SEMICONDUCTOR DEVICE AND METHOD OF FORMING RF FEM WITH LC FILTER AND IPD FILTER
OVER SUBSTRATE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming an RF
FEM with an LC filter and IPD filter over a substrate using an IPD process. Background of the Invention
Semiconductor devices are commonly found in modern electronic products. Semiconductor devices vary

in the number and densiyrMEtesitiodwo paneits RARE aig: samic o ugtssMtenEes generally contain
one type of electrigat corMORENt erg:, FahiTamitingdiops (FEDFEsMaNERNSLIEZNSAeE, resistor,
capacitor, inductor, and power metal oxide semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds tqQ millions of electrical components. Examples of
integrated semiconductor devices inclidEHicrBEoftPsIctEiRRY a5 cessors, charged-coupled devices
(CODs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor devices perform a
wide range of functions such as high-speed calculations, transmittinﬁ and recejving electromagnetic

signals, controlling ele oni€ devic 5 ﬁ’élﬁfs%ﬁﬁi%ﬁ sun 'ﬁﬁtet% el8ct Siﬂfra%]d (58ating visual projections
for televisien disphaysc Semidenducter devicesnatesfopadtin the fields of eatertaisrment,nductor

device and method of forming an RF FEM with an LC filter and IPD

filter over a substrate using an IPD process.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the
application of an electric field or base current or through the process of doping. Doping Introduces

impurities k1@ the semiconduetor majerialdoManipylate and contrakthecongduetivitysofithe semiconductor
device. A semiconductor device contains active and passive electrical structures. Active

structure®lihdluding BBt aAb FlF efféct trdnsiftors? BORAIthE Flow' GF&I&LtFicat current. By varying

levels of depingzand-application ot an electe fipldrtbase current, the transistor either promotes or
restricts the flow of electrical current, Passjve structures, including resistors, capacitors, and inductors,

create a relationship b&fWEErVBItAGE Hnd SUHET hetdBLa to pffofm S Varists bf electrical functions.
The passiveard active stfuctdrescanedcrlecttiealacennected to fomm circits cwbichenablesther

semiconductar devoilce to [gerform high-speled caIcuIations_Land other usefulcfluncti.ons.
. aeqlgan.ucto mgterhal al lows %fs.e ?cgrlca COTn u?t%v1t Fo be .
Semiconductor devices are generalty manufactired Gsing two conplex mantfacturing processes, i.e.,

front-endnmaanyfacturing, and tlack-endlnmaaufacturing, eack irvotwing potentidlly hubdreds of steps.
Front-en% mraneLlrg%ctggn Inrvolllv%s the eforrgzgljticoensgf a pluoqality Ig)f die an th% surf%ccergg% sgrsniconductor
wafer. Edch die Is typically iderttical and Zontams circuits formed by e?gétngalﬁ/ connecﬁng active and
passive components. Backcend hransfactoong imohressingalatig to manipulate and

control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and

passive components. Back-end manufacturing involves singulating



individual die from the finished wafer and packaging the die to provide structural support and
environmental isolation. One goal of semiconductor manufacturing is to produce smaller
semiconductor devices. Smaller devices typically consume less power, have higher performance, and can
be produced more efficiently. In addition, smaller semiconductor devices have a smaller footprint, which is
desirable for smaller end products. A smaller die size may be achieved by improvements in the front-end

process resyltingdn glie with smaller chigher; dengityactive andpasspegamponents.Backsend processes
may result in semiconductor device packages with a smaller foot?rint by improvements in electrical

interconrtidn ARd PacREGINGIMattiBROT and AeRTHET YURT BF emicontBEt? Tnanufacturing is to

produce higher performarcessemicendyeiar devicaslbereases in deviceperfosmapce €anbes
accomplished by forming active components that are capable of operating at higher speeds. In high

frequency BppiicationS SGH'aS FAdib FEGUEREY (RFPREIESE commGhicafidhs: fbdrated passive
devices (tRs)ate aftesscardained withia the semicopnductortlenice, Examplemoid® DsHnealudedesistors,
capacitors, and indeJ.Cths. A typical RF sgatlem requiresarwléigle IPDs in ?]pe or more semiconductor

more igiently. In, a ONg Sm emiconduc devices
package$'to perfornt the Recessary Ele¢ tfehl futtions: n a wire esstFa'—rsysetem, an RF front end

module (REM is coupletlde afcntenna for transatission &ndireegptionfofrwiseless KF sigdals. The RF
FEM separaotgjE agd filters tshrgatﬁnesrmléRF sqnal and receive RE eS\I%nCE{':ﬂ to avoid confl}% or cross-over

between fhe CS|gsrials. he separated-L fransiit Fﬁ[Egignal gr?(}f receive Fﬁé sjiénﬁérloa\?g routed to or

received from an RE transceiverders demoslulationanthcahiersion to baseéland signadtsfor further signal
3;‘\’/‘;3;?@%&“&@@8%&9\% capbeart ot a cellylar ielgphone, PDA, or other wirgless communication
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 1In
high frequency applications, such as radio frequency (RF)
wireless communications, integrated passive devices (IPDs) are
often contained within the semiconductor device. Examples of
IPDs include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

In a wireless RF system, an RF front end module (FEM)
is coupled to an antenna for transmission and reception of
wireless RF signals. The RF FEM separates and filters the
transmit RF signal and receive RF signal to avoid conflict or
cross—over between the RF signals. The separated transmit RF
signal and receive RF signal are routed to or received from an

RF transceiver for demodulation and conversion to baseband



FIG. 1 shows a block diagram of a conventional RF FEM 10 coupled to antenna 12. RF FEM 10 has a
transmit section and receive section. In the transmit section, the transmit RF signal from the RF
transceiver is routed to an input of power amplifier 14 to Increase signal power and amplification. The
output of power amplifier 14 is coupled to RF coupler 15 which detects the transmit signal power level.
The transmit RF signal is filtered by LC filter 16 and routed to TX/RX switch 18 which switches between
the transmitfRE signaband recejve R signal. YWhen selegted byrhX/RX switsh dB, tha.traasmit RF signal
is routed to diplexer 20 which performs frequency multiplexing from two ports to one port for transmission
by antenRd4%. °F 2 Chlthgldteive SetioRaheFBEeive RFSIGRAI ffdrmfiéna 12 is processed
through diplexen2@ farifeegueney ele-multiplexing from one port to two ports. When selected by TX/RX
switch 18, the receive RF signal is routed to surface acoustic wave (SAW) filter 22. SAW filter 22 converts
an electrical signal to & mechanicaRNSvE uShgH pier88lkeelicodryStal 8P ¢&amie “He MechiHical wave is
delayed hytheopipzeelectsicstruetiie to provide armairavy pass-band:respense Byerejectingaout-of-band
signals. The filtered wave. is converted back to an electrical signal ang routed to the RF transceiver as the
receive Rﬁ‘—egi%ﬁgﬁ SeCtiofs, ZIéhotv@seatcro%%Q’n {onal SemicHductst ptarcﬂga’gjzg f%rFimplementing RF
FEM 10. Subpstratef24is a multiayenearewdemperadtyre coficel ceramic (LhEQ) larhinateradth a plurality
of Internal di Ieci&tgigrlqyﬁeis tzg alnrgcg%nadsuctivity Iaa/frs 28 sucarlln as siléiré.%ric%)&er. LTC%li,ubstrate 24

. a 1 e s1gn O r am n. e
includes mT(,Erna passive components, such ag resst%r‘%%, capacitor md%ctors . as well as

embeddeduRBwircuifs B86ywithimnthé niultilayéredi sulstrate . cAl TXERXESwitolcdie :381andvdisciete resistor
40 are m@g@tegttg attr%) SCU]!?CE lmoif LTSCC gégstr%t% e2r4 e%d g@ctri Ig CQQQ%%%Q go&pnglﬂ trilvellayers 28.
ter d t1’C(% u n { 5

A SAW fi ie 42 is mounted to L Strate 24 and elecirica ly connected to conductive layers 28.
SAW filter #2fis Felatively barge@uelitbtisrmeehamidalfeaturds, tut Lanbe placédin a feedssformed in

LTCC subgtrate, ediinan attempl ip.reduce the height of semiconductor packade @3, ; 51 RFFEM 10,

as implemented semiconductor package 23 with SAW filter die 42, represents a relatively bulky and
complex Blrgetufe dAg irnbNEs AigHRFamifacefing Tostsl Astthetemandifor Shealet packages and lower

cost drives,thesgatketadditional wosk js,needed.todmprove the REFEMdesign, Summary:pfthe
Inventlon‘two ports to one port for transmission by antenna 12.

