to the
segments 54, 56 and 58.

In order to connect trace members 52 and 60 without
using a 90° bend, trace member 56 is positioned
perpendicular to both trace members 52 and 60. Rather
than intersecting trace members 52 and 60 at right
angles, trace member 56 is connected to trace members 52
and 60 by angled trace members 54 and 58. In this
regard, the angled trace members 54 and 58 form about 45°
angles with the trace members 52 and 56, as well as trace
members 56 and 60.

The angled trace members 54 and 58 form mitered
corners 53 and 57 in the trace 50, thereby eliminating
detrimental effects due to sharp turns in the trace.
However, the resulting segmented trace 50 extending to an
adjacent component (not shown) occupies an undesirably
large amount of space on the circuit board (not shown)
and thus the resulting component spacing is not very
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dense. Also, the large segmented traces can produce an
undesired loss in signal.

Referring now to FIG. 2, there is shown another
prior art radio frequency circuit 200 which is surface
mounted to a circuit board 201 according to a prior art
method. The conventional surface mounting method uses a
pair of conventional radio frequency components 210 and

280 for mounting on the circuit board 201. As both radio

frequency components 210 and 280 are substantially
similar to one another, only radio frequency component
210 will now be considered hereinafter in greater detail.

The radio frequency component 210 includes a
generally rectangularly shaped underside surface 212
having edges 214, 216, 218 and 220. A pair of
input/output connection members 230 and 232 are disposed
at opposite edges 214 and 218. The input/output
connection members 230 and 232 abut edges 214 and 218,
respectively, and are located at about a midpoint
thereof. The component 210 is similar to the prior art
component 11 (FIG. 1) except that the input/output
connection members 230 and 232 have been positioned
directly opposite of one another at the end edges of the
component. This U-shaped configuration enables
components, such as components 210 and 280, to connect a
pair of parallel linear chains of components in a 180°
signal flow path configuration. 1In this regard, for
example, depending on the polarity, a signal can enter
the component 280 at trace 272, flow through the
component 280, a segmented U-shaped trace 250, the
component 220, and out the trace 242 to complete the 180°
flow path turn. .

The radio freguency component 210 is positioned
relative to traces 240 and 250 to align the input/output
connection members 232 and 230 therewith. The component
210 is then mounted to the traces 240 and 250 to connect
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electrically the input/output connection members 232 and
230 thereto, wherein the traces 240 and 250 form a 90°
angle relative to the opposite edges 218 and 214,
respectively.

Similarly, the component 280 is positioned relative
to the trace 250 and another trace 270 to position the
input/ocutput connection members 282 and 284 therewith.
The component 280 is then mounted to the circuit board to
connect electrically the traces 250 and 270 to the
input/output connection members 282 and 284. The traces
250 and 270 form a 90° angle with the opposite edges 286
and 288, respectively. As a result, the components 210
and 280 are mounted to the circuit board in a parallel
manner, and are connected to one another by the trace
250.

As discussed previously, all right angles with
special mitering or other design considerations in radio
frequency traces are to be avoided to eliminate signal
losses associated with the sharp turns. Thus, the prior
art method of surface mounting components 210 and 280 in
parallel was accomplished by eliminating all right angled
bends in the trace 250.

In order to eliminate all unwanted right angled

" pends, the segmented trace 250 was divided into trace

numbers 252, 254, 256, 258 and 260. Trace members 252
and 260 are attached to the input/output connection
members 230 and 282, respectively, and are substantially
parallel to one another. The trace member 256 is
positioned perpendicular to the trace members 252 and
260, and is connected thereto by trace members 254 and
258. By angling the trace members 254 and 258 at about a
45° angle from trace members 252, 256 and 260 to form
mitered corners, the trace 250 is substantially U-shaped
and permits the connection of the components 210 and 280
to one another without the use of a right angled turn.
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While the use of mitered corners eliminated right
angled bends and rounded turns in connecting the
components 210 and 280 to one another with the trace 250,
signal losses were still prevalent. The signal losses
resulted from the relatively long length of the segmented
trace 250 and the per unit length resistance associated
with the trace 250. Thus, by increasing the length of
the trace 250 by using mitered turns to eliminate
interference losses, losses due to resistance have
increased.

Furthermore, requiring mitered turns in the
segmented trace 250 causes the components 210 and 280 to
be spaced further apart from one another in an
undesirable manner. This is necessitated by the need to
include the angled trace members 254 and 258 which extend
in both the x and y coordinates of the plane defined by
the circuit board 201. As a result of the components 210
and 280 being spaced further apart, the component density
on the circuit board 201 is reduced, thereby reducing the
efficient use of available circuit board surface area.

From the foregoing, it is apparent that the prior
art components 11, 210 and 280, and the methods of
surface mounting them, are restrictive and inefficient.
In this regard, all traces connected to the respective
input/output connection members must be normal to edges
adjacent to the input/output connection members. To
deviate from this introduces interference caused by a
trace forming an acute angle with the adjacent edge. 1In
addition, the lengths of traces connecting parallel
components are increased, thereby increasing the signal
losses. Furthermore, the spacing between components is
increased. Increasing the space between components
requires more surface area of the circuit board to
surface mount the components, reducing the efficient
utilization of available circuit board surface area.
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Referring now to the drawings, and more particularly
to FIGS. 3 and 4 thereof, there is shown a radio
frequency component 300 which is constructed according to
the present invention, and which is surface mounted
according to a method of the present invention. The
component 300 includes a rectangular carrier portion 310
having an upper surface 311 and an electrically
non-conductive underside surface 312. A housing 313 is
attached to the upper surface 311 and encloses an
electronic device 370 within. It will be understood by
one skilled in the art that the radio frequency device
370 could contain a filter, an amplifier, or an
oscillator, or any other radio fregquency device.

Considering now the carrier member 310 in greater
detail with respect to FIG. 4, the carrier member is
defined by the edges 314, 316, 318 and 320. Adjoining
edges 314 and 320 form a corner portion 322, while
adjoining edges 318 and 320 form a corner portion 324.
Input/output connection members 330 and 332 are disposed
in the corners 322 and 324, respectively, to facilitate
the electrical connection of the radio frequency device
370. 1In this regard, the radio frequency device 370 is
connected between the input/output connection members 330
and 332 by a means not shown to permit the device 370 to
be activated.

Input/output connection member 330 abuts the edges
314 and 320 and the input/output connection member 332
abuts the edges 318 and 320, wherein the edge 320 is
common to both of the input/output connecting members 330
and 332. Also disposed on the underside surface 312, and
spaced apart from the input/output connection members 330
and 332 by a pair of gaps 331 and 333, is a base portion
340. The input/output connection members 330 and 332 and
the base member 340 are electrically conductive to enable
the component 300 to function in a radio frequency
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circuit (not shown). However, the input/output
connection members 330 and 332 are electrically isolated
from the base portion 340 on the underside surface 312
due to gaps 331 and 333.

The edges 314, 318 and 320 include semi-circular
notches 354, 356 and 358, as well as quarter-radius
notches 350 and 352. All of the notches 350, 352, 354,
356 and 358 are half-plated to facilitate post assembly
inspection.

Referring now to FIGS. 5-8, a number of methods of
surface mounting radio frequency components, such as the
radio frequency component 300 illustrated in FIGS. 3 and
4, are illustrated.

Referring now to FIG. 8, there is shown a radio
frequency circuit 800 which is surface mounted according
to the present invention. The circuit 800 utilizes three
substantially similar components 300, 810 and 850, in
connection with a circuit board 801 having traces 846,
856, 858 and 860 thereon.

Using the component 300 of FIGS. 3 and 4, the
component 300 is positioned relative to the traces 856
and 858. The input/output connection members 330 and 332
are mounted to the traces 856 and 858, respectively, to
complete the electrical connection therebetween. A
reference line 804 is indicative of the central axis of
the component 300.

Another component 810, having a reference line 802
indicative of the central axis of the component 810, is
rotated about an angle G relative to the reference line
804 to orient the component 810 perpendicular to the
component 300, wherein the angle G is about 90°. The
input/output connection members 830 and 832 are aligned
with traces 846 and 856, respectively. The component 810
is mounted to the traces 846 and 856 to electrically
connect the input/output connection members 830 and 832
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thereto. In this mounted position, the traces 558 and
556 are rotated from a common edge 816, which abuts both
the input/output connection members 830 and 832, by the
angles K and H, wherein the angles K and H are about 90°.

Similarly, the component 850 includes input/output
connection members 870 and 872 and a common edge 856
which abuts both of the input/output connection members
870 and 872. The component 850 is positioned relative to
traces 858 and 860, wherein the component 850 is
substantially parallel to the component 810. The
input/output connection members 870 and 872 are
electrically connected to the traces 860 and 858, thereby
completing a "U"-turn consisting of the three similar
components 300, 810 and 850.

It will be understood by one skilled in the art that
the components 300, 810 and 850 occupy approximétely the
same amount of circuit board space on circuit board 801
that was occupied by the prior art components 210 and
280, connected by the trace 250 on circuit board 201 of
FIG. 2. Thus, circuit 800 enables three components to be
used in the amount of space where previously only two
components could be used.

By surface mounting the three components 300, 810
and 850 in the same amount of space previously used by
only two components, the efficient use of the circuit
board 801 is significantly increased. Furthermore, by
replacing the trace 250 (FIG. 2) with a component,
component 300, the losses resulting from the resistance
of the trace 250 are eliminated. Therefore, the method
of surface mounting according to the present invention
permits the mounting of a larger number of components on
a fixed amount of surface area, thereby enabling a larger
component density on a circuit board, while reducing the
signal losses due to trace resistance characteristics.
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As described previously, the input/output connection
members 330 and 333 (FIGS. 3-8) are disposed at corner
surfaces 332 and 334. As a result of the input/output
connection members 330 and 332 being located on the
corner surfaces 332 and 324, a trace can be connected to
the input/output connection members 330 and 332 at a
number of angles not possible with the prior art
component configuration. For example, the trace may be
connected to the input/output connection member 330 at an
angle of between about 90° and 180° from the common edge
320 without the trace forming an acute angle with either
edge 320 or edge 314.

Considering now the method of surface mounting the
radio frequency circuit 500 (FIG. 5), the circuit 500 is
surface mounted to a circuit board (not shown) utilizing
the radio frequency component 300. The circuit board
includes a pair of traces 540 and 550 for connecting
electrically the component 300 to other components (not
shown) . .

In operation, the component 300 is positioned
relative to the traces 540 and 550 to enable the
input/output connection members 330 and 332 to be aligned
with the traces 540 and 550. Once aligned, the component
300 is mounted to the circuit board to connect the
input/output connection members 330 and 332 to the traces
540 and 550, respectively. The traces 540 and 550 are
connected to the input/output connection members 330 and
332 at angles A and B, relative to the common edge 320,
wherein the angles A and B are about 90°.

By connecting the traces 540 and 550 at 90° angles
to the common edge 320, the component 300 facilitates a
180° change in direction of the flow of a radio frequency
signal. For example, the traces 540 and 550 could be
connected to a pair of parallel chains of radio frequency
components (not shown). The signal transmitted through
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one of the chains enters the component 300 through one of

the traces 540 or 550. The signal passes through the

component 300 and is redirected 180° before being

transmitted to the other chain of components through the
5 other trace 550 or 540.

Considering now the method of surface mounting the
radio frequency circuit 600 (FIG. 6), the circuit 600
utilizes the component 300 in a variation of the circuit
500. In this regard, the method of surface mounting the

10 component 300 requires the component 300 to be positioned
relative to traces 640 and 650 of a circuit board (not
shown), wherein the input/output connection members 330
and 332 are aligned therewith. The input/output
connection members 330 and 332 are mounted to the circuit

15 board to connect electrically the input/output connection
members 330 and 332 to the traces 640 and 650,
respectively. The traces 650 and 640 are connected to
the input/output connection members 330 and 332 at angles
C and D relative to the common edge 320, respectively,

20 wherein the angles C and D are about 135°.

The connection of traces 650 and 640 at 135° angles
to the common edge 320 enables a pair of chains of
components (not shown) to be connected to one another in
a manner similar to the circuit 500 of FIG. 1. However,

25 in circuit 600, the component 300 facilitates a 90°
change in direction of the flow of the radio frequency
signal. Thus, the signal transmitted through one of the
traces 650 or 640 to the component 300 flows
therethrough, and the signal is redirected 90° before

30 being transmitted to the other chain of components
through the other trace 640 or 650.

Considering now the method of surface mounting the
circuit 700 (FIG. 7), the circuit 700 is produced using
the component 300 in conjunction with a circuit board

35 (not shown) having the traces 750 and 740 thereon. The
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component 300 is positioned relative to the traces 740
and 750 to align the input/output connection members 330
and 332 therewith. Once positioned, the input/output
connection members 330 and 332 are connected to the
traces 740 and 750, respectively, to complete the
mounting of the component 300. The traces 750 and 740
are connected to the input/output connection members 330
and 332 at angles E and F relative to the common edge
320, respectively, wherein the angles E and F are about
180°.

The connection of traces 750 and 740 at 180° angles
to the common edge 320 enables a pair of chains of radio
frequency components (not shown) to be connected to one
another wherein the flow of the radio frequency signal is
not redirected. Instead, the chains of components are
co-linear with the component 300. The signal flows from
one chain to the component 300, and on to the other chain
without changing direction. Thus, the component 300
facilitates a 0° change in direction of signal flow.

It will be understood by one skilled in the art that
the angles C and D are only representative of an infinite
number of possible angles which can be used, and which
are in the range bounded by the angles A and B at one end
and the angles E and F at the other end. Because of the
wide variety of angles permissible, the radio frequency
components of the present invention can be utilized in a
large variety of radio frequency circuits where the
angles between the common edge and the traces vary. Due
to the flexibility provided by the method of the present
invention, and the inventive radio frequency component
used therein, the component 300 facilitates the
connection of adjacent components (not shown) in
arrangements wherein the angle between the adjacent
components can be configured to vary between about 0°
(FIG. 7) and about 180° (FIG. 5). Thus, the
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configuration of a component, such as component 300, may
be utilized in a large number of circuits. In this way,
a designer can rely on a single component's configuration
to satisfy a large number of circuit design requirements.
The flexibility available is increased by using
components, such as component 300, in chains to form the
desired circuit. In this way, the flexibility provided
by each one of the components provides the designer with
an unlimited amount of design options to optimize the use
of available circuit board surface area.

Furthermore, the use of a common component
configuration for completing a circuit reduces the cost
of surface mounting‘the components. When using the
common component, the component can be specified as an
off-the-shelf item, reducing the cost of the method of
the present invention.

The previously described components 300, 810 and
850, which are all constructed according to the present
invention, provide a designer with the flexibility to
create a large number of radio frequency circuits. 1In
order to provide additional flexibility, a component 910
(FIG. 9) is contemplated. The component 910 is
substantially similar to the components 300, 810 and 850,
except that the input/output connection members 930 and
934 are positioned in opposite corner locations 922 and
926. The corner surfaces 922 and 926 are formed by the
adjoining edges 914 and 915, and 912 and 918,
respectively. In this regard, the edges 914 and 918 are
about parallel to one another.

considering now the method of surface mounting
circuit 900, the component 910 is positioned relative to
a pair of traces 950 and 960. The component 910 then is
mounted to the traces 950 and 960. In this mounted
position, the input/output connection members 930 and 934
are electrically connected to the traces 950 and 960 and
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the traces 950 and 960 are rotated from the opposite
edges 914 and 918 by angles R and P, respectively,
wherein R and P are about 90°.

The angles R and P can be adjusted to be between
about 90° and about 180°. In this way, the traces always
form an acute angle with any of the edges 912, 914, 916
or 918. Thus, the losses associated with a trace making
an acute angle with an edge are eliminated.

Referring now to FIG. 10, there is shown another
radio frequency circuit 1000. The circuit 1000 includes
an antenna device 1010 which is connected simultaneously
to the radio frequency components 300 and 850 in a
diplexing or multiplexing configuration.

The component 300 is positioned relative to a pair
of traces 1050 and 1060. Similarly, the component 850 is
positioned relative to a pair of traces 1070 and 1080.
The component 850 is rotated about 180° from the
orientation of the component 300, wherein the
input/output connection members 870 and 872 are spaced
apart from the input/output connection members 332 and
330, respectively.

The components 300 and 850 are mounted to the traces
1050, 1060, 1070 and 1080, connecting the i1nput output
connection members 330, 332, 870 and 872 thereto. The
traces 1060 and 1070 are rotated from the common edges
320 and 856 by angles M and N. The angles M and N are
about 135°. It will be understood by one skilled in the
art that the angles M and N may vary between about 90°
and about 150°. The traces 1060 and 1070 terminate at a
trace 1020, which is in turn connected to the antenna
device 1010 to transmit a radio frequency signal received
by the antenna device 1010 to the components 300 and 850.

Referring now to FIG. 11, there is shown another
embodiment of a radio frequency circuit 1100, which is
also surface mounted according to the present invention.
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The circuit 1100 includes a radio frequency component
1110 which includes three input/output connection members
1130, 1132 and 1134, located on three corner surfaces
1122, 1124 and 1126 on the undersurface 1112. The
input/output connection members 1130 and 1132 abut in
edge 1116 while the input/output connection members 1132
and 1134 abut an edge 1118.

The component 1110 is positioned relative to three
traces 1150, 1160, and 1170. The input/output connection
members 1130, 1132 and 1134 are connected to the traces
1150, 1160 and 1170. An antenna device 1180 is connected
to a trace 1182 and the trace 1182 is electrically
connected to the trace 1150 to provide a radio frequency
signal to the component 1110.

From the foregoing, one skilled in the art will
understand that a large variety of radio frequency
circuits can be constructed using a number of similarly
configured radio frequency components. Other radio
frequency components having slightly different
configurations can be used to accommodate a particular
need, such as the input of a remote signal. In this way,
the basic building blocks available to a designer of
radio frequency circuits are substantially similar,
thereby reducing the design time of each radio frequency
circuit. Furthermore, the variety of radio frequency
components for any number of possible circuit design is
substantially reduced enabling the components to be more
readily available.

Wwhile particular embodiments of the present
invention have been disclosed, it is to be understood
that various different modifications are possible and are
contemplated within the true spirit and scope of the
appended claims. There is no intention, therefore, of
limitations to the exact abstract or disclosure herein

presented.
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What is claimed is:
1. A method of surface mounting radio frequency
components to a circuit board, comprising:
using at least one rectangular surface mounting
component having a pair of input/output connection
members disposed at a pair of adjacent corner surfaces on
the underside of said component, each of said
input/output connection members abuts adjoining edges of
said corner surfaces, wherein said input/output
connection members abut a common edge;
using a circuit board having a plurality of
traces disposed thereon;
positioning said component relative to a first
trace and a second trace to align said input/output
connection members with said first trace and said second
trace; and
mounting said component to said circuit board,
wherein said input/output connection members are
connected electrically to said first trace and said
second trace, each one of said traces intersects said
common edge at an angle between about 90° and about 180°.
2. A method according to claim 1, further
comprising:
using another of said surface mounting
components;
rotating said another surface mounting
component about 90° from the orientation of said surface
mounting component;
positioning said another surface mounting
component relative to said second trace and a third
trace, wherein said second trace is substantially
straight; and
mounting said another surface mounting
component to said circuit board, wherein said
input/output connection members of said another surface
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mounting component are connected electrically to said
second trace and said third trace, said second trace and
said third trace intersecting said common edge of said
another surface mounting component at an angle between
about 90° and about 180°.
3. A method according to claim 1, further

comprising:

using a second surface mounting component;

rotating said second surface mounting component
between about 0° and about 180° from the orientation of
said surface mounting component;

positioning said second surface mounting
component relative to a third trace and a fourth trace to
align said input/output connection members of said second
surface mounting component with said third trace and said
fourth trace:

mounting said second surface mounting component
to said circuit board, wherein said input/output
connection members of said second surface mounting
component are connected electrically to said third trace
and said fourth trace, said third trace and said fourth
trace each intersecting said common edge of said second
surface mounting component at an angle of between about
90° and about 180°; and

connecting electrically said second trace and
said third trace without using mitered turns.

4. A method according to claim 3, further

comprising:

using a third surface mounting component;

rotating said third surface mounting component
about 90° from the orientation of said surface mounting
component;

positioning said third surface mounting
component relative to said second trace and said third
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trace, wherein said second trace and said third trace are
substantially straight; and

mounting said third surface mounting component
to said circuit board, wherein said input/output
connection members of said third surface mounting
component are connected electrically to said second trace
and said third trace, said second trace and said third
trace each intersecting said common edge of said third
surface mounting component at an angle of between about
90° and about 180°.

5. A method of surface mounting radio frequency

components to a circuit board, comprising:

using at least one rectangular surface mounting
component having a first input/output connection member,
a second input/output connection member and a third
input/ocutput connection member disposed at three corner
surfaces on the underside of said component, each of said
input/output connection members abuts adjoining edges of
said corner surfaces, wherein said first and said second
input/output connection members abut a common edge, and
said second and said third input/output connection
members abut another common edge:;

using a circuit board having a first, a second
and a third trace disposed thereon;

positioning said component relative to said
first, said second and said third trace, wherein said
first input/output connection member is aligned with said
first trace, said second input/output connection member
is aligned with said second trace and said third
input/ocutput connection member is aligned with said third
trace; and

mounting said component to said circuit board,
wherein said first, said second and said third
input/output connection members are connected
electrically to said first, said second and said third
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traces, respectively, said first trace and said second
trace each intersecting said common edge at an angle of
between about 90° and about 180°.
6. A method according to claim 5, further
comprising:
using an antenna means;
connecting electrically said antenna means to
said third trace to provide a signal to said component.
7. A method according to claim 3, further
comprising:
rotating said second surface mounting component
about 180° from the orientation of said surface mounting
component;
positioning said second surface mounting
component relative to a third trace and a fourth trace to
align said input/output connection members of said second
surface mounting component with said third trace and said
fourth trace;
mounting said second surface mounting component
to said circuit board, wherein said input/ocutput
connection members of said second surface mounting
component are connected electrically to said third trace
and said fourth trace, said third trace and said fourth
trace each intersecting said common edge of said second
surface mounting component at an angle of between about
90° and about 180°;
connecting electrically said second trace to
said third trace, wherein said second and said third
trace are substantially straight; and
connecting an antenna means at about the
intersection of said second trace and said third trace to
provide a signal to said component and said second
component.
8. A radio frequency component for facilitating
the mounting thereof on a circuit board, comprising:
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at least two traces disposed on said circuit
board;

a rectangular carrier member including an
underside having a pair of input/output connection
members disposed at adjacent corner surfaces of said
underside for enabling the electrical connection of said
carrier member to said traces, each of said input/output
connection members abuts adjoining edges of said corner
surfaces, wherein said input/output connection members
abut a common edge; and

wherein each one of said traces intersects said
common edge at an angle of between about 90° and about
180°.

9. A radio frequency component according to claim
8, wherein each of said traces intersects said common
edge at an angle of between about 105° and about 165°.

10. A radio frequency component according to claim
8, wherein each of said traces intersects said common
edge at an angle of between about 120° and about 150°.

11. A radio frequency component according to claim
8, wherein each of said traces intersects said common
edge at an angle of about 135°.

12. A radio frequency component according to claim
8, further comprising:

another input/output connection member disposed
on another corner surface for enabling said carrier
member to be connected electrically to a third trace,
wherein said another input/output connection member abuts
adjoining edges of said another corner surface.

13. A radio frequency component for facilitating
the mounting thereof on to a system board, comprising:
at least two traces disposed on said circuit

board;

a rectangular carrier member including an
underside having a pair of input/output connection
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members disposed at opposite corner surfaces of said
underside for enabling the electrical connection of said
carrier member to said traces, each of said input/output
connection members abuts adjoining edges of said corner

5 surfaces, wherein said input/output connection members
abut oppositely disposed edges; and

wherein each one of said traces intersects said

opposite edges at an angle of between about 90° and about

180°.
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) Wire bond connection system.

@ Electrical circuit including a first array (22) and a
second array (16) of electrical components mounted
on a circuit board having an electrically conductive
cladding (20), comprising a system for interconnec-
ting the components of the first array to the compo-
nents of the second array with parallel signal chan-
nels. In each of the channels, there is one elec-
trically conductive strip (48) formed within the clad-
ding (20) and providing for a path of current from a
component of the second array to a component of
the first array. A second conductive path is provided
for conducting current from the first array to the

second array. The conductive strip forms therewith a
portion of a loop which generates a magnetic field in
the presence of currents flowing through the two
paths. There is magnetic coupling between the paths
of one channel to the paths of the other channel, the
magnetic coupling provided by the wire loops having
a positive coefficient of mutual inductance while the
coupling from loops lying in a plane paraliel to the
padding is characterized by a mutual inductance of
negative coupling coefficient. The positive and the
negative mutual inductances tend to cancel for re-
duction of crosstalk among the channels.
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WIRE BOND CONNECTION SYSTEM

This invention relates to the use of wire bond
connections among a set of electrical components
mounted on a metal clad circuit board and, more
particularly, to a system to reduce mutual coupling
between adjacent wire connections for substantial
elimination of crosstalk between parallel electric
circuits.

Various forms of construction are employed in
building electrical circuits. The form of construction
varies in accordance with the types of components
which are to be interconnscted. By way of exam-
ple, one common form of construction employs the
interconnection of numerous circuit modules upon
a circuit board which serves to support the circuit
modules. Frequently, the circuit board is clad, at
least on a top surface thereof facing the modules,
with an electrically-conductive sheet, such as a
metal sheet. Portions of the sheet my be cut away
to form constructive strips which interconnect var-
jous terminals of the circuit modules. In the case of
certain modules, manufacture of the circuit is facili-
tated by the use of relatively short wire segments
which are spaced apart from the circuit board, and
make direct connection among various terminals of
the circuit modules.

A situation of particular interest employing the
foregoing construction with the external wire seg-
ments is found in optical communications whersin
solid-state lasers are employed as transmitting ele-
ments for generating short-duration light pulses
which are radiated from individual ones of the
lasers into corresponding optical fibers of a set of
optical fibers constituting an optical transmission
line. By way of example, a solid-state laser may be
constructed in the form of a diode of gallium-
aluminum-arsenide which generates a pulse of light
upon excitation of the diode with a suitable pulse of
current.

An electro-optical transmitter employing a set
of laser diodes may be constructed by use of a
circuit board which supports laser driver circuits
and the laser diodes, the latter being excited by the
driver circuits. The driver circuits are formed as
individual modules. Also, each of the laser diodes
is formed as an individual module including termi-
nals for receipt of the electrical current, and also
having a light-output port through which light is
directed to an end of an optical fiber. Due to the
physical shapes of the modules, it is the present
manufacturing practice to connect some of the
terminals of the modules by the metallic sheet or
cladding on a circuit board, while other ones of the
terminals are interconnected by segments of
electrically-conductive wires.

