SEMICONDUCTOR DEVICE AND METHOD OF INTEGRATING BALUN
AND RF COUPLER ON A COMMON SUBSTRATE Field of the Invention
The present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device having a balun and RF coupler
integrated on a common substrate. Background of the Invention

Semiconductor gewgedRRICTOR Ay it dARpnegeraciegtonic products.
SernepcsanioNde WAL UMABND tRE NootherER dale Nsity CiC B STRATE
components. Discrete semiconductor devices generally contain one type of
electrical component, e.g., light emitting diode (LED), transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field effect
transistor (MOSFET). Infegsat® dose nehendusiehda\daes typically contain
hundreds to millions of electrical components. Examples of integrated
semiconductor devices include microcontrollers, microprocessors,
chargedTiosiplecedevices (CEDs), solarcels cand digitahmicia-micror devices
semi @YD), o o Semiconductor devices perform a wide range otfuncions, . o,
stich'as Elgﬂ-speedccaﬁcﬁjla |éns,?rans?mﬁing andarec?éfving electsromagne IC
devisignalsy contrallimg electranit devices, traasformirgysantlight toekectrisitypand
reating visual projections for television displays. Semiconductor devices are

subsirate- i .
b ound in the fields of entertainment,

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), 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 generation, networks, computers, and



communications, power generation, networks, computers, and consumer
products. Semiconductor devices are also found in electronic products
including military, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material
consatiws s elegtrical cordustivity @ bedpanipylated by the applicationf ann
electric field or through the process of doging. Doping Introduces impurities

& L& Cinte thiFséthicdRactor atefiats Maripliate’ and Coftrohe CONBBRRAtY Gt

induthersemicenducten deviee. and oA semieepdusieirdevice contains active
and passive electrical structures. Active structures, including transistors,

control tﬁ(?Iﬁé\%od?%%ct[ﬁéaldc%Yfeﬁ?SBﬁfé)ergtle%@ St dopig &id
propapplicaton of asreleciria field thentraasistor eitherpeonasies Ot restrictsdbee of

,flowgf electrical current. P five structures, includinglresistors, diodes, and
semlF%n ctor materia a o%g 1ts e ?ctrlc conductivit to be
nductors, Create a relationship bétween voltage and curren necessaryyto

maniperferned vayietyhef electticabfunctionst The passiterdnd adtiviedstouctttesareh

the SESHically connegted to form ltcuits, which.enable the semicondugtor
Evice to perform ]%lgr}%bee calclfations and other usefut functions.

semiSemiconductoradeviceslare generdllyuhanefagtuted asingotivoctamplex

conaTAPHIACAYING.PIOgESSes, 1.6 fIpNtend mapyfacturing, and back-end
manu actﬁ]rlng, each involving potentla‘TIy undreds of steps. Front-end
manufacturirigninvolivés the fordsationcofepplueality ofdielore thensurfacesofee

e1ecMicoNductop waler, Eachdie is typically, idenfical and, confgins circuits
formed by electrically connecting active and passive components. Back-end
trangyapbfacturirgPvoivesSiegulainy individies o fram thetfirisied waferandy 1ng

1eve@%C%EWH%E¥H§e§9d application of an electric field, the
transistor either promotes or restricts the flow of electrical
current. Passive structures, including resistors, diodes, 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

provimallerdie size-may hepehieved by improvements imthedfrontensprocess
resulting in die with smaller, higher density active and passive components.

Back-end'HrocEssks Mhay FEsHRIA SeRfieondto evice packalyes WitPacduce
sma 1Sallerdaotnsing by improvements in elestriced inteksenpectian,and packaging

materials. Another goal of semiconductor manufacturing is to
CONSKIYULE Bighet Performante Sefftconductdrdalices® indBSsésih dividy oduced
morep@rf&rmrmetqgn.pe aﬁcgmpﬁsdmﬁlby fmmi_rlga ac@@ne@aﬁangﬂs_ﬁhaﬁeareces
haveC3PARe of gperaling at higher speels. In bigh freguency apnlications, such,

a$ radio frequency (RE) wirele8s tomminications, mtegrated passive deVices
prod(IEDs) aresofter tartainedewihindhe senieondticierdevicey Examplesoénts in
tne IER3Include resistors, capacitors, andipdugtors, A fypical RF system,, .,

requires mu tlgleﬁﬁf)s in one or more semiconductor paf:nkages to perform
denstheynecessary eledtricakfainctionsomponenBalunBand Rihcouplersearees may
resulPariant componenisinwigless commupication ySiems.The baliNco ot pr s e

suppresses electrical noise, change i pedaé ce, and minimize
by igpmmorrmote noisectheotight elettromagmetiocoaplimy ThedRPxokpleing
mat egqtgggs.t.ransmitteq power levels _from a power amplifier (PA) or transcgiver.

Many prior art designs use two discrete, cascaded components to achieve

both baldmahbl €ouphag functisas T Balohds implenfatédasng 1s to
proadlistriuted;line inwhich size.is inwersely,propodional to theoperation e 2 ses in

frequency. The smaller the operational frequency, the larger the requisite
deviggluRSThe eletieatietie Couplertizes Asignaitracerand 8odslerirace to

compdelest tansmitted Rower, I many applieatians, & 50-0 ﬂmijmpj?déﬁé%ds . In
matching connection is required between balun and coupler. The discrete

highedmhpBaHERS EoRBEMER fat§ErsaredU ot exantifté s Sirfateemolnt &&vVices

wire(RMB) bbasystentin-package (©ib): Metaconssmerdermand ealls fos seallgr
size which makes miniaturization difficult in lower frequency applications,
oftegyGPas BIN Lelidiah Fhe AitiHTE L6 HIFORERPSMES SS&mbly Brotesss of
1pDstypically deducesiyielddue to-gefectsaned, assembly @rors Summary opthea1 Rr
Invention . A need exists to miniaturize baluns and RF couplers for RF
SY S L§ilnafSrotESsing dirkdits: Actoffingty, A ohe EmBotm&Tt tHe preseht’
packiyestiaisc: semiconcuetat clie eemprisingeacsulisteate anddirstoand. second
integrateéj Hassive d%vi% s gP[;gIormed over.the su@str%te. The IPD includes
a first conductive frace avinau first terfinal %:IBBBffedatg a fir P RSHHRG! Bf the
wiredemiconducton tigs ahdra sgcansheanductive tratehayingoa éirstderminakctrical
o1 s§0URIRAL0,8 segond lerminal ofthe semiconductoy die. The second, . «p - augn
Eonduciive Traces formed in proxm@ {0 the first conductive trace. A resistor °
elecismouptethetweenar secand tefiminakbf theasecondiconeltictive traserandtad
round termipal. The second IPD includes a first inductor ing.a first
P Soublod 0% SoChn el of e ot conducuve wacb anga "2
priogecond téeminah eoupled to thel grouretterminas casecbreoimdacton having a

achilsLiarmipalcoupledtoa thidserminal-of the; sgraiconqyctop.die and a

implemented as a distributed-line in which size is inversely



second terminal coupled to the ground terminal, and a third inductor having a
first terminal coupled to a fourth terminal of the semiconductor die and a
second terminal coupled to the ground terminal. The first inductor is formed in
proximity to the second and third inductors. In another embodiment,
the present invention is a semiconductor die comprising a substrate and first

propakd seeend tRPs farmedover the substraten Ehe firstiRDJpeludes atfirst
conductive trace having a first terminal coupled to a ground terminal, and a

OPeT g&ddtiiPdondiRHvE Tra¥e habing'@ ikt terifal &iipled td°a first terminal 6t

electhesemicenductepdiel dhesesand conductivertracesisfarmed ippeoximity te: o
the first conductive trace. A resistor is coupled between a second terminal of

detemb R tbnbbdivetiaCe and th&' grourtPRImiraE P secont IPD™
impeifighucle sraaftrsh ey ctos hayingia first seminalicaipledtova seconrd termimal of

e semi%:gndléctor dietand a second 1t_‘erminal cougled LP a second terminfal of
COUPIHefirst conductive trace, & SEEONT 1flnd%(foorrhsal\lfil?}g & first téfmina éeoaUpIe(? to
exam@ thifd tesminal Of the semicondector die dstia)second tegsinahedupled tkage
he gr%gd terminall,nagdg trpgdc'ln%% tgrsh%vigg gf{{iﬂrﬁéterminal co%led to a

