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Kangxi Communication Technologies (Shanghai) Co., Ltd.
5" Floor, Building 10

No. 399 Keyuan Road

Pudong New Area, Shanghai

Attention: President and CEO

Re: Notice of Skyworks Solutions, Inc. Patents / Potential Infringement of Skyworks
Patent(s): US Patent # 7,409,200

Dear Mr. President / CEO,

| am writing to you on behalf of Skyworks Solutions, Inc. (“Skyworks”) as representative IP legal counsel
for Skyworks regarding the above referenced matter. It has come to the attention of Skyworks that Kangxi
Communications Technologies / Grand Chips Technology Corporation (“Kangxi"), with Corporate
Headquarters listed respectively as Kangxi Communication Technologies (Shanghai) Co., Ltd., 5" Floor,
Building 10, No. 399 Keyuan Road Pudong New Area, Shanghai / Grand Chip Labs Inc. 14151 Newport
Ave, Unit 204, Tustin, CA 92780, is currently manufacturing, having manufactured, using, offering for sale,
selling and importing certain products that appear to fall directly within the scope of certain Skyworks
Intellectual Property Rights. As such, Skyworks is taking this opportunity to apprise Kangxi of our
Intellectual Property Rights in writing in order to communicate our serious concerns regarding the currently
offered Kangxi product(s) that we believe utilize certain claimed subject matter of Skyworks Patent(s).

Based upon our analysis, it is our belief that certain Kangxi products, in particular the KCT8528HE
product, appear to fall within the scope of and likely infringes US Patent # 7,409,200, along with other
related KCT products of similar design. In particular, we direct your attention to Claims 1, 2 and 18 of US
Patent # 7,409,200, which appear to be directly relevant to the KCT8528HE product, along with other
related KCT products of similar design. Further, be advised that US Patent # 7,409,200 further includes
the following corresponding family of related patents: European Patent EP1774590B1 and Chinese Patent
CN1998079B. In addition, we are currently conducting further analysis of the components within the
KCT8528HE products as these individual components may also likely be covered by Skyworks Patents as
well.

Skyworks as a technology company respects the intellectual property rights of others and accordingly
treats such intellectual property matters very seriously and we reasonably anticipate that Kangxi does as
well. Accordingly, Skyworks fully intends to enforce its Patent rights, and as such, Kangxi may want to
carefully consider Skyworks’ Patent rights in connection with its KCT8528HE product, along with other
KCT products of similar design.

Moreover, after further technical analysis of your currently offered products, it appears that the
KCT82XXXX and KCT85XXX series of products may also be likely covered by claims contained in the
following nine (9) listed Skyworks Patents below:

US Patent # 9,136,803

Skyworks Solutions, Inc. = 5221 California Avenue, Irvine, CA 92617
Phone (949) 231-3000 « www.skywarksinc.com
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US Patent # 10,158,333
US Patent # 9,503,026
US Patent # 9,825,591
US Patent # 10,236,829

In addition to the above, we will also be conducting an analysis of your upcoming offering of WiFi-7 (IEEE
802.11be) products as well, as we suspect that there may likely be potential infringement issues relating to
this technology as well.

Accordingly, Skyworks would like to discuss this serious matter with you at your earliest convenience.
Please be advised that Skyworks will undertake ALL appropriate and necessary steps to ensure that its
Intellectual Property Rights are protected and preserved with respect to any third party. Skyworks, in
conjunction with discussing and addressing this matter, may also be prepared to discuss potentially
offering Kangxi a patent license for your usage of our patented technology.

Please contact me at your earliest convenience so that we may begin to discuss this matter. Accordingly,
we look forward from hearing from you within fifteen (15) business days acknowledging receipt of this
communication, as well as designating a time, no later than April 13, 2023, to preliminarily discuss this
matter. | look forward to hearing from you in the immediate future.