In a typical arrangement of the electro-optical

10

15

20

25

30

35

40

50

transmitter, the modules are arranged in a set of
parallel channels wherein each channel has a driver
module, the laser diode, and an optical fiber. The
wire segments which interconnect the components
of the respective channels are disposed parallel to
each other in an array of wire segments.

A problem arises in that the wire segments are
sufficiently close to each other to introduce a sig-
nificant amount of mutual magnetic coupling of
electric signals conducted by the wire segments in
the respective signal channels. This results in cros-
stalk or coupling of signals between the channels.
The reliability of the electro-optical communication
is reduced because the crosstalk acts as a source
of noise which may introduce error in the commu-
nication. 1t is noted that in the typical electro-optical
communication system, pulse modulation of an op-
tical carrier is employed. Pulse modulation rates as
high as one GHz (gigahertz) are available at the
present time. At such high pulse frequencies, wire
segments having lengths of approximately one mil-
limeter or less can have strong magnetic coupling
for crosstalk between the wire segments.

By way of example in the construction of elec-
tric circuits with printed circuit boards, Yamazaki et
al, U. S. Pat. 4,758,805 discloses in Figs. 7 and 19
connections in the form of partial loops from pins
to conductive strips on a circuit board. Similar
construction is shown in Figs. 2 and 8 of Saburi et
al, U. S. Pat. 4,782,310.

The aforementioned problem is overcome and
other advantages are provided by a system for
interconnecting components on a circuit board as
claimed wherein connections are made both by
conductive strips on a surface of the board and by
wire segments spaced apart from the circuit board.
In accordance with the invention, the system pro-
vides for a modification of connections by wire
segments by serially connecting each wire seg-
ment with a configuration of strip conductors which
provides for a mutual magnetic coupling among
adjacent signal channels which is of the opposite
sense to a mutual coupling among the wire seg-
ments. By the introduction of both positive and
negative coefficients of mutual inductance, there is
significant cancellation of the crosstalk. While it is
possible, theoretically, to completely cancel the net
mutual coupling and the crosstalk, as a practical
matter in the construction of the circuit of the plural
channels of an electro-optical transmitter, it is an-
ticipated that there will be some variation in the
configuration of the various partial wire segments
such that the opposed mutual coupling formed
within the configuration of conductive strips cannot
completely balance and compensate for the mutual
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coupling among the wire segments. Thus, the inter-
connection system of the invention can accomplish
significant cancellation of the mutual coupling and
the crosstalk.

The methodology involved in constructing the
compsnsating mutual coupling can be explained as
follows. An array of wire segments arranged par-
allel to each other, with each wire segment being
part of an electro-optical signal transmission chan-
nel, can be viewed as an array of loops or partial
loops disposed in planes parallel to each other.
The planes are perpendicular to the metal-clad
surface of the circuit board. This arrangement of
the loops is similar to the coaxial arrangement of
the loops of wire in a solenoid wherein a magnetic
field has lines of flux which pass through and link
equally the respective loops of wire in the solenoid.
As is well known, in such a configuration of loops,
the coefficients of inductance and mutual coupling
are both positive. However, there is an alternative
configuration which can be viewed by considering
the case of two loops of the foregoing solenoid. By
displacing one of the loops relative to the other
loop so that the two loops are arranged side by
side in a common plane, and wherein the direc-
tions of positive current flow (clockwise or coun-
terclockwise) are retained the same in both loops, it
is apparent that a magnetic field induced in a first
of the loops must curve around in a circular path to
intercept the second loop. Thus, the magnetic field
passes through the second loop in the reverse
direction from the previous case. This results in a
negative mutual inductance.

The development of the desired compensating
mutual inductance is accomplished in a preferred
embodiment of the invention by etching electrically
conductive paths in the metallic shest which serves
as a cladding of the circuit board. The etching
provides a border circumscribing each pad and
insulating the pad from the rest of the cladding. in
the array of parallel signal channels, the pads are
arranged side-by-side, each pad surrounded by its
border, and the borders of the successive pads are
spaced apart by electrically conductive strips. Each
electrically conductive strip serves as a path for the
transmission of current between circuit modules of
the respective signal channels.

Each wire segment, instead of extending the
full distance from one circuit module to the next
circuit module in the signal channel, extends only
as far as an end of the conductive pad in the signal
channel. Thereupon, the current in the wire seg-
ment travels along the pad for a predetermined
distance after which the current is fed from the pad
to the next component. The connection from the
pad to the next component may be accomplished
by either a further loop or partial loop of wire
segment, or may be accomplished by a strip con-
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ductor extending from the pad to the next circuit
module. Current flowing through a wire loop in a
signal channel flows about the loop in a plane
perpendicular to the cladded surface of the circuit
board. However, current, flowing forward to the
next component by way of the pad, flows within the
plane of the cladding. Current, returning from the
foregoing component by way of of the conductive
strip between adjacent borders, also flows within
the plane of the cladding. The forward and return-
ing currents are coplanar in the vicinity of the pad,
and produce effectively a loop of current disposed
parallel to the cladded surface of the circuit board.

The foregoing construction of the two loops in
each signal channel provides for one loop which is
perpendicular to the cladded surface and a second
loop which is parallel to the cladded surface of the
circuit board. In view of the fact that the channels
are arranged parallel to each other, the loops which
are disposed perpendicularly to the cladded sur-
face can be described electrically in terms of posi-
tive mutual magnetic coupling, while the loops of
the successive channels which lie parallei to the
cladded surface can be characterized electrically
as having a negative mutual magnetic coupling.
The loops lying parallel to the cladded surface may
be elongated and may be broadened to provide a
geometric configuration having a desired amount of
mutual coupling for canceling the mutual coupling
of the wire-segment groups.

In particular, the mutual coupling increases with
increasing length of a segment of the border lying
between the conductive strip and the pad at each
channel, and also increases with increasing width
of the border segment. This is in accordance with
the general theory of mutual coupling wherein the
coupling is proportional to the amount of magnetic
flux linking each loop. Thereby, by using a pre-
determined length for each of the wire segments in
constructing the wire loops perpendicular to the
cladded surface, the dimensions of the pads, the
dimensions of the insulating borders surrounding
the respective pads, and the dimensions of the
conductive strips separating the adjacent borders
of the respective pads can be selected to provide
the requisite amount of mutual coupling for negat-
ing the mutual coupling among the wire loops.
Thereby, the invention accomplishes its goal of
essentially canceling the unwanted mutual coupling
and the crosstalk associated therewith between the
adjacent signal channels.

The aforementioned aspects and other features
of the invention are explained in the following de-
scription of preferred embodiments, taken in con-
nection with the accompanying drawing wherein:

Fig. 1
is a simplified perspective view, partially styl-
ized, of an electro-optical communication sys-
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tem with electronic component modules sup-
ported on a circuit board, and wherein electrical
connections are made both by wire loops and
strip conductors in accordance with the inven-
tion;

Fig. 2

is a plan view of an enlarged fragmentary por-
tion of Fig. 1 with important dimensions of the
pad structure being identified therein;

Figs. 3A and 3B

together demonstrate magnetic coupling with
positive and negative mutual inductance among
a pair of electrically conductive wire loops dis-
posed in different configurations of position rela-
tive to each other; and

Fig. 4

shows in plan view, partially stylized, an alter-
native embodiment to the structure of Fig. 2.

With reference to Figs. 1-2, there is shown
circuitry 10 in the transmitting portion of an electro-
optical communication system 12, the circuitry be-
ing built upon a circuit board 14, and including
circuit modules 16 supported on a top surface 18
of the board 14. The term “top" is used by way of
convenience in describing the circuit board 14 as
shown in Fig. 1, it being understood that, in prac-
tice, the board 14 may be oriented horizontally,
vertically, or in some other orientation. The board
14 is formed of electrically-insulating, dielectric ma-
terial, such as fibrous glass embedded in epoxy by
way of example, or as a silicon substrate, by way
of further example, and includes an electrically
conductive cladding 20 covering at least a portion
of the top surface 18. Typically, the cladding 20 is
formed of a thin metal sheet such as a copper
sheet.

Also included within the circuitry 10 is a set of
solid-state lasers 22, each laser 22 being formed
typically, of a diode of gallium-aluminum-arsenide.
Each of the lasers 22 is constructed in modular
form, and may be supported by the board 14 or a
separate support (not shown) coplanar with the
board 14. Each laser 22 has two terminals, namely,
a first terminal 24 located at a top portion of the
laser 22 and a second terminal 26 located at a
bottom portion of the laser 22. Electric current is to
be applied via the terminals 24 and 26 to the laser
22 for activating the laser to emit radiation, which
may be referred to as light, even though such
radiation may be in the infrared region of the
electromagnetic spectrum a typical wavelength be-
ing 840 nanometers.

The communication system 12 includes an op-
tical cable 28 having individual fibers 30 which are
optically coupled to respective ones of the lasers
22. Each of the lasers 22 has an output port (not
shown in the figures) though the light is emitted to
impinge upon an end surface 32 of a respective
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optical fiber 30 located in front of the laser output
port. The fibers 30 and the cable 28 are held in
position by a suitable support 34 which may stand
upon the board 14 or upon some other structure
(not shown) adjacent to the board 14.

Each of the circuit modules 16 may be pro-
vided with a set (not shown) of numerous contacts
for making electrical connection with other circuit
elements including power supplies and signal gen-
erators which have been delsted in the drawing to
facilitate presentation of the inventive features of
the circuitry 10. Electrical connection with such
contacts may be made by electrical strip conduc-
tors formed within the cladding 20 in accordance
with manufacturing procedures well known in the
construction of printed-circuit boards. Of particular
interest in the practice of the invention is the fact
that each circuit module 16 has a pair of output
terminals, namely, a first terminal 36 located on a
top of the module 16 and a second terminal 38
located on a bottom of the module 16, for output-
ting electric drive current to activate the laser 22.

In accordance with the invention, each of the
circuit modules 16 applies current to a single one
of the lasers 22. Connection of the terminals 36
and 38 of a module 16 with the terminals 24 and
286, respectively, of the corresponding laser 22 is
made as follows to provide a path of current flow
between the module 16 and the laser 22. Current
flows along this path from the first terminal 36 of
the module 16 to the first terminal 24 of the laser
22, and returns to the module 16 from the second
terminal 26 of the laser 22 to the second terminal
38 of the module 16. Connection of the first termi-
nal 36 to the first terminal 24 is made by a serial
connection of an output lead 40, an electrically
conducting pad 42, and an input lead 44.

The pad 42 is formed from material of the
cladding 20 and is constructed as an island sur-
rounded by an selectrically-insulating border 46
which separates the pad 42 from the remainder of
the cladding 20. The border 46 is formed by etch-
ing away the metallic material of the cladding 20,
and may be left as an empty trough (as portrayed
in the drawing), or may be filled with electrically-
insulating potting material such as epoxy. Connec-
tion between each of the modules 16 and its cor-
responding laser 22 is made in the same fashion,
there being a pad 42 disposed between each of the
modules 16 and its corresponding laser 22.

Thus, it is shown in Figs. 1-2, the pads 42 are
arranged side-by-side in an array, with each pad 42
being surrounded by its border 46. The border 46
of one of the pads 42 is separated by an slec-
trically conductive strip 48 from the border 46 of
the next pad 42. The conductive strip 48 which
serves as a return path for electrical current and
connects between the second ferminal 26 of a
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laser 22 to the second terminal 38 of the cor-
responding module 16. The return current path
provided by a strip 48 is located to the right side of
the pad 42 so as to provide the identical configura-

have well defined paths of current flow. Such well
defined paths are attained by construction of the
boundary 54, as - depicted in Figs. 1 and 2, to
ensure that all of the return current from a laser 22

tion of interconnection structure between each of 5 flows within the strip 48 of the signal channel 50,
the modules 16 and their respective lasers 22. rather than being dispersed among other ones of
Each module 16 with its laser 22 and the intercon- the strips 48. Accordingly, the boundary 54 is pro-
necting structure may be regarded as a signal vided in each of the signal channels 50 in the
channel 50. If desired, the return current paths preferred embodiment of the invention.
provided by the strips 48 could be placed to the 10 Each of the output leads 40 and each of the
left side of each of the pads 42 (not shown); input leads 44, in the embodiment is constructed of
however, it is important in the practice of the inven- a partial loop of electrically conducting material,
tion that the return current path provided by the such as copper wire, and is oriented in a plane,
strip 48 be on the same side of the pad 42 in each such as the plane 56, which is perpendicular to the
of the signal channels 50. 15  top surface 18 of the board 14. The wire loops of

As shown in Fig. 1, a portion of the module 16 the output leads 40 are arranged side-by-side in an
has been cut away to show connection of the array. Similarly, the wire loops of the input leads 44
second terminal 38 with the cladding 20 and the are arranged side-by-side in an array. The arrange-
strip 48 formed from the cladding 20. The output ment of the wire loops of the output leads 40
lead 40 of the module 16 extends from the first 20 allows for the generation of magnetic fields pro-
terminal 36 of the module 16 to a first end portion, duced by currents flowing in the output leads 40,
to be referred to as the front, of the pad 42. The the magnetic fields having flux which links the
input lead 44 extends from a second end portion, loops to provide for a positive coefficient of mutual
1o be referred to as the back, of the pad 42 to the coupling. Similarly, currents flowing in the input
first terminal 24 of the laser 22. A portion of the 25 leads 44 generate magnetic flux which so links the
laser 22 is cut away to show the second terminal loops to provide for a positive cosfficient at mutual
26 and its connection to an enlarged distal end 52 coupling.
of the strip 48. The distal end 52 has been en- In sach of the signal channels 50, there is a
farged to facilitate locating the second terminal 26 partial loop 58 in the plane of the cladding 20,
upon the strip 48. It is noted that the distal end 52 30 depicted in Fig. 1 by a dashed line, wherein current
is separated from the rest of the cladding 20 by an flows towards a laser 22 along one side of a border
electrically-insulating boundary 54 which extends 46 and returns from the laser 22 along the opposite
from the border 46 of a pad 42 in cne signal side of the border 46. The directions of current flow
channe! 50 to the border 46 of the pad 42 in the are indicated by arrows in the loop 58. To facilitate
next signal channel 50. Preferably, the boundary 54 35 the description, the partial loop will be referred to
is formed by etching away material of the cladding simply as a loop, it being understood that the loop
20 to form a trough. The boundary 54 may be left consists of only two paralle! current paths disposed
in the form of an open trough, or may be filled with parallel to each other on opposite sides of a seg-
slectrically-insulating potting material such as ep- ment of a border 46. In each of the signal channels
oxy. 40 50, current flows in the clockwise direction in each

By way of alternative embodiments in the con- of the loops 58.
struction of the invention, it is noted that in an The flow of currents in the loops 58 generates
experimental model of the invention, the bound- magnetic flux which passes through the loops ina
aries 54 were not constructed, and the distal ends direction normal to the plane of the cladding 20
52 of the strips 48 were in electrical contact with 45  and circulates around, in a flux path plane per-
the rest of the cladding 20. As a result, returning pendicular to the cladding plane, to intercept a
electric current from a laser 22 would flow primarily neighboring loop 58 to provide a coefficient of
via the strip 48 nearest the second terminal 26 and mutual coupling which is negative. Therefore, con-
the second terminal 38 of the signal channel 50 tiguous signal channels 50 are linked magnetically
due to resistivity in the metal cladding 20. How- 50 by both positive and negative components of mu-
ever, return current would also flow through other tual inductance. By adjusting the length and width
ones of the strips 48. Nevertheless, this experimen- of the segment of the border 46 in each loop 58,
tal model of the invention did produce beneficial the negative and the positive components of the
cancellation of mutual inductance between the sig- mutual inductance can be made equal so as to
nal channels because a major part of the current 5  cancel. The cancellation of the mutual inductance
flows through one of the strips 48. However, in is a major feature of the invention which signifi-
order to have a more precise control over the cantly reduces crosstalk among the various signal
cancellation of mutual inductance, it is preferable to channels 50.

5
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The cancellation of the mutual inductance is
demonstrated with reference to Figs. 3A and 3B. In
Fig. 3A, two loops 60 and 62 of wire are arranged
coaxially to each other about an axis 64, and are
disposed adjacent to each other, one above the
other. Currents flow in the positive sense in each of
the loops 60 and 62 counterclockwise as indicated
by arrows on each of the loops. In Fig. 3B, loop 62
has been translated to the left and set alongside of
and coplanar with the loop 60. The positive sense
of current flow remains counterclockwise in each of
the loops 60 and 62 as indicated by the arrows of
the loops. In Fig, 3A, magnetic flux produced by
current in either of the loops is directed downward
along the axis 64 and links both of the loops 60
and 62. In Fig. 3B, flux produced by current in the
loop 60 is directed downward through the loop 60
and travels along a curved path to pass through the
loop 62 in the upward direction. This is the reverse
of the situation depicted in Fig. 3A wherein flux
produced by current in the loop 60 is directed
downward through the loop 62. As a result, mutual
inductance in the situation of Fig. 3A has a sense
which is opposite the sense of the mutual induc-
tance in the situation of Fig. 3B.

In Fig. 3A, in response to a positive change in
magnitude of current flow in the loop 60, there is
induced a back electromotive force producing a
voltage drop in the positive direction of current flow
in the loop 60, this being represented by a positive
value of inductance. There is also produced a
positive voltage drop in the direction of current in
the loop 62, this being represented by a positive
coefficient of mutual inductance. In contrast, in the
situation of Figs. 3B, a positive increase of current
flow in the loop 60 produces a voltage drop in the
loop 62 which is directed opposite the direction of
positive current flow, this being represented by a
negative coefficient of mutual inductance. Upon
comparing the two situations depicted in Figs. 3A
and 3B with the arrangement of the electrical con-
ductors of Fig. 1, it is seen that the arrangements
of the partial loops of the output leads 40 and of
the input leads 44 correspond to the arrangement
of the loops 60 and 62 of Fig. 3A.

The arrangement of the loops 58 disposed in
the common plane of the cladding 20 corresponds
to the arrangement of the loop 60 and 62 of Fig.
3B. Therefore, the various signal channels 50 ex-
perience a magnetic coupling via positive mutual
inductance of the output leads 40 and of the input
leads 44 while experiencing magnetic coupling via
negative mutual inductance in the loops 58. As
noted above, .in accordance with the invention, the
dimensions of the current conducting elements in
the loops 58 are adjusted to provide for a mag-
nitude of -negative mutual coupling which cancels
the positive mutual coupling to produce a signifi-
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cant reduction in a crosstalk among the signal
channels.

Fig. 5 shows an alternative embodiment of the -

invention wherein the circuit modules 16 have been
reconfigured to locate the first terminal at the bot-
tom of the module 16, the first terminal being
identified as 3BA in its location at the bottom of the
module 16. With this configuration of the modules
16, the output leads 40 of Fig. 2 are sliminated.
Connection of the first terminal 36A in each of the
modules 16 is provided by a strip conductor 66
which is formed from the material of the cladding
20. The strip conductor 66 extends from the termi-
nal 36A to the front of the corresponding pad 42. In
view of the removal of the output lead 40, there is
less coupling of the magnetic field among the
signal channels 50 by mutual inductance with the
positive coefficient. Accordingly, the configuration
of each of the loops 58 is to be altered to reduce
the magnitude of coupling with a negative coeffi-
cient of mutual inductance.

As shown in Fig. 5, the configuration of the
border, identified as the border 46A in Fig. 5, has
been changed from that of the border 46 of Figs. 1
and 2 to accommodate the new connection bs-
tween the first terminal 36A and the pad 42. There-
in, the length of the pad 42 between front and back
portions of the pad is reduced to provide for re-
duced coupling between the loops 58. With either
the configuration of the embodiments of Figs. 1
and 5, the invention provides for substantial can-
cellation of the magnetic coupling-for reduction in
crosstalk so as to provide for improved digital
communication with reduced error rate.

It is noted that any number of the signal chan-
nels 50 may be employed. To facilitate the draw-
ing, only three of the channels 50 are portrayed in
Fig. 2. However, in the aforementioned experimen-
tal model, four of the channels 50 where con-
structed. Many more channels may be constructed
on a single circuit board, for example, there may
be thirty two channels. In the construction of the
foregoing experimental model, the following dimen-
sions were employed. The dimensions are iden-
tified in Fig. 3. The spacing, A, on centerlines
between contiguous channels is equal to 200
microns. The length, B, of a wire segment em-
ployed for either a lead 40 or 42 is equal to 500
microns, the cross section of the wire being square
and measuring 25 microns on a side. The length,
C, of a pad 42 is equal to 500 microns. The width,
D, of a pad 42 is equal to 125 microns. The width,
E, of a segment of the border 46 surrounding a pad
42 is equal to 25 microns. The width, F, of the
conductive strip 48 between the borders 46 of
successive pads 42 is equal to 25 microns. The
height, G, (Fig. 1) of a laser 22 is equal to 150
microns, this being approximately equal to the

Exhibit 1002

Kangxi Communication Technologies v. Skyworks Solutions, Inc.

0092



11 EP 0 436 074 A1

height of a circuit module 16.

Claims

1.

An interconnection system for an electrical cir-
cuit, the electrical circuit including a first array
(16) and a second array (22) of electrical com-
ponents mounted on a circuit board (14) hav-
ing an electrically conductive cladding (20), the
system interconnecting the components of the
first array to the components of the second
array in parallel signal channels with preven-
tion of crosstalk among the channels, compris-
ing:

a plurality of wire segments arranged side by
side and spaced apart in an array, each of said
wire segments having a first end and a second
end, the first ends of the wire segments being
connected to a first terminal in each of respec-
tive components of said first array;

a plurality of electrically conductive pads (42)
arranged side by side and spaced apart in an
array facing said array of wire segments, each
of said pads being surrounded by an insulating
border (46) insulating the pad from the clad-
ding, each of said pads having a first end
portion and a second end portion opposite the
first end portion, the second end portions of
said pads being connected to a first terminal in
each of respective components of said second
array;

an array of conduciive strips (48) formed in
said cladding and located between successive
ones of said pads, said borders being sepa-
rated from each other by said conductive
strips, said conductive strips extending from
said first array of components to said second
array of components to provide electrical con-
nection between a second terminal in each
component of said first array and a second
terminal in each corresponding component of
said second array; and

wherein the second ends of said wire seg-
ments are connected to the first end portions
in respective ones of said pads for commu-
nicating signals in respective ones of said sig-
nal channels, each of said wire segments for-
ming a first partial loop disposed in a plane
perpendicular to a plane of said cladding, the
first loops providing magnetic coupling with a
first mutual inductance among successive ones
of said wire segments, there being segments
of said borders contiguous said strips, each of
said border segments defining a second partial
loop paralle! to said cladding plane in respsc-
tive ones of said signal channels, the second
loops providing magnetic coupling with a sec-
ond mutual inductance among successive
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ones of said pads, the second mutual induc-
tance tending to cancel! the first mutual induc-
tance for prevention of crosstalk among said
signal channels.

A system according to claim 1 wherein said
pads have a rectangular shape.

A system according to claim 2 further compris-
ing a second plurality of wire segments ar-
ranged side-by-side and spaced apart in an
array, each of the wire segments of said sec-
ond plurality of electrically conductive pads

“being arranged side-by-side and spaced apart,

the wire segments of said second plurality of
wire segments each having a first end and a
second end of which the first ends of the wire
segments are connected to the first terminal in
each of respective components of said second
array, the second end portions of said pads
being connected respectively to the second
ends of said second plurality of wire segments.

An electro-optical transmitter for the generation
and transmission of optical signals via optical
fibers, the system including an array of solid-
state lasers (22) positioned for applying light to
the optical fibers, an array of laser driver mod-
ules (16) electrically connected to said lasers
for exciting the lasers to generate light signals,
the lasers and the drivers constituting an elec-
trical circuit; and

wherein in said electrical circuit,said drivers
and said lasers are mounted on a circuit board
having an electrically conductive cladding, the
electrical circuit including a system for inter-
connecting the drivers to the lasers via parallel
signal channels with prevention of crosstalk
among the channels;

said interconnection system comprises a plu-
rality of wire segments arranged side-by-side
and spaced apart in an array, each of said wire
segments having a first end and a second end,
the first ends of the wire segments being con-
nected to a first terminal in each of respective
ones of said lasers;

a plurality of electrically conductive pads ar-
ranged side-by-side and spaced apart in an
array facing said array of wire segments, each
of said pads being surrounded by an insulating
border insulating the pad from the cladding,
each of said pads having a first end portion
and a second end portion opposite the first
end portion, the second end portions of said
pads being connected to a first terminal in
each of said drivers;

an array of conductive strips formed in said
cladding and located between successive ones
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of said pads, said borders being separated
from each other by said conductive strips, said
conductive strips extending from said lasers to
said drivers to provide electrical connection
between a second terminal in each of said
lasers and a second terminal in a correspond-
ing one of each of said drivers; and

wherein the second ends of said wire seg-
ments are connected to the first end portions
in respective ones of said pads for commu-
nicating signals in respective ones of said sig-
nal channels, each of said wire segments for-
ming a first partial loop disposed in a plane
perpendicular to a plane of said cladding, the
first loops providing magnetic coupling with a
first mutual inductance among successive ones
of said wire segments, there being segments
of said borders contiguous said strips, each of
said border segments defining a second partial
loop parallei to said cladding plane in respec-
tive ones of said signal channels, the second
loops providing magnetic coupling with a sec-
ond mutual inductance among successive
ones of said pads, the second mutual induc-
tance tending to cancel the first mutual induc-
tance for prevention of crosstalk among said
signal channels.
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Signal conditioning circuit with input equalization and output pre-emphasis

speed serial bit stream interface module to the PCB. A
signal conditioning circuit communicatively couples to
the line side interface and to the board side interface.
The signal conditioning circuit receives an RX signal (X)
from the line side interface, conditions the RX signal
(306), and provides the RX signal to the board side in-
terface (A'). The signal conditioning circuit receives a
TX signal (D') from the board side interface, conditions
the TX signal (312), and provides the TX signal to the
Line side interface (Y).
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Description
BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD OF THé INVENTION

[0001] The present invention relates generally to communication systems; and more particutarly to high-speed serial
bit stream communications.