(SlP?OUI"[h terrhin%?gfstlﬁeeseml?:on&uctor Ie and a secon ?errmslr%azlecoupfecdhtor[{ﬁ]ées

minigroundzetmimal dheffirstihdudtor iformedria puexinytydpwhie seconthand such
ird inductors, In another embodiment, th sent invention is a
s o IE: e T R B T T e
typisybstrate csthvefist IRB Intlddes & Rieéoupler. AndecorekiPDL is formed over
the substrate. The second IPD includes a balun electrically connected to the
RF coupler. In another embodiment, the present invention is a method of
forming a semiconduct®p#eagdmpfsitg eh& B8Rt PRoviding a substrate
and forming a first IPD over the substrate. The first IPD includes an RF
coupler. The method further includes the step of forming a second IPD over
the subsfrafeeTheSselcond IPD euites W Balan eidcticalfconnectert i ltfie s

for RF coupler BAetRescriptionofithe Drawingsccordingly, in one
embodiment, the present invention is a semiconductor die
comprising a substrate and first and second integrated passive
devices (IPD) formed over the substrate. The IPD includes a
first conductive trace having a first terminal coupled to a
first terminal of the semiconductor die, and a second conductive
trace having a first terminal coupled to a second terminal of
the semiconductor die. The second conductive trace is formed in
proximity to the first conductive trace. A resistor is coupled
between a second terminal of the second conductive trace and a
ground terminal. The second IPD includes a first inductor
having a first terminal coupled to a second terminal of the
first conductive trace and a second terminal coupled to the
ground terminal, a second inductor having a first terminal

coupled to a third terminal of the semiconductor die and a



FIG. 1 illustrates a printed circuit board (PCB) with different types of
packages mounted to its surface; FIGs. 2a-2c illustrate further detail
of the representative semiconductor packages mounted to the PCB;

FIG. 3 illustrates a semiconductor package containing integrated passive

devices; FIG. 4 illustrates a wireless communication system with
secoltegrateghbalun @6\&*&%&0%'9{!@}@“@%‘8@6&0 pewer agplifiehand, third
transceiver; FIG. 5 illustrates further detail of the integrated balun

Indugh@RACOUPIEr; 2 T1r ST FICTBIRRtrated ® pRfisital drchitiaydut ot nal of

the integratecbalunandiRF gauplerisecond tdGnins B app xfinsestiemloss,
common mode rejection, coupling strength, and reverse coupling versus

97 OB EHE OF the Intditated bAlun ARITRE Coupler oS 11 Proxinity o

the second and third inductors.

In another embodiment, the present invention is a
semiconductor die comprising a substrate and first and second
IPDs formed over the substrate. The first IPD includes a first
conductive trace having a first terminal coupled to a ground
terminal, and a second conductive trace having a first terminal
coupled to a first terminal of the semiconductor die. The
second conductive trace is formed in proximity to the first
conductive trace. A resistor is coupled between a second
terminal of the second conductive trace and the ground terminal.
The second IPD includes a first inductor having a first terminal
coupled to a second terminal of the semiconductor die and a
second terminal coupled to a second terminal of the first
conductive trace, a second inductor having a first terminal
coupled to a third terminal of the semiconductor die and a
second terminal coupled to the ground terminal, and a third
inductor having a first terminal coupled to a fourth terminal of
the semiconductor die and a second terminal coupled to the
ground terminal. The first inductor is formed in proximity to
the second and third inductors.

In another embodiment, the present invention is a
semiconductor die comprising a substrate and first IPD formed
over the substrate. The first IPD includes an RF coupler. A
second IPD is formed over the substrate. The second IPD
includes a balun electrically connected to the RF coupler.

In another embodiment, the present invention is a



FIG. 8 illustrates another embodiment of the integrated balun and RF
coupler; FIG. 9 illustrates a physical circuit layout of the integrated
balun and RF coupler of FIG. 8; and FIG. 10 is a graph of insertion loss,
common mode rejection, coupling strength, and reverse coupling versus
frequency for the integrated balun and RF coupler of FIG. 8. Detailed

me t hBEsEiptionefthe Drawings-onductbhe gresentinventon is descriveddn or
one or more embodiments in the following description with reference to the

PrOVERHRES, 3n WRH-RE RunBrhld PepteBentths Safife OF SinfilaF Bleménts. While
substhednventiomis desetbed iptermsiafdae best mpdedorachievingitke method
inventjon's objectives, it will be appreciated by those skilled in the art that it is

Furthemded b tver atemativss, ThodifitAtidhS, andEuivaldits ad%hiay bas
subsifichuged withia the spinitane scope dhthesinyentioruas detined by dhe v

connagpgerzgetdod%éms %%d ;[:rg)e% (i%ljjrl\./alents as supported by the following
disclosure’and' drawings.

Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (PCB) with
different types of packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIG. 3 illustrates a semiconductor package containing
integrated passive devices;

FIG. 4 illustrates a wireless communication system
with integrated balun and RF coupler connected to power
amplifier and transceiver;

FIG. 5 illustrates further detail of the integrated
balun and RF coupler;

FIG. 6 illustrates a physical circuit layout of the
integrated balun and RF coupler;

FIG. 7 is a graph of insertion loss, common mode
rejection, coupling strength, and reverse coupling versus
frequency for the integrated balun and RF coupler;

FIG. 8 illustrates another embodiment of the
integrated balun and RF coupler;

FIG. 9 illustrates a physical circuit layout of the
integrated balun and RF coupler of FIG. 8; and

FIG. 10 is a graph of insertion loss, common mode



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
re jecanngcted- i formdynstional glactrical sircuits: Active slgctiical campanents,
such as transistors, have the ability to control the flow of electrical current.
freapgasive BRIctidHt componentss Subh Astapaditdts, maRtors, raSistors, afd
transformers, create a relationship between voltage and current necessary to
perform electrical circ i%éunctions._ ) Passive and active components
are formed ov&TH8 g CB%?ﬁfé?&rﬁ?c’bn‘agcgbﬁva&&aﬁﬁ}ﬁ%%ries of
process steps including doping, deposition, photolithography, etching, and
planarization. Repirgintroduees impuritie sdisto-thebsamiconstustas material
y techniques such as ion implantation or. thermal diffusion. The dopin
w0 Tackids e S ear EorafE et or S on st RS B €
Figuaetive deviees] tfansforming thrersemiconduetor nmatertial intanee permanentlar
e LeniBHlEtor, petmanent.conductor . of chanding. the. semicondudtor malerial, .
conductivity in response to' an efectric field: Transistors contain regions o
modevdryingatypes and geghees ofidoping afranged @stniecessaryttovenabléthe
pp= LASSION 19 pramete Orestict the, fow ol electrical qurept YRON I, nacq o
application of an electric field. Active and passive components are
covefprmbtdsyiayérscst matedialsiwith diffesenteeldctricaliproperties. Thertayerse
inc1EALBE JOTRAdbY AvaLisly otdeppsition fschpigues deferined 4Pat Bydhenea
type of material being deposited. For example, thin film deposition may
by tipgoRerteAsicalc/apbr eepbsitioh ¢CV DI Iprysica Vapordepositiay (BYDRY the
fo118lReHglyts plating, and glectroless;plgling processes. Each layer is generally
patterned to form portions of active components, passive components, or
electricaPE8HrEliBRS beiwesY ésmponéftsdereral Thelayets tahhecd using
two Rattgrned using.phetelithography. whicteinvolves the deposition eElightring and
sensitive material, e.g., photoresist, over the layer to be patterned. A pattern
backisgrshsherred frort'a photomasiCothe hdateresist t5ing Iiyht. FHEpoItion Gt
formtieiphoteresist patiern subjecteddo dighhistemoyed using a solvent,
_exposing portions of the underlying layer to be patterned. The remainder of
S emlﬁ%%%r%%iéf 7 fdmoved: faving beRinGH pAdred TayEr* Altdrtivelye and
pas sSemedypes efimateriadsipienpatterned by diregtly depesiting tag matewalristor ed
the areas or voids formed bg a previous de,positionéectgh process using

to fﬁﬁ%n'ﬁ%%%hgﬁ%éeﬁé&ﬁﬁ égg%dc1rcults. ive electritcal

components, such as transistors, 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



electrolytic plating. Depositing a thin film of material over an existing

pattern can exaggerate the underlying pattern and create a non-uniformly flat

surface. A uniformly flat surface is required to produce smaller and more

densely packed active and passive components. Planarization can be used

to remove material from the surface of the wafer and produce a uniformly flat
semisWiree: Planafization invalves-pelishing,the sirfaceof the waferwith@ation or

polishing pad. An abrasive material and corrosive chemical are added to the

thergistact!ofithe Voater ddfivy PoRsHivg PRHREESTbINY héERarial £etioh'of e !