We look forward to the resolution of this matter.
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MODULE INTEGRATION INTEGRATED conditions to the anterna can be improved with voltage stand-
CIRCUITS ing wave ratio (VSWR) sensing circuitry and PA output

This application is a continuation in part of U.S. patent
application Ser. No. 10/680,208, filed on: Oect. 8, 2003,

FIELD OF THE INVENTION

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

Typically, manufacturers in the area of wireless products
wish to implement radio media interface cirenits into radio
terminals, such as PCMCIA cards or dongles, which typically
must operate within the context of two or more radio stan-
dards 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
2.45 GHz, known as 802.11b and 802.11 g.

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 particu-
lar 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 contponents, 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.

Unfortunately, PAs and other components such as the
LNA, are highly specialized components that have specifica-
tions that generally do not overlap with other radio frequency
bands. Thus,a 5.8 GHzPA is generally not suitable for use 2.4
GHz PA. As a result, distinct components such as the LNAs
and PAs are incorporated into the module in order to accom-
modate different radio standards. Moreover, many of the high
performance RF components such as PAs and LNAs have a
relatively fow level of ancillary circuit integration. For
example, voltage regulation circuits, temperature regulation
circuits, control circuits and other circvits that are used for
control and optimization of the operation of the PA are often
not integrated into a same die with the PA bt rather disposed
as discrete components, on separate semiconductor sub-
strates, within the module surrounding the PA die. It is well
understood by most module designers that adding more com-
ponents to the module increases cost, reduces yield and dura-
bility while resulting in an increase in module size, This effect
is compounded when additional circuitry is used for each
active R component such as an RF switch, LNA, and PA.

Recent advances in SiGe BiCMOS technology have
allowed for progressively higher levels of integration of high-
performance RF components. For example, a high-perfor-
mance 2.45 GHz PA for the 802.11b/g standard implemented
in 8iGe BICMOS technology can incorporate voltage and
temperature regulation circuitry along with various power
optimization and conlirol schemes manifested in control cir-
cuitry. 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
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power sensing circuitry infegrated info 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 LN As, the integration of bias point
control circuitry is important.

However, the usage of $5iGe BICMOS technology in the
industry is entrently Himited. For example, for 5.8 GHz PAs,
only a small nuunber of manufacturers are utilizing SiGe for
whereas several end users are utilizing GaAs or group 1I-V
based technologies. The GaAs based technologies however
offer more gain per stage and lower losses in the RF signal
path at 5.8 GHz. GaAs based technology, however, is often
unsnitable 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.

A need therefore exists to for providing a compact RF
module that supports a number of RF standards. Tt 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 mod-
ule in order to support a munber of RT standards.

SUMMARY OF THE INVENTION

Inaccordance with the invention there is provided an elec-
tronic apparatus comprising: a first integrated circuit semi-
conductor die comprising; a first portion of a first signal
conditioning circuit integrated within. the first integrated cir-
cuit die and disposed along a first signal path; a second inte-
grated circuit semiconductor die comprising: a second por-
tion 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 & signal propagaling along the first signal path; and, a
substrate for supporting the first and second integrated circuit
setniconductor dies and for providing electrical connection to
and from the first and second integrated circuit semiconduc-
tor dies.

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 ofthe first signal condition-
ing circuit within a second semiconductor die; bonding the
first and second dies fo 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.

In accordance with the invention there is provided an elec-
tromic apparatus coinprising: a frst integrated circuit semi-
conductor die comprising: a first portion of a first signal
conditioning circuit integrated within the first integrated cir-
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cuit die and disposed along a first signal path; a third portion
of a first signal conditioning circnit 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 inte-
grated within the second infegrated circuit die and disposed
along the first signal path for performing a first signal condi-
fioning function atong with the first and third portions of the
frst 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 sec-
ond infegrated circuit semiconductor dies. '

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will now be
described in conjunction with the following drawings, in
which:

FIG. 1 illustrates a prior art integration of components into
a module;

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;

FIG. 3 illustrates a second embodiment of the invention,
which illostrates a more specific implementation of the first
embodiment of the invention;

FIG. 4 illustrates the method of manufacturing a circuit in
accordance in accordance with an embodiment of the present
invention; and,

FIG. 5 illnstrates a third embodiment of the invention, a
module 500 having two semiconductor substrates integrated
within the module.