2. DESCRIPTION OF RELATED ART

[0002] The structure and operation of communication systems is generally well known. Communication systems
support the transfer of information from one location to another location. Early examples of communication systems
included the telegraph and the public switch telephone network (PSTN). When initially constructed, the PSTN was a
circuit switched network that supported only analog voice communications. As the PSTN advanced in its structure and
operation, it supported digital communications. The Internet is a more recently developed communication system that
supports digital communications. As contrasted to the PSTN, the Internet is a packet switch network.

[0003] The Internet consists of a plurality of switch hubs and digital communication lines that interconnect the switch
hubs. Many of the digital communication lines of the Internet are serviced via fiber optic cables (media). Fiber optic
media supports high-speed communications and provides substantial bandwidth, as compared to copper media. At
the switch hubs, switching equipment is used to switch data communications between digital communication lines.
WANSs, Internet service providers (ISPs), and various other networks access the Internet at these switch hubs.
[0004] In a particular example of a packet switched network, a switch that services the digital communication re-
quirements of a number of users located within a building in a large city couples via fiber media to switches mounted
in other buildings within the city, to switches located in other cities/states/countries, and to switch hubs servicing the
Internet. This structure is not unique to the Internet. Portions of the PSTN, wireless cellular network infrastructure,
Wide Area Networks (WANs), and other communication systems employ the same or similar structures.

[0005] Switches route incoming traffic and outgoing traffic. A typical switch (or switch hub) includes a housing having
a plurality of slots that are designed to receive Printed Circuit Boards (PCBs) upon which integrated circuits and various
media connectors are mounted. The PCBs removably mount within the racks of the housing and typically communicate
with one another via a back plane of the housing. Each PCB typically includes at least two media connectors that
couple the PCB to a pair of optical cables and/or copper media. The optical and/or copper media serves to couple the
PCB to other PCBs of other switches located in the same geographic area or to other PCBs of other switches located
at another geographic area.

[0006] Typically, Application Specific Integrated Circuits (ASICs) mount upon the PCBs of the housing and perform
switching operations for the data that is received on the coupled media and data that is transmitted on the coupled
media. The coupled media typically terminates in a receptacle mounted on the PCB. Transceiving circuitry coupled to
the receptacle and mounted upon the PCB performs signal conversion operations from the signal format of the coupled
media and a bit stream format of the ASIC. In most installations, the media, e.g., optical media, operates in a simplex
fashion. In such case, one optical media will carries incoming data (RX data) to the PCB while another optical media
carries outgoing data (TX data) from the PCB. Thus, the transceiving circuitry typically includes incoming circuitry and
outgoing circuitry, each of which couples to a media connector on a first side and communicatively couples to the ASIC
on a second side. The ASIC may also couple to a back plane interface that allows the ASIC to communicate with other
ASICs located in the enclosure via a back plane connection. The ASIC is designed and implemented to provide desired
switching operations. The operation of such enclosures and the PCBs mounted therein is generally known.

[0007] The conversion of information on the optical media or copper media to a signal that may be received by the
ASIC and vice versa requires satisfaction of a number of requirements. First, the coupled physical media has particular
RX signal requirements and TX signal requirements. These requirements must be met at the boundary of the connector
to the physical media. Further, the ASIC has its own unique RX and TX signal requirements. These requirements must
be met at the ASIC interface. Thus, the transceiving circuit that resides between the physical media and the ASIC must
satisfy all of these requirements.

[0008] Various standardized interfaces have been employed to couple the transceiving circuit to the ASIC. These
standardized interfaces include the XAU| interface, the Xenpak interface, the GBIC interface, the XGMli interface, and
the 300 Pin MSA interface. Each of these particular standardized interfaces has unique requirements and related
shortcomings. Generally, each of these interfaces requires substantial PCB board space and some of these interfaces
supports a lesser throughput than is required by many current systems.

[0009] Thus, there is a need in the art for low cost universal interface that interfaces an ASIC to a high-speed serial
media on a printed circuit board.
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BRIEF SUMMARY OF THE INVENTION

[0010] Thus, in order to overcome the shortcomings of the prior interfaces, among other shortcomings, a high-speed
bit stream interface module constructed according to the present invention communicatively interfaces a high-speed
communication media to a communication Application Specific Integrated Circuit (ASIC). The high-speed bit stream
interface module includes a line interface that couples to a pair of high speed interface lines and a communication
ASIC interface that communicatively couples to the communication ASIC.

[0011] The high-speed bit stream interface module is removably mountable on a Printed Circuit Board (PCB) that
services the communication ASIC. Depending upon the particular embodiment of the high-speed bit stream interface
module, the line interface supports optical media or copper based media. In various embodiments described herein,
the media includes a TX media upon which data is transmitted and RX media upon which data is received. In one
embodiment, therefore, the high-speed bit stream interface module includes receptacles for at least one pair of fiber
optic media. In another embodiment, the high-speed bit stream interface module includes receptacles for at least one
pair of copper media. The high-speed bit stream interface module may be received by the PCB in a socket that supports
both communication with the communication ASIC and that supports the control and powering of the high-speed bit
stream interface module. Such mounting allows the high-speed bit stream interface module to be removed while the
remaining components mounted on the PCB continue to function.

[0012] The interface between the high-speed bit stream interface module and the communication ASIC is referred
to as the board interface. The board interface includes a TX path and an RX path. The TX path of the board interface
carries data from the communication ASIC to the high-speed bit stream interface module. Such data is received by
the high-speed bit stream interface module and conditioned into a format suitable for delivery to a coupled TX media.
Likewise, the high-speed bit stream interface module receives RX data from a coupled RX media and conditions it.
After conditioning, the high-speed bit stream interface module provides the conditioned RX data to the communication
ASIC via the RX path of the board interface.

[0013]} According to the present invention, the high-speed bit stream interface module includes line connectors, a
board interface connector, and a signal conditioning circuit that is controlled by control circuitry also contained in the
high-speed bit stream interface module. The signal conditioning circuit includes an input equalizer, a limiting amplifier,
clock and data recovery circuitry, and output pre-emphasis circuitry. The input equalizer receives an input bit stream
and equalizes the input bit stream to remove deterministic jitter from the input bit stream. The limiting amp receives
the output of the equalizer and amplifies the bit stream to predefined amplitude. The clock and data recovery circuitry
receives the output of the limiting amplifier and recovers the clock and the data from the signal. The output pre-emphasis
circuitry receives the output of the clock and data recovery circuitry and pre-emphasizes the bit stream prior to its
transmission.

[0014] According to the present invention, identical signal conditioning circuits are used for the RX path serviced by
the high-speed bit stream interface module and for the TX path serviced by the high-speed bit stream interface module.
In such case, the various components of the signal conditioning circuit are controllable by a coupled control circuit to
cause them to perform the unique operations of each serviced path. By using identically constructed signal conditioning
circuits for both the RX path and the TX path and simply programming the signal conditioning circuits for their own
unique operations, substantial design efficiencies, manufacturing efficiencies, and construction efficiencies are ob-
tained.

[0015] By being able to program the operation of the components of the signal conditioning circuit, the unique char-
acteristics of the TX path and the RX path are substantially/fully addressed. These programmable characteristics ad-
dress both the input side of the signal conditioning circuit and the output side of the signal conditioning circuit. In the
RX path, the signal conditioning circuit receives data at the line side. Further, in the TX path, the signal conditioning
circuit receives data at the board side. The input characteristics in the TX path vary with the type of media providing
the receive bit stream on the line side. For example, when optical fiber is employed as the line side media, the input
bit stream will have different characteristics than will the input bit stream when serviced by a copper media. Moreover
the input characteristics on the board side TX path vary significantly from the input characteristics on the line side RX
path. Further, the output characteristics on the line side of the signal conditioning circuit in the TX path differ greatly
from the output characteristics required of the signal conditioning circuit on the board side in the RX path. The output
characteristics are separately addressed by the programmable characteristics of the signal conditioning circuit of the
present invention.

[0016] According to an aspect of the invention, a high-speed serial bit stream conditioning circuit is provided com-
prising:

an adaptive equalizer that receives a high-speed serial bit stream and that spectrally shapes the high-speed serial
bit stream to produce an equalized high-speed serial bit stream; and
aclock and data recovery circuit operably coupled to the output of the adaptive equalizer that recovers the equalized

Exhibit 1002

Kangxi Communication Technologies v. Skyworks Solutions, Inc.

0101



10

20

25

30

35

40

45

50

55

EP 1 385 305 A1
high-speed bit stream to produce an output high-speed serial bit stream.

[0017] Advantageously, the adaptive equalizer automatically determines spectral shaping control settings; and

the adaptive equalizer uses the spectral shaping control settings to spectrally shape the high-speed serial bit
stream such that the spectral characteristics of the equalized high-speed serial bit stream substantially correspond to
reference spectral characteristics.
[0018] Advantageously, the spectral shaping control settings comprise at least one filter setting and at least one gain
setting.
[0019] Advantageously, the signal conditioning circuit determines the spectral shaping control settings based upon
a ratio of a first spectral component of the high-speed serial bit stream to a second spectral component of the high-
speed serial bit stream.
[0020} Advantageously, the equalizer spectrally shapes the high-speed serial bit stream to remove deterministic jitter
from the high-speed serial bit stream.
[0021} Advantageously, the signal conditioning circuit spectrally shapes the high-speed serial bit stream to remove
inter symbol interference from the high-speed serial bit stream.
[0022) Advantageously, the equalizer comprises:

an automatic gain contro! loop that receives the high-speed serial bit stream and that performs gain control oper-
ations on the high-speed serial bit stream;

an adaptive equalizer operably coupled to receive the output of the automatic gain control loop, wherein the adap-
tive equalizer equalizes the high-speed serial bit stream based upon spectral shaping control settings to produce
the equalized high-speed serial bit stream; and

an adaptive equalizer feedback operably coupled to the output of the automatic gain control loop, wherein the
adaptive equalizer determines the spectral shaping control settings and provides the spectral shaping control
settings to the adaptive equalizer.

[0023] Advantageously, the adaptive equalizer comprises:

a constant gain low pass filter;
a plurality of cascaded tuned amplifiers; and
a summing node,

wherein the constant gain low pass amplifier and the plurality of cascaded tuned amplifiers receive the output of
the automatic gain control loop, wherein the summing node receives the output of the constant gain low pass amplifier
and the output of the plurality of cascaded tuned amplifiers, and wherein the summing node sums the output of the
constant gain low pass amplifier and the output of the plurality of cascaded tuned amplifiers based upon the spectral
shaping control settings.
[0024] Advantageously, the adaptive equalizer feedback comprises:

a first feedback path that determines a first spectral component of the equalized high-speed serial bit stream;

a second feedback path that determines a first spectral component of the equalized high-speed serial bit stream;
and

an integrator operably coupled to receive and compare the first feedback path and the second feedback path,
wherein the integrator produces the spectral shaping contro! settings.

[0025]) Advantageously, the first feedback path comprises a first tuned amplifier, a gain stage, and a rectifier;

the second feedback path comprises a second tuned amplifier, a gain stage, and a rectifier; and

wherein the first tuned amplifier passes a first spectral component of the equalized high-speed serial bit stream;
and

wherein the second tuned amplifier passes a second spectral component of the equalized high-speed serial bit
stream.
[0026] Advantageously, the high-speed serial bit stream conditioning circuit further comprises output pre-emphasis
circuit that controllably modifies the spectrum of the equalized high-speed bit stream to pre-compensate for the spectral
characteristics of a signal path upon which the equalized high-speed bit stream 1 will be output.
[0027] Advantageously, the high-speed serial bit stream conditioning circuit further comprises a limiting ampiifier that
receives high-speed serial bit stream and that controllably amplifies high-speed serial bit stream to produce high-speed
serial bit stream in a desired output range.
[0028] Advantageously, the clock and data recovery circuit has an adjustable Phase Locked Loop (PLL) bandwidth
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that is controlled based upon the bandwidth of the high-speed serial bit stream.
[0029] According to another aspect of the invention, a method for equalizing a high-speed serial bit stream is provided
comprising:

receiving the high-speed serial bit stream;

spectrally shaping the high-speed serial bit stream based upon spectral shaping control settings; and

adjusting the spectral shaping control settings so that the spectral characteristics of the high-speed serial bit stream
substantially correspond to reference spectral characteristics.

[0030] Advantageously, the spectral shaping control settings comprise at least one filter setting and at least one gain
setting.
[0031] Advantageously, the spectral shaping control settings are determined by:

determining a first spectral component of the high-speed serial bit stream;

determining a second spectral component of the high-speed serial bit stream; and

determining the spectral shaping control settings based upon a ratio if the first spectral component and the second
spectral component.

[0032] Advantageously, the spectrally shaping the high-speed serial bit stream removes deterministic jitter from the
high-speed serial bit stream.

[0033] Advantageously, the spectrally shaping the high-speed serial bit stream removes inter symbol interference
from the high-speed serial bit stream.

{0034] Advantageously, the method further comprises modifying the spectrum of the output high-speed serial bit
stream to pre-compensate for the spectral characteristics of a signal path upon which the output high-speed serial bit
stream is coupled.

[0035] Advantageously, the method further comprises amplifying the high-speed serial bit stream using a gain setting
corresponding to a dynamic range of the high-speed serial bit stream as received.

[0036] Advantageously, the method further comprises recovering the high-speed bit stream to produce an output
high-speed serial bit stream, wherein recovering the high-speed serial bit stream is performed using a Phase Locked
Loop (PLL) having a controllable PLL bandwidth that is set to correspond to a jitter bandwidth of the high-speed serial
bit stream.

[0037] Other features and advantages of the present invention will become apparent from the following detailed
description of the invention made with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0038] These and other features, aspects and advantages of the present invention will be more fully understood
when considered with respect to the following detailed description, appended claims and accompanying drawings
wherein:

FIG. 1 is a block diagram illustrating a printed circuit board upon which high-speed bit stream interface modules
constructed according to the present invention are mounted;

FIG. 2 is a block diagram illustrating the interconnection of a high-speed bit stream interface module constructed
according to the present invention with a communication ASIC;

FIG. 3 is a block diagram illustrating a first embodiment of a high-speed bit stream interface module of the present
invention that services optical fiber media;

FIG. 4 is a block diagram illustrating a second embodiment of a high-speed bit stream interface module of the
present invention that services copper media;

FIG. 5A is a block diagram illustrating generally the structure of a portion of structure of the communication ASIC
of FIG. 1;

FIG. 5B is a block diagram illustrating a pin out of the interface between the high-speed bit stream interface module
of the present invention and a communication ASIC;

FIG. 5C is a transmitter electrical specification of the interface between the high-speed bit stream interface module
of the present invention and a communication ASIC and also a diagram illustrating the described return loss char-
acteristics; '

FIG. 5D is a transmitter jitter specification of the interface between the high-speed bit stream interface module of
the present invention and a communication ASIC and also a diagram illustrating how the components of the jitter
specification are defined;
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FIG. SE is a receiver electrical specification of the interface between the high-speed bit stream interface module
of the present invention and a communication ASIC and also a diagram illustrating the described return loss char-
acteristics;

FIG. 5F is a receiver jitter specification of the interface between the high-speed bit stream interface module of the
present invention and a communication ASIC and also a diagram illustrating how the components of the jitter
specification are defined;

FIG. 5G is a graph illustrating the frequency response of a connector of the high-speed bit stream interface module
in combination with a 4" FR4 trace of the PCB coupling the connector to the communication ASIC;

FIGS. 6A and 6B are diagrams illustrating a bit stream that has no little or no jitter;

FIGS. 7A and 7B illustrate a bit stream having some jitter and the manner in which jitter effects the eyes of the data;
FIGS. 7A and 7B illustrate a bit stream having some jitter and amplitude variations and the manner in which the
jitter and amplitude variations affect the ability of a receiver to extract data there from;

FIGS. 8A and 8B illustrate a bit stream having significant jitter and significant amplitude variations and the manner
in which the jitter and amplitude variations affect the ability of a receiver to extract data there from;

FIGS. 9A and 9B illustrate a bit stream having significant jitter and significant amplitude variations and the manner
in which the jitter and amplitude variations preclude a receiver from extracting all carried data from the bit stream;
FIG. 10 is a block diagram illustrating signal conditioning circuits constructed according to the present invention
that service both a TX path and a RX path for a high-speed bit stream interface module constructed according to
the present invention;

FIG. 11 is a block diagram illustrating a clock and data recovery circuit constructed according to the present in-
vention;

FIG. 12 is a logic diagram illustrating operations according to the present invention in setting the PLL bandwidth
of the clock and data recovery circuits of the TX path and RX path signal conditioning circuits;

FIG. 13 is a logic diagram illustrating operation according to the present invention in programming an equalizer to
compensate for deterministic jitter;

FIG. 14 is a block diagram illustrating one embodiment of an equalizer and a limiting amp of a signal conditioning
circuit constructed according to the present invention;

FIG. 15 is a schematic diagram illustrating the structure of one of the cascaded tuned amplifiers of the equalizer
of FIG. 14;

FIG. 16 is a graph illustrating the theoretical power spectrum of a Pseudo Random Bit Stream signal (PRBS) and
the power spectral density of a PRBS signal with high frequency attenuation;

FIG. 17 is a graph illustrating various signal path attenuation properties and equalizer frequency responses cor-
responding to the signal path attenuation properties;

FiG. 18 is a logic diagram illustrating operation according to the present invention in determining pre-emphasis
circuit settings for a particular signal path and connector combination;

FIG. 19 is a graph illustrating various frequency responses of the connection between the high-speed bit stream
interface module and the communication ASIC of the PCB;

FIG. 20 is a logic diagram illustrating operation according to the present invention in programming the dynamic
range of a limiting amplifier of the signal conditioning circuit of the present invention;

FIG. 21 is a block diagram illustrating a limiting amp 1004 constructed according to the present invention; and
FIG. 22 is a schematic diagram illustrating a common mode logic stage of the limiting amplifier of the signal con-
ditioning circuit of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] FIG. 1 is a block diagram illustrating a Printed Circuit Board (PCB) 100 upon which high-speed bit stream
interface modules 102A, 102B, and 102C constructed according to the present invention are mounted. The PCB 100
illustrated in FIG. 1 may be installed in a housing that services all or a portion of the communication requirements of
a particular switch. The PCB 100 includes three high-speed bit stream interface modules 102A, 102B, and 102C. Each
of these high-speed bit stream interface modules 102A, 102B, and 102C couples both to a pair of lines on a line
interface side and also couples to conductive traces via connectors on the board interface side. Each of the high-speed
bit stream interface modules 102A, 102B, and 102C when mounted on the PCB 100 communicates services respective
communications for Application Specific Integrated Circuits (ASICs) 104A, 104B, and 104C, respectively. During normal
operations, the high-speed bit stream interface module 102A, 102B, and 102C interface to respective communication
lines and to respective communication ASICs 104A, 104B, and 104C, respectively.

[0040] As will be described further with reference to FIGS. 3 and 4, the lines coupling to the high-speed bit stream
interface modules 102A, 102B, and 102C may be optical, copper or another media type. When the high-speed bit
stream interface modules 102A, 102B, and 102C service optical media, communications may be according to SONET,
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10GIGE, 10GFC, or another operating standard. The housing and the PCBs located therein may serve as an internet
switch, an Internet hub, an Intranet switch, a telephone network hub, a data center, a Wide Area Network (WAN), or
service communication system device.

[0041] With the embodiment of FIG. 1, the high-speed bit stream interface modules 102A, 102B, and 102C support
a minimum of 8" of FR4 trace on the PCB 100. The high-speed bit stream interface modules 102A, 1028, and 102C
are data and protocol agnostic such that they can service a large number of differing bit stream interface standards.
In such case, the high-speed bit stream interface modules 102A, 102B, and 102C support any various communication
protocol and data rate. It is anticipated that the high-speed bit stream interface modules 102A, 102B, and 102C will
support data rates in the 10 GBPS range. However, other data rates may also be supported.

[0042] Each of the communication ASICs 104A, 1048, and 104C communicates with other ASICs via a back plane
108 and respective back plane interfaces 106A, 106B, and 106C. The structure and operation of back plane commu-
nications is generally known and will not be described further herein except as it relates to the present invention.
[0043] The teachings of the present invention may be applied to a standardized module format. In particular, many
of the teachings of the present invention have been incorporated into the XFP (10 Gigabit Form factor Pluggable
Module) specification. However, the teachings of the present invention may be practiced without practicing a stand-
ardized specification to achieve the great benefits of the present invention.

[0044] FIG. 2 is a block diagram illustrating the interconnection of a high-speed bit stream interface module con-
structed according to the present invention with a communication ASIC. As is illustrated in FIG. 2, the high-speed bit
stream interface module 102A couples on the line interface side (line side) to a TX media and an RX media. Further,
on the board interface side (board side), the high-speed bit stream interface module 102A couples to receive TX data
from communication ASIC 104A and couples to produce RX data to communication ASIC 104A. In the embodiments
illustrated herein, the high-speed bit stream interface module 102A supports high-speed bit stream communications.
The bit stream communications may be either in a non-return-to-zero (NRZ) bit stream data format or in a return-to-
zero bit stream data format. These bit stream data formats are protocol agnostic and thus the high-speed bit stream
interface module 102A supports various operating standards and operates upon the high-speed bit stream in a fashion
that is consistent with a number of bit stream communication protocols.

[0045] The high-speed bit stream interface module 102A operates to condition signals received at points labeled as
X and D. Further, the high-speed bit stream interface module operates to produce data at points A and Y. All data is
received in a high-speed bit stream format and is produced in a high-speed bit stream format. From point D to point Y
the high-speed bit stream interface module 102A receives a board side bit stream and conditions the bit stream to
remove the deterministic jitter and to prepare the bit stream for transmission in a format that meets the line interface
transmission standard at point Y. Likewise, the high-speed bit stream interface module 102A receives a line side bit
stream at point X and conditions the line side bit stream prior to producing the bit stream at point A on the board side
interface in a desired format. The term "bit stream" is used interchangeably herein with the term "data."

[0046] The communication ASIC 104A as is further illustrated in FIG. 5 produces data at point C and receives data
at point B. The communication ASIC 104A will have requirements for the condition of the received data at point B and
will have transmit specifications for the data it produces at point C. Further, from point C to point D, the PCB 100 trace
will degrade the quality of the data between point C and point D. As is known, PCB traces attenuate high frequency
signals due to skin effect of the traces. Further, dielectric loss of the PCB 100 will also affect the properties of data
traveling along the trace. The PCB 100 also degrades/distorts the quality of the bit stream traveling from point A to
point B as it does the bit stream traveling from point C to point D.

[0047] The high-speed bit stream interface module 102A must produce a signal at point A that upon receipt at point
B by the communication ASIC 104A meets the received signal requirements of the communication ASIC 104A. Further,
the high-speed bit stream interface module 102A must produce a signal at point Y that meets the transmission require-
ments of the line side interface. Moreover, the high-speed bit stream interface module 102A must receive TX data at
point D and condition the signal sufficiently so that it meets the transfer requirements at point Y. Also, the high-speed
bit stream interface module must receive RX data at point X and condition the signal sufficiently so that it meets the
transfer requirements at point A. The manner in which the high-speed bit stream interface module 102A performs these
tasks is further described herein in detail with reference to FIGS. 3-22.

[0048] FIG. 3 is a block diagram illustrating a first embodiment of a high-speed bit stream interface module of the
present invention that services optical fiber media. As shown in FIG. 3, when the high-speed bit stream interface module
102A, 102B, or 102C services an optical fiber media, the high-speed bit stream interface module 102A includes com-
ponents required for servicing to the optical fiber. In particular, in the RX path the optical fiber couples to the high-speed
bit stream interface module 102A at a photo diode receptacle 302 that includes a pre-amplification circuit. The photo
diode and pre-amplification circuit 302 receives an optical signal from the RX path fiber media and converts the optical
signal to an electrical signal. The output of the photo diode pre-amplification circuit 302 is provided to trans-impedance
amplifier 304, which amplifies the signal. The output of the trans-impedance amplifier 304 is received by signal condi-
tioning circuit 306. The signal conditioning circuit 306 receives the signal at point X and conditions the circuit to produce
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an output at point A'. The output signal at point A’ is then coupled via connector 310 to point A on the board side of
the high-speed bit stream interface moduie 102A (or 102B or 102C).

[0049] Inthe TX path, the high-speed bit stream interface module 102A receives TX data from the communication
ASIC at point D on the board side. Connector 310 couples the transmit signal to the signal conditioning circuits at point
D'. The signal conditioning circuit 312 receives the signal at point D', conditions the signal, and produces a conditioned
signal to laser diode amplifier 314 at point Y. The laser diode amplifier 314 amplifies the signal received from signal
conditioning circuit 312 at point Y and provides the electrical signal to laser 316. Laser 316 couples to transmit optical
media and produces the transmit signal at that location.

[0050]) FIG. 4 is a block diagram illustrating a second embodiment of a high-speed bit stream interface module of
the present invention that services copper media. As is shown in FIG. 4, the embodiment of the high-speed bit stream
interface module that services a copper media does not include those components respective to the optical media.
However, the high-speed bit stream interface module 102A, 102B, or 102C includes the connector 310, signal-condi-
tioning circuit 312, signal conditioning circuit 306, and the control circuitry 318. However in the embodiment of FIG. 4,
in the TX path the output signal conditioning circuit 312 couples the TX data directly to TX media connector 402 that
couples the TX data to TX copper media. Likewise, in the RX path an RX media connector 404 couples to RX copper
media to receive the RX data and to couple the RX data to signal conditioning circuit 306.

[0051] As will be described further, the signal conditioning circuits 306 and 312 have an identical structure but are
controilable to meet the specific requirements of their respective signal paths. The flexibility provided by the program-
mability of these circuits is significant. Because of this flexibility, the high-speed bit stream interface module 102A,
102B, or 102C may be installed in any PCB and be employed to service any of a large number of bit stream interface
standards. By programming the operation of the signal conditioning circuits 306 and 312, the high-speed bit stream
interface module 102A, 1028, or 102C is able to compensate for the unique construction of the PCB which it services,
the requirements of the coupled ASIC, and also the requirements of the serviced media/protocol.