condakyasiveranheorsesive agtivtebthechamicalremovesanydrigguldce s,
topography, resulting in a uniformly flat surface. Back-end
t T A NS RGFACing Feféisto Sty 5 SinGaihGing tHe fifisRed waterints the
i nsuindividyal shie-anc &en packagingthe die fehstructural sippekandonductor
. envirlonm%rrld;al igolatign. To sin?qulate the gie, the Wiafer is sco%e.d zigjd broken
MaTCaIohg non-fanctional régidhs of the wafer called AW SHEetS of S6ries. The
Tranwaferds singotated usinga laser cttting:device arygayve biade. Aflgrees of
q .singulation, thg individual die_are mounted toa %%ckage substrate th@t
op1in grrange as necessa .TLO enable [} ANS1STOr o
includes pins or contact padgs fof interconnection with other system
or resrhporentsh€ontact pads fdravedrover lthesenicanductor diearethenication
of acorérhe%%df Eocc%ntggt%pads within the package. Th_e electrical con_nections can
e made with solder bumps, stud bumps, conductive paste, or wirebonds. An
encapsukarit by otRerdnpldirgt Materalidepdsitedovef thiepdckageltoyers of
nat ROV pisical supaod and slectricalisqlaion, The frished pagkags is.beq.
inserted into an electrical system and the functionality of the semiconductor
be fgavies iPmade availalle to thelofites System comiponarns deterngi@d in
partillistrates electionic-device 10 having a chip.caytier substrate or printedi o tnin
circuit board (PCB) 12 with a plurality of semiconductor packages mounted

£11lmod B sifaéeNERRFoRIE teVIte TO ikl IiayveVeme typesiaehiiemduciar) /
phy sRREKRGE, B Multinle tynesHf semigonducterpackages depending onihe

application. The different types of semiconductor packages are shown in FIG.
elect¥GlsifposesbiMbstratitiitSses - Electfoni¢device 10%Ra§beld Y

pattsiand-alene systemibat uses thersemiconductonpaskages, togpestorpean
electrical function. Alternatively, electronic device 10 may be a

y
ComPSiKEEmporignt o & targer Systef For exahihlé Etohic dBvicRit May be

a graphics, earth petworkdntedace satd ot oiherssignalpreeessing eaneckthal,

. _can be inserted into a computer. , . ,
which involves the deposition of light sensitive material, e.g.,

promote

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



The semiconductor package can include microprocessors, memories,

application specific integrated circuits (ASICs), logic circuits, analog circuits,

RF circuits, discrete devices, or other semiconductor die or electrical

components. In FIG. 1, PCB 12 provides a general substrate for

structural support and electrical interconnect of the semiconductor packages
elecoyntadien the,PCR; Conductive signal traces 14 are formed over a surface

or within layers of PCB 12 using evaporation, electrolytic plating, electroless

plating, S&TBES prinfidg, PVB18r 5ﬂ1@|nsﬁifal§?€trﬁé:téﬁger?d’sffﬁforiaﬁro%’é§§.t 1ng
pat tSighattiacesi4 peide fanelectieakcommynication between eaeh obthe non-

. _semiconductor packages, mounted components, and other external system

un LS RbEN N I TriteE A4 also rovidd PolteY ahd Hrodhd E6fTections T eathc tO
prodoidbesemicerdugior packagesnsely phHicsere £5HHoMEnts, Bassive

semiconductor device has two packaging levels. First level ackaging is a
compf%%ﬁﬁitc]%é fof TREE ralnzlgaﬁlﬁloanndc &Eggﬁaﬁf gf%agholné: THE Lemichnaticor dig ©™
the toua Carrero$econd lexy€kbpackagingrindokves anechafically antllelectsicalace .
p1an3i30HING the carier {o.he BEB. jn other embodiments, g semicondudtor ),

evice may orﬁy%ave?he firsttevet pgckaglng where the die is mec anlcavfly

poliahd etectricilly nMourted directly ttherRGB. and coFopthevpurpbsedfal are

illustration, sever. es.of first level packaging, including wire bond package
e i 8 are Shoihion PCB L2, Rdiifonall e e e
combgecohdievélqyackadings nctuding balgridkaressyi(BGANZ20,dsump ehipecarrier on
o ACEHZRdu ipine paciage (GIP) 24, I L BURY QLG 20, IHIL P o

module (MOM) 28, quad flat non-leaded package (QFN) 30, and quad flat
unifpgekbgef3d2 taré $hdbwasmounted on PCB 12. Depending upon the system

requirements, any.combination of semiconductor packages; configured with

any combination of first and second level packaging styles, as well as other

singplbefrdRie coRfpdrichis tah EE6rnccie® 16 PEBL L2 i séhtd embRdinenishen
packglggtgnicidevice-1Q ncludes 2 single atiaghedrsenicanducior pagkage, while

other embodiments call for multiple interconnected packages. By combining

1501gfd BPmoré SeficShtt s patkages overs sityi€ Substrate Chhufditiureroken

alonGAmKCOmNIate; prieamade £omONEALS IO plectronicdendeessand systemss or
Because the semiconductor packages include sophisticated functionality,

SCTrifRdtronitfevitEsantse MAMIEAAGRY Uing eheagérédmpotients anday 1 ce
or sStreamlned manofacturiigpiocessohhe tesultingidevicesiareiless dikelydounted

o 220G loss EXpensive o ManLfadhue fgsuting n lower costs for congumers,
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. 2a illustrates further detail of DIP 24 mounted on PCB 12. DIP 24

includes semiconductor die 34 having contact pads 36. Semiconductor die 34
includes an active region containing analog or digital circuits Implemented as
active devices, passive devices, conductive layers, and dielectric layers

formed within semiconductor die 34 and are electrically Interconnected
according g the electrical design of the die, -or example the cirgyit MaYa chip
Include one or more transistors, diodes, inductors, capacitors, resistors, and

CarTdtper Sitbit BRhfertS fatmet-Rithin the attivé 7édion 6F die) 34.<CanthEt fads
plurd6 arg magdeswith aconduetive matarialesuchoas akmisumi(Ad) scoppesCu),
tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically connected to
EleCiec@rcuitiementstornfied withiit df%n§4.%§>ﬁta&fpac’cf§n§§3 Roriried R ckage
or mRBVYDiE£MD teleetsolytic platingcodeleeseless platipgprocess: RArg on the
lassetmbl}q of Dlﬁ 24ds Eniconducit_‘or die 34%5 mounted to atcarrier 3 using a
apP (jgl%-slll?co’n eUtB&tié I%atyeFe 6P AdhesiVvE matérial Ut B3 tREFmAl gpao%(y??ﬁ are
showpadkageTmdylin€ludesandnselative patkaging material such as polymer or
ceramic.E(C}]oré uctor.leads 40 are connected to carrier 38 and wire bonds 42,
are formed between feads ZfOCangf contatt pads 36 of die 34 a8 first fevel
use spackagign Encapsulant 48 ésdepesitedooves the packagesfor @nwiroamental
rotection by preventing moisture and patticles from entering the package
fumgrﬁ% I&éntapﬁ?’lﬁ%t]fﬁlgggﬁav%f]%bntggc? %%6§ %JGC o(r%erle eor?dss AEUZ% %)?Bgmais
subceometted tooPCB 12 by dnsesting feads 400nte Heles fermed through PCRBlevice
10 mk% $der material 46 is flowed around leads 40 and inta the holes tg, 1, ,
physically and electrically connect DIP 24 to PCB 12. Solder material 46 can
signpd any paetabonglecticdlly: bondf@ivefateniak etg.d Shn feadd( PEYIRY LA, -
The SHnZiBG 4Nk Dismuthinite(B1)..and allaystbereaf, with anantiopal flye o i e,
material. For example, the solder material can be eutectic Sn/Pb, high-lead,
app lgcrrhgdreesrecit icrig tarmasrates fukhertdetait of BEG 22 ¢6unted on
circBEBs12. 3emiconductor dies47 is-connected to a gagier bywvige bond style -
first level packaging. BCC 22 is mounted to PCB 12 with a BCC style second
othefey PPk SemidéRdtioFdie 47 H&fhg CoRtAEBadS 48 is mounted
over a catsier usingign wagerfilh of poxyreesin agbasive materak3@te for
Semiconductor die 47 Includes an active re%ion containing analog or digital