In the receive section, the receive RF signal from
antenna 12 is processed through diplexer 20 for frequency de-
multiplexing from one port to two ports. When selected by TX/RX
switch 18, the receive RF signal is routed to surface acoustic
wave (SAW) filter 22. SAW filter 22 converts an electrical
signal to a mechanical wave using a piezoelectric crystal or
ceramic. The mechanical wave is delayed by the piezoelectric
structure to provide a narrow pass—-band response by rejecting
out-of-band signals. The filtered wave is converted back to an
electrical signal and routed to the RF transceiver as the
receive RF signal.

FIG. 2 shows a conventional semiconductor package 23
for implementing RF FEM 10. Substrate 24 is a multilayered low
temperature co-fire ceramic (LTCC) laminate with a plurality of

internal dielectric layers 26 and conductivity layers 28, such



A need exists for an RF FEM without a bulky SAW filter. Accordingly, in one embodiment, the present
invention is a method of making a semiconductor device comprising the steps of providing a substrate,
and forming an RF FEM over the substrate. The RF FEM includes forming an LC low-pass filter having an
input coupled for receiving a transmit signal, forming a Tx/Rx switch having a first terminal coupled to an
output of the LC low-pass filter, forming a diplexer having a first terminal coupled to a second terminal of

the Tx/Rx switeh and assecondderminal forpravidingan RFsignalcand forming andBD band-pass filter
having an input coupled to a third terminal of the Tx/Rx switch for receiving a receive siggal and an

output prBéiding’# fifSPdTeRBIvE sighi? 25 Teflaidtherdmboainient heSrédentiRention is a

method of maaking assemiconducien deviee spmpriskg the stepscofiprovighing a suhstatenand forming an

RF FEM over the substrate. The RF FEM includes forming an LC filter having an input coupled for

receving BSOSl SHE ST Glbut providhiad Mt afdit Syr el bt S igran IPD fiter

having an épi coupled fareeceiring adeceive sighal and anceutpit providing: a dittetaderezeive signal.

In another embadiment, the present invention is a method of making a semiconductor device comprisin
¥ prbuiinig 4 Stier BSERS, a fork over

the stepsao i f:ntgrélL st ¥at8?fbrrlren(i:ntge nte ﬁ?er}%%/%F e's rat8, and forming an IPD filter over

the substféatet #he L Cfilter hias arvinpué cotipled Tacreselving-a trangmitsignal land-an oafpuy providing a

fitered tranamit signal. The IED.fiter has an innut cupled ey receiving asceive signal 2d ap output
providing a filtered receive 5|gnalf. n“‘another embodiment, the preserﬁ Invention'is a
semiconductgredeliee tomprisingescsulbystrateé ahddiC fiker, fobmed over the substrade. iTheaLC filter has an

input coupled for r oeg%lgg ai‘ﬁart%‘g'gs'gu“}%"ﬁ%@%é‘@_ oytpyt pr }{'dg&%?ﬁé%%f%”%%‘éé'gt“ﬁ"é An IPD filter
is formed over the substrate. The IPD filter has an input coupled for receiving a receive signal and an
output prbeidirigta filtereereceive sigral. BAefkRescription of the Drawings
RF FEM 10, as implemented semiconductor package 23
with SAW filter die 42, represents a relatively bulky and
complex structure and involves high manufacturing costs. As the

demand for smaller packages and lower cost drives the market,

additional work is needed to improve the RF FEM design.
Summary of the Invention

A need exists for an RF FEM without a bulky SAW
filter. Accordingly, in one embodiment, the present invention
is a method of making a semiconductor device comprising the
steps of providing a substrate, and forming an RF FEM over the
substrate. The RF FEM includes forming an LC low-pass filter
having an input coupled for receiving a transmit signal, forming
a Tx/Rx switch having a first terminal coupled to an output of
the LC low-pass filter, forming a diplexer having a first
terminal coupled to a second terminal of the Tx/Rx switch and a
second terminal for providing an RF signal, and forming an IPD

band-pass filter having an input coupled to a third terminal of



FIG. 1 illustrates a block diagram of a conventional RF FEM with a SAW filter; FIG. 2 lllustrates a
conventional LICC substrate implementing the RF FEM with the SAW filter of FIG. 1; FIG. 3 lllustrates a
PCB with different types of packages mounted to its surface; FIGs. 4a-4c lllustrate further detail
of the representative semiconductor packages mounted to the PCB; FIG. 5 lllustrates an RF
system for use in a wireless communication device;

the Tx/Rx switch for receiving a receive signal and an output
providing a filtered receive signal.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, and forming an RF FEM over the substrate.
The RF FEM includes forming an LC filter having an input coupled
for receiving a transmit signal and an output providing a
filtered transmit signal, and forming an IPD filter having an
input coupled for receiving a receive signal and an output
providing a filtered receive signal.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming an LC filter over the substrate,
and forming an IPD filter over the substrate. The LC filter has
an input coupled for receiving a transmit signal and an output
providing a filtered transmit signal. The IPD filter has an
input coupled for receiving a receive signal and an output
providing a filtered receive signal.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and LC filter formed
over the substrate. The LC filter has an input coupled for
receiving a transmit signal and an output providing a filtered
transmit signal. An IPD filter is formed over the substrate.
The IPD filter has an input coupled for receiving a receive

signal and an output providing a filtered receive signal.

Brief Description of the Drawings

FIG. 1 illustrates a block diagram of a conventional

REF FEM with a SAW filter;



FIG. 6 lllustrates a block diagram of the RF FEM in the RF system of FIG. 5; FIG. 7 lllustrates a
semiconductor substrate with an active surface; FIG. 8 lllustrates a semiconductor package with IPD
formed over the active surface of the semiconductor substrate; FIG. 9 lllustrates a physical circuit layout
of the RF FEM with LC filter and IPD filter; FIG. 10 lllustrates a physical circuit layout of the LC filter;

FIG. 2 illustrates a conventional LTCC substrate
implementing the RF FEM with the SAW filter of FIG. 1;

FIG. 3 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 4a-4c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIG. 5 illustrates an RF system for use in a wireless
communication device;

FIG. 6 illustrates a block diagram of the RF FEM in
the RF system of FIG. 5;

FIG. 7 illustrates a semiconductor substrate with an
active surface;

FIG. 8 illustrates a semiconductor package with IPD
formed over the active surface of the semiconductor substrate;

FIG. 9 illustrates a physical circuit layout of the RF
FEM with LC filter and IPD filter;

FIG. 10 illustrates a physical circuit layout of the
LC filter;

FIG. 11 illustrates a schematic diagram of the LC
filter;

FIG. 12 illustrates a physical circuit layout of the
IPD filter;

FIG. 13 illustrates a schematic diagram of the IPD
filter;

FIG. 14 illustrates the RF FEM semiconductor package
mounted to an RF transceiver die; and

FIG. 15 illustrates the RF FEM semiconductor package

mounted over a high resistivity substrate.



FIG. 11 illustrates a schematic diagram of the LC filter; FIG. 12 illustrates a physical circuit layout
of the IPD filter; FIG. 13 illustrates a schematic diagram of the IPD filter; FIG. 14 illustrates the RF
FEM semiconductor package mounted to an RF transceiver die; and FIG. 15 illustrates the RF
FEM semiconductor package mounted over a high resistivity substrate.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical

conductivity of semiconductor material in active devices,



Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention

as definedyntheappendediclaimsand theirequvalgntsas-suppertedy thedfellewing disclosure and
drawings. Semiconductor devices are generally manufactured using two complex manufacturing

processeSCRtIREERT matufactiAfg aAd backisHeerhaAufaR iy Erom Arantfdctdrirftinvolves the
formation-efa pleirality ©f dienor the-suréace-of a semiconductor vafer Eachidie onthenvafer, contains
active and passive electrical components, which are electrically connected to form functional electrical
circuits. ACtVBTIEHNES OMIGHEhtS SACRHS fPAnsigtors Bdd tidees, AAVe 174G 1B control the flow
of electricalsunignt Rassiveseleetricabecsperents, sucitas capacitors,induciors, tesistons; anel
transformers, cregte, a {elaﬂonsﬁip betv%eerlvolit_‘ajtge arld current necessary tt? eperforT,ele%trical circuit
functions®® TSt PagSiveand ac?i"\qle%orﬁepoencen < &b formed Over the Surfdce 8fiRe semicShductor
wafer by afseries of pracesiscstéps intluding depingy depasition, photolithography, etching, and
planarization. Doping i%tr duces impurities into the semiconcductor m%toegial gy kt)echfig]lijersssucp as ion