[0052] FIG. 5A is a block diagram illustrating generally a portion of the structure of the communication ASIC (104A,
104B, or 104C) of FIG. 1. As shown in FIG. 5A, the communication ASIC 104A (104B or 104C) includes a signal
processing integrated circuit 502, a multiplexer 504, and a demultiplexer 506. On the RX side the demultiplexer 506
receives the RX data at point B and demultiplexes the data to provide the de-multiplexed data to the signal processing
integrated circuit 502. On the transmit side, the signal processing integrated circuit 502 produces TX data to the mul-
tiplexer 504 which multiplexes the data to produce the transmit data at point C. As was previously described, the
multiplexer 504 produces data at point C according to transmit specifications for the communication ASIC 104A-104C.
Likewise, the demultiplexer 506 is required to recover a signal at point B that meets its receive signal characteristics.
[0053] As was previously illustrated with respect to FIG. 1, communication ASIC couples to the back plane 108 via
a back plane interface. Thus, the signal processing integrated circuit includes an interface to the back plane interface.
Of course, the communication ASIC 104A (104B or 104C) will typically include components in addition to those illus-
trated in FIG. SA. ’

[0054] FIG. SBis a block diagram illustrating a pin out of the interface between the high-speed bit stream interface
module of the present invention and a communication ASIC. In addition to the two wire serial intetrface the module has
a number of low speed hard wired pins for control and status of the high-speed bit stream interface module. The
interface between the high-speed bit stream interface module and the communication ASIC includes differential RX
data signal lines RD+ and RD-. The interface further includes differential TX data signal lines TX+ and TX-. Further,
the interface includes differential clock lines RefCLK+ and RefCLK-. The interface further includes various status lines,
power lines, ground lines, and other lines as indicated in Table 1 - below.

TABLE 1 -

Module Interface to Communication ASIC

Pin | Logic Symbol Name/Description

1 Gnd Module Ground

2 VEES Optional -5.2V Power Supply

LVTTL-l Mod_Desel | Module De-select; When held low allows the module to respond to 2-wire serial

interface commands

4 LVTTL-O Interrupt Interrupt; Indicates presence of an important condition which can be read over
the serial 2-wire interface

5 LVTTL-I TX_DIS Transmitter Disable; Transmitter Laser Source Turned Off

6 VCC5 +5V Power Supply

8
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TABLE 1 - (continued)

Module Interface to Communication ASIC

Pin | Logic Symbol Name/Description

7 Gnd Module Ground

8 VCC3 +3.3V Power Supply

9 VCC3 +3.3V Power Supply

10 | LVTTL-I SCA Two Wire Interface Clock

11 LVITL-I/O | SDA Two Wire Interface Data Line

12 LVTITL-O Mod_Abs Indicates Module is not present. Grounded in the Module
13 LVTTL-O Mod_NR Module Not Ready; Indicating Module Operational Fault

14 LVTTL-O RX LOS Receiver Loss of Signal Indicator

15 Gnd Moduie Ground

16 Gnd Module Ground

17 CML-O RD- Receiver Inverted Data Output

18 | CML-O RD+ Receiver Non-Inverted Data Output

19 Gnd Module Ground

20 VCC2 +1.8V Power Supply

21 LVTTL- P_Down Power down; When high, places the module in the low power standby mode
and on the falling edge of P Down initiates a module reset.

22 VCC2 +1.8V Power Supply

23 Gnd Module Ground

24 PECL-I RefCLK+ Reference Clock Non-Inverted Input, AC coupled on the host board

25 PECL-I RefCLK- Reference Clock Inverted Input, AC coupled on the host board

26 Gnd Module Ground

27 Gnd Module Ground

28 | CML-I TD- Transmitter Inverted Data Input

29 | CML-I TD+ Transmitter Non-Inverted Data Input

30 Gnd Module Ground

[0055] The Mod_NR is an output pin when High, indicates any condition which transmitter or receiver data is not
valid. The Mod_NR output pin is an open collector and must be pulled to VCC3 on the host board. A module not
implementing Mod_NR shall hold the signal low in the module. The Mod_DeSel is an input pin when held Low by the
host, the module respond to 2-wire serial communication commands. The Mod_DeSel allow the use of multiple modules
on a single 2-wire interface bus. When the Mod_DeSel pin is high, the module shall not respond to or acknowledge
any 2-wire interface communication from the host. Mod_DeSel pin is an open collector and must be pulled to VCC3
in the module. A module not implementing Mod_DeSel shall hold the signal low in the module. Interrupt is an output
pin when High indicates possible module operational fault or a status change critical to the host system. The Interrupt
pin is an open collector output and must be pulled to VCC3 on the host board. Modules not implementing Interrupt
shall hold the pin low in the module.

[0056] When TX_DIS is asserted, "High" turns off the module transmitter output. The TX_DIS pin and must be puiled
up to VCC3 on the module board. Mod_ABS is pulled up to VCC3 on the host board and grounded in the module.
Mod_ABS is then asserted "High"” when the module is physically absent from a host slot. The RX_LOS when held High
indicates insufficient optical power for reliable signal reception. The RX_LOS pin is an open collector and must be
pulled up to VCC3 on the host board. The P_Down pin, when held High by the host, places the module in the standby
mode with a maximum power dissipation of 1.5W. On the negative edge of the P_Down transition a module is reset.
The P_Down pin must be pulled up to VCC3 in the module.
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[0057] FIG. 5C is a transmitter electrical specification of the interface between the high-speed bit stream interface
module of the present invention and a communication ASIC. As is shown in FIG. 5C, the transmitter specifications for
the interface between the high-speed bit stream interface module 102A and the communication ASIC 104A are set
forth. The PCB 100 upon which the high-speed bit stream interface module 102A and the communication ASIC 104A
are mounted is preferably constructed of an FR4 material. However, in some embodiments, the FR4 material is en-
hanced to provide better performance. The transmitter electrical specification has typically 50 Ohm single-ended output
impedance and a 100-Ohm differential output impedance. Output impedance matching is required to be within 10%.
The common mode logic output amplitude of the differential output is max 600 microvolts and typically 500 microvolts.
Further, the output rise and fali time from 20% to 80% is typically 28 picoseconds with a minimum of 24 picoseconds
and a max of 40 picoseconds. The differential output return loss up is maximum -10 dB up to a frequency of 7.5
gigahertz. The single-ended output retum loss is maximum -5 dB up to a frequency of 16 gigahertz. The diagram of
FIG. 5C is a graph illustrating return loss of the transmitter interface as a function of frequency.

[0058] FIG. 5D is atransmitter jitter specification of the interface between the high-speed bit stream interface module
of the present invention and a communication ASIC and also a diagram illustrating how the components of the jitter
specification are defined. In particular, FIG. 5D addresses the jitter specification for the high-speed bit stream interface
module transmitter operations on its board side. As illustrated in FIG. SD, the transmitter has a nominal bit rate between
9.95 gigahertz and 10.75 gigahertz. The deterministic jitter produced by the transmitter has typically .12 Ul units of
maximum .15 Ul units. The random jitter produced by the transmitter has typically .13 Ul units and maximum .15 Ul
units. The eye mask for the transmitter is shown in the graph of FIG. 5D and the manner in which the eye mask relates
to the specification of the table of FIG. 5D. The SONET jitter (RMS) for the board side interface at up to 80 megahertz
is a maximum of 10 milli-units.

[0059] FIG. 5E is a receiver electrical specification of the interface between the high-speed bit stream interface
module of the present invention and a communication ASIC and also a diagram illustrating the described return loss
characteristics (as a function of frequency). As was the case forthe transmitter specs, the single-endedinputimpedance
is 50 Ohms typical and the differential input impedance is 100 Ohms typical. Further, the input impedance match is
10%, the common mode logic input differential amplitude peak-to-peak is minimum 125 mV and the maximum 1000
mV. The differential input return loss as is plotted in the graph of FIG. 5E is -10dB up to 7.5 gigahertz. Further, the
single-ended input return loss is -5dB up to 15 gigahertz.

[0060] FIG. 5F is a receiver jitter specification of the interface between the high-speed bit stream interface module
of the present invention and a communication ASIC and also a diagram illustrating how the components of the jitter
specification are defined. The table and graph of FIG. 5F defines the receiver interface of the high-speed bit stream
interface module 102A with regard to the receipt of the bit stream from communication ASIC 104A across the traces
of the PCB 100

[0061] As was the case of the transmitter of the module, the nominal bit rate has a minimum of 9.95 gigahertz and
amaximum of 10.75 gigahertz. The deterministic jitter of the receiver is .35 Uls typically and .55 Uls max. The random
jitter supported by the receiver is typically .18 Ul and maximum .2 Ul. The eye mask as is further defined in the graph
of FIG. 5F shows the tolerance of the receiver to jitter in the received bit stream from the communication ASIC 104A.
Further, the SONET jitter up to 80 megahertz is 30 micro units.

[0062] FIG. 5G is a graph illustrating the frequency response of a connector of the high-speed bit stream interface
module in combination with a 4" FR4 trace of the PCB 100 coupling the connector to the communication ASIC. The
frequency response as illustrated exhibits attenuation that increases with frequency. This behavior is addressed by
the signal conditioning circuit 312 and 306 of the high-speed bit stream interface module 102A. Such signal conditioning
is both performed on received signals to open the eye of the receive signals and is also employed on the transmit side
of the high-speed bit stream interface module 102A to precondition output signals that are transmitted across the PCB
100 to the communication ASIC 104A. The manner in which signals may be degraded upon receipt is described further
with reference to FIGS. 6-9. The signal conditioning circuit that operates upon such RX signals and that operates upon
the RX signals to produce compliant TX signals is described further with reference to FIGS. 10-22.

[0063] Jitter is a term that describes the variation in phase of bits of a bit stream signal. Jitter can be divided into
main categories: deterministic jitter and non-deterministic jitter. Non-deterministic Jitter (or random jitter, RJ) arises
from noise or other transmission retated phenomena that can be described only on a statistical basis. In this category
fall Gaussian noise related jitter and 1/ noise related jitter, among others. Random jitter cannot be compensated for
in any way. The communication ASIC and the TX media have a certain maximum amount of non-deterministic jitter
thatthey cantolerate. Deterministic jitter (DJ), on the other hand, is predictable in nature and some forms of deterministic
jitter are such that once the phenomenon that generates this jitter is known it can be compensated. An example of DJ
is ISI (inter symbol interference) related jitter. If the bandwidth of a transmission media, e.g., PCB 100 trace, is below
the Nyquist rate, IS| will arise and create a certain amount of DJ in the bit stream carried by the PCB 100 trace.
[0064] Two phenomena contribute to limit the bandwidth of board traces and cables. The first is skin effect and the
second is dielectric loss. Skin effect dominates the high frequency attenuation in cables. Dielectric loss is the main
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cause of bandwidth limitation for board traces. Each of these phenomena alone, or in combination, attenuate high
frequency components of the bit stream and introduce group delay variations that cause |S| which degrades the re-
ceived bit stream adding DJ to the RJ.

[0065]) The envelope of the power spectrum of a Pseudo Random Bit Stream (PRBS) signal is described as:

[Sin(Bil‘,:';te)]2

[

PARBS(w) = Equation (1)

nf ]2
Bitrate

[0066] When the PRBS signal is sent trough a band limited transmission line, such as a trace formed on the PCB
100, the PRBS spectrum is altered resulting into ISI. As will be described further with reference to FIGs. 10-22, the
high-speed bit stream interface module 102A, 1028, or 102C of the present invention operates in an attempt to fully
restore the power spectrum of the PRBS signal therefore eliminating most, if not all of the ISI. The equalized PRBS
signal may then be recovered so that even a large ISI residual will be removed and a maximum jitter tolerance may
be met.

[0067] FiGs. 6A through 9B illustrate received bit streams with differing levels of jitter/ISI. FIGS. 6A and 6B are
diagrams illustrating a bit stream that has little or no jitter. A bit stream 602 is received at point D or point X by the high-
speed bit stream interface module 102A. The bit stream 602 includes both a positive and a negative component since
it is received as a differential signal. FIG. 6A illustrates the positive component of the bit stream 602, which is a clean
bitstream with no jitter. FIG. 6B illustrates the superimposition of the positive and negative components of the differential
bit stream. When the positive and negative components are brought together, eyes are formed, each of which corre-
sponds to a bit of data carried by the bit stream. Eyes 652, 654 and 656 correspond to bits carried during respective
bit times. As illustrated, eyes 652, 654 and 656 are evenly distributed and have a substantially equal duration and
magnitude. Such is the case because the bit stream 602 has little or no jitter. With such an even distribution, the
extraction of data from bit stream 602 is relatively easy.

[0068] FIGS. 7A and 7B illustrate a bit stream having some jitter and amplitude variations and the manner in which
the jitter and amplitude variations affect the ability of a receiver to extract data there from. The bit stream 702 of FIG.
7A as compared to the bit stream 602 of FIG. 6A has substantial jitter and some amplitude variation. The bit stream
702 is an NRZ bit stream. Thus, the amplitude will typically vary with time. As shown in FIG. 7B, the positive and
negative components of the bit stream 702 are combined to produce eyes 752, 754, and 756 corresponding to respec-
tive bit times. Because of the jitter and amplitude variation in the bit stream 702, eyes 752, 754, and 756 have differing
durations and/or heights. Extraction of data from the bit stream 702 may therefore be difficult, certainly more difficult
than that required for extracting data from the bit stream of FIGs. 6A and 6B.

[0069] FIGS. 8A and 8B illustrate a bit stream having significant jitter and significant amplitude variations and the
manner in which the jitter and amplitude variations affect the ability of a receiver to extract data there from. As shown
in FIG. 8A, the bit stream 802 has significant jitter and also has variations in its magnitude. When this bit stream is
operated upon to create eyes 852, 854, and 856, the eyes are of different duration and are of differing magnitude. In
particular, eye 854 is very small in amplitude and short in duration. Thus, extraction of data from the bit stream 802
will be difficuit.

[0070] FIGS. 9A and 9B illustrate a bit stream 902 having significant jitter and significant amplitude variations and
the manner in which the jitter and amplitude variations preclude a receiver from extracting all carried data from the bit
stream 902. As is shown, bit stream 902 includes significant jitter and variations in its magnitude. When the bit stream
is operated upon in an attempt to produce eyes in the data, as shown in FIG. 9B, the jitter and magnitude variations
are significant enough such that no eye is produced at 954. Thus, this bit stream 902 is of such poor quality that a data
bit at position 954 is non-recoverable. The high-speed bit stream interface module 102A (102B or 102C) of the present
invention operates to remove deterministic jitter from the bit stream 902 so that data can be extracted from the bit stream.
[0071] FIG. 10 is a block diagram illustrating signal conditioning circuits constructed according to the present inven-
tion that service both a TX path and a RX path for a high-speed bit stream interface module constructed according to
the present invention. As is shown in FIG. 10, signal conditioning circuit 312 servicing a TX path and signal conditioning
circuit 306 servicing a RX path are identical circuits. In such case, each of signal conditioning circuit 312 and signal
conditioning circuit 306 includes an input equalizer 1002, a limiting amplifier 1004, a clock and data recovery circuit
(CDR) 1006, and an output pre-emphasis circuit 1008. Each of these circuits is controlled by a control circuit 318 that
may be programmed by pin settings, a digital interface, e.g., 12C interface, or by another type of interface. Based upon
these contro! inputs, the signal conditioning circuits 312 and 308 will perform signal conditioning commensurate with
the respective signal paths they service.

[0072] As is shown, the signal conditioning circuit 312 receives the TX data at point D' on the board side of the high-
speed bit stream interface module. As will be described further herein, the programming of the input equalizer 1002,
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the limiting amp 1004, the clock and data recovery circuit 1008, and output pre-emphasis circuit 1008 of the signal
conditioning circuit 312 depends upon the fact that it resides in the TX path. Alternately, the signal conditioning circuit
306 receives the TX data at point X on the line side of the high-speed bit stream interface module. Thus, the program-
ming of the input equalizer 1002, the limiting amp 1004, the clock and data recovery circuit 1006, and output pre-
emphasis circuit 1008 of the signal conditioning circuit 306 depends upon the fact that it resides in the RX path.
[0073) As was illustrated in FIG. 2, ISl jitter is generated from point A to point B and from point C to point D due to
band limitations of the copper traces of the PCB 100. Also if the line side media is a copper cable and not an optical
fiber, IS will be present at the receiver input at point X. Thus, according to the present invention, the signal conditioning
circuit 312 removes IS| due to bandwidth limitations of the PCB 100 in the TX path. Further, according to the present
invention, the signal conditioning circuit 306 removes IS| caused by copper media on the RX path. Because both signal
conditioning circuits 306 and 312 use the same integrated circuit, the input equalizer 1002, the limiting amp 1004, and
the clock and data recovery circuit 1006 can each be controlled independently depending on the input conditions and
application to remove IS| jitter.

[0074] The advantages of such approach are that (1) it allows longer traces on the PCB 100 between C and D and/
or cheaper dielectric material for the board construction; (2) it reduces the amount of unfiltered DJ transferred from
point C to the transmit point Y; (3) integration of the equalizer 10002, in the same device with the limiting amplifier 1004
and CDR 1006 allows a considerable area saving which is critical in small form factor modules; and (4) the possibility
of disabling the operation of the equalizer 1002 and limiting amplifier 1004 independently from the CDR 1006 allows
power saving in case they are not needed.

[0075] According to another aspect of the present invention, the output pre-emphasis circuit 1008 is employed to
precondition the output bit stream at point A'. Referring to both FIGs. 2-4 and 10, the signal path on the PCB 100 from
point Ato point B is also subject to the bandwidth limitations of the board traces. Further, because the signal conditioning
circuit 306 produces the RX bit stream right before the connector between the module and the PCB 100, the RX bit
stream is prone to reflections due to the connector itself at point A'. Reflection of high frequency components of the
bit stream, due to the degradation at high frequency of the S11 parameters of the connector itself, generates another
form of deterministic jitter that can reduce the system performance. Given a certain connector, with a certain S11
characteristics the higher the frequency content of the data the higher the jitter generated. Hence, depending on the
characteristic of connectors and traces a different shaping of the transmitted spectrum is needed.

[0076] Aiso, the swing requirement is different at point A than it is at point Y. At point A, in the case of short PCB 100
traces, small amplitude can suffice to drive the signal across to the communication ASIC 104C. However, smaller
amplitude is actually beneficial because it decreases EMI (electro-magnetic interference). At point Y, larger amplitude
is needed to drive the laser or directly the line in case a copper cable is used. Because the Common Mode Logic (CML)
drivers of the output of the module 102A drive 50-ohm terminations, halving the driver swing will also half the power
dissipation of the driver itself.

[0077] Thus, according to the present invention, the output pre-emphasis circuit 1008 can be programmed with dif-
ferent transmitted signal spectrum shaping settings. Such programming allows the programmability of the output swing
of the signal conditioning circuits 306 and 312. Further, the output pre-emphasis conditioning circuit 1008, in the case
of poor high frequency reflection response of the connectors at point D', can be programmed in order to reduce the
bandwidth of the bit stream. Therefore reflection due to the connector is decreased until the amount of IS| generated
by the circuit itself plus the ISI generated by the PCB 100 traces is equal to the S| generated by reflection in the
connector. In the case of good high frequency response of the connector, the output pre-emphasis circuit will be pro-
grammed to increase the high frequency content of the transmitted bits stream in order to compensate for high fre-
quency loss along the traces of the PCB 100, thus increasing the maximum supportable trace length.

[0078] if EMI (electro-magnetic interference) due to sharp signal edges is a concern, the output pre-emphasis con-
ditioning circuit 1008 will be used to reduce high frequency content of bit stream traveling on the PCB 100 to the
communication ASIC 104A. The output pre-emphasis conditioning circuit 1008 can be disabled and turned off if not
needed in order to save power and to reduce head production. This approach is superior to simple pre-emphasis
because it considers also the case when it is beneficial to filter to reduce the high frequency content of the transmitted
signal.

[0079] Referring FIGs. 2, 3, 4, and 10, the sensitivity requirements for the signal conditioning circuits 306 and 312
at points X and D' are different. If interfacing with optical fiber (as shown in FIG. 3) very small amplitude signal must
be detected properly at point X. At point D (and D') instead the bit stream travels from the ASIC across the PCB 100
traces and high sensitivity is not required. The sensitivity of the signal conditioning circuits (306 and 312) is determined
by the gain of the limiting amplifier 1004 at the input to the CDR 1006. Generally higher limiting amplifier 1004 gain
comes at the cost of higher power consumption. A limiting amplifier 1004 with a sensitivity of few mV accounts for 50%
of the power consumption of a signal conditioning circuit (312 or 306). With the same signal conditioning circuit used
as either 306 or 312, therefore, power in the limiting amplifier 1004 of signal conditioning circuit 312 is wasted because
its required sensitivity is small as compared to the required sensitivity of the limiting amplifier 1004 of signal conditioning
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circuit 306.

[0080] According to the present invention, the input sensitivity of the limiting amplifier 1004 is programmable. There-
fore, the sensitivity (and power consumption) of the limiting amplifier 1004 may be controlled to find the best use of
the signal conditioning circuit 312 or 306 in which the limiting amplifier resides. As will be described further with reference
to FIGs. 14, 21, and 22, varying the bias current of the limiting amplifier to change its gain is performed. For example,
we will take a limiting amplifier composed of a number of CML buffers as is shown in FIGs. 21 and 22. Each CML buffer
provides a small signal gain, which will be proportional to M. Therefore decreasing the bias current of each CML
stage by half will decrease the overall limiting amplifier sensitivity roughly by 30%.

[0081] Referring again to FIGs. 2-4 and 10, jitter tolerance and jitter transfer requirements are different for the TX
path and the RX path. In a Phase Locked Loop {PLL) based single loop CDR 1006, jitter tolerance and jitter generation
are related. A certain amount of jitter on the input data will be tracked (or tolerated) up to the PLL bandwidth. Also, up
tothe PLL bandwidth, all of the jitter that appears at the input will be transmitted to the output. Smaller tracking bandwidth
results in a smaller amount of jitter being transferred to the output. However, the tracking bandwidth cannot be so small
so that the CDR 1006 is intolerant to jitter within an acceptable jitter range, i.e., will easily lose lock on the receive bit
stream.

[0082] Referring particularly to FIG. 2, point X resides at the line side interface. Thus, at point X, jitter tolerance has
to be compliant with a supported operating standard, e.g., SONET, Gigabit Ethernet, etc. Thus, for point X, the PLL
bandwidth of the CDR 1006 of the signal conditioning circuit 306 is determined by the appropriate operating specifi-
cation. On the other hand, at point D (D'), data is received from the transmitter of the communication ASIC. in this case
a typical communication ASIC system will employ an architecture like the one illustrated in FIG. 5A, in which the ASIC
multiplexes and retimes the bit stream using a clean clock. This clean clock produced by the ASIC is obtained by
filtering a clock generated in the receiver portion of the communication ASIC transceiver by a very narrow bandwidth
PLL. This ASIC clock generation process operates so that the bit stream transmitted by the communication ASIC at
point C has a relatively small jitter bandwidth, typically in the order of few KHz. Therefore jitter tracking bandwidth of
the TX path signal conditioning circuit 312 is typically considerably smaller than the jitter tracking bandwidth of the RX
path signal conditioning circuit 306 for the bit stream received at point X.

[0083] Thus, according to the present invention, the CDR 1006 includes a PLL that has a programmable PLL band-
width. In such case, the bandwidth of the CDR 1006 PLL in the TX path may be reduced with respect to the CDR 1006
PLL of the RX path until noise generated by the PLL VCO is the dominant noise source. By being able to program the
bandwidth of the PLL of the CDR 1006, a reduced amount of ISl jitter picked up from point C to point D via the PCB
100 trace willbe transferred to point Y. Further, a reduced amount of noise generated by the VCO in the ASIC transmitter
will be transmitted at point Y.

[0084] FIG. 11 is a block diagram illustrating a clock and data recovery circuit constructed according to the present
invention. The CDR 1006 receives data in and produces data out. The CDR 1006 includes a PLL 1110 having a phase
detector 1102, a charge pump 1104, and a voltage-controlled oscillator (VCO) 1106. The phase detector 1102 receives
as its input the data in bit stream and the output of the VCO 1106. The output of the VCO 1106 is also used as a clock
input to flip-flop 1108 to synchronize the data out with the output of the VCO 1106.

[0085] According to the present invention, the control circuit 318 controls the bandwidth of the PLL 1110 by controlling
the phase detector 1102 gain, the charge pump 1104 current, and the VCO 1106 gain. Referring to FIG. 2, and as
previously described above, when separate instances of the CDR 1106 service the TX and the RX path, the TX and
RX paths have different requirements with regard to the feed through of jitter from point D to point Y and from point X
to point A. Thus, the bandwidth of the PLL 1110 of the CDR 1006 of the signal conditioning circuit 312 is set differently
than the bandwidth of the PLL 1110 of the CDR 1006 of the signal conditioning circuit 306. With these settings differing,
the manner in which the signal conditioning circuit 312 and the signal conditioning circuit 306 track jitter in their re-
spective bit stream inputs differs as well.

[0086] FIG. 12 is a logic diagram illustrating operations according to the present invention in setting the PLL 1110
bandwidth of the CDRs 1006 of the TX path and RX path signal conditioning circuits 306 and 312. As is generally
known, the bandwidth of a PLL 1110 determines the ability of the PLL 1110 to track the phase of an input bit stream.
Various operating standards describe the jitter bandwidth of a bit stream that is produced according to the operating
standards. Further, devices such as the communication ASIC must also produce bit streams with particular jitter band-
widths. As an example of such characteristics, when the high-speed bit stream interface module supports a SONET
line side standard, the phase bandwidth of the stream is approximately 8 megahertz. Further, the communication ASIC
includes a multiplexer 504 (shown in FIG. 5) that produces output data having a particular phase bandwidth. An example
of such a phase bandwidth is 5-10 kilohertz. In order to operate consistently with a coupled device it is desirable to
tune the CDR 1006 of the signal conditioning circuits 312 and 306 of the high-speed bit stream interface module to
correspond to the bandwidths of the corresponding data streams. In particular the jitter bandwidth of the operating
standard must be met at point X, e.g., 8 MHz. On the other, with the jitter bandwidth of the communication ASIC 1004A
multiplexer 504 known, it is desirable not to pass RJ introduced by the PCB 100 trace from point C to point D through
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to point Y.

[0087] Thus, according to FIG. 12, operation includes first determining the jitter bandwidth (phase bandwidth of the
bit stream) of the line side data (step 1202). Such jitter bandwidth of line side data for example, would be according to
the SONET specification approximately 8 megahertz. With this jitter bandwidth detemmined, operation includes setting
the bandwidth of the PLL 1006 of the RX path signal conditioning circuit 306 of FIG. 10. With further reference to FIG.
11, the gain of the PLL 1110 is set by setting the phase detector 1102 gain, the charge pump 1104 current, and the
VCO 1106 gain. As is generally known, the bandwidth of the PLL 1110 is a function of the phase detector gain, the
charge pump current, and the VCO gain. According to one particular structure of a PLL, the bandwidth of the PLL 1110
is a linear function of each of these inputs. Thus, in the step 1204, the PLL of the clock and data recovery circuit 1006
of the signal conditioning circuit RX path 306 has these parameters set accordingly.