FIG. 6 illustrates a fourth embediment of the invention, a
modnle 600 having frst and second integrated circuit semi-
conductor dies, 611 and 612, integrated within the module
600.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

FIG. 1 illustrates a prior art integration of components into
amodule 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 con-
ditioning circuit is disposed between a first RF signal input
port 100a and a first RF signal output port 106, The second
signal conditioning circuit is disposed between a second RF
signal input port 100¢ and a second RF signal output port
1004. 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 cir-
cuits, 101 and 102, A supply veltage is provided to the regu-
later circunit 103 from a battery (not shown) through a positive
supply voltage input port 100e and through a gronnd port
1007 The first and second signal conditioning circuits are also
connecled to the ground port 1004

The voltage regulator circuit 103 is disposed as the third
component of this module 100, Typically, the voltage regula-
tion properties of the regulator circuit 103 are not optimized
for operating with either the first or the second signal condi-
tioning circuits in order to save on wodule cost 100, But, a
trade-off in the inodule 100 specifications allows for the use
of a single regulator circuit 103 for regulating the supply
veltage to both signal conditiouing cireuits, Providing a sepa-
rate voltage regulator for each signal conditioning cireuit
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would unfortunately add another semicondnctor substrate to
the module 100 and result in an increased module cost.

For example, the modnle 100 shown in FIG, 1 is for use in
cellular telephones, where two cellular band power amplifier
circuits {PAs) are incorporated into the module as the firstand
second signal conditioning circuits, 101 and 102. In such a
module, the voltage regulation circuit is typically silicon-
based and disposed with power amplifier modnles of two
different types, such as GaAs based PAs. It is not uncommeon
to find that the module size is determined by the area reqnired
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,

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 perfor-
mance are increased. A further disadvantage of the old tech-
nology lies in the additional assembly cost and additional
assembly time associated with placing and wiring these
oumercws circnits and components within the module 100. It
is well nnderstood that in designing and manufacturing of the
module, the area requirements grow in proportionality (o the
mutnber of circuits and components used. Furthermore, the
probability of manufacturing errors and defects increases in
proportionto the number of circnits and components required
in the design.

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 shownin FIG. 1. A
first signal conditioning circuit 201 is formed on a first semi-
conductor substrate 211 and a second signal conditioning
circuit 202 is formed on a second semiconductor subsirate
212. The first signal conditioning cirenit 201 is disposed
between a first RF signal input port 200z and a first RT signal
output port 2005. The second signal conditioning circuit 202
is disposed between a second RF signal input port 200¢ and a
second RF signal ontput port 2004,

In addition, a first ancillary circuit 203 and a second ancil-
lary circuit 204 are disposed on the first semiconductor sub-
strate 211. The first ancillary circuit 203, in the form of a first
voltage regulator cirenit, is for providing a first regulated
supply voltage to the first signal conditioning circuit 201. The
second ancillary cirenit 203, in the form of a second voltage
regulator circuit, is for providing a second regulated supply
voltage 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 throngh a
positive supply voltage terminal 200 and a ground terminal
200f. In this embodiment, the first and second voltage regu-
lator circuits, 203 and 204, are integrated into the [irst semi-
conductor substrate 211, along with the first signal condition-
ing circuit 201, A firstinterface port 211 adisposed on the first
semiconductor die 211 and connected to the second ancillary
circuit 204 connects the second ancillary circuit 204 to the
second semiconductor die using a second interface port 212a.
The second interface port 2122 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.

The integration of circuit components into the module 200
provides for a first integrated circuit formted in a first semi-
conductor substrate 211 and manufactured using a frst semi-
conductor process. Disposed within the Arst integrated circuit
is the first signal conditioning eircuit 201 for performing a
first signal conditioning function and the first ancillary circuit
203 electrically coupled to the first signal conditioniug circuit
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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 thie first integrated circuit 211
within the tnodule 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 con-
diticning function. Optionally, the second signal conditioning
function is a sitnilar finction o the function performed by the
first signal conditioning circuit 201.