. . A e a S S e compone S e .m e O .
implantation or therma gl ﬁ‘sﬂon. ? e%plnlgvprocesg modifies t%]é electrlcgl con\t]jucﬁ ty of semiconductor

material meactive devicest Hrahsformirg thee$emicondactop materialinto. an Hselater; €oadaetor, or
dynamically hanging ihe sergicandyciormaterial ondyctivity in respense ig an,gleatrs figld or base

current. Transistors contain regions of varying types and degrees of doping arranged as necessary to
enable theatrandistor teeproniste ©f rastrietthelfldve ofgledtricabciireent ugortthexappticatiort bfithe electric

ﬁekjorb%%ﬁﬁuﬁggbsition may involve chemical vapor deposition (CVD),

physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing

pattern can exaggerate the underlying pattern and create a non-



Active and passive components are formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between
componemts. rormly khesleyersean-be paternedrdsing phetolithographys avhich invglvesdhe deposition
of light sensitive material, e.g., photoresist, over the layer to be patternedét%{)attem is transferred from a

photomaBK f5tHeSpdtarestst Uiy Mkt STHE PSRN 12RE PRotorESi%EpatteinRabfect&d to light is
removed aisiighba salvent, expasingipartians, otthe underlying layer-tenbs,patterned: Zhe remainder of the
photoresist is removed, leaving behind a patterned layer. Alternatively, some types of materials are
patterned By ditBEN GepSditing the'mbteriat fifto thée dhsHs 6 vBidd frfhed By-4 prévibdé G&position/etch
process wsiag iechriguessuichvas elestroless andrelecirelytia:plating. of theDepasiting atthinfilm of

material over a existingagattern can exag erate the undfrllﬁ/\ing pattern and cre%te a non- uniformly flat
@) S 1 N An ra e m eria n cCorrosyve eml are
surface. R un}formﬂ/gﬂécf surface’is ?equweﬁ to pr(%1 uce Smaller-and moré densely pac%é1 active and

passive coinpahents.tPlananzatinnecantbe bsed &0 cemadve material friorh they surfacesof the wafer and
produce a gng_%rglg flat sFrfgce. Filanaq:lzatlonolgvgll\llgs olishing the s%lirface of the wafer with a polishing

pad. An abrasive material and corrosive chemical are a 858% Ke Str acceogﬁﬁgwgfe?aarllr?a polishing.

The combifietimectiamcal attiorod s abragiverarbodraosiveactiorphthe cresmitalirepovesaany
irregular to ography, ref\ﬁultén in & gniformly flat surface. Back-end manufacturing refers to
cutting oruéljﬁgulg%% the mis%gé wafer into the individual die and then packaging the die for structural
support and environméiitakisslatiomaTo Singllate the dief theswaferds scored and broken along

”On'funcg%%}ﬁ%@’?ﬁé’f the watercalled squistieets of serbes; The water is singulated ysing a laser

cutting tool or saw blade. After singulation, the individual die are mounted to a package substrate that
includes pmskorTontact ipadd ¥6r ihterconmattioniith sthel eysteandompvhenisnEohtdct pads formed

over the semicopgygtor di%a@iﬁhﬁﬁl%@é'e‘é‘i‘?g t contagt pagls mathin the;package, The,glegtrgal

connections can be made with solder bumps, stud bumps, conductive paste, or wirebonds. An
encapsulahPafother mMoldifg rRaetialis teposited overthéiatkage to providd physiealsupport and

electrical dsqlation. Therfinished packagesis,{hen insefteddnto.an electrical system,and the funetionality of

the semiconductor device is made available to the other system components.
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 3 illustrates electronic device 50 having a chip

carrier substrate or printed circuit board (PCB) 52 with a

plurality of semiconductor packages mounted on its surface.
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FIG. 3 illustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with
a plurality of semiconductor packages mounted on its surface. Electronic device 50 may have one type of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The

different types of semiconductor packages are shown in FIG. 3 for purposes of illustration.

Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one

or more gleetricalfunetions; Alternatively, elecionis.device s04ray; b a-sukeompanent of adarger
system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant

(PDA), dighalMidéd Ramerd I8V Y forGthéraledttshiccdmmtinafion JelicR I ARErtiveNy Selectronic
device 5Q:pan be= g@phicsiearddnetiork hterdage sawk of eitier signal precessingcard thatcan be
Inserted into a computer. The semiconductor package can Include microprocessors, memories,
applicatioch'Spatifid'intddtatet diftuitt TABTES: Todik cirdaits Endlog Gircuits, RF circuits, discrete devices,
or other semiconductoediecareledtacalsomporiantsabhemiriatrization anddhe wetight reduetion are
essential for these products to ?t%e accepted by the market. The distance between semiconductor devices

must be éfés’cer%agé1 to’achieve Fg%%?ﬂe%%ﬁy.ages tnEE! 3rPCcB52 BrrovIP&é:sea general substrate for

structuraksupportiand electrical thterconnectkafithe seailigondiictertpackages enaurded onrthe PCB.
Conducti%% sjagngllllgages o4 are forEnead Quer a §urfacsecglrm with'@olerlyersaor; P%B Sgluesér%qrg\ﬁ%oration,
electrolytic plating, electroless pla?ing, screen prinﬁﬁg, of Gther Suitablé n?e]tal’deposmon process. Signal
traces S54dprovide fof efectridad communicationclestivebare aohoofdhe semicorsductargpgckages, mounted

components, ALgiper sxiginal sySter, coppanents, Tiaces g lso Provide powel and.grond
connections to eac% of the semico dluctor packages. In some embodiments, a semiconductor
device hastwo:packaging levels! First ledépackagingeisia teehaiguedor meth@nically and &fectrically

attaching {he segyicondyctor dig fo apdntermedigie capier. Second leyel pagkaging yglves mechanically

and electrically attaching the intermediate carrier to the PCB. In other embodiments, a semiconductor
device may opiphavethesfirdt lebelpackaghty wherrtheddié id- mezhaniealh: aind eledwscally mounted

d"eC“yt%g%E%gﬁﬁuctor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the weight reduction are essential for these products to be
accepted by the market. The distance between semiconductor
devices must be decreased to achieve higher density.

In FIG. 3, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power

and ground connections to each of the semiconductor packages.
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For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of

semiconductor packages, cfigusathwith-anyrcomiinagtian ebfitst and segend tevel packaging styles, as
well as other electronic components, can be connected to PCB 52. In some embodiments, electronic
device S@ﬁmsihﬁ}éegﬁache%ﬁﬁid)ﬁﬁﬁ&op65{&?&‘@9?%%8 dthércémBodtents tall for multiple
interconngestedhpackages. By €oakiing oRg1arymare-seinicendueter pagkagasieves rsingle substrate,
manufacturers can incorporate pre-made components_into electronic devices and systems. Because the
semicondUttdrFackAGes irdudé Eopistcatsd FRctiohli, eRTrOARE dEicds’&an 66 manufactured
using cheapet Lomponentsand alsieanlnedlimaaufagtiiinggproness. Mihertesuliing«devicesiare less
likely to f%il agg1 IesPs %xpenIsive tghmanu%gtu(ge resutlting in a lower cost for congum.ers. FIGs. 4a-4c show
exemplaryosemi%onguc'tor pélck%ge%? FE 93 Mt ates furtiiel tetlPSf DI 64 Mounted % PCB 52.
Semicondudtor dievA4 tictudesran adtivesregicreeniamingraralegtdt«igitad cireuits Implemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and are
electrica@el% eé}%ér?r%?té/d aa%%or%lnegctjcgrth%ae eé/tri{:he(\jlu ets?g%n §tl tﬂ%c(ﬁeél.yl:groe;a%rﬁpltg, e circuit may
include one or more transistors; diodese #eluctors,|dapacitets] vesistory,caradlothep eiscuittelements formed
within the-active region of semicaonductor. die, 74, .Contact pads 76, are or e rs pf conductive
materal, e s e (RS Soper (L) ey kel (U1 QoI LRGE of Bl TA) A are
electricallyhcanneiecbtoctheltirenit @eriets Fermed dithini seraiconductey dien 24 .tDwdrrg assembly of DIP
64, semicandugtorlie 74 is maunied o an jpiermerite,carier 18.ising a goldssligon putegle ayer or
adhesive material such as thermal epoxy or epoxy resin. The package body Includes an insulative
packagingmatefiar suchrad Belymerdor cévaricl Cohtuetd? dedxo80 aRdireoBonds82 pesvide electrical

Interconnect between.sengicondugtor die, 74 and PGB 52uEncapsulant 84 isdenosited over the;package

for environmental protection by preventing moisture and particles from entering the package and
contaminafifg ¥we 74 S Wire Honds'g2.auad flHG mpqliastratés furtiet detailsf BEE¢2thotinted on

PCB 52. semieenducteidie 8845 mownted over carrier 90using-an sndsriill.orepaxyesinadhesive
material 92. Wire bonds 94 provide first level packaging Interconnect between contact pads 96 and 98.
Molding €omp6tind 8F ENCaSuIit A0DIS Yepbsihdd Bvérseticbhddétdr 888 aAd Witk 5dnds 94 to

provide physical suppostang electical isolationfor thesdeviee., Cantagtpads: 02 are formed over a
surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless

plating torevERCEXiGatiii R BHtA L rads b Pare SBEfFicAR cothectéd tone B mit@Tonductive signal
traces S54-inHeBrazn BympesL £04 amfiormesketwesn contact pads H8L0MHBAE 62-andsertact pads 102

of PCB 52. . , , .
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to

manufacture resulting in a lower cost for consumers.