[0088] Next, the method of FIG. 12 includes determining the jitter bandwidth of communication ASIC data received
at point D’ by signal conditioning circuit 312 of FIG. 10. The multiplexer 504 of the communication ASIC 104A of FIG.
5 determines the jitter bandwidth of the communication ASIC data. Referring again to FIG. 12, once the jitter bandwidth
of the communication ASIC data is determined, the bandwidth of the PLL of the clock and data recovery circuit 1006
of the TX signal conditioning circuit 312 is set to substantially match the jitter bandwidth of the communication ASIC
multiplexer 504. Setting a PLL within the clock and data recovery circuit 1006 of the TX signal conditioning circuit 312
of FIG. 10 is performed in a similar manner to setting such jitter bandwidth of the PLL of the clock and data recovery
circuit 100'6 of the RX signal conditioning circuit 306.

[0089] FIG. 13is alogic diagramillustrating operation accordingto the present invention in programming an equalizer
to compensate for deteministic jitter. As was previously described with reference to FIG. 5A through FIG. 9B, signal
paths that carry bit streams will introduce random jitter and deterministic jitter into the bit stream. Random jitter in
general cannot be compensated for via an equalization technique. However, deterministic jitter if characterized can be
partially overcome via the equalization of the input bit stream by an equalizer 1002 of signal conditioning circuit 312
or 306 for example. Operation according to the present invention commences when the deterministic jitter in a received
bit stream is estimated (step 1302). The estimation of deterministic jitter introduced by a given bit stream may be done
theoretically or empirically.

[0090] For example, when the communication ASIC 104A and the high-speed bit stream interface module 102A
mount upon PCB 100, the link between the high-speed bit stream interface module 102A and communication ASIC
104A will be characterized. Formed on the PCB 100 are an RX trace and a TX trace, each of which has a trace width,
a trace depth, a trace distance, a trace path and a trace separation between the other of the TX trace or the RX trace.
Further, the PCB 100 has additional board characteristics that will typically affect the propagation characteristics of the
RX trace and the TX trace. With a standardized board format such as the FR4 standardized format, the signal propa-
gation characteristics of the traces carrying the RX and TX data may be at least partially characterized. Typically, this
characterization will be in the form of a frequency response of the respective trace and/or the manner in which the
trace causes inter symbol interference, e.g., channel response, impulse response, etc. In a particular embodiment
described herein with reference to FIG. 16, characterization of the signal path of the received bit stream is characterized
in the frequency domain. In such case, equalization is also characterized in the frequency domain.

[0091] Operation continues wherein the frequency response of an equalizer that removes some or all of the deter-
ministic jitter in the receive bit stream is determined (step 1304). As will be evident from the FIG. 17, the equalizer
settings (that correspond to a linear filter) are determined to invert the deterministic jitter introduced by the signal path
over which the bit stream is received. Then, the equalizer is programmed to operate upon the received bit stream to
remove some or all of the deterministic jitter (step 1306). For example, equalizer 1002 of signal conditioning circuit
312 servicing the TX path will receive a bit stream from the communication ASIC. The trace carrying the TX data from
the mutltiplexer of the communication ASIC to the equalizer 1002 of the signal conditioning circuit 312 will introduce
deterministic jitter. The equalizer 1002 of the signal conditioning circuit 312 of FIG. 10 is therefore programmed at step
1306 to operate upon the received bit stream to remove some or-all of the deterministic jitter.

[0092] Likewise, equalizer 1002 of signal conditioning circuit 306 is programmed to remove some or all of the deter-
ministic jitter in the RX bit stream from the line side interface. The line side interface may also be characterized similarly
to the manner in which the communication ASIC side of the interface is characterized to determine the deterministic
jitter.

[0093] FIG. 14 is a block diagram illustrating one embodiment of an equalizer and a limiting amp of a signal condi-
tioning circuit constructed according to the present invention. As is shown, the equalizer 1002 includes an Automatic
Gain Control (AGC) loop 1402, an adaptive equalizer 1404, and an adaptive equalizer feedback 1406. The AGC loop
1402 includes a plurality of variable gain amplifiers 1418 that adjust the amplitude of a received bit stream and a
feedback control loop that includes a rectifier 1414 and an integrator 1416. The feedback control loop receives as its
input the output of the adaptive equalizer 1404 and controls the gain of the plurality of cascaded variable gain amplifiers
1418.

[0094] Adaptive equalizer 1404 includes a constant gain low pass filter 1410 and a plurality of cascaded tuned am-
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plifiers 1408. The structure of the cascaded tuned amplifiers 1408 will be described further with reference to FIG. 15.
The adaptive equalizer feedback 1406 includes an integrator 1420 that receives its inputs from separate signal paths,
each of which receive as its input the output of the adaptive equalizer 1404. The first signal path includes tuned amplifier
1422, gain stage 1424, and rectifier 1426 and couples to the positive input of the integrator. The second signal path
includes tuned amplifier 1428, gain stage 1430, and rectifier 1432 and couples to the negative input of the integrator.
The output of the adaptive equalizer 1404 also serves as the input to the limiting amplifier 1004 that includes a plurality
of gain stages that will be described further with reference to FIGs. 21 and 22.

[0095] The equalizer 1002 of FIG. 14 operates according to the following principles: (1) The input signal is amplified
and its amplitude is held constant by the AGC loop 1402; (2) The output of the AGC loop 1402 is fed to two amplifying
paths. A first amplifying path includes a tow pass filter 1404 that has a flat band response with a -3dB BW > Nyquist
and a second amplifying path that includes either band pass or high pass characteristics.

[0096] As described with reference to FIG. 14, the second path includes the cascaded tuned amplifiers 1408; (3)
The two outputs of the two signal paths of the adaptive equalizer 1404 are summed by a variable gain summing circuit
1434 that is controlled by the adaptive feedback equalizer circuit 1406; (4) The power of the signal by the adaptive
equalizer 1404 is measured at two frequency points f,, f, with f, > f; by the adaptive equalizer feedback 1406 (due to
tuning of tuned amplifiers 1422 and 1428) and the ratio of the two power P(f,)/P(f,) measurements is compared after
being separately gained by gain stages 1424 and 1430, respectively. The manner in which this is done is illustrated in
FIG. 16 and shows that for a 10 GHz bit stream, these frequencies may be selected as 2 GHz and § GHz. The points
f, and f, are referred to as points A and B in FIG. 16. This ratio will indicate the high frequency attenuation in the bit
stream. In such example, the tuned amplifier 1422 and 1428 center frequencies are chosen accordingly.

[0097] Inthe case of an ideal PRBS signal, the ratio will be equal to the reference and the adaptive equalizer 1404
would provide not frequency adjustment. Higher, if the signal is degraded by the low pass effects (high frequency
attenuation) of the transmission path, e.g., point C to D, than the ratio will be higher than the reference. The comparison
result causes the integrator 1420 to provide a feed back signal that adjusts the variable gain summing circuit 1434. if
the PRBS signal high frequency components are degraded, the gain of the high pass path 1408 is increased until the
ratio becomes equal to the reference and the high frequency content of the PRBS signal is restored, thus eliminating
most of the ISI. In such case, the shape of the spectrum output by the equalizer will match as closely as possible the
spectrum of the ideal PRBS signal.

[0098] The equalizer 1002 is a linear equalizer. That means that the processing on the signal is linear. In order for
the above system to function properly, the signal must be maintain reasonably linear along the path. Clamping the
signal at a rail would distort the signal spectrum and lead to errors in the amount of equalization applied. Therefore
the AGC loop 1402 is necessary. The feedback path of the AGC loop 1402 (the rectifier 1414 and the integrator 1416)
monitors the signal amplitude at the output of the AGC 1402 and provides feedback to the VGA 1418 via the integrator
1416. The VGA 1418 thus maintains the output amplitude constant based upon the feedback.

[0099] An ideal amplitude detector would be a peak detector capable of detecting the max amplitude and storing it
indefinitely. At very high speed any peak detector, due to circuit speed limitations, behaves in reality as a signal energy
detector. Considering two PRBS input signals with the same amplitude, with the first transmitted with full Nyquist band-
width and the second being low-pass filtered, the second signal will result in a lower value, as detected by the amplitude
detector. Therefore for this application, signals with the same amplitude but with different loss at high frequency would
force the AGC loop 1402 to settle at different amplitude levels for the signals.

[0100] Strongly attenuated signals will actually tend to saturate the AGC loop 1402 and therefore be clamped. This
is unacceptable if linear operation of the adaptive equalizer 1404 must be maintained. Thus, according to the present
invention, the sensing point of the amplitude detector is moved from the output of the AGC loop 1402 (shown as dotted
path A) to the output of the adaptive equalizer 1404 (shown as path B). In doing so, the amplitude detector senses a
signal already equalized and the above-described result is precluded.

[0101] The configuration described above consists in two feedback loops sensing at one point X and controlling in
two different points, control point Y (at the VGA 1418) and control point Z (at variable gain summing circuit 1434). If
both feedback loops have gain in the same frequency range the stability of the whole system would be compromised.
Such is not the case with the present invention because the adaptive equalizer 1404 is composed of a first path for
the signal which is a flat response buffer (low pass) 1410 with a bandwidth > Nyquist, and a second path which is
realized with a cascade of tuned amplifiers 1408. The tuned amplifiers are realized with Common Mode Logic (CML)
buffers with inductive loads. The tuned amplifiers have excellent DC rejection and therefore the DC gain of the adaptive
equalizer 1404 does not change with the amount of equalization applied. Thus, the adaptive equalizer 1404 doesn't
interfere with the AGC loop 1402. The structure of each of these tuned amplifiers is illustrated in FIG. 15.

[0102] FIG. 15 is a schematic diagram illustrating the structure of one of the cascaded tuned amplifiers 1408 of the
adaptive equalizer 1404 of FIG. 14. The cascaded tuned amplifier includes a tuned amplifier stage 1502 and a flat
band/boost selector stage 1504. Based on a bias input to the tuned amplifier 1502, the tuned amplifier provides a gain
of the cascaded tuned amplifier. The flat band/boost selector 1504 receives VeqP and VegN as the inputs and receives
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the output of the tuned amplifier 1502. The flat band/boost selector introduces a boost into the signal path. The char-
acteristics of the tuned amplifier stage 1502 and the flat band/boost selector stage 1504 of the cascaded tuned amplifier
1408 illustrated (as well as of the characteristics of the constant gain low pass filter 1410) are determined based upon
the bit rate of the serviced bit stream and also the expected manner in which the serviced bit stream is affected by the
PCB on the board side and/or the media on the line side. The manner in which this is performed is straightforward.
[0103] FIG. 16 is a graph illustrating the theoretical power spectrum of a Pseudo Random Bit Stream signal (PRBS)
and the power spectral density of a PRBS signal with high frequency attenuation. Referring back to FIG. 13, at step
1302, it was required that the deterministic jitter in a receive bit stream is estimated. One technique for doing such
estimation is to compare the power spectrum of a received pseudo random bit stream with the theoretical power spec-
trum of a pseudo random bit stream. Such determination may be done by looking at magnitudes of the power spectrum
at particular frequencies, e.g., at points A and B of the theoretical power spectrum of the PRBS. Then, the actual
magnitudes of the attenuated PRBS power spectrum at points A' and B' on the frequency spectrum are also determined.
Based upon the relationship of A’ and B' to A and B, the high frequency attenuation of the pseudo random bit stream
is determined. This high frequency attenuation corresponds significantly to the deterministic jitter in the receive bit
stream. As was previously described with reference to FIG. 14, the adaptive equalizer feedback 1406 uses this rela-
tionship as feedback to the adaptive equalizer 1404. The adaptive equalizer 1404 uses this feedback to adjust its
frequency response.

[0104]) FIG. 17 is a graph illustrating various signal path attenuation properties and equalizer frequency responses
corresponding to the signal path attenuation properties. As illustrated in FIG. 17, one signal path attenuation charac-
teristic is addressed via equalizer setting 1. Further, another signal path attenuation setting is addressed by equalizer
setting 2. Finally, a third signal path attenuation setting is addressed by equalizer setting 3. As is evident, appropriate
equalizer settings will partially/fully invert the frequency response to produce a desired frequency response for any
high frequency attenuation caused by the signal path. Such a desired frequency response is shown.

[0105] FIG. 18is alogic diagram illustrating operation according to the present invention in determining pre-emphasis
circuit settings for a particular signal path and connector combination. Operation commences wherein the frequency
response of a combined connector and signal path are determined (step 1802). For example, one combination of signal
path and connector relate to the RX path serviced by the high-speed bit stream interface module 102A. Such connector
and signal path couple the high-speed bit stream interface module 102A to the PCB 100 for further coupling the signals
to the communication ASIC 104A. The connector in the PCB 100 board trace have there own unique signal propagation
characteristics. Thus, at step 1802, the combined characteristics of this signal path are determined.

[0106] Likewise, at step 1802, the frequency response of a connector and a signal path may also be determined for
the line interface of the high-speed bit stream interface module 102A. Once the frequency response of the connector
and signal paths are determined, operation proceeds to step 1804 in which pre-emphasis circuit settings that will be
employed by the pre-emphasis circuit are determined. As was the case of the equalizer 1002, the output pre-emphasis
circuit 1008 settings are intended to pre-emphasize the signal to compensate for signal path characteristics. Once
these output pre-emphasis circuit settings are determined, the output pre-emphasis circuit 1008 is programmed to pre-
emphasize the signal to pre-compensate for the frequency response of the connector and signal path. Referring back
to FIG. 10, output pre-emphasis circuit 1008 of signal conditioning circuit 312 is programmed to compensate for at
least the line side connector. Likewise, output pre-emphasis circuit 1008 of signal conditioning circuit 306 is pro-
grammed to compensate for the characteristics of the connector and trace that couple the signal conditioning circuit
306 to the communication ASIC. The output pre-emphasis circuit 1008 may be constructed as a linear filter having a
frequency response whose settings are selected by the control circuit 318 based upon the particular installation.
[0107] FIG. 19 is a graph illustrating various frequency responses of the connection between the high-speed bit
stream interface module 102A and the communication ASIC 104A of the PCB 100. The combination of the intercon-
nection between the high-speed bit stream interface module 102A and the communication ASIC 104A includes the
connector for the module 102A and the PCB 100 trace between the connector and the communication ASIC 104A.
Three separate frequency response curves are shown in FIG. 19. A first frequency response curve illustrates a poor
connector and a good trace. A second frequency response curve illustrates frequency response for an average con-
nector and an average trace. Finally, a third frequency response curve illustrates the frequency response for a good
connector in a poor trace. Based upon the frequency response of the signal path that will be addressed, the output
pre-emphasis circuit 1008 of the signal conditioning circuit 306 will be programmed to precondition the signal in an
inverted manner. By preconditioning the signal in a manner inverted to the frequency response of the signal path,
theoretically, the signal will be received to have a spectrum corresponding to the PRBS spectrum.

[0108] Likewise, the output pre-emphasis circuit 1008 of the signal conditioning circuit 312 may be programmed to
pre-compensate for the connector to the line side media and/or for to pre-compensate for the line side media itself. In
this fashion, the preconditioned signal, after having been transmitted across the connector and/or the media will have
a spectrum more similar to the PRBS spectrum than it would otherwise have. As the reader should appreciate, when
a copper media is used on the line side, more preconditioning would typically be required than when an optical media
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is used.

[0108) Also shown if FIG. 18 is a desired frequency response for a received bit stream at the far end of connector/
media or connector/trace being serviced. The frequency axis of FIG. 19 is not labeled. Such is the case because each
particular connector/media or connector/trace will typically have a different frequency response. Further, this frequency
response will typically be more complex than that as shown in FIG. 19. Thus, the graph of FIG. 19 is illustrative only.
However, the teachings of the present invention provided partially by FIG. 19 will cause the design of an integrated
circuit incorporating such teachings to be straightforward to one of skill in the art.

[0110] FIG. 20is a logic diagram illustrating operation according to the presentinvention in programming the dynamic
range of a limiting amplifier of the signal conditioning circuit of the present invention. Because the signal conditioning
circuit of the present invention is employed both in the TX path and the RX path of the high-speed bit stream interface
module 102A of FIG. 1, it must operate upon input bit streams having significantly different dynamic ranges. For ex-
ample, when the signal conditioning circuit is employed to service the RX signal path of the high-speed bit stream
interface module 102A such a signal conditioning circuit 306 of FIG. 10 iliustrates, the input signal will be of a relatively
low dynamic range. Further, when the signal conditioning circuit 312 of FIG. 10 is employed to service the TX path of
the high-speed bit stream interface module 102A, the input signal has a relatively larger dynamic range. However,
because the structure of the signal conditioning circuit is the same for both implementations, the limiting amp 1004 of
the signal conditioning circuit must be capable of accepting varying different dynamic ranges.

[0111} Thus, according to the operation of FIG. 20, the limiting amp is programmed for its intended purpose. As a
first operation, the dynamic range of the input signal is first determined (step 2002). Then, based upon the dynamic
range of the input signal as expected, the input gain required for the input signals is determined (step 2004). Finally,
the limiting amplifier is programmed to provide an input gain corresponding to the expected dynamic range on the input
signal (step 2006). .

[0112] FIG. 21 is a block diagram illustrating a limiting amp 1004 constructed according to the present invention. As
is shown, the limiting amp 1004 includes a plurality of CML stages 2102A-2102F. Each of these CML stages 2102A-
2102F receives a respective gain select signal. This gain select signal is employed to determine the gain for the re-
spective stage. In the embodiment of FIG. 21, the control circuit 318 provides the gain select signal, with such control
signal potentially differing for the signal conditioning circuit 306 as compared to the control signal provided to signal
conditioning circuit 312.

[0113] FIG. 22 is a schematic diagram illustrating a common mode logic stage of the limiting amplifier 1004 of the
signal conditioning circuit 312 or 306. The CML stage 2102A-2102F of FIG. 22 is cascaded with other CML stages as
is illustrated in FIG. 21. The control signal for the CML stage illustrated in FIG. 22 is employed to set the Ibias current
for the stage. As is generally known, the gain of such a CML stage is proportioned to the square root of the Ibias for
the stage. Thus, the gain select signal as provided by the control circuit illustrated in FIG. 10 will determine the particular
gain for the CML stage.

[0114] The invention disclosed herein is susceptible to various modifications and alternative forms. Specific embod-
iments therefore have been shown by way of example in the drawings and detailed description. It should be understood,
however, that the drawings and detailed description thereto are not intended to limit the invention to the particular form
disclosed, but on the contrary, the invention is to cover all modifications, equivalents and alternatives falling within the
spirit and scope of the present invention as defined by the claims.

Claims

1. A high-speed serial bit stream interface that communicatively couples a line side media to a communication Ap-
plication Specific Integrate Circuit (ASIC), the high-speed serial bit stream interface comprising:

a line side interface that communicatively couples to the line side media, that receives an RX signal therefrom,
and that transmits a TX signal thereto;

a board side interface that communicatively couples to the communication ASIC, that receives the TX signal
therefrom, and that transmits the RX signal thereto; :

a signal conditioning circuit communicatively coupled between the line side interface and the board side in-
terface;

wherein the signal conditioning circuit receives the RX signal from the line side interface, conditions the RX
signal, and provides the RX signal to the board side interface, wherein the signal conditioning circuit is controllable
to spectrally shape the RX signal; and

wherein the signal conditioning circuit receives the TX signal from the board side interface, conditions the
TX signal, and provides the TX signal to the line side interface,
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wherein the signal conditioning circuit is controllable to spectrally shape the TX signal.

The high-speed serial bit stream interface of claim 1, wherein the RX signal and the TX signal each comprise a
single high-speed serial bit stream.

The high-speed serial bit stream interface of claim 1, wherein:

the signal conditioning circuit spectrally shapes the RX signal using first spectral shaping control settings; and
the signal conditioning circuit spectrally shapes the TX signal using second spectral shaping control settings.

The high-speed serial bit stream interface of claim 3, wherein:
the first spectral shaping control settings are determined based upon the spectral shape of the RX signal prior
to conditioning relative to reference spectral characteristics; and
the second spectral shaping control settings are determined based upon the spectral shape of the TX signal
prior to conditioning relative to reference spectral characteristics.

The high-speed serial bit stream interface of claim 4, wherein:
the signal conditioning circuit determines the second spectral shaping control settings based upon a ratio of
a first spectral component of the RX signal to a second spectral component of the RX signal; and
the signal conditioning circuit determines the second spectral shaping control settings based upon a ratio of
a first spectral component of the TX signal to a second spectral component of the TX signal.

The high-speed serial bit stream interface of claim 3, wherein:

the signal conditioning circuit automatically determines the first spectral shaping control settings; and
the signal conditioning circuit automatically determines the second spectral shaping control settings.

The high-speed serial bit stream interface of claim 1, wherein the signal conditioning circuit spectrally shapes the
TX signal to remove deterministic jitter from the TX signal.

The high-speed serial bit stream interface of claim 1, wherein the signal conditioning circuit spectrally shapes the
TX signal to remove inter symbol interference from the TX signal.

The high-speed serial bit stream interface of claim 1, wherein:
the signal conditioning circuit spectrally shapes the TX signal to remove deterministic jitter from the TX signal;
and
the signal conditioning circuit spectrally shapes the RX signal to remove deterministic jitter from the RX signal.

The high-speed serial bit stream interface of claim 1, wherein the signal conditioning circuit comprises:

an RX signal path that operates upon the RX signal; and
a TX signal path that operates upon the TX signal.

The high-speed serial bit stream interface of claim 1, wherein the signal conditioning circuit further comprises:

output pre-emphasis circuit that controllably modifies the spectrum of its serviced signal to pre-compensate
for the spectral characteristics of a signal path upon which the serviced signal will be output; and

wherein the output pre-emphasis circuitry servicing the RX signal and the output pre-emphasis circuitry serv-
icing the TX signal are separately controlled to produce differing pre-compensation operations of the RX signal
and for the TX signal.

The high-speed serial bit stream interface of claim 1, wherein the signal conditioning circuit further comprises:

a limiting amplifier that receives the respective serviced signal and that controllably amplifies the respective
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serviced signal to produce the respective serviced signal in a desired output range; and

wherein the limiting amplifier servicing the RX signal and the limiting amplifier servicing the TX signal are
separately controlled to produce respective serviced signals in the desired output range.

The high-speed serial bit stream interface of claim 1, wherein the signal conditioning circuit further comprises:

a clock and data recovery circuit having an adjustable Phase Locked Loop (PLL) bandwidth that communica-
tively couples to the output of the limiting amplifier and receives, recovers, and reclocks the respective serviced
signal; and

wherein the PLL bandwidth of the clock and data recovery circuit servicing the RX signat and the PLL band-
width of the clock and data recovery circuit servicing the TX signal are separately controlled based upon respective
serviced signal characteristics.

A high-speed serial bit stream conditioning circuit comprising:

an adaptive equalizer that receives a high-speed serial bit stream and that spectrally shapes the high-speed
serial bit stream to produce an equalized high-speed serial bit stream; and

a clock and data recovery circuit operably coupled to the output of the adaptive equalizer that recovers the
equalized high-speed bit stream to produce an output high-speed serial bit stream.

The high-speed serial bit stream conditioning circuit of claim 14, wherein:

the adaptive equalizer automatically determines spectral shaping control settings; and

the adaptive equalizer uses the spectral shaping control settings to spectrally shape the high-speed serial bit
stream such that the spectral characteristics of the equalized high-speed serial bit stream substantially corre-
spond to reference spectral characteristics.

The high-speed serial bit stream conditioning circuit of claim 15, wherein the spectral shaping contro! settings
comprise at least one filter setting and at least one gain setting.

A method for equalizing a high-speed serial bit stream comprising:

receiving the high-speed serial bit stream;

spectrally shaping the high-speed serial bit stream based upon spectral shaping controf settings; and
adjusting the spectral shaping control settings so that the spectral characteristics of the high-speed serial bit
stream substantially correspond to reference spectral characteristics.

The method of claim 17, wherein the spectral shaping control settings comprise at least one filter setting and at
least one gain setting.

The method of claim 17, wherein the spectral shaping control settings are determined by:
determining a first spectral component of the high-speed serial bit stream;
determining a second spectral component of the high-speed serial bit stream; and
determining the spectral shaping control settings based upon a ratio if the first spectral component and the

second spectral component.

The method of claim 17, wherein the spectrally shaping the high-speed serial bit stream removes deterministic
jitter from the high-speed serial bit stream.
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via the coaxial transmission path.
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CONFIGURABLE WIRELESS INTERFACE

FIELD OF THE INVENTION

The present invention relates generally to wireless communication. More

specifically, a configurable wireless interface is disclosed.

BACKGROUND OF THE INVENTION

With the increasing popularity of portable computing devices and wireless
connectivity, there has been a proliferation of wireless communication standards and
protocols. For example, a Personal Digital Assistant (PDA) may communicate with
several other portable or non portable devices wirelessly and run wireless
applications. Such a PDA may at different times (and in some cases, concurrently)
implement WLAN, Bluetooth, GPS, Cellular, Cordless or other RF applications.
Currently, each such application requires its own software and hardware and as a
result each application that is enabled contributes individually to the cost of the
portable device. In addition, each application is generally configured in the device

before the device is sold, or in some cases purchased as a hardware add on.

It would be very useful if a device could be developed that could be
configured and reconfigured to implement different wireless applications and
protocols as desired. Furthermore, if such a device could use common hardware or
reconfigurable software resources to implement different protocols or applications,
then the cost of potentially including a large selection of applications in a device

could be reduced. What is needed, therefore, is a configurable wireless interface that
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could be included in a device to allow that device to be configured to run multiple

wireless applications.

SUMMARY OF THE INVENTION

It should be appreciated that the present invention can be implemented in
numerous ways, including as a process, an apparatus, a system, a device, a method, or
a computer readable medium such as a computer readable storage medium or a
computer network wherein program instructions are sent over optical or electronic
communication links. Several inventive embodiments of the present invention are

described below.

A configurable wireless interface is disclosed. In one embodiment, a
multistandard RF receiver includes a plurality of selectable mixers; a plurality of
selectable amplifiers; a configurable analog filter; and a configurable analog to digital

converter.

In one embodiment, a multistandard RF transmitter includes a plurality of
selectable mixers; a plurality of selectable amplifiers; a configurable analog filter; and

a configurable analog to digital converter.