Advantageously, the integration of circnit 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, allows for
integration of different signal conditioning circnits that do not
have overlap in their RF bands. The first signal conditioning
circuit 201 is for example integrated within the first semicon-
ductor 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 stan-
dards in a single package. For example, for a 5.8 GHz PA, the
second signal conditioning circuit 202 is used and fora 2.45
GIIz PA the first signal conditioning circuit is used 201.

FIG. 3 illustrates a second embodiment of the invention,
which illusirates a more specific implementation of the first
emboditnent of the invenlion. Referring to FIG. 3, a module
300 having two semiconductor subsirates, 311 and 312, inte-
grated therein, is shown. A first sighal condilioning 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 RE signal input port
3004 and a first RF signal output port 3005 along a first signal
path. The second signal conditioning circuit 302 is disposed
between a second RT signal input port 300¢ and a second RF
signal output port 3004 along a second signal path.

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 303# of ancillary circuitry, 3034 through 3037, is
unrelated to the operation of the first signal conditioning
circuit 301 and used for accommeodating the requirements of
the second signal conditioning circuit 302 formed on the
secand semiconductor substrate 312, A plurality of electrical
connections, 306« through 306x, —in the form of wire bonds,
for example, is used for electrically coupling the at least one
of the plurality 303 of ancillary circuitry to the second semi-
conductor substrate 312 for use by the second signal condi-
tioning circuit 302. The plurality of elecirical connections are
disposed between a [irst plurality of interface ports disposed
on the fitst setniconductor die and connected to the a least one
of the plurality 303r of ancillary circuitry, 303z through
303x, and a second plurality of interface ports. The second
plurality of interface ports are connected to the second signat
conditioning cireuit 302, The second signal conditioning cir-
cuit 302 is for performing a second signal conditioning func-
tionin conjunction with the a least one of the plurality 303 of
ancillary circuitry, 3034 through 303r, connected thereto,
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The first signal conditioning circuit 301 is for performing a
first signal conditioning finction independent of the second
signal conditioning circuit 302. As a result, RF signals propa-
gating 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.

Referring to the embodiment shown in FIG. 3, the first
signal conditioning circuit comprises a first impedance trans-
forming circuit 3014, in series with three amplification
stapes, 3015 through 3014, and in series with a second imped-
ance transfonning circuit 301e. Disposed within the second
signal conditioning circuit are a third impedance transform-
ing circuit 3024, in series with three amplification stages,
3025 through 3024, 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 con-
ditioning circuits comprise PAs since they are used in RF
amplification applications and as a resuft provide similar
functions.

In addition, a plurality of power detector circuits 304q
through 304» 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 30056
and the second RF signal output port 3004. Other circuit
blocks, such as circnit block 305, are also integrated within
the first semiconductor substrate. Because the first semicon-
ductor substrate Is preferably manufactured using a process
that supports a plurality of suitable elementary devices, such
as 8iGe 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 compo-
nents manufactured on additional semiconductor substrates,
which causes a detriment to the module size and cost. Pref-
erably, the semicondnctor process that supports a larger scale
ofintegration is utilized for integrating of a larger plurality of
integrated circuit components therein.

Integration of a majority of ancillary circuit functionality
into one or more of the semiconductor dies affers inunediate
benefit. Intepration of these ancillary circuits into the same
die area used by one of the core componenis is very efficient
in respect of area usage within the module. The integration
inte a moedule, 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.

Optionally, a carrier platform, element 205 shown in FIG.
2, is used for supporting the various semiconductor dies, 211
and 212, and oplionally other electrical components, The
carrier platform 205 is for example a multi-layer laminate or
even a silicon-based platform. The fnnction 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 embodinments of the invention are applicable for vse in
tnodules and other types of sub-assemblies where more than
one component is co-located. Co-location referting to the
disposition of the module components in close enough prox-
imity 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 wirebond-
ing from one semiconductor die to another is sufficient, Ths,
these semiconductor dies, 211 and 212, are placed onto the
carrier platform 205 and wirebonded or flip-chipped to estab-
lish an electrical connection to interconnect traces forming
part of the cartier platform 205, Typically, after placement of
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semiconductor dies and upon completion of wiring therebe-
tween a mold compound is applied to finish the module.