FIGs. 4a-4c show exemplary semiconductor packages.
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In FIG. 4c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
implemented as active devices, passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.
Semicongduetor die 38 is glectsically and mechanically coprected tg gapriar 06 thrugiribumps 110.

BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumpE4192° Sertiesndiictor 'die 58S B callyEonhett et B CUndueive SignaPiradés 84 in PCB
52 throughrbumgs 140, signalilines 14 anebupps 432Amelding=compeyngasencapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the déVice: S flif CRP SemicondGeor devicBbrovides a'shbrt igéfical condlictiol path from the
active devigesdhesemigonducton dietH8 taacanduction tracks ontRGBHivrardartocedure signal
propagatiop distancello(\]/lver cagaci%an e, and improve overall c'gcuit @[%rformance, én another
embodimeenfctﬁé SeficSiductor die 58 Can e mec (zg‘lﬁic%lﬁ)‘?1 Bhdelec rlce:alﬁ/léro%%lecteIréaéfirectly to PCB 52
using flipichip styte first level packagingwithettintermediate carrierdi0t.ors, c&Gchdlusirates an RF
system 1§g iricslglgipg RFHgng%ﬁd mod.ul%sgz%Mg}g%ecgggle tomaen%;}?gln%%%f r tra%scrgission and
reception Sfwireless RFaS|gnals. RF FEM1 separates an fiiters the' transmit S|gnam>eo and receive
RF signatfRx)do avbidseoniflictrarwross-overchétweenthe Ricsigpalss Thé 1x signahand Rxsigral are
routed to aanderreceié/gd ggonrg Rcﬁ:tlr@nsceail\éeer llZaGlfor %%qlu'%téona§%gnC%ﬂ\rﬁer%gf)to baosg ggd signals.
Baseban s¥gnaﬁ processing block 128 peri%rms'necessary eléctrical functions'dn the baseband signals.
RF systeft120 canbe Used inralcdlkilar tSlepbhoge lRDA o) other wireless cammunicatidnadevice.

FIG. 6 lllusrates a hlock diagram of R EEM 122 RE FEM 122.has a ransmit section ang receive
section. In the transmit Section, the Ix signal from RF transceiver 126 is routed to an input of power
amplifier 18016 tnckease sighafpower aRd aniifieatemahe GlpbtLsf Fowers@nplifisr8otiscoupled to
RF couplgr 133 which glgtects-thedX signal.nowerlevel: The Ix signal is dow:pass filtered by LC filter 134
and routed to Tx/Rx switch 136 which switches between the Ix signal and Rx signal. When selected by
Tx/Rx switth 1861 tHekesigrial is Polfted 9 difiéeet 188 WhitR petforms Frequentl piliglexing from two
ports to anepart far teansmjssien by antempa 124k age bd@the Keagive segtion the Rxsigaal from
antenna 124 is processed through diplexer 138 for frequency de-multiplexing from one port to two ports.
When selREd By TR SR AT 136 P R istotitdiffo IPD fiftér %o for bantpHssditetifg Phe filtered

Rx signakis routed.10.RF franseeiver 126 for conuetsian to-baseband.fer signakprgsessing by block 128.
FIG. 7 shows, in relation to FIGs. 3 and 4a-4c, a semiconductor substrate 150 containing a base material
such as semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

over the package for environmental protection by preventing

moisture and particles from entering the package and

contaminating die 74 or wire bonds 82.

FIG. 4b illustrates further detail of BCC 62 mounted

on PCB 52. Semiconductor die 88 is mounted over carrier 90

using an underfill or epoxy-resin adhesive material 92. Wire

bonds 94 provide first level packaging interconnect between

contact pads 96 and 98. Molding compound or encapsulant 100 is

deposited over semiconductor die 88 and wire bonds 94 to provide

physical support and electrical isolation for the device.

Contact pads 102 are formed over a surface of PCB 52 using a
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silicon, germanium, gallium arsenide, or other bulk semiconductor material for structural support. An
active region 152 is formed over a surface of semiconductor substrate 150. Active region 152 contains
analog or digital circuits implemented as active devices, passive devices, conductive Layers, and
dielectric layers formed within substrate 150 and electrically Interconnected according to its electrical
design and function. For example, the circuit may Include one or more transistors, diodes, and other
circuit eleentsifoemed vithinsagliveisurfacelatodmplement analog cireyits, o digiabeirguits. Active
region 152 occupies about 5-10% of the overall thickness or height H of semiconductor die 150. In one
embodinfeht, SEMESATESr SUstrate 156 dethpies arPareass: 2 Philiméters=h) B§ 252 hita.

FIG. 8 shows a phirality ©f IRDs cstcheas thin filbn tduictarsnmeapaciiersi andiresistorgnas well as other
semiconductor die or components, formed on or over active surface 152 for RF signal processing. In this
embodim%ﬁﬁcpeox?NeSr%rﬁBIifFéCfElsézahd REMUpiet 132 &re TorMES eREETHAID sUBSErafe 150 Fhe IPD filter
140 is formedovarcactive surtacedib2aeftsubstratel §50.dPDPLES is2a resistor formed over active surface
152.IPD 160 is a metaII-insuII%tor-wetal (eMIMC) cagg:tcitor with dieéegctr.ic Ia}ﬁ/er 162 OPe%ween énetal layers
164 and 166 and covered gy passn(/:atiosn fgyl/efj P68 9PDF 170 % & Indtctor it WotiRd ToRdlittive layer
172 formed ovet passidatiarelayer 174.rTHe T xRx-3witchE 136 and diplexsrl B3& fromtFIG: wedre formed
over activeas%réaclenlSZ. %}nc Encaeps{:uelanltoonr nfglgin c%rggg%%% (szlg 1i:soge c_{seitegiégoveé Somponents
136-170 And active durface 153 usmgga paste printing, compressive molding, transfer moﬁﬁng, liquid
encapsulantmoiding, vacyihalanuinaton, tspin cedting; or eothes saitable apghcator £ncapsulant 176 can
be polymer composie pialeal. susfyas epoxy rasinith fler, epaxyaarylate with fler. oy pelymer with
proper filler. Encapsulant 1 8'is non-conductive and entironmenta ly protects the’semiconductor device
from externalceldments-and Bontahsinamscal desSemicohductordatkagé d78<containing IPDs 140,
158, 160,.ad.170 apd pther RE signal pragessing.camppangnts formed pyar.comion, substrate 150 can
be used in high frequency applications, such as microwave radar, telecommunications, wireless
communieaies idleetfonie SRitehes, anceotheptifgites peAviring RPelctrical fidtionsL THe IPDs
provide the gleclyical gharagleyistics doralieuit fwactions:suchias palanged ynalanced (baluns),
resonators, high-pass filters, Low-pass filters, band-pass filters (BPF), symmetric Hi-Q resonant
transforniet s imickind Hetiotks RE €otiplefs @nEriiniHgPcapacb s Forerampld) the IPDs can be used

as front-end wireless Rizgomponents; whichicambe positioned betyveen the anjgnnaand tiansceiver. The
wireless application can be a cellular [i]hone using multiple band operation, such as wideband code

division ritifipRZactest (WESIMAT bahts TPES MM 57} aRa Gicisat 8§stef RfbbREEBMMdrication

(GSM) bandsi dowandhighkie 58 FiGe9showsantopyviewntysicaklaygutehapetionof RF FEN 122
in a small form factor on common substrate 150 of semiconductor package 178. In the transmit section of

substrate156' 3 fifér-t54 reteivesith® X Signaf B pGWEPEmplifer 138984 RELCSUDIE 132, The
filtered Ixssignahisreuted 210 TxIRxswitch 336 andAdiplexer-138, forgrmnssmission én agcordance with FIG.

6. deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly

to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.
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FIG. 10 shows further detail of the physical layout of LC filter 134 including conductive traces or coils
179, 180, 181, 182, and 183, and capacitors 184, 185, 186, 187, 188, 189, and 191 in a balun or low-pass
filter arrangement for the Ix signal. The conductive traces 179-183 are Implemented with strip line
conductive traces which are wound to exhibit inductive properties. The conductive traces can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material formed using

sputtering, electrolytic platingselectroless plating-progesss Lt thersuitable-metal depasition precess.
Capacitors 184-191 are Implemented using a thin-film dielectric to Increase capacitance density.

FIG. 11 showsiiBtettricaF ¥ehematic aiag ot fovi a8 Hitter £34 Hith IhEGERRS £76-9833HY
capacitorsa&l@4-19 b Hn particulan sapacitor 184rs coupledrbetween fisstanshsecond enditerminals of
conductive, trace 179. Capacitors 185 and 186 are coupled in series hetween first and second end

terminals'of comaticivis tracé 186 Eohdudtivefaces 179 4RE 186 &re TiteRboverPiyexhibit mutual

inductivetpsoperties. the conductive teacessl79-283 van begirctlas, avalspolygoral, oraenformal shape
for enhanced (%—factor and redquced die area. Retur(giing to FIG. % in the receive section of
X

substrate 150, %e ﬁ%(dsigﬁalsé Pdted trom ]a?pﬁetfedr 138 it sCdwitch 136 TPD filter 140. FIG. 12

shows futthendetail of HP D Fittef 240 mcludiag tondaetivectsaces-aricoilstk92,493p1294, 195, 196, 197,
198, and 199 gTd capggg%rg 200, 201 2q2, 204, 206, 207 Oo8¢]§‘”9 0.in_a band-pass filter

arrangemselr% orthe RX S|gnaﬁt esclo%%cti%: ?rgi%gs? ?[3%1 are Imp emented with strip line conductive

traces whielr ass wound andtinterwbvém e exhibi inductive andsabtuadlinsugtive propekrties. The
conductive (aggs Gabe gne,or mare Jayers.of Aly G, Sp. ML/t 40,01 othsr suliabls glegtricaly

conductive’ material forme using sputtering, electrolytic plafing, €lectroless plating process, or other
suitable metat depeositionprocesst Capaditors 200-210 are Implemented using a thin-film dielectric to

increase capacitance 4efi$itys :171ustrates a block diagram of RF FEM 122. RF
FEM 122 has a transmit section and receive section. 1In the
transmit section, the Tx signal from RF transceiver 126 is
routed to an input of power amplifier 130 to increase signal
power and amplification. The output of power amplifier 130 is
coupled to RF coupler 132 which detects the TX signal power
level. The Tx signal is low-pass filtered by LC filter 134 and
routed to Tx/Rx switch 136 which switches between the Tx signal
and Rx signal. When selected by Tx/Rx switch 136, the Tx signal
is routed to diplexer 138 which performs frequency multiplexing
from two ports to one port for transmission by antenna 124.

In the receive section, the Rx signal from antenna 124
is processed through diplexer 138 for frequency de-multiplexing
from one port to two ports. When selected by Tx/Rx switch 136,
the Rx is routed to IPD filter 140 for band-pass filtering. The
filtered Rx signal is routed to RF transceiver 126 for
conversion to baseband for signal processing by block 128.

FIG. 7 shows, in relation to FIGs. 3 and 4a-4c, a

semiconductor substrate 150 containing a base material such as
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The conductive trace 192 has first and second end terminals coupled to port 212 and port 214 for
differential mode operation. In one embodiment, port 212 is a single-ended unbalanced port and port 214
is a ground terminal. Alternatively, port 212 is a single-ended unbalanced port and port 214 is the ground
terminal. Capacitor 200 is coupled between port 212 and port 214. The conductive trace 193 has first and
second end terminals coupled to balanced ports 216 and 218 for differential mode operation. Capacitor

201 is coypled-betwegnpesh2lband poiti2i8. Gapaeitars, 202-and 204 asg ceupled in series between
end terminals of conductive trace 194. The conductive trace 194 is disposed around a perimeter of

conductiviFACEE 195 hRd 1935R &HAdn-69&r&5piNgG BirangemEnt With pladdr Spataifor: Toifictive

trace 195 isformed arewnd a perimeterefcondustives tiace 494 andssonnestad-tora lowsimpedance
ground point to reduce inter-device Interference and radiation loss. The conductive trace 192 is a different
size and/of 5hdSe Wit r88pect o CORGACHRE FAGE P83.9h dheerhBddimerit dditiuctive trace 192 is
30-50 micrametresnipsa) iaviddrwitl otiter idimensions of 200400 pras Conduativerttaee 193 is 30-50 pm
in width gith outer dimgns'onﬁ of 400-608 ipm. Th(—:-f cond ctivettgace 19%istseaparatfogl Ofrom gonductive
trace 19 89’ 700 ’prﬁj;ncon LGtive ﬁgcl;é: 1923S Eéc’par% & frofh conduictive raﬁeﬁ%4 y 160' pm; conductive
trace 193 isesepaiated from conduciivedraceil 34 by AO0pm tA mutsaklhductahce is formieghbetween
conducti\gentéa%s %%2 8‘Hd 19§ ]lgetween ﬁoendu&tli\e/e traces 1192mand 11%4 lalglccgleconrgeucti\fe frace 193 and
194. Thetonductive traces 1 S and 1953can be cwcﬁiar, ovaF, po%ygonaﬁ or conformar shape Yor
enhanced Qfactertantsrediicedtie areal Thehdifferent sized cohaluetivestrace 192 andtiO3create
different paort Impedance. The conductive trace 196 has.first and seco nd terminals coupled to
port 220 %%cti b‘éﬁ gz%r%?%%felrgr%tiatlomé & ogénrga%%n.gﬁﬁao%g e?cnjbjé%}lrﬁg%t, %grtq%%ll% %(Jlsingle-ended
unbalancedport&arnd poft22Rvis arground térainak Alterativelo port2200is apginglecendetanBalanced
port and port 222 s the, graung terminal, Capacitor 208 is soupled between part 320 and port 222. The
conductive trace 197 has first and second end terminals coupled to balanced ports 224 and 226 for
differentighhodé Bpetatiope TapaBRGICIOT isscouplethbetweeh [Fore2R4 apdasbreZ26. Gapacitors 208 and
210 are goupledinseries hetween endtepminals of conductive trace 198. The conductive trace 198 is
disposed around a perimeter of conductive traces 196 and 197 in a non-overlapping arrangement with
planar separation. Corfdtietive trae€1993s Foriictlarovinel fa pétithete? of toAduétiventrdce! 198 and

connecteg {9 a-lowi-inp eiareund peint te- reducedpter-deyicgnterferenee and radiation loss. The
conductive trace 196 is a different size and/or shape with respect to conductive trace 197. In one

embodimet icondteire fratd $964s SOMEUPRRIA WidthAkfiF Sute? ditheASiBhs dF 2HU400 pm. Conductive
trace 197:is:30:2Q@ piry in wighth mith-oiendimensienssafr400-660, pan iTheseonductive trace J:96.s
separated from conductive trace 197 by 100 pm; conductive trace 196 is separated from conductive trace

198 by 166'BM: chRbudtiie #ack 187 FO8E At Fom ConttEivE ra&E 188y F60 pm. A mutual

Inductaneeiissformed between caaductivedracesrl 96iand 397 chetweeneonduetivie trages 196and 198,
and conductive trace 197 and 198. The conductive fraces 196 and 197 can be circular, oval, polygonal, or
conformal 3hafé G &Hanced J-fictor ahl rédiitetidie arés T differatt ezt Edndtictive frace 196
and 197 ereafeadifferertt portirmpadainces a metEIG 113 shaws anelectiicahsuhematicdiagram of IPD
band-pass. filter 140 with inductors 192, 193, and 194 and capacitors 200, 201, 202, ﬁ(’j 204, The
oo 1951 94 216 WA 1 e B SRl MSGAGC Lo ShalbewaaH e fndliors or high
attenuationirethedrejectioa anda Ebo exampte; the galues b inductars 192, 183panc 194 aré set to 1.89,
4.91, and 2.15 nanohenries (nH), respectively. The values of capacitor 2Q0, 201, 202, 204 are set to
o7, 30/ SHE .G PLASHAr S0 (DR Teenticer) TS A Ov el e JAttdl ndined bbtween
InductorsTh@2, T:98R andvibdc The Toupling doefficients bétiveenomdEiétors 92 andl93rare 00192-193 =
0.048, beéwg%n érg:dcu.ct%rs 193-and 194 are 00193-194 = -0,148, aond Q\%tyvgeg Inductors 192 fu;g 194 are
00192-194 = 0.148. The gélup%g etween Incfiuctorsal%%zuanc?ﬁ 194 rdecreasles%ygmcnfgag?;\g separation,
resulting irs a dteprowier bandvsassaesponse) particiflarly’ at thechigly fregaency édge ot the response. The
coupling petwegn,Inguciars 492,and 04 \nceasesda degreasing separaipn, and e aitgguation pole at
the lower side of the band-pass moves to a high frequency, resulting in a narrower bandwi th, with higher
rejection I Tha rduetors 196, 207, drul $98.cand’éapatitols 20622070 2085 AAd 2203 avech sifdilar
schematic representation.
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FIG. 14 shows semiconductor package 178 containing RF FEM 122 mounted to semiconductor package
230 containing RF transceiver 126. Power amplifier 130 and RF coupler 132 can be Integrated within
semiconductor package 230 or Implemented as separate components. Semiconductor package 178 is
electrically connected to semiconductor package 230 with bumps 232. An underfill material 234 is
deposited between semiconductor packages 178 and 230 around bumps 232. The stacked

semicondyoterpackages 178-a16h 230 are- mountedtodaminate substrate 236 and glegtrically connected

with bumps 238. Semiconductor package 178 is electrically connected to substrate 236 with bond wires