In one embodiment, a multistandard RF receiver includes a data interface for
sending data to a host controller and a control interface for receiving configuration
commands from the host controller. The configuration commands identify a wireless
standard that is to be implemented by the RF receiver. An RF processor processes an
RF signal wherein the processed RF signal is output to the host controller on the data

interface.
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In one embodiment, a multistandard RF transmitter includes a data interface
for receiving data from a host controller and a control interface for receiving
configuration commands from the host controller. The configuration commands
identify a wireless standard that is to be implemented by the RF transmitter. An RF
processor processes an RF signal. The processed RF signal is transmitted in

accordance with the wireless standard.

These and other features and advantages of the present invention will be
presented in more detail in the following detailed description and the accompanying

figures which illustrate by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, wherein like reference

numerals designate like structural elements, and in which:

Figure 1 is a block diagram illustrating how a modular RF interface interacts

with a host.

Figure 2A is a diagram illustrating an architecture used in one embodiment of
a modular wireless interface that includes an RF/IF system with both a transmitter and

areceiver.

Figure 2B is a diagram illustrating in detail a configurable signal path between

the amplifiers, mixers, and digital filter shown in Figure 2A on the receive side.
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Figure 2C is a diagram illustrating in detail a configurable signal path between

the amplifiers, mixers, and digital filter shown in Figure 2A on the transmit side.

Figure 3 is a diagram illustrating a feature register included in the modular RF

interface.

5 Figure 4A is a diagram illustrating an application table for the transmit side

included in a control database as shown in Figure 1.

Figure 4B is a diagram illustrating an application table for the transmit side

included in a control database as shown in Figure 1.

Figure 5 is a flow chart illustrating a process for programming the modular RF

10  interface to include a new application by adding a new application table.

Figure 6 is a flow chart illustrating a process for configuring the modular RF

interface to implement a selected application.

Figure 7 is a flow chart illustrating a process for the modular RF interface

reporting to a host the features that are available.

15 Figure 8 is a flow chart illustrating a process for the programming of the

control interface.

DETAILED DESCRIPTION

A detailed description of a preferred embodiment of the invention is provided
below. While the invention is described in conjunction with that preferred

20 embodiment, it should be understood that the invention is not limited to any one
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embodiment. On the contrary, the scope of the invention is limited only by the
appended claims and the invention encompasses numerous alternatives, modifications
and equivalents. For the purpose of example, numerous specific details are set forth
in the following description in order to provide a thorough understanding of the
present invention. The present invention may be practiced according to the claims
without some or all of these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the invention has not been

described in detail so that the present invention is not unnecessarily obscured.

Figure 1 is a block diagram illustrating how a modular RF interface 100
interacts with a host 102. Host 102 includes a data interface 104 and a control
interface 106. Host processor 108 uses control interface 106 to first determine the
features that are enabled for modular RF interface 100 and then to select a feature.
Host processor 108 then uses data interface 104 to send data to the modular RF

interface for transmission and to receive data from the modular RF interface.

Modular RF interface 100 likewise includes a data interface 114 and a control
interface 116. Modular RF interface 100 also includes a feature register 118 that
communicates with control interface 116 and is described further in Figure 3. Feature
register 118 stores a code that indicates features that have been programmed into the
modular RF interface. Control interface 116 also communicates with control database
120 to select a feature when a feature selection is made by the host processor. Control
database 120 includes a table for each application that may be selected that includes
various parameters used to program the modular RF interface to support the selected

application.
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In some embodiments, programming interface 122 is provided to write new
application tables to control database 120 or to edit existing application tables. By
loading new parameters for an application, the modular RF interface can be
configured to support a new application or an updated existing application without a
hardware change. The RF interface is engineered or re-engineered by software input
to the programming interface. This flexible design allows new applications to be
installed in the modular RF interface and made available to the host by simply

downloading the required parameters.

It should be noted that programming interface 122 may logically and/or
physically be a separate interface as shown in Figure 1 or may alternatively be
i‘mplemented as part of control interface 116. A special code or sequence may be
used to indicate a programming mode where the control database is being updated
instead of an operating mode where an application table is being selected to obtain
parameters for loading into the modular RF interface. It should also be noted that in
some embodiments, the control database is not programmable and is contained in
ROM that is configured before the chip is sold and is not writeable. However, the
ability to program new applications and modify old applications on the modular RF
interface and therefore potentially add new functionality to the modular RF interface

and the host is an important feature in many embodiments.

When an application table is selected, the data from the table is used to
configure various devices included in RF processor 124. RF processor 124, once
configured, receives data from the host via data interface 114 for transmission and/or

receives a signal from an antenna for processing and returns the processed signal to
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the host. Data interface 114 may be any suitable interface capable of exchanging data
between the host and the modular RF interface. In one embodiment, data interface
114 is a serial interface. In embodiments that plug the modular RF interface into a
legacy application, data interface 114 may include a remodulator that recreates a

signal that is processed by a conventional baseband processor on the host.

Figure 2A is a diagram illustrating an architecture used in one embodiment of
a modular wireless interface that includes an RF/IF system with both a transmitter and
areceiver. Preferably, this system is contained on a single chip 200. In one
embodiment, the system is implemented on separate chips with a high speed interface
provided between the chips. It should be noted that in some embodiments, a

transmitter only or a receiver only may be implemented.

On the transmit side, in the embodiment shown, three possible antenna inputs
202 are shown. The signal paths from each of the antennas are shown separately
through amplifiers 204 which are preferably low noise amplifiers and mixers 206
which are driven by local oscillator 205 controlled by a digital synthesizer 207. In
some embodiments, a common amplifier may be used by the different antennas by
implementing a series of switches to select the desired antenna. Likewise, in some
embodiments, a common antenna may be shared by different amplifiers by

implementing a series of switches or other appropriate arrangement.

It should be noted that in other embodiments, different numbers of signal
paths may be included. Also, in some embodiments, a signal path may be used for
more than one application. For example, one signal path may be used for GSM,

GPRS, and EDGE. In general, the low noise amplifier and the mixer are determined

Exhibit 1002

Kangxi Communication Technologies v. Skyworks Solutions, Inc.

0165



10

15

20

WO 03/061174 PCT/US02/41138

by the frequency band of the application or wireless protocol that is being
implemented. Applications that may be implemented in a signal path include
WCDMA, or GSM, GPRS, and EDGE or TDMA, CDMA and CDMA 2000-xx or
wireless LANs, Bluetooth, cordless phones and GPS or DCS1800 and PCS or PCS

1900. Other applications may be included as well.

Filter 208 receives a signal from the selected signal path that includes a
selected amplifier and mixer. Filter 208 is programmed according to a selected
application to appropriately provide anti aliasing and/or image rejection. In one
embodiment, filter 208 is a low pass filter and the frequency cutoff is programmed
according to the selected application. Filter 208 may also be a bandpass filter. In one
embodiment, filter 208 is an active or passive RC filter and a switchable array of
capacitors or resistors or both is programmed to select the required components for a
given response. The output of filter 208 is input to an analog to digital converter
(ADC) 210. The digital output of ADC 210 is processed by a digital signal processor
(DSP) 212. DSP 212 is reconfigurable and is programmed to process the signal in a
manner that varies with the selected application. In general, DSP 212 processes both 1
and Q channel signals received from ADC 210. DSP 212 may also be configured to

process a signal that is being transmitted.

In some embodiments, the signal is not converted all the way down to
baseband in the analog domain and DSP 212 includes a numerical oscillator that
down converts the signal in the digital domain the remainder of the way to baseband
from the intermediate frequency achieved by the selected mixer and digitally

controlled local oscillator.
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In one embodiment, DSP 212 is configured to perform all baseband processing
of the signal. However, in different embodiments, various signal processing functions
may be performed off chip by a host processor. For example, voice processing,
coding/decoding, and error correction may be performed on the host processor while
modulation and demodulation, equalization and filtering are performed by the on chip
transceiver using DSP 212. A host controller function may be implemented partly on
chip and partly on the host. In certain embodiments, for the purpose of
communicating with a legacy system that includes a baseband processor configured to
receive an analog IF signal input, DAC 214 is provided to remodulate the signal to
communicate with baseband processor 216. The baseband processor preferably is
implemented on the host. In some embodiments, a dedicated baseband processor chip

may be used.

In a similar manner, the transmit side includes programmable components that
are configured to work with different applications such as the ones listed above as
well as separate components included in alternative signal paths. An analog signal
may be received from baseband processor 216 if a legacy device is being used. ADC
234 converts an analog input to a digital signal to be processed by DSP 212.
Alternatively, a digital signal may be input to the chip using a suitable digital
interface. DSP 212 encodes and/or modulates the signal according to the selected
application and provides an output to DAC 230. The output of DAC 230 is filtered by
a programmable analog filter 228. The output of filter 228 1s selectably routed to a
signal path that includes a mixer 226 and an amplifier 224. The output of amplifier
224 is sent to a transmit antenna or transmitting system. In some embodiments, the

separate signal paths may be combined.
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In some embodiments, the transmitter may additionally be reconfigured to
include digital up conversion. Also, the transmitter mode may be switched to a
translational loop architecture for constant envelope modulation schemes such as

GSM.

Figure 2B is a diagram illustrating in detail a configurable signal path between
the amplifiers, mixers, and digital filter shown in Figure 2A on the receive side.
Switch 250 selects an amplifier and switches 252 and 254 select a mixer. Other signal
paths are used in other embodiments. For example, the mixer and amplifier may be

selected as a pair.

Figure 2C is a diagram illustrating in detail a configurable signal path between
the amplifiers, mixers, and digital filter shown in Figure 2A on the transmit side.
Switch 260 selects an amplifier and switches 262 and 264 select a mixer. Other signal
paths are used in other embodiments. For example, the mixer and amplifier may be

selected as a pair.

The transceiver architecture shown shows a configurable signal path using
switches as well as individually configurable components that are reprogrammed and
reused in different modes. In other embodiments, the signal path is configured in
other manners and different configurable components may be selected. However, the
benefit of reusing certain components is still enjoyed. In particular, the common DSP

greatly reduces the amount of area required to implement the different protocols.

Figure 3 is a diagram illustrating a feature register included in the modular RF
interface. For the purpose of illustration, a 16 bit register is shown wherein each bit

corresponds to an application that may be implemented by the modular RF interface.

10
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In other embodiments, applications may be represented by more complex codes for
the purpose of security. In the example shown, bits are labeled that correspond to a

GPS, a wireless LAN, and a CDMA feature.

Figure 4A is a diagram illustrating an application table for the transmit side
included in control database 120 as shown in Figure 1. The application table includes
various parameters that are used to either select a signal path by switching between
amplifiers and mixers or to configure components such as a filter, an ADC or a DAC.
Application table 400 includes an application ID 402 that is used to match an
application ID specified by the host for the purpose of selecting the application table.
A low noise amplifier identifier 404 selects a low noise amplifier and a mixer
identifier 406 selects a mixer. A local oscillator/IF identifier specifies an IF and
selects or programs a local oscillator. Identifiers 402, 404, and 406 select or
configure the signal path that leads to the programmable analog filter as shown in

Figure 4A.

The programmable analog filter is programmed according to filter parameters
410 which define the analog filter response. It should be noted that each of the
parameters shown may be an array of parameters or a pointer to a data structure that

contains the parameter or set of parameters.

The ADC is configured according to the ADC parameters 416 and 418.
Parameter 416 specifies the ADC sample rate and Parameter 418 specifies the ADC
precision. Other ADC parameters are specified in other embodiments. By specifying

the filter parameters and the ADC parameters, the filter and ADC are configured to

11
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operate for different applications. The reuse of the ADC and filter components for

different applications greatly reduces the cost of the modular RF interface.

If a digital down conversion is performed, then parameter 420 may be used to
specify a numerical oscillator or digital IF. Digital filter parameters may also be
specified. For example, parameter 422 specifies digital filter coefficients; and

parameter 424 specifies digital filter taps.

If a DAC is used after the DSP to generate an analog signal for a legacy
interface to communicate with the baseband processor, then analog interface identifier
426 may be included to indicate the type of analog waveform that is to be generated.
In general, different analog waveforms may be generated for different types of
baseband processors. In one embodiment, either a digital or an analog PLL is used to
generate a timing signal for the legacy or digital interface. A digital or analog PLL
may be used with the DAC or digital interface for the baseband or host processor and
support various types of timing and data formatting. The PLL can generate different
phase or frequency through programming. Parameter 428 is used to program various

kinds of timing and data formatting.

Figure 4B is a diagram illustrating an application table for the transmit side
included in control database 120 as shown in Figure 1. The application table includes
various parameters that are used to either select a signal path by switching between
amplifiers and mixers or to configure components such as a filter, an ADC or a DAC.
Application table 450 includes an application ID 452 that is used to match an
application ID specified by the host for the purpose of selecting the application table.

A power amplifier driver identifier 454 selects a low noise amplifier and a mixer
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identifier 456 selects a mixer. A local oscillator/IF identifier specifies an IF and
selects or programs a local oscillator. Identifiers 452, 454, and 456 select or
configure the signal path that leads to the programmable analog filter as shown in

Figure 4A.

The programmable analog filter is programmed according to filter parameters
460 which define the analog filter response. It should be noted that each of the
parameters shown may be an array of parameters or a pointer to a data structure that

contains the parameter or set of parameters.

The DAC is configured according to the DAC parameters 416 and 418.
Parameter 416 specifies the DAC sample rate and Parameter 418 specifies the DAC
precision. Other DAC parameters are specified in other embodiments. By specifying
the filter parameters and the DAC parameters, the filter and DAC are configured to
operate for different applications. The reuse of the DAC and filter components for

different applications greatly reduces the cost of the modular RF interface.

If a digital up conversion to a digital IF is performed, then parameter 420 may
be used to specify a numerical oscillator or digital IF. Digital filter parameters may
also be specified. For example, parameter 422 specifies digital filter coefficients; and
parameter 424 specifies digital filter taps. 1f an ADC is used before the DSP in the
transmit path to receive an analog signal from the baseband processor, then analog
interface identifier 476 may be included to indicate the type of analog waveform is to
be received. In general, different analog waveforms may be generated by different
types of baseband processors. In one embodiment, either a digital or an analog PLL is

used to generate a timing signal for the legacy or digital interface. A digital or analog
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PLL may be used with the ADC or digital interface to receive the data from the
baseband or host processor and provide various type of timing and identify the data
formatting. The PLL can generate different phase or frequency through programming.

Parameter 4478 is used to program various kind of timing and data formatting.

It should be noted that in other embodiments, different data structures are used
to configure or select components for the modular RF interface. The disclosed table
format is one of many structures that may be used as is deemed appropriate for a

specific system.

In a similar manner, identifiers and parameters are also specified on the
transmit side so that the transmit signal path is selected and the transmit DAC and

analog filter are configured.

Figure 5 is a flow chart illustrating a process for programrhing the modular RF
interface to include a new application by adding a new application table. The process
starts at 500. In step 502, the new application table is received. Next, in step 504, the
application table is confirmed or checked for errors. Any standard technique for
doing this may be implemented including hashing the table and checking the hash
value. In step 506, the application register (as shown in Figure 3) is updated to

indicate that the new application is available on the modular RF interface.

Figure 6 is a flow chart illustrating a process for configuring the modular RF
interface to implement a selected application. The process starts at 600. In step 602,
an application identifier is received. In step 604, application parameters are retrieved

from the application table that corresponds to the application identifier. In step 606,
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the application parameters are loaded to configure devices. Finally, in step 608,

devices are selected according to the application parameters. The process ends at 610.

Figure 7 is a flow chart illustrating a process for the modular RF interface
reporting to a host the features that are available. The process starts at 700. In step
702, an inquiry for the feature registry is received. In step 704, the feature registry is
retrieved. In step 706, the feature registry is transmitted. The process ends at 708. It
should be noted that in some embodiments, the feature registry may be directly

accessed by the host.

In some embodiments, depending on the host or baseband processor, it may be
desirable to program the control/data interface, protocol or signaling. The
programming interface supports this programming. Figure 8 is a flow chart
illustrating a process for the programming of the control interface. The process starts
at 800. In a step 802, a control/data path format table is received. In step 804, the
table is checked for errors. If errors are found, then the system waits until a correct
format table is received. In some embodiments, the system requests that the format
table be resent. The system also may fail to acknowledge the table and then wait for
the format table to be resent. Once the table is confirmed, the control/data path

registers are updated in step 806. The process ends at 808.

A modular RF interface has been described. The modular RF interface is
configurable to support different applications by selecting a set of stored parameters
that select a signal path and configure components. The modular RF interface may be
programmed to support additional applications by loading in configuration data for

such applications.
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Although the foregoing invention has been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. It should be
noted that there are many altemative ways of implementing both the process and
apparatus of the present invention. Accordingly, the present embodiments are to be
considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.

WHAT IS CLAIMED IS:
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CLAIMS

1. A multistandard RF receiver comprising:
a plurality of selectable mixers;
a plurality of selectable amplifiers;
a configurable analog filter; and

a configurable analog to digital converter.

2. A multistandard RF transmitter comprising:
a plurality of selectable mixers;
a plurality of selectable amplifiers; N
a configurable analog filter; and

a configurable digital to analog converter.

3. A multistandard RF receiver comprising:

a data interface for sending data to a host controller;

a control interface for receiving configuration commands from the host
controller wherein the configuration commands identify a wireless standard that is to
be implemented by the RF receiver; and

an RF processor for processing an RF signal wherein the processed RF signal

is output to the host controller on the data interface.

4. A multistandard RF receiver as recited in claim 3 further including a feature

register for storing information about wireless standards supported by the device.

S. A multistandard RF receiver as recited in claim 3 further including a control

database for storing parameters for implementing the wireless standard.

6. A multistandard RF receiver as recited in claim 3 wherein the RF receiver

includes a configurable signal path.

7. A multistandard RF receiver as recited in claim 3 wherein the RF receiver

includes configurable components.
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8. A multistandard RF receiver as recited in claim 3 wherein the RF receiver

includes a configurable analog filter.

9, A multistandard RF receiver as recited in claim 3 wherein the RF receiver

includes configurable analog to digital converter.

10. A multistandard RF receiver as recited in claim 3 wherein the RF receiver

includes plurality of selectable mixers.

11. A multistandard RF receiver as recited in claim 3 wherein the RF receiver

includes plurality of selectable amplifiers.

12. A multistandard RF transmitter comprising:

a data interface for receiving data from a host controller;

a control interface for receiving configuration commands from the host
controller wherein the configuration commands identify a wireless standard that is to
be implemented by the RF transmitter; and

an RF processor for processing an RF signal wherein the processed RF signal

is transmitted in accordance with the wireless standard.

13. A multistandard RF transmitter as recited in claim 12 further including a
feature register for storing information about wireless standards supported by the

device.

14. A multistandard RF transmitter as recited in claim 12 further including a

control database for storing parameters for implementing the wireless standard.

15. A multistandard RF transmitter as recited in claim 12 wherein the RF

transmitter includes a configurable signal path.

16. A multistandard RF transmitter as recited in claim 12 wherein the RF

transmitter includes configurable components.
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17. A multistandard RF transmitter as recited in claim 12 wherein the RF

transmitter includes a configurable analog filter.

18. A multistandard RF transmitter as recited in claim 12 wherein the RF
transmitter includes configurable digital to analog converter.
19. A multistandard RF transmitter as recited in claim 12 wherein the RF

transmitter includes plurality of selectable mixers.

20. A multistandard RF transmitter as recited in claim 12 wherein the RF

transmitter includes plurality of selectable amplifiers.

21. A multistandard RF transceiver comprising:
a plurality of selectable mixers;
a plurality of selectable amplifiers; and
a configurable digital signal processor that is configured to process a received

signal or a signal that is being transmitted.

22. A method of processing an RF signal including:
receiving configuration information from a host processor;

configuring a signal path in accordance with the configuration information;

and

configuring components in accordance with the configuration information.
23. A host processor for interacting with a multistandard RF transceiver
comprising:

a data interface for transmitting data to and receiving data from the
multistandard RF transceiver; and
a control interface for sending configuration information to the multistandard

RF transceiver.

24, A host processor for interacting with a multistandard RF transceiver as recited

in claim 23 wherein the host processor receives information from the multistandard
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RF transceiver indicating the standards that are supported by the multistandard RF

transceiver for interacting with a host processor.

25. A multistandard RF receiver comprising:

an RF processor for processing an RF signal;

a digital to analog converter for converting the processed RF signal to a digital
signal,

a digital signal processor for manipulating the digital signal; and

a programmable interface for outputting the processed signal.

26. A multistandard RF receiver as recited in claim 25 wherein the programmable

interface includes a digital to analog converter for generating an analog signal.

27. A multistandard RF receiver as recited in claim 25 wherein the programmable

interface includes a programmable PLL.

28. A multistandard RF transmitter comprising:

a programmable interface for receiving a signal to be transmitted;

a digital signal processor for outputting a procesed signal from the
programmable interface for transmitting;

an analog to digital converter for converting the processed signal to an analog
signal; and

an RF processor for processing the analog signal.
29. A multistandard RF transmitter as recited in claim 28 wherein the

programmable interface includes an analog to digital converter for converting the

signal to be transmitted to a digital signal.

30. A multistandard RF transmitter as recited in claim 28 wherein the

programmable interface includes a programmable PLL.

3L A multistandard RF transceiver comprising:
a modular RF interface;

a control database having parameters for programming the RF interface;
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a programming interface configured to receive updates for the control

database.

32. A multistandard RF transceiver as recited in claim 31 wherein the
programming interface is activated by a code that indicates that the control database is

to be updated.

33. A multistandard RF transceiver as recited in claim 31 wherein the
programming interface is separate from an interface used to select a set of values in

the control database for programming the RF interface.
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DETAILED ACTION
Claim Rejections - 35 USC § 102
The fqllowing is a quotation of the appropriate paragraphs of 35
U.S.C. 102 that form the basis for the rejections under this section made in this

Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

1. Claims 18, 20, 22-24. 26 are rejected under 35 U.S.C. 102(b) as being

anticipated by Kimura (US 6,734,553).

As to claim 18, Kimura teaches a method of manufacturing a module
comprising: providing a first signal conditioning circuit comprising a first portion
and a second portion (see fig. 1, numbers 11, 21, col. 4, lines 40-51);
implementing the first portion of the first signal conditioning circuit within a first
semiconductor die (see fig. 1, numbers 11, 21, col. 4, lines 40-51); implementing
the second portion of the first signal conditioning circuit within a second
semiconductor die (see fig. 1, numbers 13, 23, col. 4, lines 40-51); bonding the
first and second dies to a common substrate (see col. 4, lines 562-67, col. 5, lines
1-5); and, forming electrical connections between the two dies to complete the
first signal conditioning circuit from the first pbrtion of the first signal conditioning
circuit and the second portion of the first signal conditioning circuit (see col. 4,
lines 52-67, col. 5, lines 1-5).

As to claim 20, Kimura teaches wherein the first semiconductor die
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comprises a first portion of a first signal path (see col. 4, lines 52-67, col. 5, lines
1-5) and the second semiconductor die comprises a second portion of the first
signal path (see col. 4, lines 52-67, col. 5, lines 1-5), the first signal path
disposed between a first input port and a first odtput port (see col. 5, lines 11-
39).

As to claim 22, Kimura teaches wherein the second semiconductor die is
manufactured using a more expensive semiconductor process than that used for
manufacturing of the first semiconductor die (see col. 6, lines 10-39).

As to claim 23, Kimura teaches wherein the first portion of the first signal
conditioning circuit is more cost effectively implemented in the first
semiconductor die (see col. 6, lines 10-39).

As to claim 24, Kimura teaches wherein the first semiconductor die does
not facilitate implementation of the second portion of the first signal conditioning
circuit therein (see col. 5, lines 11-39).

As to claim 26, Kimura teaches wherein prior to implementing the first
signal conditioning circuit comprises partitioning of the first signal conditioning
circuit into the first portion and the second portion (see col. 5, lines 11-39).

Allowable Subject Matter
2. Claims 19, 21, 25 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all
of the limitations of the base claim and any intervening claims.

As to claim 19, the applied reference fails to teach providing a second

signal conditioning circuit comprising a first portion and a second portion; and,
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implementing the first and second portions of the second signal conditioning
circuit in the second semiconductor die as cited in the claim.

As to claim 21, the applied reference fails to teach wherein the second
semiconductor die comprises a second signal path that is other than the second
portion of the first signal path and in approximate RF isolation therefrom as cited
in the claim.

As to claim 25, the applied reference fails to teach wherein implementing
of the second portion of the first signal conditioning circuit within the second
semiconductor die provides increased performance in signal conditioning as
compared to implementing of the second portion of the first signal conditioning
circuit within the first semiconductor die as cited in the claim.

3. Claims 1-17, 27-32 are allowed over the prior art.

As to claim 1, Kimura. (US 6,734,553) teaches semiconductor device; Oida
ét al (US 7,245,884) teaches RF schedule; Tamaki et al (US 7,164,905) teaches
high frequency mbdule; Ishida et al (US 6,054,900) teaches power amplifier MMIC
and mobile cbmmunication terminal; Mohwinkei et al (US 5,983,089) teaches
slotline mounted flip chip. The teaching of these prior arts either combine or alone
fails to teach a second portion of the first signal conditioning circuit integrated
within the second integrated circuit die and disposed along the first signal path for
performing a first signal conditioning function along with the first portion of a first

signal conditioning circuit for a signal propagating along the first signal path.

Dependent claims 2-17 are allowable for the same reason.
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As to claim 27, Kimura (US 6,734,553) teaches semiconductor device;
Oidaet al (US 7,245,884) teaches RF schedule; Tamaki et al (US 7,164,905)
teaches high frequency module; Ishida et al (US 6,054,900) teaches power
amplifier MMIC and mobile communication terminal; Mohwinkel et al (US
5,983,089) teaches slotline mounted flip chip. The teaching of these prior arts
either combine or alone fails to teach a second portion of the first signal
conditioning circuit integrated within the second integrated circuit die and
disposed along the first signal path for performing a first signal conditioning
function along with the first and third portions of the first signal conditioning circuit
for a signal propagating along the first signal path.

Dependent claims 28-32 are allowable for the same reason.

Conclusion
4. Any inquiry concerning this communication or earlier communications from
the examiner should be directed to Nhan T. Le whose telephone number is 571-
272-7892. The examiner can normally be reached on 08:00-05:00 (Mon-Fri).

If attempts to reach the examiner by telephone are unsuccessful, the
examiner’s supervisor, Edward Urban can be reached on 571-272-7899. The fax
phone number for the organization where this application or proceeding is

assigned is 571-273-8300.
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Application/Control Number: Page 6
10/857,938
Art Unit: 2618

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 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.