Advantageously, only one of the semiconductor substrates
within the module are designed to incorporate all the addi-
tional 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,
Furthemmore, selection of active RF components on the basis
of RF performance is greatly facilitated without placing addi-
tional regniation and additional optiniization circuits for the
greater performing RF components.

Disposing the first and second signal conditioning circuits
on separate substrates advaniageously eliminates crosstalk
issues therebetween, Thus, cutput signal noise is mininized.
Prior to designing of a medule, a module designer of skill in
the art determines which signal conditiouing circuits will
pose probleins wheu integrated on a same semiconductor die
and as such those circuits are integrated on separate dies.

FIG. 4 illustrates a ruethod steps for manufacturing a cir-
cuit for reducing crosstallc therein. A first signal conditioning
circuit is implemented within a first semicondnctor 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 setmni-
conductor 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 signat conditioning circuit,

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 fiest semiconductor
substrate 511 and a second portion of the first signal condi-
tioning circuit 505 as well as first and second portions of the
second signal conditioning circuit, 502 and 506, are inte-
grated on a second semiconductor substrate 512, The first
portion of the first signal cenditioning circuit 501 is disposed
between a first RF signal input port 500a and a first semicon-
ductor substrate output port $115, where the second pottion
of the first signal conditioning circuit 505 is coupled between
the [first semiconductor subsirate output port 5115 and a first
RF signal output port 5000. The first portion of the second
sigual 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 5004

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 S01. The second aucillary circuit 504, in the form ol a
second voltage regulator circuit, is for providing a second
regulated supply voltage to the second portion of the first
signa} conditioning circuit 505 and to the first and second
portions of the second signal conditioning circuit, 502 aud
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 500¢ and a ground
terminal 5004

The integration of circuit components into the module 500
provides for a first integrated circuit formed in a Grst semi-
conductor substrate 511 and manufactured using a Grst seini-
conductor process. Dispesed within the first integrated circuit
is the first portion of the first signal conditioning circuit 501
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for performing a first signal conditioning function in conjunc-
tion 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 por-
tions opetate vsing fhe 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.

The second inteprated circuit 502 operates in conjunctiou
with the secoud ancillary circnit 504, via a connection
between the first and second interface ports, 511a and 512a.
Optionally, the second signal conditioning function is a simi-
lar fuuction to the function performed by the first signal
conditioning circuit 501,

For example, the first semiconductor substrate 511 is a
SiGe semiconductor substrate and the first signal condition-
ing circuit 501 and 505 is a PA circuit, which is 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 degra-
dation due fo absorption of RF energy within the substrate aud
other factors, as compared to inductors that are integrated on
a semi-insulating GaAs substrate. Thus, for example, the
second semiconductor substrate 512 is & GaAs substrate,
wliere 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 con-
ditioning circuit 505 is an impedance matching cireuit, for use
with the first portion of the first signal conditioning circuit
501 in the form of a 2.4 GHz SiGe-based PA. The first portion
of'the second signal conditiouing circuit is for example in the
form of a 5 GHz PA.

Advantagecusly, this integration scheme provides a mod-
ule designer with the best altributes of both semiconductor
substrates, which in this case are silicon and GaAs, inorder to
achieve a high level of performance, and integration, with a
low nuniber of module components, Of course, other conipo-
nents, snch as transmission lines, capacitors, and inductors
for use by the SiGe-based die, are integrated within the sec-
ond semiconductor subsirate ju order to provide increased
operating efficiency.

Advantageously, the integration of circuit fimctionality
into one or more of the semiconductor substrates offers
immediate benefit. Integration of these ancillary circuits into
the same die area already occupied hy one of the other core
components is eflicient in respect of die area usage, The
integration into a module 200, 500, as shown in FIGS, 2 and
5, allows for iutegration of different signal conditioning cir-
cuits that do not have overlap in their RI' 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 frst
and second veltage 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 sub-
strate 212, 512 using a GaAs process. As a result of this
integration, the completed module 200, 500 accommodates
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different radio standards in a single package. For example, for
n 5.8 GHz PA, the second signal conditioning circnit 202, 502
and 506 is used for the 5.8 GHz PA and fora 2.45 GHz PA the
first signal conditioning circuit 201, 501 and 505 is used.