240. SubSHERCSIE fndiidedd plurality of cBRd GRRErdced 12U 2ok Bighht féiitingEen semiconductor

packages &7§ and230i as wellas extepralgompenents.th progs-seen indrGs. 6-13, RF FEM 122 can
be Implemented in_low-cost semiconductor package 178 wijth LC filters 134 and IPD filters 140 providing

processifg CRETEIE For the ix SignBPARE BEEiGialY 8eficbritiubidr P4RREGE 178 i§ 5MafeF Snd more
cost effeetive as-egropareatodhe delkycSAW Blteraandk Fe C substrate- deseribed in FIGs. 1-2.

FIG. 15 shows an embodiment with high resistivity substrate 244. An insulating layer 246 is formed over
substrate" 244 A &5\ ive layer 248 is formed over insulating layer 246. IPD 250 and 252, such as
Inductors, capacitors, archiesistdrs; can besfokragd oves canduciive layeri248s Algolyamide substrate 254
IS formec(ijt%\qer ig%l{%(aq%la e&24§h§§ F 122 wiih IPD filter 140 is formed over sg%bstratg 254. A

. s1gna rocessing compongnts O
semiconductor package 2 Con(%alnlng co onents, Sucﬁ as gower gmpﬁf?er 1 ,ﬁ&ecoupler 132,

Tx/Rx switch 1 36odiptexes U381 isameunted tossublstrates264 and felegtricallycgommegted with bond wires

258. Semi oqduct r.packag 25r§i also electrically connecte con tIi[ye layer 248 with bond wires 260.
While orr%%o rﬁcfr%%elrﬁ gdimge%(t:s 0 t%emﬁr%eggﬁital\r;\?er]ftlgo%aﬁévegte)eeeng ﬁ%stlﬁgtle%%ﬁld%e?gﬁ the skilled artisan
will appreciate thatsmodificatiomsand adaptations to thosevarnbodime ms ehaythe madlewititout departing

from the seone of the presentinvention as setforth in the follgwing¢lains. o i e the

electrical characteristics for circuit functions such as
balanced unbalanced (baluns), resonators, high-pass filters,
low—-pass filters, band-pass filters (BPF), symmetric Hi-Q
resonant transformers, matching networks, RF couplers, and
tuning capacitors. For example, the IPDs can be used as front-
end wireless RF components, which can be positioned between the
antenna and transceiver. The wireless application can be a
cellular phone using multiple band operation, such as wideband
code division multiple access (WCDMA) bands (PCS, IMT, low) and
global system mobile communication (GSM) bands (low and high).

FIG. 9 shows a top view physical layout of a portion
of RF FEM 122 in a small form factor on common substrate 150 of
semiconductor package 178. In the transmit section of substrate
150, LC filter 134 receives the Tx signal from power amplifier
130 and RF coupler 132. The filtered Tx signal is routed to
Tx/Rx switch 136 and diplexer 138 for transmission in accordance
with FIG. 6.

FIG. 10 shows further detail of the physical layout of
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Claims What is claimed: 1.A method of making a semiconductor device, comprising: providing a
substrate; and forming a radio frequency front end module (RF FEM) over the substrate, the RF FEM
including, (a) forming an inductor capacitor (LC) low-pass filter having an input coupled for
receiving a transmit signal, (b) forming a transmit/receive (Tx/Rx) switch having a first terminal
coupled to an output of the LC low-pass filter,

LC filter 134 including conductive traces or coils 179, 180,
181, 182, and 183, and capacitors 184, 185, 186, 187, 188, 189,
and 191 in a balun or low-pass filter arrangement for the Tx
signal. The conductive traces 179-183 are implemented with
strip line conductive traces which are wound to exhibit
inductive properties. The conductive traces can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material formed using sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Capacitors 184-191 are implemented using a
thin-film dielectric to increase capacitance density.

FIG. 11 shows an electrical schematic diagram of low-
pass filter 134 with inductors 179-183 and capacitors 184-191.
In particular, capacitor 184 is coupled between first and second
end terminals of conductive trace 179. Capacitors 185 and 186
are coupled in series between first and second end terminals of
conductive trace 180. Conductive traces 179 and 180 are
interwoven to exhibit mutual inductive properties. The
conductive traces 179-183 can be circular, oval, polygonal, or
conformal shape for enhanced Q-factor and reduced die area.

Returning to FIG. 9, in the receive section of
substrate 150, the Rx signal is routed from diplexer 138 and
Tx/Rx switch 136 to IPD filter 140. FIG. 12 shows further
detail of IPD filter 140 including conductive traces or coils
192, 193, 194, 195, 196, 197, 198, and 199, and capacitors 200,
201, 202, 204, 206, 207, 208, and 210 in a band-pass filter
arrangement for the Rx signal. The conductive traces 192-199
are implemented with strip line conductive traces which are
wound and interwoven to exhibit inductive and mutual inductive

properties. The conductive traces can be one or more layers of
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(c) forming a diplexer having a first terminal coupled to a second terminal of the Tx/Rx switch and a
second terminal for providing an RF signal, and (d) forming an integrated passive device (IPD)
band-pass filter having an input coupled to a third terminal of the Tx/Rx switch for receiving a receive
signal and an output providing a filtered receive signal. 2.The method of claim 1, wherein forming the IPD
band-pass filter includes: forming a first conductive trace wound to exhibit inductive properties and

having first and secend ends caupleddo the- input of the,lPD baad-pass filte; 1 1 forming a second
conductive trace wound to exhibit inductive properties and having first and second ends coupled to the

output of IRE TS bana- FidsHite? thE i ntittide HREE being HlacEd it pioxinity fo the second
conductivel hace to, exhibit Friualdpdyctivieiprgperiese88d or other suitable metal

deposition process. Capacitors 200-210 are implemented using a
thin-film dielectric to increase capacitance density.

The conductive trace 192 has first and second end
terminals coupled to port 212 and port 214 for differential mode
operation. In one embodiment, port 212 is a single-ended
unbalanced port and port 214 is a ground terminal.
Alternatively, port 212 is a single-ended unbalanced port and
port 214 is the ground terminal. Capacitor 200 is coupled
between port 212 and port 214. The conductive trace 193 has
first and second end terminals coupled to balanced ports 216 and
218 for differential mode operation. Capacitor 201 is coupled
between port 216 and port 218. Capacitors 202 and 204 are
coupled in series between end terminals of conductive trace 194.
The conductive trace 194 is disposed around a perimeter of
conductive traces 192 and 193 in a non-overlapping arrangement
with planar separation. Conductive trace 195 is formed around a
perimeter of conductive trace 194 and connected to a low-
impedance ground point to reduce inter-device interference and
radiation loss. The conductive trace 192 is a different size
and/or shape with respect to conductive trace 193. 1In one
embodiment, conductive trace 192 is 30-50 micrometers (um) in
width with outer dimensions of 200-400 um. Conductive trace 193
is 30-50 pm in width with outer dimensions of 400-600 pm. The
conductive trace 192 is separated from conductive trace 193 by
100 pm; conductive trace 192 is separated from conductive trace
194 by 100 pm; conductive trace 193 is separated from conductive

trace 194 by 100 pm. A mutual inductance is formed between
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forming a third conductive trace wound to exhibit inductive properties and having first and second ends,
the third conductive trace being placed in proximity to the first and second conductive traces to exhibit
mutual inductive properties. 3. The method of claim 2, wherein the IPD band-pass filter further includes:
forming a first capacitor between the first and second ends of the first conductive trace; forming a
second capacitor between the first and second ends of the second conductive trace; and forming a

third capacitonbetween thefitst and segand ends obthethird canglugtive trace.r 4 Zhe methgd of claim 1,
wherein forming the LC low-pass filter includes: forming a first conductive trace wound to exhibit

inductive ptdpertie anantaViig Hist AhaSecond eRbE chbipled totRe DRt Of HELET6WSFass filter; and