sErugtiRRInipiementedi s agive devicss! phBSive devitestcoiductive layers,

semianeh didecttc fayers iprmetbwithia sesicenduatondie 47canrdare eleckicaly 1
Interconnected according to the electrical design of the die. For example, the
EracgReuitmay IndiGdd oHe OF Pord traHsistors, Alodbs: hdtictst Sdapatitors.> 12
usinkesistaise and Diher circaid eternentsdopmead withjn te-activelregonsafie 44,
Contact Egds 48 are ade Witglr? conductiv%]pateri%l, ﬁuc as AJ,tCu, Sn, Ni,
SCregl, 6 ,&g, and are ele(:trl%rallf/D EORNected 16 the cifcUit elements formad within
procdied’. Conjactlpads4arelidrmed-bydeVbe €\, estectiatytic plating,rdrcation
electroless plating, process. Wire bonds 54 and bond pads 56 and 58
et R et Sou At Faa 48 S scrEbRor S & oo (LS
and 52 b BGCECk22 formiing Yise irst deved packdging. Mokdirg cdrhipalind oprovide
poucENCARPUIA e doppalied oyl Semiconducly: et ie BaNdD od.
contact pads 48, and contact pads 52 to provide physmaﬁ support and
packelgettical isolation for the device. Contact pads 64 are formed over a surface
of PCB 12,using evaparation. glectrolytic plating, slectrolessnlating ,sereen,
printing, PVD, or other suitable metal deposition process and are typically
packplaietbtolsrevent-oxidatich: Cotitact pariskewekstrically coaréetia enelorr
more conductive signal traces 14. Solder material is deposited between
contact pads 52 of BCC 22 and contact pads 64 of PCB 12. The solder
material is reflowed to form bumps 66 which form a mechanical and electrical

connection between BCC 22 and PCB 42.



In FIG. 2c, semiconductor die 18 is mounted face down to carrier 76 with a
flip chip style first level packaging. BGA 20 is attached to PCB 12 with a BGA
style second level packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices, conductive layers,
and dielectric layers formed within semiconductor die 18 is electrically

me chiftgregnnected aceouding to-theiglectricaldesign ehthedin kerexample, thee to
circuit may include one or more transistors, diodes, inductors, capacitors,

a Capdsiddrs, and St cifttift elERERRFONHed Wity SEtVREESYiShi 76 bt Y and
elecsemicondycter die-18.n3emiconduetor die 18 iselectrically and nechanically
attached to carrier 76 through a large number of individual conductive solder
CIOOBIMPE of bafls T8 SGRIET Buhips 78 Yreforfidd &vet bultip fads 6r T17St
leveintereoraect sifes188r whicheargidispesec-om astiveategjorn 6. Bumptpadsa8Q v
%redmgde with a cgndu%tivepm%terial, such as Al, Cu, Sn, Ni, Au, or Ag, and
MoURgre eleétrrl%gﬁy onmectéd td the circuit elements formed in active region 70.
Bump pads-8@ Are farmeddsy BYD] CMDBtelactialytic platingadr eleckaless
: lating process. Solder bumps. 78 are electrically and mechanicall :
o B EAAe G O et St 80 b S he e by £8JaEH 17
chiprefldw proeessiown on BGA 2Qis eléctddalyoarrd nechanicalty attasipedstoo £
P 2 by a large number of individual conductive.splder bum alls 86
Seco‘?t%ei%l‘é% b%%q%%a rﬁgr’még %gggﬂ Sr%pgp%%is ogrrlrl\togr%c;:nrnae%t z%gé 54. fie 2P
chipbm@prpigds S(B@Ké)eléévicdlh;ﬁéoﬂmecte@m imercenredtxies 824thrdugd grid
ar ra§ONAYStiye Sines 90 royted throygh carder 76, Gontact pads 88 are formed ¢ ;o q
over a surface of PCB 12 using evaporation, electrolytic plating, electroless
packglqﬁng,g@éeﬁ Printing. wﬁoﬁémér @aﬁmé%&abd@g@immc@w@h@d on
pcs 3%.Upisalk plaled o, pyentexidglion.Coniaet pads 48 eleclically Sonngst s on
to one or more conductive signal traces 14. The solder bumps 86 are
of semefieaty ah@ mecHanicH§ corPBERTIBIDONECt padis or BombiHPadE8® £
£1rs@N BB 12 bypysaldet fefloyeprocess, Melding,compoyiad or gacapsidant 92
is deposited over semiconductor die 18 and carrier 76 to provide physical
elecsgsportand BRetTeHt fsoldtith for theaedes SPhé fliptctip $émicotdusfire

embodeviee Providesa sher electdcal conduction: pathfson the agtive devises on
.semiconductor die 18 to conduction tracks on PCB 12 in order to reduce .

s el giRRATopAgRIGT 8idtan B folfer Yapatitaite GhaaRiptové bveraf ciredit t 1P e
i nt epeSdorRaNced Ipbanathgs embagimentuthe semicondustor gig-48 canbeonductor
mechanically and electrically attached directly to PCB 12 using flip chig style
Packfitfovel fackagig WithoGt &aihier 76, MU IREf g o E%‘. gncorporate

pre-seicondueion diecer package kO inchudesaesaniconductos gahstrate 102
which is made of silicon (SI), germanium, gallium arsenide (GaAs), glass, low
Bec ol et SO IR @ TCCI B o B DUPseEOAGLctr horia
funcfof strattural, suppertt Aordctivéegegionsl Odais formedh overibetop surface of
cheSITICONduSlor substzate 102, Actve region 102 Indudes, active devices and .,
i‘%?egrateop passive devices (IE’ ]5 Sonduciive Iinayers, and dielectric layers *
resuaccordingdo tlhe electrical desighidfahe diee TheidctvedleMices laglodesive to
manutf%g%'%t?észrdé%%%sc £le, The If Qqénrayc'%'%‘geg@&f"f@g‘n'é‘%f&ﬁésa resistors,
and capacitors. Activeregion 102 occupies about 5-10% of the overall
thicknes§ b heitht Hillofssemaiconddctot bierl G ta bhe ®@mbddimemtmounted
on pegMicondustos die, 100 aechinies an,area 3.2, millimetars (MDY, 2,2:MBY 1 o
Semiconductor die 100 can be electrically connected to other devices using
padsflipéhip, B6Ad Mireduei iterddbAnéd pins.ludes Dermicbhdactor dévites
containing a plurality of IPDs can be used in high frequency applications,
such as microwave radar, telecommunications, wireless transceivers,
electronic switches, and other devices performing radio frequency (RF)
electrical functions. The IPDs provide e electrical characteristics for circuit
functions such as baluns (balanced and unbalanced), resonators, high-pass
filters, low-pass filters, band-pass filters (BPF), symmetric HI-Q resonant
transformers, matching networks, RF couplers, and tuning capacitors. For



In a wireless communication system, the balun suppresses electrical noise,
change Impedance, and minimize common-mode noise through
electromagnetic coupling. In some applications, multiple baluns are formed
over a common substrate, allowing multi-band operation. For example, two or
more baluns are used in a quad-band for mobile phones or other GSM

contGAmMpicationsseach balyndedicated forasfregancybandioteperation of
.the quad-band device. The RF coupler detects transmitted power levels from

devigpower Afipiifier ﬁﬁﬁ()lﬁan&%ﬁ'\}g?.cﬂyﬁc&ﬁiﬁ%§steﬁ? qiiresShbfiple

1ayelPDs aneother high freguencyeirtuitsdr oneor jmorgnsericenduetet rically
packages to \g[l)erform the necessary electrical functions.