FIG. 6 illustrates a fourth embodiment of the invention, a
module 600 having first and second integrated circuit semi-
condnctor dies, 611 and 612, infegrated within the module
600. A first portion of a first signal conditioning circuit 601,
athird portion of the first signal conditioning circuit 6014 and
first and second ancillary circuits, 603 and 604, are integrated
within the first integrated circnit semiconductor die 611. A
second portion of the first signal conditioning circuit 605 as
well as first and second portions of the second signal condi-
tioning circuit, 602 and 606, are integrated on the second
integrated circuit semiconductor die 612.

The first portion of the first signal conditioning circuit 601a
is disposed between a first RF signal input port 600a and aun
electrical connection 6206 that connects an output port of the
first portion of the first signal conditioning circuit 601 to a
second portion of the first signal conditioning circnit 605
disposed in the second integrated circuit semiconductor die
612. An input port of the third portion of the first signal
conditioning circuit 6015 is coupled to an output port of the
second portion of the first sighal conditioning circuit 605
using an electrical connection 602¢, where an output port of
the third portion of the first sighal conditioning circuit 6015
forms an RF signal ontput port 6005. Thus, a first signal path
is formed fromn the first RF signal input port 6004 through to
the first RF signal output port 6005,

A first portion of a second signal conditioning circuit 602
and the second portion of the second signal conditioning
circuit 606 are disposed iu series between a second RF signal
input port 600¢ and a second RT signal output port 6004, A
first ancillary circunit 603, in the form of a first voliage regu-
lator circuit, is for providing a first regulated supply voltage to
the first portion and third portions of the first signal condi-
tioning circuit, 601« and 6015, The second ancillary cireuit
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 6204,
An unregulated supply voltage from a source (not shown) is
provided to the first and second regulaior circuits through a
positive supply voltage terminal 6002 and a ground terminal

00/

The function of the first signal conditioning circuit, 6014,
605 and 6015, 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, Prefer-
ahly, the second portion of the first sighal conditioning circuit
605 is an interstage matching circuit for performing an
iinpedance match between the first and third portions, 601a
and 6015, which are preferably in the form of power amplifier
circuits. Thus, for example, if the first integrated circuit semi-
conductor 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 semi-
conductor substrate 611, using electrical connection 6205, for
mterstage 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 vsing electrical connection 620¢ to the first
integrated circuit semiconductor die 611, where it is received
by an input port of the third portion 6014.
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Optionally, the second portion of the first signal condition-
ing circuit 605 is coupled to the RF input port 600z for
receiving ofthe 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 6015,

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
conditicning operations that are more easily, or more cost
effectively, facilitated by devices manufactured within the
second integrated circuit semiconductor die 612 to be per-
formed 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 conditioniug operations that are more easily, or more
cost effectively, facilitated by devices manufactured within
the first integrated circuit semiconductor die 611 to be per-
formed by circuitry disposed within the first integrated circuit
semiconductor die 611 for the signal propagating along the
first signal path.

When the module design is performed, the signal condi-
tioning circuit and ancillary circuits are integrated on the
semiconductor dies in such a inanner that the area of the die is
minimized and other issues, such as noise and comstalk, are
also redneed. In the prior art, different signal conditioning and
ancillary circuits are often disposed within the modules with-
out foresight given to a reduction in module area and mini-
mization 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 ancil-
lary 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 circuitin
a silicon based technology.

Though the embodiments of the invention refer (o iwo or
more signal conditioning circuits such as power amplifiers, it
well understoed 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 inven-
tion. For example, other signal conditioning circuits, such as
memory buffers are envisioned for use exclusively by a sepa-
rate PLL-type circuit and die. In the context of a module, this
invention is very useful because it obviates the placeinent of
some additional dies within, Tt does, however, require that the
IC designer and module designer work with an overall view of
the modnle objectives and the requirements of the varions
functional circnits in the modnle. 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.