192 and 193 can be circular, oval, polygonal, or conformal shape
for enhanced Q-factor and reduced die area. The different sized
conductive trace 192 and 193 create different port impedance.
The conductive trace 196 has first and second end
terminals coupled to port 220 and port 222 for differential mode
operation. In one embodiment, port 220 is a single-ended
unbalanced port and port 222 is a ground terminal.
Alternatively, port 220 is a single-ended unbalanced port and
port 222 is the ground terminal. Capacitor 206 is coupled
between port 220 and port 222. The conductive trace 197 has
first and second end terminals coupled to balanced ports 224 and
226 for differential mode operation. Capacitor 207 is coupled
between port 224 and port 226. Capacitors 208 and 210 are
coupled in series between end terminals of conductive trace 198.
The conductive trace 198 is disposed around a perimeter of
conductive traces 196 and 197 in a non-overlapping arrangement
with planar separation. Conductive trace 199 is formed around a
perimeter of conductive trace 198 and connected to a low-
impedance ground point to reduce inter-device interference and
radiation loss. The conductive trace 196 is a different size
and/or shape with respect to conductive trace 197. 1In one
embodiment, conductive trace 196 is 30-50 pm in width with outer
dimensions of 200-400 pm. Conductive trace 197 is 30-50 pm in
width with outer dimensions of 400-600 um. The conductive trace
196 is separated from conductive trace 197 by 100 um; conductive
trace 196 is separated from conductive trace 198 by 100 um;
conductive trace 197 is separated from conductive trace 198 by

100 pym. A mutual inductance is formed between conductive traces
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forming a second conductive trace wound to exhibit inductive properties and having first and second ends
coupled to the input of the LC low-pass filter, the first conductive trace being placed in proximity to the
second conductive trace to exhibit mutual inductive properties. 5. The method of claim 4, wherein forming
the IPD band-pass filter further includes: forming a first capacitor between the first and second ends of
the first conductive trace; and forming a second capacitor between the first and second ends of the

second copductive trace, 6-Ehe,methed ghiclaim Je furtherdrcludings npravidingamRF transceiver in a
semiconductor package; mounF&_g the substrate containing the RF FEM over the semlconductor package;

and eIecﬁ%BWE&Hﬁ’@cﬂEﬁ%ﬁ@ FERPE the®RF traiSc&ivafuctive traces 196 and

can be circular, oval, polygonal, or conformal shape for
enhanced Q-factor and reduced die area. The different sized
conductive trace 196 and 197 create different port impedance.

FIG. 13 shows an electrical schematic diagram of IPD
band-pass filter 140 with inductors 192, 193, and 194 and
capacitors 200, 201, 202, and 204. The inductors 192-194 are
wound to create relatively small magnetic coupling between the
inductors for high attenuation in the rejection band. For
example, the values of inductors 192, 193, and 194 are set to
1.89, 4.91, and 2.15 nanohenries (nH), respectively. The values
of capacitor 200, 201, 202, and 204 are set to 1.97, 3.9, and
3.9 picofarads (pF), respectively. The arrows illustrate mutual
inductance between inductors 192, 193, and 194. The coupling
coefficients between inductors 192 and 193 are CC192-193 =
0.048, between inductors 193 and 194 are CC193-194 = -0.148, and
between inductors 192 and 194 are CC192-194 = 0.148. The
coupling between inductors 192 and 194 decreases by increasing
separation, resulting in a narrower band-pass response,
particularly at the high frequency edge of the response. The
coupling between inductors 193 and 194 increases by decreasing
separation, and the attenuation pole at the lower side of the
band-pass moves to a high frequency, resulting in a narrower
bandwidth, with higher rejection. The inductors 196, 197, and
198, and capacitors 206, 207, 208, and 210 have a similar
schematic representation.

FIG. 14 shows semiconductor package 178 containing RF
FEM 122 mounted to semiconductor package 230 containing RF

transceiver 126. Power amplifier 130 and RF coupler 132 can be
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7.A method of making a semiconductor device, comprising: providing a substrate; and forming a radio
frequency front end module (RF FEM) over the substrate, the RF FEM including, (a) forming an
inductor capacitor (LC) filter having an input coupled for receiving a transmit signal and an output
providing a filtered transmit signal, and (b) forming an integrated passive device (TPD) filter
having an input coupled for receiving a receive signal and an output providing a filtered receive signal.

8.The methed ¢t sleim 7, whereindermingthe & FEM furthes includes: implemented as

separate components. Semiconductor package 178 is electrically
connected to semiconductor package 230 with bumps 232. An
underfill material 234 is deposited between semiconductor
packages 178 and 230 around bumps 232. The stacked
semiconductor packages 178 and 230 are mounted to laminate
substrate 236 and electrically connected with bumps 238.
Semiconductor package 178 is electrically connected to substrate
236 with bond wires 240. Substrate 236 includes a plurality of
conductive traces 242 for signal routing between semiconductor
packages 178 and 230, as well as external components.

As seen in FIGs. 6-13, RF FEM 122 can be implemented
in low-cost semiconductor package 178 with LC filters 134 and
IPD filters 140 providing processing channels for the Tx signal
and Rx signal. Semiconductor package 178 is smaller and more
cost effective as compared to the bulky SAW filter and LTCC
substrate described in FIGs. 1-2.

FIG. 15 shows an embodiment with high resistivity
substrate 244. An insulating layer 246 is formed over substrate
244. A conductive layer 248 is formed over insulating layer
246. IPD 250 and 252, such as inductors, capacitors, and
resistors, can be formed over conductive layer 248. A polyamide
substrate 254 is formed over insulating layer 246. RF FEM 122
with IPD filter 140 is formed over substrate 254. A
semiconductor package 256 containing RF components, such as
power amplifier 130, RF coupler 132, Tx/Rx switch 136, diplexer
138, is mounted to substrate 254 and electrically connected with
bond wires 258. Semiconductor package 256 is also electrically

connected conductive layer 248 with bond wires 260.
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forming a transmit/receive (Tx/Rx) switch having a first terminal coupled to the output of the LC filter; and
forming a diplexer having a first terminal coupled to a second terminal of the Tx/Rx switch and a second
terminal for providing an RF signal. 9. The method of claim 7, wherein forming the IPD filter includes:
forming a first conductive trace wound to exhibit inductive properties and having first and second ends
coupled to the input of the IPD filter; forming a second conductive trace wound to exhibit inductive

properties and having fifist and sgeond ends coupledd9the oytpyt of the [RR flter; the, fjst eonductive
trace being placed in proximity to the second conductive trace to exhibit mutual inductive properties; and

forming &'thitd cotistictive it WothdtB edRiitihdultie sYopehRrs dHd-HaRRg first-and second ends,

the third egrductive tacerheingnplaced i proxinity ie theifirst and sesond cenductive traces to exhibit
mutual inductive properties. , ,
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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10. The method of claim 9, wherein forming the IPD filter further includes: forming a first capacitor
between the first and second ends of the first conductive trace; forming a second capacitor between
the first and second ends of the second conductive trace; and forming a third capacitor between the
first and second ends of the third conductive trace. 11. The method of claim 7, wherein forming the LC
filter includes: forming a first conductive trace wound to exhibit inductive properties and having first
and second ends coupled to the output of the LCdiltghnagnd forming a second conductive trace wound
to exhibit inductive properties and having first and second ends coupled to the input of the LC filter, the
first conductive trace being placed in proximity to the second conductive trace to exhibit mutual inductive

propertieghat is claimed:

1. A method of making a semiconductor device, comprising:
providing a substrate; and
forming a radio frequency front end module (RF FEM) over
the substrate, the RF FEM including,
(a) forming an inductor capacitor (LC) low-pass
filter having an input coupled for receiving a transmit signal,
(b) forming a transmit/receive (Tx/Rx) switch having
a first terminal coupled to an output of the LC low-pass filter,
(c) forming a diplexer having a first terminal
coupled to a second terminal of the Tx/Rx switch and a second
terminal for providing an RF signal, and
(d) forming an integrated passive device (IPD) band-
pass filter having an input coupled to a third terminal of the
Tx/Rx switch for receiving a receive signal and an output

providing a filtered receive signal.