, , FIG.4
IntefiGeates wnirefese WontHulitatidf system T Ading B RE Iftegraigdd e
For eifCuiRFICYAd2cRFHS 14 2contains adapdun and RF eoupler degratechens ,
410 Sommon S%bstrate of a single semiconducgor die 100d RFIE 112 is coulgled
%0 pAdhd transceiver 14T PA AN transceiver 114 grrﬁplif?/tt 8]?0'—0%@%3 or
elenmansmissioncandvieceive REesignals irefulleduiptex, @hddfilter anmd conditiondhe
signals for further processing. . RFIC 112 is a 4-port device. Terminal
2SO Gl s Qe A Bt L el L o e g o
(A1) differgmtiat pd@2); termmindISIR0 isrdesignatéd as mainlpbwerout (8); silver
terminal 122 i ignated as detec r.out (4), The differential port
(590 o 5] Comebto PR S n ey Tia. Fnd Wit bbwer oLt L e
formsidgieignded powepdutput dtheaddtertpowetouwtd) fsoavedpling-Eivduit CVD,

ele c%%?cﬂif@{ defacting fransmitten pOWRr, | o 5 5 5361':491 Renows further defall 9f

12 inCluding balun 124, signal trace 126, and coupler trace 128. Balun
assemnpd is @ B-port IR devicel 6ne pofttcoupledtosd fifst terminalest signal teeerier

38 uldGPne Bt godpled o termipal 116, andone port coppledia termipal 118.q, oy

Balun 124’is coupled to ground potential through terminal 130. A second

as tieiital oPBIRMA! tracd 2283 EaGisled %6 YeridifallTEos Aofirst fetkhired]l bf S
packGURler trage 128 is coupled to tesminal 122, apd a-second tepRinakeb - 1eads

coupler trace 128 is coupled throu% resistor 132 to ground terminal 130.
10 aResisiIrs2tEhbtes SighaldirectivitfRA cHpacitdrarBasis toupledl betivaen

betwieERinat 129 and tepninabd22ct pads 36 of die 34 as a first level
packaging. Encapsulant 44 is deposited over the package for
environmental protection by preventing moisture and particles
from entering the package and contaminating die 34, contact pads
36, or wire bonds 42. DIP 24 is connected to PCB 12 by
inserting leads 40 into holes formed through PCB 12. Solder
material 46 is flowed around leads 40 and into the holes to
physically and electrically connect DIP 24 to PCB 12. Solder
material 46 can be any metal or electrically conductive
material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn),
bismuthinite (Bi), and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic

Sn/Pb, high-lead, or lead-free.
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The RF coupler circuit, including signal trace 126, coupler trace 128, resistor
132, and capacitor 134, constitutes an IPD. The RF coupler circuit detects
transmitted power through inductive coupling and capacitive coupling
between signal trace 126 and coupler trace 128. Note that resistor 132 and
capacitor 134 do not share a common node. The coupler trace 128 is

disposed-inzclose, proximiy tQ signaktiace, d 26 qwhichiin durnds coppleddadeq
high side of the primary coil or Inductor of balun 124. The detected

on Pfrinsritted W8 Prdvidéd Oh tertrindF152n e CteGrIER 67 HuWS a ST PY

wirephysical strguit layout of REVC 112dntegrated in asgmalp formsfagtaionea to pcB
common substrate of semiconductor die 100. Terminal 120 is coupled to the .

12 vedsPetndingl of Sighial 8681261 THE SeBad tstmifal of Sighat tadE8 428hs 41
47 heeupled toprimeaty caidier heluctormaonafdanluyd24 sCouplet race 4284S an

l?(f?[(i along a substantial len tﬁ]eqsf andin close,pqys%%a.l prOX|m|t¥ q‘;% g{jgnal

undeane 26 sey a?ﬁt%art?ysfél niicronTeters (B?nt)?gllganal race 1%%mafn coup gro r

die #ace 128 candbesoneormose tayetrsof AbGiy iSni Ny, AnpAggoratheét gital

cixc}yiable sleplrically conductive material. Signal trace. 136 and couplet trace
128 re formed using evaporaﬁon, spu?tering, Pv%, %Q\}Ig, electrolytic plating,

condelettrotess piating, precess] o btlerrsuitableyrretal Teposition process. The

semilUShIRIMINAI of cougler trage 128 iéE8§E'e‘£'ctg}ﬁ%fm‘_!i‘%lc]é%%oan“r? the second
terminal of coupler trace 128 is couple tﬁroug resistor strip 13270 ground
accotetirhirtal 180t Capaditorti34cis cotpletbetaeenlterminal 120 and¢eraninake, the

circhd? GARAGRL 13d.canhe implgmentad.as twa spaller-yalye capaciars. o5,

connected in series as shown for better tolerance during the manufacturing
capagrgeess., TresisBgluf 124 farthenRicludestabacharcIB8 Ecupledhetwedirhin

the Hhedligh sideofprimarycail 136 and the: low side of prigary. cojf 136, yhich ig
turn is coupled to ground terminal 130. A capacitor 140 is coupled between
condigpiniriat 118 el grbund Y6fninals™30. Termiial 146/is Ao Buphéd trnd are

e 1ecsgoanglary, ceilbgr indugtord42-9fbalyn 124 -A capaeitard 4discoupled hin die

between terminal 118 and ground terminal 130. Terminal 118 is also coupled

47. 1 SetondanPesiForindaEtor 1267t bafih I22. The/ BppSsiedridsioft 1 c
platSeepndary eails-142 and d461are coypledtegreund tarminalck3fs 54 and bond

pads 56 and 58 electrically connect contact pads 48 of
semiconductor die 47 to contact pads 52 of BCC 22 forming the
first level packaging. Molding compound or encapsulant 60 is
deposited over semiconductor die 47, wire bonds 54, contact pads
48, and contact pads 52 to provide physical support and
electrical isolation for the device. Contact pads 64 are formed
over a surface of PCB 12 using evaporation, electrolytic
plating, electroless plating, screen printing, PVD, or other
suitable metal deposition process and are typically plated to
prevent oxidation. Contact pads 64 electrically connect to one
or more conductive signal traces 14. Solder material is

deposited between contact pads 52 of BCC 22 and contact pads 64
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Capacitors 140 and 144 provide electrostatic discharge (ESD) protection for
balun 124. Capacitors 138, 140, and 144 are Implemented using a thin-film
dielectric. The thin-film material Increases capacitance density. The ESD
robustness in thin-film materials can be obtained by using inductive shunt
protection across vulnerable capacitors. Most of the energy in an ESD event

of pisongentrated atdowdreaneney.ifer which-industass in-themanoe-bHenps 66
range are effectively short circuits. In the magnetically-coupled circuit, each

whichy J58r s Brotetded b§a PRAVANLE ShEACHYUEIMES ficteAs@rdiRERedtto 22
and BSP.12. The coils or Inductors 136, 142, and 146 can have a
rectangular, gonal, or circular form or shape and are wound to _create

ol
magneti¢ Coligifhy inDalGF 124 OTHE Coitd 156,5147° ahd 1)ggesd face down
to chmplemented usiog 8pnt topductive material suchsas Abwel, S3,diiadungl.  BGA
.Ag. The mutual inductance or magnetic coupling strength between coils 136,
20 lf4itatnac1cffé is-determined bvglltﬁeg FistaRte %Ei%éeensg%?s{lﬁl\gﬁ‘ef of
packembodimenicthevdistange detwéen the editsiisd Gepralog or Balpntk24,

circ%i%%l traceié%e, nd couSpI%rCtEa%e61%8 are, ghown én giff\%en areas gf the
physmaﬁrpgyoul}] of ?CQJ 6. Signalltrace 6 ana’co%pﬁerjtrace 8 Can also be
condimteriweunch withshe prichaty @ahdsecondaryyeails of draharil 24 tdiieduce