WLQ/—

NhanT. Le
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Application/Contro! No. Applicant(s)/Patent Under
) ) 10/857,938 DERBYSHIRE ET AL.
Notice of References Cited . .
. Examl_ner Art Unit
Nhan T. Le 2618 Page 1 of 1
U.S. PATENT DOCUMENTS
* Document Number Date Name Classffication
Country Code-Number-Kind Code MM-YYYY

* | A | US-6,734,553 05-2004 | Kimura, Naoto 257/723
* | B | US-7,245,884 07-2007 Oida et al. 455/90.3
* | ¢ | us-7,164,905 01-2007 Tamaki et al. 455/403
* | p | US-6,054,900 04-2000 Ishida et al. 330/286
* | g | US-5,983,089 11-1999 Mohwinkel et al. 455/323

F | US-

G| US-

H | US-

) | US-

J | US-

K | US-

L | US-

M | US-

FOREIGN PATENT DOCUMENTS

* cOunue%%ZzT:‘m':zTKbi:; Code MMl?it?YY Country Name Classification

N

(¢}

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\

w

X

“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) Notice of References Cited Part of Paper No. 01152008
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Substitute form for form 1449A & 1448B/PTO Complete if Known
Application No. 10/857,938
FORMATION DISCLOSURE ([ Filing Date Juns 2, 2004
BTATEMENT BY APPLICANT | First Named Inventor Derbyshire et al.
Group Art Unit 74671, 5 s
(use as many sheels as necessary) Examiner Name daveewn- N2/ 1L
Sheet 1 of 1 Attorney Docket No. 115-34 US CIP/12667/100126
U.S. PATENT DOCUMENTS
U.S. Patent Document
Date of Pages, Columns, Lines
Name of Patentee or Publication of Where Relevant
Examiner Cite Kind Code? | Applicant of Cited Cited Document | Passages or Relevant
Initialg® No. ' Number (if known) Document MM-DD-YYYY Figures Appear
N, L 5,258,325 Spitzer et al. 11-02-1993 —_—
O/ 5,731,945 Bertin et al. 03-24-1998 —
- FOREIGN PATENT DOCUMENTS ‘
Date of Pages, Columns,
Foreign Patent Document Publication of | Lines Where
Cite Name of Patentee Cited Relevant Passages
Examiner No. Kind Code® | or Applicant of Document or Relevant Figures
Initials* ! Office® Number* (if known) Cited Document MM-DD-YYYY | Appear L
Delco
N L‘L/ EPO | 0543430 A2 Electronics 05-26-2003 R
i Corporation
WO 96/13965 pajer & Bajer. | 05.09-1996 | —
International
Business
EPO | 0436074 A1 Machines 07-10-1991 -_—
Corporation
Broadcom
N .28- ~ —
EPO | 1385305 A1 Corporation 01-28-2004
Berkana
WO 03/061174 | A2 Wireless Inc. . 07-24-2003 —
( / JP 2001298123 Hitachi Ltd. 10-26-2001 p—
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
Inciude name of the author (in capital letters), title of the item (book, magazine, joumal, serial,
Examiner Cite symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
Initials® No.' | published. T
2 e, P et I L i
Examiner ,s ? L_L/ Date / ﬁ
Signature | WV . Considered . & / 0&
| 17
1 Unique citation designation number. 2 See attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document,
by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on
the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is
attached.
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Substitute form for form 1449A & 1449B/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(use as many sheels as necessary)

_/"Q\-P%

Group Art Unit

Examiner Name

lnkprewn

Complete if Known
Application No. 10/857,938 \ -
Filing Date June 2, 2004 MAY 1.7 28 |
First Named Inventor Derbyshire gt al, > &
> S

IV 2 -2 TRApEWES

Sheet 1| of 1

Attorney Docket No.

115-34 US CIP/12667/100126

U.S. PATENT DOCUMENTS

U.S. Patent Document

Date of Pages, Columns, Lines
Name of Patentee or | Publication of Where Relevant
Examiner Cite Kind Code? | Applicant of Cited Cited Document | Passages or Relevant
Initials® , No. ' Number (if known) Document MM-DD-YYYY Figures Appear
NRI2 5,258,325 Spitzer et al. 11-02-1993 —
l_/ 5,731,945 Bertin et al. 03-24-1998 —_—
FOREIGN PATENT DOCUMENTS
: Date of Pages, Columns,
Foreign Patent Document Publication of Lines Where
Cite Name of Patentee Cited Relevant Passages
Examiner No. Kind Code® | or Applicant of Document or Relevant Figures
Initials* ! Office® Number* (if known) | Cited Document MM-DD-YYYY | Appear T
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
Include name of the author (in capital letters), title of the item (book, magazine, journal, serial,
Examiner Cite symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
initials® No.' published. 7
Guckenberger et al., "Integrated DC-DC Converter Design for Improved WCDMA
y\] LL, Power Amplifier Efficiency in SiGe BICMOS Technology”, Proceedings of the 2003 |
International Symposium on Low Power Electronics and Design ISLPED '03,
Aug. 25-27, 2003, pp. 449-454 ]
¥ Diels et al., “Single Package Integration of RF Blocks for a.5 Ghz WLAN P
N Application”, IEEE Transactions on Advanced Packaging, vol. 24, no. 3,
August 2001, pp. 384-391

Examiner

Signature

Date

Considered

=]z~

N““Mrn/iﬁ]

LV

1 Unique citation designation number. 2 See attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document,
by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on

the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is

attached.
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Index of Claims

Application/Control No.

Applicant(s)/Patent under

Reexamination

10/857,938 DERBYSHIRE ET AL.
Examiner Art Unit
NhanT. Le 2618
. (Through numeral)
v | Rejected - Cancelled N Non-Elected Appeal
=| Allowed + Restricted I | Interference Objected
Claim h Date Claim Date Claim Date
-
5 ?ﬁ’* 5| £ | £
S | [ c | > £l ©
8T “16 16
)
1 [ 51 101
2 52 102
3 53 103
4 54 104
5 55 105
6 56 106
7 57 107
8 58 108
9 59 109
10 60 110
11 61 111
12 62 112
13 63 113
14 64 114
15 65 115
16 66 116
17 ¥ 67 117
18 |/ 68 118
19 [ Q| 69 119
20 {v1, 70 120
21 (X 71 121
22 WA 72 122
23 WA A 73 123
248 WY 74 124
25 [©] /| 75 125
26 (oA 76 126
27 |~ 77 127
28 78 128
29 79 129
30 80 130
31 / 81 131
32 |df 82 132
33 83 133
34 84 134
35 85 135
36 86 136
37 87 137
38 88 138
39 89 139
40 90 140
a1 91 141
42 92 142
43 93 143
44 94 144
45 95 145
46 96 146
47 97 147
48 98 148
49 99 149
50 100 150

U.S. Patent and Trademark Office

Part of Paper No. 01152008
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gOV

BIB DATA SHEET
CONFIRMATION NO. 5643

SERIAL NUMBER FlLlNg A%E 371(c) CLASS GROUP ART UNIT ATTORNE&DOCKET
10/857,938 06/02/2004 455 2618 11$-34USCIP/12667/100126
RULE
'APPLICANTS

James H. Derbyshire, Ottawa, CANADA,;
Alan J.A. Trainor, Harlow, UNITED KINGDOM;

*k CoNT'NUING DATA RAXKARARARERRRARA A AR AR REN \tL&N u/
This application is a CIP of 10/680,208 10/08/2003 {

*k FOREIGN APPL'CATIONS RERKERRARAR XK RXRNR A AN X% No W M/

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **
07/23/2004 ,

Foreign Priority claimed . STATE OR SHEETS TOTAL INDEPENDENT
35 USC 119(a-d) con Mot after COUNTRY [DRAWINGS | CLAIMS CLAIMS
heknowiedged pat CANADA 6 35 3

ADDRESS

KENYON & KENYON LLP
1500 K STREET N.W.

SUITE 700
WASHINGTON, DC 20005
UNITED STATES
TITLE
Module integration integrated circuits
O All Fees ]
FEES: Authority has b enin P 0 1.16 Fees (Filing)
FILING FEE S: Authority has been given in Paper - =
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT  |L1:17 Fees (Processing Ext. of time)
520 No. for following: 0 1.18 Fees (Issue)
0 Other
Q Credit
BIB (Rev. 05/07).
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INTERFERENCE SEARCHED

Class

Subclass

Date

Examiner

. Applicati n/CoAntrolN . Applicant(s)/Patent und
Search Notes (continued) pplicatio ° Rgﬁ;:;?n‘:t’io: ent under
10/857,938 DERBYSHIRE ET AL.
Examiner Art Unit
NhanT. Le 2618
SEARCH NOTES
SEARCHED (INCLUDING SEARCH STRATEGY)
Class Subclass Date Examiner

DATE EXMR

fast seanl

a’//s/of

U.S. Patent and Trademark Office

Part of Paper No. 01152008
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PTO/SB/21 (01-08)

a4 Application Number 10857938 (Confirm. No. 5643) )
TRANSMITTAL Filing Date June 2, 2004
FORM First Named Inventor James Derbyshire
Art Unit 2618
(to be used for all correspondence after initial filing) Examiner Name Le, Nhan T
\ Total Number of Pages in This Submission | 3 Attomey Docket Number 027066-001510US /

ENCLOSURES (Check all that apply)

After Allowance Communication to TC

L—_l Fee Transmittal Form Drawing(s)

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

D Fee Attached Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

D Amendment/Reply

|:| After Final

l:l Affidavits/declaration(s)

Proprietary Information

HiEEnN

Status Letter

N Other Enclosure(s) (please identify
M below):

Statement Under 37 CFR 3.73(b)

Extension of Time Request Terminal Disclaimer

Express Abandonment Request Request for Refund

Information Disclosure Statement

OOOXOOOdd

CD, Number of CD(s)

I:] Landscape Table on CD

Certified Copy of Priority Remarks The Commissioner is authorized to charge any additional fees to Deposit
Document(s) Account 20-1430.

Reply to Missing Parts/ Incomplete
Application

I:l Reply to Missing Parts
under 37 CFR 1.52 or 1.53

OO Oddd

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
Townsend and Townsend and Crew LLP

Sianature M/\/\

Printed name N .
Gary S. Morris

Date / q /k AII/(/M Qoo )7 Reg. No. 40,735

/ CERTIFICATE OF TRANSMISSION/MAILING \

| hereby certify that this correspondence is being filed via EFS-Web with the United States Patent and Trademark
Office on the date shown below.

/N
Signature V\ \{ }
\
Typed or printed name \(\(\J\,\' o 9-9 ascec Date -5\ A\ \C) %/
61295772 v1
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PTO/SB/96 (11-07)

Approved for use through 11/30/2007. 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(b)
Applicant/Patent Owner: _James H. Derbyshire, et al.

Application No./Patent No.: _10857938 Filed/Issue Date: _June 2, 2004

Entitled: MODULE INTEGRATION INTEGRATED CIRCUITS

_SiGe Semiconductor Inc , @ _Corparation
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that it is:
1. the assignee of the entire right, title, and interest; or

2. [Jan assignee of less than the entire right, title and interest
(The extent (by percentage) of its ownership interest is %)

in the patent application/patent identified above by virtue of either:

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 015432 , Frame _0084 , or for which a copy
thereof is attached.

OR

B.E] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. 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.
2. 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.
3. 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.

[:I Additional documents in the chain of titie are listed on a supplemental sheet.

B/As required by 37 CFR 3.73(b)(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 (wh le is supplied below) is authorized to act on behalf of the assignee. / ﬁ. M
¢ Signature Date
Gary S. Motris 202-481-9988
Printed or Typed Name Telephone Number

Authorized Practitioner

Title

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 36 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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PTO/SBIE0 (01-06)

i POWER OF ATTORNEY TO PROSECUTE APPL!CATIONS BEFORE THE USPTO

\

| hereby revoke all previous powers of attorney gnven in the apphcatlon ldentlf ed inthe attached statement under
37 CFR 3.73(b).

| hereby appoint:

Practitioners associated with the Customer Number: 20350
OR

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration Name Registration
Number . Number

as attorney(s) or agent(s) to represent the undersigned before the United Stafes Patent and Tréde'mar'k Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence address for the apptication identified in the attached statement under 37 CFR 3.73(b) to:

20350

The address associated with Customer Number:

OR

Firm or
Individual Name
Address

City i State Zip

Country

Telephone [ Email

Assignee Name and Address:

SiGe Semiconductor Inc.

1050 Morrison Drive

Suite 100

Ottawa, Ontaric Canada K2H 8K7

A copy of this form, together with a statement under 37 CFR 3. 73(b) {Form PTOISBI96 or equivalent) is required to be
filed in each application in which this form is used, The statement under 37 CFR 3. 73(b) may be completed by one of
the practitioners appointed in this form if the appomted practlttoner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The individual whose signature and tife is supplied below is authorized to act on behalf of the assignee

Signature ml@ e Date December3/ , 2007
Name Stephen Kovacic Telephone &{3 Bzo9 24y
Title Director Legal & IP Management

60094602 vi
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Electronic Acknowledgement Receipt

EFS ID: 3036282
Application Number: 10857938
International Application Number:
Confirmation Number: 5643

Title of Invention:

Module integration integrated circuits

First Named Inventor/Applicant Name:

James H. Derbyshire

Customer Number:

23838

Filer:

Gary S. Morris/Melissa Pessagno

Filer Authorized By:

Gary S. Morris

Attorney Docket Number:

115-34USCIP/12667/100126

Receipt Date: 21-MAR-2008
Filing Date: 02-JUN-2004
Time Stamp: 15:51:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document — . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
174595
027066_001510USPOA.PD
1 F yes 3
96d3410535c48684d20d2889129¢5017
59971f3a
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Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 1
Power of Attorney 2 3
Warnings:
Information:
Total Files Size (in bytes):| 174595

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/R0O/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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Patent Application of: DERBYSHIRE et al.

Our File: 115-34 USCIP/12667/100126
Application No: 10/857,938

Filed: June 2, 2004

Group Art Unit: 2618

Examiner: Nhan T. LE

Title: Module Integration Integrated Circuits

April 3, 2008

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450
Alexandria, VA 22313-1450
U.S.A.
Supplemental Information Disclosure Statement
- Under 37 CFR 1.97(e)(1)
Sir:

Applicant submits herewith a Supplemental Information Disclosure Statement (Form

PTO-1449) and copies of non-patent documents for Examiner’s review.

The documents listed in the IDS were cited in a Supplementary Search Report mailed
February 1, 2008 from the European Patent Office from the corresponding EP application
for parent patent application number US 10/680,208 and applicant submits copies of two
restriction requirements from the USPTO and their respective responses and a recent Office

Action mailed December 26, 2007.

Respegtfully submitted,

Gary Morris, Reg. No. 40,735

Townsend and Townsend and Crew LLP Tel:  (202) 434-8195
601 Pennsylvania Avenue, N.W, Fax: (202)434-8171
South Building, Suite 900

Washington, DC 20004-2601

US.A.

Enclosures:  Copy of Form PTO 1449
Copies of non-patent documents

/ds
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Substitute form for form 1449A & 1449B/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(use as many sheets as necessary)

Sheet 1 | of 1

Complete if Known
Application No. 10/857,938
Filing Date June 2, 2004
First Named Inventor DERBYSHIRE et al.
Group Art Unit 2618
Examiner Name Nhan T. LE
Attorney Docket No. 115-34USCIP/12667/100126

U.S. PATENT DOCUMENTS

Date of
U-S. Patent Document Publication of | Pages, Columns, Lines
Name of Patentee or Cited Where Relevant
Examiner Cite Kind Code? | Applicant of Cited Document Passages or Relevant
Initials* No. ' Number (if known) Document MM-DD-YYYY | Figures Appear
US 2001/011926 | A1 Adar Aharon 08-09-2001 '
US 6,075,995 A Jensen Niels J. 06-13-2000
US 2003/165052 | A1 Negishi Mikio et al. | 09-04-2003
US 5,844,853 Kitsukawa et al. 12-01-1998
FOREIGN PATENT DOCUMENTS
; Date of Pages, Columns,
Foreign Patent Document Publication of Lines Where
Cite Name of Patentee Cited Relevant Passages
Examiner No. Kind Code® | or Applicant of Document or Relevant Figures
Initials* ! Office® Number* (if known) Cited Document MM-DD-YYYY | Appear T°
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
Include name of the author (in capital letters), title of the item (book, magazine, journal, serial,
Examiner Cite symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
Initials* No." | published. T
FURST R: “With GaAs Mmics Towards Dual Band Front End Applications In
Wireless Communication” EUROPEAN MICROWAVE CONFERENCE.
CONFERENCE PROCEEDINGS, vol. 2, 8 September 1997 (1997-09-08), pages
1289-1294, XP010253196
USPTO, for US patent application no. 10/680,208, 1% Restriction Requirement
mailed 09/13/2006
US patent application no. 10/680,208, response to 1% Restriction Requirement filed
10/12/2006
USPTO, for US patent application no. 10/680,208, 2™ Restriction Requirement
mailed 04/05/2007
US patent application no. 10/680,208, response to 2" Restriction Requirement
filed 05/03/2007
USPTO, for US patent application no. 10/680,208, 1° Office Action mailed
12/26/2007
Examiner Date
Signature Considered

1 Unigque citation designation number. 2 See attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document,
by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on
the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is

attached.
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Electronic Acknowledgement Receipt

EFS ID: 3098804
Application Number: 10857938
International Application Number:
Confirmation Number: 5643

Title of Invention:

Module integration integrated circuits

First Named Inventor/Applicant Name:

James H. Derbyshire

Customer Number:

23838

Filer:

Gary S. Morris/Melissa Pessagno

Filer Authorized By:

Gary S. Morris

Attorney Docket Number:

115-34USCIP/12667/100126

Receipt Date: 03-APR-2008
Filing Date: 02-JUN-2004
Time Stamp: 14:41:54

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document — . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
027066_001510US_Respon 1801655
1 se_InformationDisclosureSta yes 45
tement.pdf 40739322a0d70eec071ad5b096cbedBe
1d407799
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Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 1
Amendment Copy Claims/Response to Suggested Claims 2 11
Information Disclosure Statement (IDS) Filed 12 13
NPL Documents 14 19
NPL Documents 20 24
NPL Documents 25 31
NPL Documents 32 36
NPL Documents 37 44
NPL Documents 45 45
Warnings:
Information:
Total Files Size (in bytes):| 1801655
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No: 10/857,938 Confirmation No.: 5643
Inventor: James H. Derbyshire

Filed: 06/02/2004

TC/A.U.: 2618

Examiner: Le,Nhan T

Docket No.: 115-34USCIP/12667/100126

Title: Module Integration Integrated Circuits

Customer No.: 25319

April 3, 2008

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450, U.S.A.

Amendment

Sir,
This is in response to the Office action mailed on 01/25/2008. Please amend the

application, as follows:

Listing of the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 9 of this paper.
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

Listing of Claims:

The listing of claims will replace all prior versions, and listings of claims in the

application:

Claim 1 (original) An electronic apparatus comprising:
a first integrated circuit semiconductor die comprising:

a first portion of a first signal conditioning circuit integrated within

the first integrated circuit die and disposed along a first signal path; and
a second integrated circuit semiconductor die comprising;

a second portion of the first signal conditioning circuit integrated
within the second integrated circuit die and disposed along the first signal
path for performing a first signal conditioning function along with the first
portion of a first signal conditioning circuit for a signal propagating along
the first signal path; and,

a substrate for supporting the first and second integrated circuit
semiconductor dies and for providing electrical connection to and from the

first and second integrated circuit semiconductor dies.

Claim 2 (original) An electronic apparatus according to claim 1, comprising a second
signal conditioning circuit comprising a first portion of the second signal conditioning
circuit and a second portion of the second signal conditioning circuit integrated within the
second integrated circuit die for performing a second signal conditioning function on a

signal propagating along a second signal path that is different than the first signal path.

Claim 3 (original) An electronic apparatus according to claim 2, wherein the first signal
conditioning function and the second signal conditioning function provide similar signal

conditioning functions.

Claim 4 (original) An electronic apparatus according to claim 1, wherein the first
integrated circuit die is manufactured using a first semiconductor process and utilizes a

silicon based technology.
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

Claim 5 (original) An electronic apparatus according to claim 4, wherein the second
integrated circuit die is manufactured using a second semiconductor process and utilizes

other than a silicon based technology.

Claim 6 (original) An electronic apparatus according to claim 1, wherein the first portion
of the first signal conditioning circuit comprises at least a power amplifier circuit and
where the function of the first portion of the first signal conditioning circuit is for

amplifying of an input signal using the at least a power amplifier circuit.

Claim 7 (original) An electronic apparatus according to claim 6, wherein the second

portion of the first signal conditioning circuit comprises an impedance matching circuit.

Claim 8 (original) An electronic apparatus according to claim 2, wherein the second signal
conditioning circuit comprises at least a power amplifier circuit and where the function of
the first portion of the second signal conditioning circuit is for amplifying of an input

signal using the at least a power amplifier circuit.

Claim 9 (original) An electronic apparatus according to claim 8, wherein the second
portion of the second signal conditioning circuit comprises an impedance matching circuit
and where the function of the first portion of the second signal conditioning circuit is for

amplifying of an input signal using the at least a power amplifier circuit.

Claim 10 (original) An electronic apparatus according to claim 2, wherein the first
semiconductor process does not facilitate manufacturing and integration of at least one of
the second portion of the first signal conditioning circuit and the second portion of the

second signal conditioning circuit.

Claim 11 (original) An electronic apparatus according to claim 1, wherein the second
integrated circuit die is manufactured using a second semiconductor process that is

different from that used to manufacture the first integrated circuit die.
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

Claim 12 (original) An electronic apparatus according to claim 1, wherein the first
integrated circuit die is derived from a first semiconductor wafer comprised of one of Si,

SiGe, GaAs, InP, and GaN.

Claim 13 (original) An electronic apparatus according to claim 12, wherein the second
integrated circuit die is derived from a second semiconductor wafer that is comprised of

other one of Si, SiGe, GaAs, InP, and GaN.

Claim 14 (original) An electronic apparatus according to claim 1, wherein the first

integrated circuit die is manufactured using a BICMOS process.

Claim 15 (original) An electronic apparatus according to claim 1, wherein the second
portion of the first signal conditioning circuit comprises at least one of a capacitor and an

inductors and a signal transmission line.

Claim 16 (original) An electronic apparatus according to claim 2, comprising:
a first ancillary circuit integrated within the first integrated circuit die and electrically
coupled to the first portion of the first signal conditioning circuit for use during operation

thereof.

Claim 17 (original) An electronic apparatus according to claim 16, comprising a second
ancillary circuit integrated within the first integrated circuit semiconductor die and
electrically coupled to the second portion of the first signal conditioning circuit and to the
first and second portions of the second signal conditioning circuit for other than
performing the first or the second signal conditioning function and for use by the second
portion of the first signal conditioning circuit and the first and second portions of the

second signal conditioning circuit during operation thereof.

Claim 18 (currently amended) A method of manufacturing a module comprising:
providing a first signal conditioning circuit comprising a first portion and a second

portion;
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

providing a second signal conditioning circuit comprising a first portion and a

second portion;
implementing the first portion of the first signal conditioning circuit within a first

semiconductor die;
implementing the second portion of the first signal conditioning circuit within a
second semiconductor die;

implementing the first and second portions of the second signal conditioning circuit

in the second semiconductor die;

bonding the first and second dies to a common substrate; and,
forming electrical connections between the two dies to complete the first signal
conditioning circuit from the first portion of the first signal conditioning circuit and the

second portion of the first signal conditioning circuit.

Claim 19 (cancelled) ~A-method-according-to-claim18;-comprising:

Claim 20 (original) A method according to claim 18, wherein the first semiconductor die

comprises a first portion of a first signal path and the second semiconductor die comprises
a second portion of the first signal path, the first signal path disposed between a first input
port and a first output port.

Claim 21 (original) A method according to claim 20, wherein the second semiconductor
die comprises a second signal path that is other than the second portion of the first signal

path and in approximate RF isolation therefrom.

Claim 22 (original) A method according to claim 18, wherein the second semiconductor
die is manufactured using a more expensive semiconductor process than that used for

manufacturing of the first semiconductor die.
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

Claim 23 (original) A method according to claim 18, wherein the first portion of the first
signal conditioning circuit is more cost effectively implemented in the first semiconductor

die.

Claim 24 (original) A method according to claim 18, wherein the first semiconductor die
does not facilitate implementation of the second portion of the first signal conditioning

circuit therein.

Claim 25 (original) A method according to claim 18, wherein implementing of the second
portion of the first signal conditioning circuit within the second semiconductor die
provides increased performance in signal conditioning as compared to implementing of the

second portion of the first signal conditioning circuit within the first semiconductor die.

Claim 26 (original) A method according to claim 18, wherein prior to implementing the
first signal conditioning circuit comprises partitioning of the first signal conditioning

circuit into the first portion and the second portion.

Claim 27 (original) An electronic apparatus comprising:

a first integrated circuit semiconductor die comprising:

a first portion of a first signal conditioning circuit integrated within the first
integrated circuit die and disposed along a first signal path;

a third portion of a first signal conditioning circuit integrated within the first
integrated circuit die and disposed along the first signal path; and

a second integrated circuit semiconductor die comprising;

a second portion of the first signal conditioning circuit integrated
within the second integrated circuit die and disposed along the first signal path for
performing a first signal conditioning function along with the first and third portions of the
first signal conditioning circuit for a signal propagating along the first signal path; and,

a substrate for supporting the first and second integrated circuit
semiconductor dies and for providing electrical connection to and from the first and second

integrated circuit semiconductor dies.
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

Claim 28 (original) An electronic apparatus according to claim 27, comprising:

a first RF signal input port coupled with an input port of the first portion of the first
signal conditioning circuit for receiving of a first RF input signal; and

a first RF signal output port coupled with an output port of the third portion of the
first signal conditioning circuit for providing of a first RF output signal,

wherein the first signal path is disposed between the first RF signal input port and
the first RF signal output port,

wherein the coupling circuit comprises;

a first electrical connection disposed between an output port the first
portion of the first signal conditioning circuit and an input port of the second signal
conditioning portion of the first signal conditioning circuit; and,

a second electrical connection disposed between an output port the
second portion of the first signal conditioning circuit and an input port of the third signal

conditioning portion of the first signal conditioning circuit.

Claim 29 (original) An electronic apparatus according to claim 27, comprising:

a first RF signal input port coupled with an input port of the second portion of the
first signal conditioning circuit for receiving of a first RF input signal; and

a first RF signal output port coupled with an output port of the third portion of the
first signal conditioning circuit for providing of a first RF output signal,

wherein the first signal path is disposed between the first RF signal input port and
the first RF signal output port,

wherein the coupling circuit comprises;

a second electrical connection disposed between an output port the

second portion of the first signal conditioning circuit and an input port of the third signal

conditioning portion of the first signal conditioning circuit.