2. The method of claim 1, wherein forming the IPD band-pass
filter includes:

forming a first conductive trace wound to exhibit inductive
properties and having first and second ends coupled to the input
of the IPD band-pass filter;

forming a second conductive trace wound to exhibit
inductive properties and having first and second ends coupled to
the output of the IPD band-pass filter, the first conductive
trace being placed in proximity to the second conductive trace

to exhibit mutual inductive properties; and
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12. The method of claim 11, wherein forming the LC filter further includes: forming a first capacitor
between the first and second ends of the first conductive trace; and forming a second capacitor
between the first and second ends of the second conductive trace. 13. The method of claim 7, further
including: providing an RF transceiver in a semiconductor package; mounting the substrate containing
the RF FEM over the semiconductor package; and electrically connecting the RF FEM to the RF

transceiver. 14. Acmethed af making a-semicondustor device, comprising: providing arsubstrate;
properties and having first and second ends, the third
conductive trace being placed in proximity to the first and

second conductive traces to exhibit mutual inductive properties.

3. The method of claim 2, wherein the IPD band-pass filter
further includes:

forming a first capacitor between the first and second ends
of the first conductive trace;

forming a second capacitor between the first and second
ends of the second conductive trace; and

forming a third capacitor between the first and second ends

of the third conductive trace.

4. The method of claim 1, wherein forming the LC low-pass
filter includes:

forming a first conductive trace wound to exhibit inductive
properties and having first and second ends coupled to the
output of the LC low-pass filter; and

forming a second conductive trace wound to exhibit
inductive properties and having first and second ends coupled to
the input of the LC low-pass filter, the first conductive trace
being placed in proximity to the second conductive trace to

exhibit mutual inductive properties.

5. The method of claim 4, wherein forming the IPD band-pass
filter further includes:
forming a first capacitor between the first and second ends

of the first conductive trace; and
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forming an inductor capacitor (LC) filter over the substrate, the LC filter having an input coupled for
receiving a transmit signal and an output providing a filtered transmit signal; and forming an integrated
passive device (IPD) filter over the substrate, the IPD filter having an input coupled for receiving a receive
signal and an output providing a filtered receive signal. 15. The method of claim 14, further including:
forming a transmit/receive (Tx/Rx) switch over the substrate, the Tx/Rx switch having a first terminal

coupled to the ogtpwtafdhe LESitarsand pa forming.a diplexeraver the-subsirate stheddiplexer having a
first terminal coupled to a second terminal of the Tx/Rx switch and a second terminal for providing an RF

signal. 18 %fe MethBd of REAACLA WHEIEhfEFminGARE 1PD filter includes:

6. The method of claim 1, further including:
providing an RF transceiver in a semiconductor package;
mounting the substrate containing the RF FEM over the
semiconductor package; and

electrically connecting the RF FEM to the RF transceiver.

7. A method of making a semiconductor device, comprising:
providing a substrate; and
forming a radio frequency front end module (RF FEM) over
the substrate, the RF FEM including,

(a) forming an inductor capacitor (LC) filter having
an input coupled for receiving a transmit signal and an output
providing a filtered transmit signal, and

(b) forming an integrated passive device (IPD) filter
having an input coupled for receiving a receive signal and an

output providing a filtered receive signal.

8. The method of claim 7, wherein forming the RF FEM further
includes:

forming a transmit/receive (Tx/Rx) switch having a first
terminal coupled to the output of the LC filter; and

forming a diplexer having a first terminal coupled to a
second terminal of the Tx/Rx switch and a second terminal for

providing an RF signal.
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forming a first conductive trace wound to exhibit inductive properties and having first and second ends
coupled to the input of the IPD filter; forming a second conductive trace wound to exhibit inductive
properties and having first and second ends coupled to the output of the IPD filter, the first conductive
trace being placed in proximity to the second conductive trace to exhibit mutual inductive properties; and
forming a third conductive trace wound to exhibit inductive properties and having first and second ends,

the third eonductive tracerReing plased i proximity te the fitstand secaad eonductivedraces to exhibit
mutual inductive properties. 17. The method of claim 16, wherein forming the IPD filter further includes:
forming alﬁ]t%%EQﬁ”e?dtor between the first and second ends of the first conductive trace; forming a

second capacitardietwagn dhefirst and segand ends of the seeandicendustive ace; aad ct i Jerming a
third capacitor between the first and second ends of the third conductive trace. ,
properties and having first and second ends coupled to the input
of the IPD filter;
forming a second conductive trace wound to exhibit
inductive properties and having first and second ends coupled to
the output of the IPD filter, the first conductive trace being
placed in proximity to the second conductive trace to exhibit
mutual inductive properties; and
forming a third conductive trace wound to exhibit inductive
properties and having first and second ends, the third

conductive trace being placed in proximity to the first and

second conductive traces to exhibit mutual inductive properties.

10. The method of claim 9, wherein forming the IPD filter
further includes:

forming a first capacitor between the first and second ends
of the first conductive trace;

forming a second capacitor between the first and second
ends of the second conductive trace; and

forming a third capacitor between the first and second ends

of the third conductive trace.

11. The method of claim 7, wherein forming the LC filter
includes:

forming a first conductive trace wound to exhibit inductive
properties and having first and second ends coupled to the

output of the LC filter; and
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18. The method of claim 14, wherein forming the LC filter includes: forming a first conductive trace
wound to exhibit inductive properties and having first and second ends coupled to the output of the LC
filter; and forming a second conductive trace wound to exhibit inductive properties and having first and
second ends coupled to the input of the LC filter, the first conductive trace being placed in proximity to the
second conductive trace to exhibit mutual inductive properties. 19. The method of claim 18, wherein

forming the LC filtarfurtherinclidesy Jarningia first sapacitas between the first and second ends of the
first conductive trace; and forming a second capacitor between the first and second ends of the

second cORAUEtvEFady: OB T methiSt BPCIAMT 14 fuithef tIGgiAgnd ends coupled to
the input of the LC filter, the first conductive trace being

placed in proximity to the second conductive trace to exhibit

mutual inductive properties.

12. The method of claim 11, wherein forming the LC filter
further includes:

forming a first capacitor between the first and second ends
of the first conductive trace; and

forming a second capacitor between the first and second

ends of the second conductive trace.

13. The method of claim 7, further including:
providing an RF transceiver in a semiconductor package;
mounting the substrate containing the RF FEM over the
semiconductor package; and

electrically connecting the RF FEM to the RF transceiver.

14. A method of making a semiconductor device, comprising:

providing a substrate;

forming an inductor capacitor (LC) filter over the
substrate, the LC filter having an input coupled for receiving a
transmit signal and an output providing a filtered transmit
signal; and

forming an integrated passive device (IPD) filter over the
substrate, the IPD filter having an input coupled for receiving
a receive signal and an output providing a filtered receive

signal.
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providing an RF transceiver in a semiconductor package; mounting the substrate containing the RF FEM
over the semiconductor package; and electrically connecting the RF FEM to the RF transceiver.

15. The method of claim 14, further including:

forming a transmit/receive (Tx/Rx) switch over the
substrate, the Tx/Rx switch having a first terminal coupled to
the output of the LC filter; and

forming a diplexer over the substrate, the diplexer having
a first terminal coupled to a second terminal of the Tx/Rx

switch and a second terminal for providing an RF signal.

16. The method of claim 14, wherein forming the IPD filter
includes:

forming a first conductive trace wound to exhibit inductive
properties and having first and second ends coupled to the input
of the IPD filter;

forming a second conductive trace wound to exhibit
inductive properties and having first and second ends coupled to
the output of the IPD filter, the first conductive trace being
placed in proximity to the second conductive trace to exhibit
mutual inductive properties; and

forming a third conductive trace wound to exhibit inductive
properties and having first and second ends, the third
conductive trace being placed in proximity to the first and

second conductive traces to exhibit mutual inductive properties.

17. The method of claim 16, wherein forming the IPD filter
further includes:

forming a first capacitor between the first and second ends
of the first conductive trace;

forming a second capacitor between the first and second

ends of the second conductive trace; and
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forming a third capacitor between the first and second ends

of the third conductive trace.

18. The method of claim 14, wherein forming the LC filter
includes:

forming a first conductive trace wound to exhibit inductive
properties and having first and second ends coupled to the
output of the LC filter; and

forming a second conductive trace wound to exhibit
inductive properties and having first and second ends coupled to
the input of the LC filter, the first conductive trace being
placed in proximity to the second conductive trace to exhibit

mutual inductive properties.

19. The method of claim 18, wherein forming the LC filter
further includes:

forming a first capacitor between the first and second ends
of the first conductive trace; and

forming a second capacitor between the first and second

ends of the second conductive trace.

20. The method of claim 14, further including:
providing an RF transceiver in a semiconductor package;
mounting the substrate containing the RF FEM over the
semiconductor package; and

electrically connecting the RF FEM to the RF transceiver.
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