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.

The embodiments of the invention Turther advantageously
allow for integration of silicon-based technologies with other
technologies such as GaAs, InP, and GaN that do nol support
a sinilar level of component integration.

Numerous other embodiments may be envisaged without
departing from the spirit or scope of the invention.
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What is claimed is:

1. An electronic apparatus coinprising:

a first integrated circuit semiconductor die comprising:

a first portion of a first signal conditioning circuit inte-
grated within the first integrated circuit die and dis-
posed along a first signal path; and

a second integrated circuit semiconductor die coinprising;

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 sig-
nal propagating along the first signal path; and,

a substrate for supporting the first and second integrated
circuit semiconductor dies and for providing electri-
cal connection to and from the first and second inte-
grated circuit semiconductor dies.

2. An electronic apparatus according to claim 1, compris-
ing 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
secorxl 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 conditicning 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
serniconductor process and utilizes a silicon based technol-
ogy.

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 sili-
con based technology.

6. An electronic apparatus according to claim 1, wherein
the first portion of the first signal conditioning circuit com-
prises atleast a power amplifier circuit and where the function
of the frst portion of the first signal conditioning circuit is for
amplifying of an input signal using the at least a power ampli-
fier circuit,

7. An electronic apparalus according to claim 6, wherein
the second portion of the first signal conditioning circuit
cotnprises an impedance matching circuit.

8. An electronic apparatus according to claim 2, wherein
the sccond 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 ampli-
fying of an input signal using the at least a power amplifier
circuit,

9. An electronic apparatus according to claim 8, wherein
the second porticn of the second signal conditioning circuit
comprises an impedance atching circuit and where the
function of the first portion of the second signal conditioning
circuit is for amplifying of an input signal using the af least a
power amplifier circuit,

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

11. An eleclrenic 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 semicon-
ductor wafer comprised of one of 8i, 8iGe, 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 cne 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 BiC-
MOS 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, compris-
ing: a first ancillary circuit integrated within the first inte-
grated circuit die and electrically coupled to the first portion
of the first signal conditioning circuit for use during operation
thereot.

17. An electronic apparatus according to ¢laim 16, com-
prising a second ancillary circuit integrated within the first
integrated circuit semiconducior die and electrically coupled
to the second portion of the first signal conditioning cirenit
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 cireuit and the first and
second portions of the second signal conditioning circuit
during operation thereof.

18. A method of manufacturing a module comprising:

providing a first signal conditioning circuit comprising a

first portion and a second portion;

providing a second signal conditioning cireuit comprising

a first portion and a second portion;
implementing the first portion of the first signal condition-
ing circnit within a first semniconductor die;
implementing the second portion of the first signal condi-
tioning 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.

19. 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.

20, A method according to claim 19, wherein the second
semiconductor die comprises a second signal path that is
other than the sccond portion of the first signal path and in
approximate RF isolation therefrom.

21. A methed 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.

22. A method according to claim 18, wherein the first
portion of lhe first signal conditioning circuit is more cost
effectively implemented in the first semiconductor die,

23. 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,
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24. A methed according to claim 18, wherein implement-
ing 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 condi-
tioning circuit within the first semiconductor die.

25. A method according to claim 18, wherein prior to
iniplementing the first signal conditioning circuit comprises
partitioning ofthe first signal conditioning circuit into the first
portion aud the second portion.

26. An electronic apparatus comprising:

a first integrated circuit semiconductor die comprising:

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

a third portion of a first signal conditiening circuit inte-
grated within the first integrated circuit die and disposed
along the first signal path; and

a second integrated circnit semiconductor die comprising;
a second portion of the first signal conditioning circuit

integrated withiu 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 cir-
cuit for a signal propagating along the first signal
path; and,

o snbstrate for supporting the first aud second integrated
circuit semiconductor dies and for providing electri-
cal connection to and from the first and second inte-
grated circuit semiconductor dies.