Claim 30 (original) An electronic apparatus according to claim 27, comprising a second
signal conditioning circuit comprising a first portion of the second signal conditioning
circuit and a second portion of the second signal conditioning circuit integrated within the
second integrated circuit die for performing a second signal conditioning function on a

signal propagating along a second signal path that is different than the first signal path;

7
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Reply to Office action mailed on 01/25/2008

Claim 31 (original) An electronic apparatus according to claim 27, wherein the first
integrated circuit die is derived from a first semiconductor wafer comprised of one of Si,

SiGe, GaAs, InP, and GaN.

Claim 32 (original) An electronic apparatus according to claim 31, wherein the second
integrated circuit die is derived from a second semiconductor wafer that is comprised of

the other one of Si, SiGe, GaAs, InP, and GaN.

Claim 33 (original) An electronic apparatus according to claim 27, wherein the second

portion of the first signal conditioning circuit comprises an interstage matching circuit.

Claim 34 (original) An electronic apparatus according to claim 27, comprising a first
ancillary circuit integrated within the first integrated circuit die and electrically coupled to
the first portion and the third portion of the first signal conditioning circuit for use during

operation thereof.

Claim 35 (original) An electronic apparatus according to claim 34, comprising a second
ancillary circuit integrated within the first integrated circuit semiconductor die and
electrically coupled to the second portion of the first signal conditioning circuit for use

during operation thereof.
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Appl. No. 10/857,938
Reply to Office action mailed on 01/25/2008

Remarks/Arguments

Applicant notes that regarding the disposition of the claims, the Office Action
mailed on 01/25/2008 erroneously indicates that claims 1-32 are pending in the
application. In fact, claims 1-35 currently are pending in the application. Claims 33-35

depend either directly or indirectly from allowed claim 27.
Claim 18 is currently amended. Claim 19 has been cancelled.
Information Disclosure Statement

Applicant has submitted under separate cover an Information Disclosure Statement
including those references that have been cited in a European Search report, in respect of a
European application corresponding to United States application 10/680,208, of which the

instant application is a Continuation-In-Part.
Claim Rejections — 35 USC § 102

Claims 18, 20, 22-24 and 26 are rejected under 35 U.S.C. 102(b) as being
anticipated by Kimura (US 6,734,553).

Applicant has amended claim 18 to include all of the features recited in claim 19,
which is objected to as being dependent upon a rejected base claim. Accordingly,
Applicant respectfully submits that amended claim 18 now defines allowable subject

matter. Favorable consideration is kindly requested.

Claims 20, 22-24 and 26 all depend either directly or indirectly from believed
allowable amended claim 18. Accordingly, claims 20, 22-24 and 26 are also believed to

be in proper condition for allowance. Favorable consideration is kindly requested.
Allowable Subject Matter

Applicant wishes to thank the Examiner for the indication of the allowability of
claims 1-17 and 27-32. In addition, Applicant has adopted the Examiner’s suggestion and

has amended claim 18 to include the subject matter of objected to claim 19.
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Reply to Office action mailed on 01/25/2008

As mentioned supra, claims 1-35 are currently pending in the application. Since
claims 33-35 depend from allowable claim 27, Applicant has assumed that these claims are
also considered to be allowable. Applicant respectfully requests an acknowledgment as to

the allowability of claims 33-35.

Applicant looks forward to receiving favourable consideration of the instant

application.

Respectfully submitted,

Gary Morris, Reg. No. 40,735

Townsend and Townsend and Crew LLP Tel:  (202) 434-8195
601 Pennsylvania Avenue, N.W. Fax: (202)434-8171
South Building, Suite 900

Washington, DC 20004-2601

U.S.A.

MW/ds
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maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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
Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

20350 7590 06/02/2008
Certificate of Mailing or Transmission
TOWNSEND AND TOWNSEND AND CREW, LLP 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
TWO EMBARCADERO CENTER addressed to the Mail Stop ISSUE FEE address above, or being facsimile
EIGHTH FLOOR transmitted to the USPTO (571) 273-2885, on the date indicated below.

SAN FRANCISCO, CA 94111-3834

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/857,938 06/02/2004 James H. Derbyshire 115-34USCIP/12667/100126 5643
TITLE OF INVENTION: MODULE INTEGRATION INTEGRATED CIRCUITS
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $720 $300 $0 $1020 09/02/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LE,NHAN T 2618 455-333000
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
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.

(2) the name of a single firm (having as a member a 2

[J "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFR 3.11. 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) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - #of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will va.g de ending 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,%.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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
10/857,938 06/02/2004 James H. Derbyshire 115-34USCIP/12667/100126 5643
20350 7590 06/02/2008 I EXAMINER |
TOWNSEND AND TOWNSEND AND CREW, LLP LE, NHAN'T
TWO EMBARCADERO CENTER | ART UNIT PAPER NUMBER |
EIGHTH FLOOR 2618
SAN FRANCISCO, CA 94111-3834 DATE MAILED: 06/02/2008

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

The Patent Term Adjustment to date is 906 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 906 day(s).

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 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. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

3 . 10/857,938 DERBYSHIRE ET AL.
NOtlce OfA”OWélblIlty Examiner Art Unit
NHANT. LE 2618

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence 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. X This communication is responsive to 04/03/2008.
2. X The allowed claim(s) is/are 1-18 and 20-35.

3. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[J Al b)[JSome* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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 notreceived: __
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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [[] to Paper No./Mail Date _____.
(b) [ 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. [] 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. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. ] Examiner's Amendment/Comment
Paper No./Mail Date 04/03/08
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [0 other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 05222008

Exhibit 1002
Kangxi Communication Technologies v. Skyworks Solutions, Inc.
0229




Application/Control Number: 10/857,938 Page 2
Art Unit: 2618

DETAILED ACTION
Allowable Subject Matter
1. The following is an examiner’s statement of reasons for allowance:

Claims 1-18, 20-35 are allowed for the reason as stated in the applicant’s
remarks under Allowable Subject Matter section, on page 9, lines 1-3, filed 04/03/2008
2. 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.”

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Nhan T. Le whose telephone number is 571-272-7892.
The examiner can normally be reached on 08:00-05:00 (Mon-Fri).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Edward Urban can be reached on 571-272-7899. 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 Business

Exhibit
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Application/Control Number: 10/857,938 Page 3
Art Unit: 2618

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.

/Nhan T Le/
Art Unit 2618
Nhan Le

/Edward Urban/
Supervisory Patent Examiner, Art Unit 2618
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Substitute form for form 1449A & 1449B/PTO Complete if Known
Application No. 10/857,938
INFORMATION DISCLOSURE | Filing Date June 2, 2004
STATEMENT BY APPLICANT First Named Inventor DERBYSHIRE et al.
Group Art Unit 2618
(use as many sheets as necessary) Examiner Name Nhan T. LE
Sheet 1 I of 1 Attorney Docket No. 115-34USCIP/12667/100126

U.S. PATENT DOCUMENTS

Date of
U-S. Patent Document Publication of | Pages, Columns, Lines
Name of Patentee or Cited Where Relevant
Examiner Cite Kind Code? | Applicant of Cited Document Passages or Relevant
Init’ia|s* No.’ Number (if known) Document MM-DD-YYYY | Figures Appear
/NL/ US 2001/011926 | A1 Adar Aharon 08-09-2001 '
US 6,075,995 A Jensen Niels J. 06-13-2000
Y10 US 2003/165052 | A1 Negishi Mikio et al. | 09-04-2003
US 5,844,853 Kitsukawa et al. 12-01-1998
FOREIGN PATENT DOCUMENTS
; Date of Pages, Columns,
Foreign Patent Document Publication of | Lines Where
Cite Name of Patentee Cited Relevant Passages
Examiner No. Kind Code® | or Applicant of Document or Relevant Figures
Initials* ! Office® Number* (if known) | Cited Document MM-DD-YYYY | Appear T
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
Include name of the author (in capital letters), title of the item (book, magazine, journal, serial,
Examiner Cite symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
Initials* No." | published. T
FURST R: “With GaAs Mmics Towards Dual Band Front End Applications In
/NL/ Wireless Communication” EUROPEAN MICROWAVE CONFERENCE.
B CONFERENCE PROCEEDINGS, vol. 2, 8 September 1997 (1997-09-08), pages
1289-1294, XP010253196
USPTO, for US patent application no. 10/680,208, 1% Restriction Requirement
mailed 09/13/2006
US patent application no. 10/680,208, response to 1% Restriction Requirement filed
10/12/2006
USPTO, for US patent application no. 10/680,208, 2™ Restriction Requirement
mailed 04/05/2007
US patent application no. 10/680,208, response to 2" Restriction Requirement
filed 05/03/2007
v USPTO, for US patent application no. 10/680,208, 1° Office Action mailed
12/26/2007
Examiner /Nhan Le/ Date &
Signature Considered 05/21/2008

1 Unique citation designation number. 2 See attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document,
by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on
the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is

attached.
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 10857938 DERBYSHIRE ET AL.
T
NHAN T LE 2618
4 Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference 0] Objected
[J claims renumbered in the same order as presented by applicant O cpa O TD. O R.1.47
CLAIM DATE
Final Original |05/22/2008
1 1 =
2 2 =
3 3 =
4 4 =
5 5 =
6 6 =
7 7 =
8 8 =
9 9 =
10 10 =
1 11 =
12 12 =
13 13 =
14 14 =
15 15 =
16 16 =
17 17 =
18 18 =
19 -
19 20 =
20 21 =
21 22 =
22 23 =
23 24 =
24 25 =
25 26 =
26 27 =
27 28 =
28 29 =
29 30 =
30 31 =
31 32 =
32 33 =
33 34 =
34 35 =

U.S. Patent and Trademark Office

Part of Paper No. : 05222008
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

10857938 DERBYSHIRE ET AL.
Wm ”H “ Examiner Art Unit
NHAN T LE 2618
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
455 333 H|lo| 4|8 1/28 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

455 339 341
333 246
257 723
/Nhan T. Le/ 05/22/08 Total Claims Allowed:
(Assistant Examiner) (Date) 34

/Edward Urban/

(Primary Examiner)

0O.G. Print Claim(s) O.G. Print Figure

(Date) 1 2

U.S. Patent and Trademark Office

Part of Paper No. 05222008
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

10857938 DERBYSHIRE ET AL.
Examiner Art Unit
NHAN T LE 2618
SEARCHED
Class Subclass Date Examiner
455 323, 333, 334, 338, 339, 340, 341 05/22/08 Nle
333 166, 185, 246, 260 05/22/08 Nle
257 723,724,784 05/22/08 Nle
SEARCH NOTES
Search Notes Date Examiner
Update Search 05/22/08 Nle

Double Patenting Search

05/22/08 Nle

INTERFERENCE SEARCH

Class Subclass Date Examiner
Interference 05/22/08 Nle
Search, see
East Search
history

U.S. Patent and Trademark Office

Part of Paper No. : 05222008
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EAST Search History

EAST Search History
iRef Hits {Search Query DBs Default Plurals {Time Stamp
# Operator
1S3 81 ((first second$4) us OR ON 2008/05/22
E near3 (portion$3 part PGPUB; 08:45

$1)) same (die chip USPAT

pcb integrated near3

circuit 1C

semiconductor) same

signal$3 same

(electric$3 near3

connect$3) same
: substrat$4
4 141 lapparatus and (first  {US- OR ON 2008/05/22
second) near3 portion PGPUB; 09:27

and integrated and USPAT

semiconduct$3 and
condition$3 and signal
$3 and path and
substrate and
(electrical near4
connect$3) and die$1.
clm.

5/22/08 9:37:28 AM

C:\Documents and Settings\ NLe1\ My Documents\ EAST\ Workspaces\ 10857938.wsp

file:///Cl/Documents %20and %20Settings/NLe1/My%20Document...0857938/EAS T SearchHistory.10857938_AccessibleVersion.htm5/22/08 9:37:34 AM
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
. Alexandria, Virginia 22313-1450
or Fax (571) 273-2885 '

INSTRUCTIONS: This form should be_used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where™
apg.ropriate. 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 othérwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "I?EE ADDRESS" for

maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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
Eaper§. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

20350 7590  06/02/2008
Certificate of Mailing or Transmission

TOWNSEND AND TOWNSEND AND CREW LLF I hereb; certigy that this Fee%s Transmittal is being deposited with the United
Two Embarcadero Center States Postal Service with sufficient postage for first class mail in an envelope
Eighth Floor addressed to the Mail Stop ISSUE FEE address above, or being facsimile
San Francisco, CA 94111-3834 transmitted to the USPTO (571) 273-2885, on the date indicated below.
U.S.A. (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/857,938 06/02/2004 James H. Derbyshire 115-34USCIP/12667/100126 5643
TITLE OF INVENTION:

MODULE INTEGRATION INTEGRATED CIRCUITS

| APPLN. TYPE SMALL ENTITY | ISSUE FEE I PUBLICATION FEE I TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $720 $300 $1020 09/02/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
. LE,NHANT 2618 455-333000
I, Chan3ge 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 | Townsend and Townsend and Crew LLP
[2] Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
() "Fee Address" indication (or "Fee Address" Indication form registered attomey or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
SiGe Semiconductor Inc. Ottawa, Ontario, CANADA

Please check the appropriate assignee category or categories (will not be printed on the patent) : O Individual (4 Corporation or other private group entity Q Government;

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
[ Issue Fee {3 A check in the amount of the fee(s) is enclosed.
(4 Publication Fee (No small entity discount permitted) O Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies _3 aJ The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number _201430 (enclose an extra copy of this fomrs.

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTO is req;cisﬁo apply the Issue Fee and Publication Fee (if any) or to rc-aglply any previously paid issuc fee to the application identified above.

NOTE: The Issue Fee and Publicati ¢ (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or ofher party in
interest as shown by the records of mtccli States Patent and Trademark Office.

Authorized Signature / / L — . Date .
S ~ —June- 26, 2008

Typed or printed name _~ "~ Gary S. Morris Registration No. __ 40,735

This collection of information is required by 37 CFR 1,311, The information is required to obtain or retain a benefit b}i 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 12 minutes to complete, including gathering, preparing, an
submuitting the completed application form t0 the USPTO. Time will var[;/ de _ending 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,%.o.
Box 1450, Alexandria, Vigginia 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.

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 10857938

Filing Date: 02-Jun-2004

Title of Invention: MODULE INTEGRATION INTEGRATED CIRCUITS
First Named Inventor/Applicant Name: James H. Derbyshire

Filer: Gary S. Morris/Melissa Pessagno

Attorney Docket Number: 115-34USCIP/12667/100126

Filed as Small Entity

Utility Filing Fees

Description Fee Code Quantity Amount Sulloj-s'l'g(t;)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 2501 1 720 720
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description

Fee Code

Quantity

Amount

Sub-Total in

USD($)
Extension-of-Time:
Miscellaneous:
Printed copy of patent - no color 8001 3 3 9
Total in USD ($) 1029
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Electronic Acknowledgement Receipt

EFS ID: 3521860
Application Number: 10857938
International Application Number:
Confirmation Number: 5643

Title of Invention:

MODULE INTEGRATION INTEGRATED CIRCUITS

First Named Inventor/Applicant Name:

James H. Derbyshire

Customer Number:

20350

Filer:

Gary S. Morris/Melissa Pessagno

Filer Authorized By:

Gary S. Morris

Attorney Docket Number:

115-34USCIP/12667/100126

Receipt Date: 26-JUN-2008
Filing Date: 02-JUN-2004
Time Stamp: 11:29:30

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1029

RAM confirmation Number 10817

Deposit Account 201430

Authorized User

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

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document _— . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
027066_001500_| F 101184
1 Issue Fee Payment (PTO-85B) - pr _issueree.p no 1
81c583dfa159beb8428e803bb1ddas00
84d44032
Warnings:
Information:
8452
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
331629010028d89462025dda51e331a7|
1a45¢106
Warnings:
Information:
Total Files Size (in bytes)] 109636

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

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.
10/857,938 08/05/2008 7409200 115-34USCIP/12667/100126 5643
20350 7590 07/16/2008

TOWNSEND AND TOWNSEND AND CREW, LLP
TWO EMBARCADERO CENTER

EIGHTH FLOOR

SAN FRANCISCO, CA 94111-3834

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 906 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 Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

James H. Derbyshire, Ottawa, CANADA;
Alan J.A. Trainor, Harlow, UNITED KINGDOM,;

IR103 (Rev. 11/05)
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Electronic Acknowledgement Receipt

EFS ID: 11702790
Application Number: 10857938
International Application Number:
Confirmation Number: 5643

Title of Invention:

MODULE INTEGRATION INTEGRATED CIRCUITS

First Named Inventor/Applicant Name:

James H. Derbyshire

Customer Number:

20350

Filer: Aaron Spencer Kamlay
Filer Authorized By:
Attorney Docket Number: 027066-001510US
Receipt Date: 23-DEC-2011
Filing Date: 02-JUN-2004
Time Stamp: 18:05:34

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

Document .. . File Size(Bytes)/ Multi Pages

D t D t FileN . . .
Number ocument Description rie Name Message Digest | Part/.zip| (if appl.)
Assi howi f hi 37 74670
ssignee showing of ownership per )
1 CFR 3.73(b). 027066-001510US_POA.pdf no 1
bdb81864be97daa26923f8892d9ba7a3fc5)
ddc7a
Warnings:
Information:
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255961
2 Power of Attorney SIGE_POA.pdf no 2
49d0d83bc62d1f89aad 30b226ebc2b54cfd|
blca4
Warnings:
Information:
Total Files Size (in bytes):i 330631

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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STATEMENT UNDER 37 CFR 3.73(b)

PTO/SB/96 (07-09)

Attorney Docket No. 027066-001510US

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: James H. Derbyshire

Application No./Patent No.: 10/857,938 Filed/Issue Date: 06-02-2004
Titled: MODULE INTEGRATION INTEGRATED CIRCUITS

SIGE SEMICONDUCTOR INC. ,a corporation

(Name of Assignee) (Type of Assignee: corporation, partnership, university, government agency, etc.)

states that it is:
1. IZ the assignee of the entire right, title, and interest in;

2. D an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors
was made)

the patent application/patent identified above, by virtue of either:

A. Iz 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 015432 , Frame 0084 , or for which a
copy thereof is attached.

OR

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. 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.

2. 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.

3. 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.

I:l Additional documents in the chain of title are listed on a supplemental sheet (s).

|Z As required by 37 CFR 3.73(b)(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.

/ASKamlay/ December 23, 2011
Signature Date
Aaron S Kamlay, Reg. No. 58,813 Attorney for Assignee
Printed or Typed Name Title
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/857,938 06/02/2004 James H. Derbyshire 027066-001510US
CONFIRMATION NO. 5643
20350 POWER OF ATTORNEY NOTICE
KILPATRICK TOWNSEND & STOCKTON LLP

WO EMBARCADERG CENTER S
EIGHTH FLOOR

SAN FRANCISCO, CA 94111-3834

Date Mailed: 01/04/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/23/2011.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/sibrahim/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/857,938 06/02/2004 James H. Derbyshire 027066-001510US
CONFIRMATION NO. 5643
12075 POA ACCEPTANCE LETTER
Morris & Kamlay LLP
1620 K ST NW O LA AR
Suite 300 000000051737530

Washington, DC 20006
Date Mailed: 01/04/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/23/2011.

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.

/sibrahim/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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From:FREEDMAN AND ASSOCIATES 613+274+7414 04/20/2012 16:38 #029 P.001/002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No:  10/857,938 Confirmation No.: 5643
Filed: June 2, 2004

Patent No.: 7,409,200

Issued on: August 5, 2008

Docket No.: 115-34 US/CIP

Title: MODULE INTEGRATION INTEGRATED CIRCUITS

Customer No.: 25319

April 20,2012 By Fax only: 2 pages

Mail Stop M Correspondence 1-571-273-6500
Director of the USPTO

United States Patent & Trade-marks Office

P.O. Box 1450

Alexandria, VA 22313-1450

US.A.

Dear Sir:

Change of Entity Status to Large Entity and Payment of
Annuity Fee Deficiency Owed Under 37 C.F.R. § 1.28(c)

» Applicant has recently discovered that through unintentional error, the Office was
not notified of a loss of entitlement to Small entity status as required by § 1.27 (g)(2) at the
time the first (3.5 years) maintenance fee was paid (February 6,2012). This error occwrred
in good faith , without deceptive intent, and was not directed to any fraudulent deception

before the United States Patent and Trademark Office.

* [temization of the deficiency payment is as follows: g, /a, /2612 WBANGLRA GBGBBBI1 SE1tée 74
89268

81 FC:1599 S65.88 DA

PAGE 1/2* RCVD AT 4/20/2012 4:29:30 PM [Eastern Daylight Time] * SVR:W-PTOFAX-002/43 * DNIS:2736500 * CSID:613+274+7414 * DURATION (mm-5s):00-48
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From:FREEDMAN AND ASSOCIATES 613+274+7414 04/20/2012 16:38 #029 P.002/002

Type of fee erroneously | Small Entity fee actually paid Deficiency owed (USD)
paid as Small entity and | and date when paid

current fee for Large

entity

Maintenance Fee $565.00 $565.00

$1130.00 Paid on February 6, 2012

TOTAL DEFICIENCY PAYMENT OWED: USD $565.00

Please charge the amount of $565.00 for payment of the deficiency owed to Deposit
Account 50-1142.

Please also charge any additional fees required or credit any overpayment to Deposit

Account No.: 50-1142.

Applicant looks forward to receipt of confirmation in change of entity status from Small to
Large.

Respectfully submifted,

Mark Robert Weir £ oapn. Ao- 6"7,7*(1

MW/jm
Freedman & Associates Tel: 613-274-7272
Suite 230, 55 Murray Stree! Fax: 613-274-7414

Ottawa, Ontario .
KIN 5M3 Canada

Page 2

PAGE 2/2 * RCVD AT 4/20/2012 4:29:30 PM [Eastern Daylight Time] * SVR:W-PTOFAX-002/43 * DNIS:2736500 * CSID:613+274+7414 * DURATION (mm-ss):00-48

_ Exhibit 1002
Kangxi Communication Technologies v. Skyworks Solutions, Inc.
0251



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

MA?[@E - Alexandria, VA 22313-1450

www.uspto.gov

MORRIS & KAMLAY LLP JUN 04 2012
1150 18™ STREET, N.W. : :
SUITE 575 OFFICE OF PE'[I‘HONS

WASHINGTON DC 20036

In re Patent No. 7,409,200

Issue Date: August 5, 2008 :

Application No. 10/857,938 : NOTICE
Filed: June 2, 2004 :

Attorney Docket No. 027066-001510US

This is a notice regarding your request for accéptance of a fee deficiency submission under 37 CFR 1.28
submitted on April 20, 2012.

The Office no longer investigates or rejects original or reissue patent under 37 CFR 1.56. 1098 Off. Gaz.
Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to imply that an
investigation was done.

Your fee deficiency submission under 37 CFR 1.28 is hereby ACCEPTED.

This patent is no longer entitled to small entity status. Accordingly, all future fees paid in this patent must
be paid at the large entity rate.

There is no indication that the person signing the request was ever given a power of attorney to prosecute
the application. If the person signing the request desires to receive future correspondence regarding this
patent, the appropriate power of attorney documents must be submitted. While a courtesy copy of this
decision is being mailed to the person signing the request, all future correspondence will be directed to the
address currently of record until appropriate instructions are received.

Inquiries related to this communication should be directed to the undersigned at (571) 272-3208..

/KOC/

Karen Creasy
Petitions Examiner
Office of Petitions

Cc:

FREEDMAN & ASSOCIATES
SUITE 230, 55 MURRAY STREET
OTTAWA, ONTARIO

KIN SM3 CANADA
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From:FREEDMAN AND ASSOCIATES 613+274+7414 04/20/2012 16:38 #0293 P.001/002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No: 10/857,938 Confirmation No.: 5643
Filed: June 2, 2004

Patent No.: 7,409,200

Issued on: August 5, 2008

Docket No.: 115-34 US/CIP

Title: MODULE INTEGRATION INTEGRATED CIRCUITS

Customer No.: 25319

April 20, 2012 By Fax only: 2 pages

Mail Stop M Correspondence 1-571-273-6500
Director of the USPTO

United States Patent & Trade-marks Office

P.O. Box 1450

Alexandria, VA 22313-1450

US.A.

Dear Sir:

Change of Entity Status to Large Entity and Payment of

Annuity Fee Deficiency Owed Under 37 C.F.R. § 1.28(c)

» Applicant has recently discovered that through unintentional error, the Office was
not notified of a loss of entitlement to Small entity status as required by § 1.27 (g)(2) at the
time the first (3.5 years) maintenance fee was paid (February 6, 2012). This error occurred
in good faith , without deceptive intent, and was not directed to any fraudulent deception
before the United States Patent and Trademark Office.

* Itemization of the deficiency payment is as follows: g4/, /2812 kpancura easagars S81142
7489288

o Foadgionens ﬂmﬁsﬁgﬁl G 240000

81 FC:1599

86/84/2812 CKHLOK  B88RBBAS 581142 2489289
81 FC:1559 565.68 DA

PAGE 1/2 * RCVD AT 4/20/2012 4:29:30 PM [Eastern Daylight Time) * SVR:W-PTOFAX-002/43 * DNI8:27383500 * CEID:0134274¢74 14 * DURAYION (mm-58):00-48
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From:FREEDMAN AND ASSOCIATES 613+274+7414 04/20/2012 16:38 #029 P.002/002

Type of fee erroneously | Small Entity fee actually paid Deficiency owed (USD)
paid as Small entity and | and date when paid

current fee for Large

entity

Maintenance Fee 1 $565.00 $565.00

$1130.00 Paid on February 6, 2012

TOTAL DEFICIENCY PAYMENT OWED: USD $565.00

Please charge the amount of $565.00 for payment of the deficiency owed to Deposit
Account 50-1142.

Please also charge any additional fees required or credit any -overpayment to Deposit
Account No.: 50-1142.

Applicant looks forward to receipt of confirmation in change of entity status from Small to
Large.

Respectfully submitted,

Mark Robert Weir £ ean. Ado- 6‘7,7?1

MW/jm

Freedman & Associates Tel: 613-274-7272
Suite 230, 55 Murray Street Fax: 613-274-7414
Ottawa, Ontario .

KIN 5M3 Canada

Page 2
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