A t area, . 1G. 7 is,a wavefor lot of the electrical response for a
e B L T o 1o o e e RANe s o
the tleahdieradindeEbl8)plotfl52ig cohsmonneade rejection béthveentermingl may

inc1hH apdtermingl 120; plat 1od is goupling syeagthibetween termipal, 118 apd |

‘terminal 122; plot 156 is reverse coupling between terminal 116 andterminal
resiggprs, andAptdiernatecribddimermontie balunehdRE tdipks forfited

regiBh aPNYRODSHDSIAR IS Showpin HIG. 8 agREIC 198-BalUNLE0 isd ; 5

3-port device: one port coupled to terminal 120, one port coupled to terminal
eleci1g anblone perticotbrediteadiiinal 28 Balul 160495 toapledtogioandh 2

1argRotentigthroughitermingh 162. Adirstierminal obgreundiitagesled-is,coupled; s
to a low side of the primary coil or Inductor in balun 160, and a second .
So L dfermmaldf grourtftrade 16% 7 ColiflePHEGratidtefhinal 167 CRMiRStCt sites

80, texminal of eoupleptiace 166 is ceupled ta fersinalol22, mnda seeendo are
terminal of coupler trace 166 is coupled through resistor 168 to ground

madedihiihl 4 62 R istor e dTeraties Signaldite@Rith 1A caPacitdlr17tis Aur OT
Ag, eceupledbetweern teraunal 120andterminal d22he circuit elements

formed in active region 70. Bump pads 80 are formed by PVD,
CVD, electrolytic plating, or electroless plating process.
Solder bumps 78 are electrically and mechanically connected to
contact pads or interconnect sites 82 on carrier 76 by a solder
reflow process.

BGA 20 is electrically and mechanically attached to
PCB 12 by a large number of individual conductive solder bumps
or balls 86. The solder bumps are formed over bump pads or
interconnect sites 84. The bump pads 84 are electrically

connected to interconnect sites 82 through conductive lines 90
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The RF coupler circuit, including ground trace 164, coupler trace 166, resistor
168, and capacitor 170, constitutes an IPD. The RF coupler circuit detects
transmitted power through inductive coupling and capacitive coupling
between the ground trace 164 and coupler trace 166. Note that resistor 168
and capacitor 170 do not share a common node. The coupler trace 166 is
routdigpesednyelose proximity ¢o gratcktsace 164 avhigh dn-turads gedpledde ay
low side of the primary coil of balun 160. The detected transmitted power is
surfgfavided oirfermnal 1229 Fi 28 Shalvs A physicat thedit layouP SFRETE 158
eleclhhtegrated ip1asmal forar facter @t arcommonsubstrate ofisesticenduciendie
100. Termjnal 120 is coupled to a high side of primary coil or Inductor 172 of
metaaIGRAGY: Thatirst efiimal 6fgrothd trate fed siedtpfedtd the 16w STde bf
oxidprimaty. coicba2,zand thessecoadderninali ofground draceib4is conplesktomore
d%rotund terminal #6% Couplerltlace %EG is glfged long a sgél:))stantial length
CONSSfand in cﬁcl)gen% y5|5§1€per8ximlty to gr%uﬁ race 164, Sparateacfﬁy 10 pm.
elecGrdund frace: 64 randrcoupler tlacectGthean be one aranarectayersiaf Aly Cu,
Sn, Ni, A or ot ujtable electrically conductive material. Groupd trace
on A g TACE TR ATt /e Lo v apbrath, SpUtiarig, PUBL o 1o
compCVD] etectralyticoplatirg) teléctrolessiplating processsor other suitabletmetatiie
positign process., The first terminal of coupler trace 166_is coupled to.
L s s Bt Gl o oepieh acs Toh IS oAt fihan
isolessistor Steip 168<todguune termihal 1621 ICapatitos N0 isocobipled betiveaince
provigiingl 120 and teyminal 122, Capaeitor 470 canbe Ipplemented asitwo,

~smaller-value capacitors connected in series, as shown in FIG. 6, for better
devigstsrante gefiag e pranefactiing processonduct igg|uprestfuriier PCB 12

in olishides sapaglionl 14 coupled hepeen the high.side,atprimapgoil 172 and

the low side of primary coil 172. A capacitor 176 is coupled between terminal
capagié andYrogid teriingal 1620 TeAdihal $16 flalsorduprdrsetondary coil

anot@kindugior 478:.0f balyn, 16Q A capacitar 30 ig coupled betwsendermmingh ca11y
118 and ground terminal 162. Terminal 118 is also coupled to secondary coill

and. g8 6 baliR 160, TheTgposite ehas of Sekondiry chils 178 hd I8P ard 1P
styleoupled to gropnd tepminah 162, Gapacitors 446.ang-180provide ESD
protection for . .

Referring to FIG. 3, semiconductor die or package 100
includes a semiconductor substrate 102 which is made of silicon
(Si), germanium, gallium arsenide (GaAs), glass, low temperature
co-fired ceramic (LTCC), or other bulk semiconductor material
for structural support. An active region 104 is formed over the
top surface of semiconductor substrate 102. Active region 102

includes active devices and integrated passive devices (IPD),

conductive layers, and dielectric layers according to the

electrical design of the die. The active devices include
transistors, diodes, etc. The IPD may include thin-film
inductors, resistors, and capacitors. Active region 102

occupies about 5-10% of the overall thickness or height H1 of

-15-



balun 160. Capacitors 174, 176, and 180 are implemented using a thin-film

dielectric. The thin-film material increases capacitance density. The ESD

robustness in thin-film materials can be obtained by using inductive shunt

protection across vulnerable capacitors. Most of the energy in an ESD event

is concentrated at low frequency, for which inductors in the nano-Henry range
semidiEreffeativelyshorygircuitstin thedmagneticallycoupled citcsitaeachbr die 100

capacitor is protected by a low-value shunt inductor to increase robustness to

OCCURERS an arqheioflsor indiess 72! 178, A¥d 182 B havesy i conductor

die restanguanpolygenalk: or sireylartarmeesshapeand ae-waund @ sreate ng
. _magnetic coupling in balun 160. The coils 172, 178, and 180 are
ELipnBmeRtat uding Bpm condutiive matenialr sicH'Es Al, Cu, Sn, Ni, Au, or
Ag. The sattialdnductanee Qe magnetie coupling stergth hetween ¢ods 172Ds
%78, andd180 ishdeterrrf]ined b%/ the distaTce btetween calils. }Iln one
embodintent. the'distance between ﬁ%jc&ifsais]l%nﬁ’m. SUCH ABalun-t6d Ve
radaground ltracenttsd anatconpier traicec166: are-shoven ési diferent ateas obthéc
.. physical layout of FIG..9. Ground trace 164 and couypler tfrace 166 can a|
S e i AR 1] SSEheor EATEech B 60 redtice
eleclayoubdreunctionFklG. Ths d Waveforovplototthe eléetdtaliregponse for
a GSM band (824MHz-915MHz).Plot 190 js insertion_|lgs tween terminal
cha e e ot e o o ectont B en (A Ay o
and th®ahdremainal 126 pletti9zsis doupling strendgthlbetween terminabt18 and
£11¢18/0In3l 1221 plot 196 js reverse saupling batween terminal, 116 and terminal
122. In summary, the balun and RF coupler have been integrated on
trang tonimars substiatt bia singlesenticorductordieécThe contbited IPDs offer
capalitiblecoupting strengihhand signakdirectivity, The integrated balyp.and,, 4
~ coupler approach improves electrical performance due to short lead lengths,
wiredRfieeRforrPtGIC AR increasss gielt thB MarufasRfingProcess. the

anteYhilegne ermpre-embodiments of fhe present inyentien have begA pe a
illustrated in detail, the skilled artisan will appreciate that modifications and

cellydaptalioidifo Hos8 Eribbldimehts ma)bemade witiout BBEERE frorA thend
codeS¢ope:efithe presentinventionasssetifertiin thesfolewingglaimsst, 1ow) and

global system mobile communication (GSM) bands (low and high).

can

In a wireless communication system, the balun
suppresses electrical noise, change impedance, and minimize
common-mode noise through electromagnetic coupling. In some
applications, multiple baluns are formed over a common
substrate, allowing multi-band operation. For example, two or
more baluns are used in a quad-band for mobile phones or other
GSM communications, each balun dedicated for a frequency band of
operation of the quad-band device. The RF coupler detects
transmitted power levels from a power amplifier (PA) or
transceiver. A typical RF system requires multiple IPDs and

other high frequency circuits in one or more semiconductor

-16-



Claims What is claimed: 1.A semiconductor die, comprising: a substrate;

a first integrated passive device (IPD) formed over the substrate, the first IPD
including, (a) a first conductive trace having a first terminal coupled
to a first terminal of the semiconductor die,

packages to perform the necessary electrical functions.