27. An electronic apparatus according to claim 26, com-
prising:

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

a first RF signal outpnt 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
cirenit and an input port of the second signal condi-
tioning portion of the first signal conditioning circuit;
and,

a second electrical connection disposed between an out-
put port the second portion of the first signal condi-
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tioning circuit and an input port of the third signal
conditioning porticn of the first signal conditioning
circuit.

28. An eleclronic apparatus according to claim 26, com-
prising:

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 cutput port,

wherein the coupling circuit comprises;

a second electrical connection disposed between an out-
put pert the second portion of the first signal condi-
tioning circvit and an input port of the third signal
conditioning portion of the first signal conditioning
circuit.

29. An electronic apparatus according to claim 26, com-
prising a second signal conditioning circuit comprising a first
portion of the second signal conditioning circuit aud a second
portion of the second signal conditioning circuit integrated
within the second integrated circuit die for performing a
second signal conditioning fiinction on a signal propagating
along a second signal path that is different than the first signal
path.

30. An electronic apparatus according to claiin 26, wherein
the first integrated circuit die is derived from a first semicon-
ductor wafer comprised of one of 8i, SiGe, Gaas, InP, and
GaN,

31. An electronic apparatus according to claim 30, wherein
the second integrated circuit die is derived from a second
semiconductor wafer that is comprised of the other one of 8i,
8iGe, GaAs, InP, and GaN.

32. An electronic apparatus according to claim 26, wherein
the second portion of the first signal conditioning circuit
comprises an interstage matching circuit.

33. An electronic apparatus according to claim 26, com-
prising a first anciflary circuit integrated within the first inte-
grated circnit die and electrically coupled to the first portion
and the third portion of the first signal conditicning circuit for
use during operation thereof,

34. An electronic apparatus according to claim 33, com-
prising a second ancillary circuit integrated within the first
integrated circuit semiconductor die and electrically coupled
to thesecond portion of the first signal conditioning circuit for
use during opetation thereof,

* F & ok
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SKYWORKS’
April 23,2024

Kangxi Communications Technologies (Shanghai) Co., Ltd.
5% Floor, Building 10

No. 399 Keyuan Road

Pudong New Area, Shanghai

ATTN: Ping Peng, Chairman

RE: Notice of Infringement of Skyworks Solutions, Inc.’s Patents
Dear Dr. Peng:

I write to follow up on my letter of March 7, 2023 and our meeting on May 9, 2023, in which
Skyworks Solutions, Inc. (“Skyworks”) informed Kangxi Communication Technologies Co.
Ltd.’s and Grand Chips Technology Corporation’s (collectively, “KCT”) that at least your
KCT82XXXX and KCTB5XXXX series products infringed Skyworks’s patents.

Despite providing KCT with notice of infringement as outlined above, KCT continues to sell at
least the following infringing products:

1. Atleast the KCT8547HE, KCT8539S, KCT82398, and KCT8576HE products infringe at
least claims 1, 2, 10-11, 17, 18, 20, 21, and 22 of U.S. Patent No. 8,717,101.

2. Atleast the KCT8547HE, KCT8539S, KCT82398S, and KCT8576HE products infringe at
least claims 14, 15, 17, and 20 of U.S. Patent No. 9,917,563.

3. Atleast the KCT8547HE, KCT85398, KCT8239S, and KCT8576HE products infringe at
least claims 1 and 7 of U.S. Patent No. 9,450,579,

4, At least the KCT8547HE, KCT8539S, KCT82398S, and KCT8576HE products infringe at
least claim 4 of U.S. Patent No. 9,148,194,

5. Atleast the KCT8547HE, KCT8539S, KCT8239S, and KCT8576HE products infringe at
least claims 1, 2, 6, 10-12, 15, 18, 19, 20, and 23-25 of U.S. Patent No. 7,409,200.

All KCT products containing the same infringing features as the above-referenced products also
infringe the same Skyworks patents, including KCT’s recent Wi-Fi 7 (IEEE 802.11be) products.
Each of the patents identified above are attached to this letter for your convenience,

Skyworks respects the intellectual property rights of others and accordingly takes such intellectual
property matters very seriously. Unless KCT immediately agrees to cease selling the products
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