FIG. 4 illustrates a wireless communication system 110
using an RF integrated circuit (RFIC) 112. RFIC 112 contains a
balun and RF coupler integrated on a common substrate of a
single semiconductor die 100. RFIC 112 is coupled to PA and
transceiver 114. PA and transceiver 114 amplify the RF signal
for transmission and receive RF signals in full-duplex, and
filter and condition the signals for further processing.

RFIC 112 is a 4-port device. Terminal 116 is
designated as differential port (1); terminal 118 is designated
as differential port (2); terminal 120 is designated as main
power out (3); terminal 122 is designated as detect power out
(4). The differential ports (1) and (2) connected to PA and
transceiver 114. The main power out (3) is a single—-ended power
output. The detect power out (4) is a coupling-circuit output
for detecting transmitter power.

FIG. 5 shows further detail of RFIC 112 including
balun 124, signal trace 126, and coupler trace 128. Balun 124
is a 3-port IPD device: one port coupled to a first terminal of
signal trace 126, one port coupled to terminal 116, and one port
coupled to terminal 118. Balun 124 is coupled to ground
potential through terminal 130. A second terminal of signal
trace 126 is coupled to terminal 120. A first terminal of
coupler trace 128 is coupled to terminal 122, and a second
terminal of coupler trace 128 is coupled through resistor 132 to
ground terminal 130. Resistor 132 enables signal directivity.

A capacitor 134 is coupled between terminal 120 and terminal
122.
The RF coupler circuit, including signal trace 126,

coupler trace 128, resistor 132, and capacitor 134, constitutes

17—



(b) a second conductive trace having a first terminal coupled to a second
terminal of the semiconductor die, the second conductive trace being formed
in proximity to the first conductive trace, and (c) a resistor coupled
between a second terminal of the second conductive trace and a ground
terminal; and a second IPD formed over the substrate, the second IPD

an TAEIUdINGhe RE coldh Bfirstindugtor having-a first terminalcaupledtpea
second terminal of the first conductive trace and a second terminal coupled to

Ehr op@hy bhAY teriiRalc O UP 1 1 N9 e§ 3% ecBRa Tducisr KRG AR st FiifRD
signeQupled teathisd terminalgf the semicandugtor digrand acsegondderminal 132

coupled to the ground terminal, and (f) a third inductor having a first
and. Eakiitat tobpted o Wrotith tEftfimal 6f theSkmicEndictor didSarid 4 Betond *4c©
128 tesminiad cospledita the greuntd-texminad sthedirstiigduator being forsedwhich in
turnpggwgg%gﬁggEﬁgogdﬁqb'ﬂ@?égg%gogke primary coil or inductor
of balun 124. The detected transmitted power is provided on
terminal 122.

FIG. 6 shows a physical circuit layout of RFIC 112
integrated in a small form factor on a common substrate of
semiconductor die 100. Terminal 120 is coupled to the first
terminal of signal trace 126. The second terminal of signal
trace 126 is coupled to primary coil or inductor 136 of balun
124. Coupler trace 128 is placed along a substantial length of
and in close physical proximity to signal trace 126, separated
by 10 micrometers (um). Signal trace 126 and coupler trace 128
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Signal trace 126 and
coupler trace 128 are formed using evaporation, sputtering, PVD,
CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. The first terminal of
coupler trace 128 is coupled to terminal 122, and the second
terminal of coupler trace 128 is coupled through resistor strip
132 to ground terminal 130. Capacitor 134 is coupled between
terminal 120 and terminal 122. Capacitor 134 can be implemented
as two smaller-value capacitors connected in series as shown for
better tolerance during the manufacturing process.

Balun 124 further includes capacitor 138 coupled
between the high side of primary coil 136 and the low side of

primary coil 136, which in turn is coupled to ground terminal
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2. The semiconductor die of claim 1, wherein the first, second, and third
inductors operate as a balun. 3. The semiconductor die of claim 1, further
including a capacitive component coupled between the first and second
terminals of the semiconductor die. 4. The semiconductor die of claim 3,
wherein the capacitor component includes first and second capacitors

130 .connected iniseyies: oo The semiganductardie of claimyd; furtheripclyding; aound
first capacitor coupled between the third terminal of the semiconductor die

termdng grount termirali™ i M alsécohd cagatitr EoUpled DetectPiHerfotrh <011

or itesminalof thepseyniceadustor die. and groiprterminal,sandi s v thrded
capacitor coupled between the first and second terminals of the first inductor,

betw@%&sgﬁﬁ&ﬁﬂﬁ&uﬁ%ﬁeﬁﬂﬂnﬁﬁﬁﬁﬁg terminal 130. Terminal 118 is

also coupled to secondary coil or inductor 146 of balun 124.
The opposite ends of secondary coils 142 and 146 are coupled to
ground terminal 130.

Capacitors 140 and 144 provide electrostatic discharge
(ESD) protection for balun 124. Capacitors 138, 140, and 144
are implemented using a thin-film dielectric. The thin-film
material increases capacitance density. The ESD robustness in
thin-film materials can be obtained by using inductive shunt
protection across vulnerable capacitors. Most of the energy in
an ESD event is concentrated at low frequency, for which
inductors in the nano-Henry range are effectively short
circuits. In the magnetically-coupled circuit, each capacitor
is protected by a low-value shunt inductor to increase
robustness to ESD.

The coils or inductors 136, 142, and 146 can have a
rectangular, polygonal, or circular form or shape and are wound
to create magnetic coupling in balun 124. The coils 136, 142,
and 146 are implemented using 8um conductive material such as
Al, Cu, Sn, Ni, Au, or Ag. The mutual inductance or magnetic
coupling strength between coils 136, 142, and 146 is determined
by the distance between coils. In one embodiment, the distance
between the coils is 10 um.

Balun 124, signal trace 126, and coupler trace 128 are
shown in different areas of the physical layout of FIG. 6.
Signal trace 126 and coupler trace 128 can also be inter-wound

with the primary and secondary coils of balun 124 to reduce
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a substrate; a first integrated passive device (IPD) formed over the
substrate, the first IPD including, (a) a first conductive trace having a
first terminal coupled to a ground terminal, (b) a second conductive
trace having a first terminal coupled to a first terminal of the semiconductor
die, the second conductive trace being formed in proximity to the first
1ayot@nduetive trace, and (c) aresistor coupled between a second
terminal of the second conductive trace and the ground terminal; and a

second PEformedfover the 8hb<tFatB e dcohddPBliRciubifg?l resPegse

for a firsinndugtar havingafirstitermingl cowpled to acsecond:teeninabef thes s
semiconductor die and a second terminal coupled to a second terminal of the

betwm%PCSﬁﬁﬂﬂﬁ@%m&%? and terminal 118; plot 152 is common mode

rejection between terminal 116 and terminal 120; plot 154 is
coupling strength between terminal 118 and terminal 122; plot
156 is reverse coupling between terminal 116 and terminal 122.

An alternate embodiment of the balun and RF coupler
formed on a common substrate is shown in FIG. 8 as RFIC 158.
Balun 160 is a 3-port device: one port coupled to terminal 120,
one port coupled to terminal 116, and one port coupled to
terminal 118. Balun 160 is coupled to ground potential through
terminal 162. A first terminal of ground trace 164 is coupled
to a low side of the primary coil or inductor in balun 160, and
a second terminal of ground trace 164 is coupled to ground
terminal 162. A first terminal of coupler trace 166 is coupled
to terminal 122, and a second terminal of coupler trace 166 is
coupled through resistor 168 to ground terminal 162. Resistor
168 enables signal directivity. A capacitor 170 is coupled
between terminal 120 and terminal 122.

The RF coupler circuit, including ground trace 164,
coupler trace 166, resistor 168, and capacitor 170, constitutes
an IPD. The RF coupler circuit detects transmitted power
through inductive coupling and capacitive coupling between the
ground trace 164 and coupler trace 166. Note that resistor 168
and capacitor 170 do not share a common node. The coupler trace
166 is disposed in close proximity to ground trace 164, which in
turn is coupled to a low side of the primary coil of balun 160.
The detected transmitted power is provided on terminal 122.

FIG. 9 shows a physical circuit layout of RFIC 158
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(e) a second inductor having a first terminal coupled to a third terminal of the
semiconductor die and a second terminal coupled to the ground terminal, and
(f) a third inductor having a first terminal coupled to a fourth terminal of the
semiconductor die and a second terminal coupled to the ground terminal, the
first inductor being formed in proximity to the second and third inductors. 7.

int ebh@ semicanductardie of glaim £, whereipdhe firsinseeondgadAhikd of
inductors operate as a balun. 8. The semiconductor die of claim 6, further

semifanfdiltg -8 tapatitor LoupleePBateh the firstarft et tfmmals G thatde
of psamicenduetor die: 9i Thesesicanducier digfclaimot, further inchugling: a
first capacitor coupled between the third terminal of the semiconductor die

LermInG §rétindemiiALt T 2 Ssecond chpalitBr E5upied befveeH the fdGnR T
pr imterminad Of thevsemicenduster die-and greunaitesminat; antbunda thitgce 164 is

coupTRRRCitor soupled between the first and second terminals of fhe first inductor.
along a substantial length of and in close physical proximity to
ground trace 164, separated by 10 um. Ground trace 164 and
coupler trace 166 can be one or more layers of Al, Cu, Sn, Ni,
Au, Ag, or other suitable electrically conductive material.
Ground trace 164 and coupler trace 16 are formed using
evaporation, sputtering, PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. The first terminal of coupler trace 166 is coupled to
terminal 122, and the second terminal of coupler trace 166 1is
coupled through resistor strip 168 to ground terminal 162.
Capacitor 170 is coupled between terminal 120 and terminal 122.
Capacitor 170 can be implemented as two smaller-value capacitors
connected in series, as shown in FIG. 6, for better tolerance
during the manufacturing process.

Balun 160 further includes capacitor 174 coupled
between the high side of primary coil 172 and the low side of
primary coil 172. A capacitor 176 is coupled between terminal
116 and ground terminal 162. Terminal 116 is also coupled to
secondary coil or inductor 178 of balun 160. A capacitor 180 is
coupled between terminal 118 and ground terminal 162. Terminal
118 is also coupled to secondary coil 182 of balun 160. The
opposite ends of secondary coils 178 and 182 are coupled to
ground terminal 162.

Capacitors 176 and 180 provide ESD protection for
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10. A semiconductor die, comprising: a substrate; a first integrated
passive device (IPD) formed over the substrate, the first IPD including an RF
coupler; and a second IPD formed over the substrate and electrically
connected to the RF coupler, the second IPD including a balun having,

(a) a first inductor, and (b) a second inductor interwound with the

ba 1 ufirst inguctar 4p partially pveriap withsthefirst inductor.cl L iihessermicondueiohy a
thi nqlgiofrrclzl%{rfe]i% cvi\'{r}ej.rgl.n thTeIIgSE:IIE)iDn TfCIiuldrsslznat erial increases
capacitance density. The ESD robustness in thin-film materials
can be obtained by using inductive shunt protection across
vulnerable capacitors. Most of the energy in an ESD event is
concentrated at low frequency, for which inductors in the nano-
Henry range are effectively short circuits. 1In the
magnetically—-coupled circuit, each capacitor is protected by a
low-value shunt inductor to increase robustness to ESD.

The coils or inductors 172, 178, and 182 can have a
rectangular, polygonal, or circular form or shape and are wound
to create magnetic coupling in balun 160. The coils 172, 178,
and 180 are implemented using 8um conductive material such as
Al, Cu, Sn, Ni, Au, or Ag. The mutual inductance or magnetic
coupling strength between coils 172, 178, and 180 is determined
by the distance between coils. In one embodiment, the distance
between the coils is 10 pm.

Balun 160, ground trace 164, and coupler trace 166 are
shown is different areas of the physical layout of FIG. 9.
Ground trace 164 and coupler trace 166 can also be inter-wound
with the primary and secondary coils of balun 160 to reduce
layout area.

FIG. 10 is a waveform plot of the electrical response
for a GSM band (824MHz-915MHz). Plot 190 is insertion loss
between terminal 116 and terminal 118; plot 192 is common mode
rejection between terminal 116 and terminal 120; plot 194 is
coupling strength between terminal 118 and terminal 122; plot
196 is reverse coupling between terminal 116 and terminal 122.

In summary, the balun and RF coupler have been

integrated on a common substrate of a single semiconductor die.
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a first conductive trace having a first terminal coupled to a first terminal of the
semiconductor die; a second conductive trace having a first terminal
coupled to a second terminal of the semiconductor die, the second
conductive trace being formed in proximity to the first conductive trace; and
a resistor coupled between a second terminal of the second conductive trace
The 2RghBifeund terminalsd2. Fhe semicondyctor dig ofelaim ddn wherein the a1
. second IPD includes: the first inductor having a first terminal coupled to a
diregddohd“términal 6f the RSt eoridlichvd tracd ¥hd=2 SB¢GiTd fé‘?ﬁﬁn%%gubl%%%"es
electheigroungdernynalk n ceth@useconddnducton Baving enfirshieyminal geupleddom
a third termjnal of the semiconductor die and a second terminal coupled to
Fact e grdtifd t8miinas afdY - 1l third ihBGctBr REding J first terkiindi cotipled
to a fourtthterminat of He semiconducior dienanrd asSechad perivalkcauplechtion
havelG e ground terminal the first indugtor figing formed fn proXimity to thq
SECORY and thirdFiRddctord
appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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13. The semiconductor die of claim 10, wherein the first IPD includes: a
first conductive trace having a first terminal coupled to a ground terminal;
a second conductive trace having a first terminal coupled to a first terminal of
the semiconductor die, the second conductive trace being formed in proximity
to the first conductive trace; and a resistor coupled between a second
terminal of the second conductive tgacgiaiad the ground terminal. 14. The
semiconductor die of claim 13, wherein the second IPD includes: the first
inductor having a first terminal coupled to a second terminal of the
whatsemicendueion die and a second terminal coupled to a second terminal of the
first conductive trace; the second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second terminal coupled to
1. the greundderminakbandie, comprising:

a substrate;
a first integrated passive device (IPD) formed over the
substrate, the first IPD including,

(a) a first conductive trace having a first terminal
coupled to a first terminal of the semiconductor die,

(b) a second conductive trace having a first terminal
coupled to a second terminal of the semiconductor die, the
second conductive trace being formed in proximity to the first
conductive trace, and

(c) a resistor coupled between a second terminal of
the second conductive trace and a ground terminal; and

a second IPD formed over the substrate, the second IPD
including,

(d) a first inductor having a first terminal coupled
to a second terminal of the first conductive trace and a second
terminal coupled to the ground terminal,

(e) a second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal, and

(f) a third inductor having a first terminal coupled
to a fourth terminal of the semiconductor die and a second
terminal coupled to the ground terminal, the first inductor

being formed in proximity to the second and third inductors.
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a third inductor having a first terminal coupled to a fourth terminal of the
semiconductor die and a second terminal coupled to the ground terminal, the
first inductor being formed in proximity to the second and third inductors. 15.
The semiconductor die of claim 10, further including a capacitive component
coupled between first and second terminals of the semiconductor die. 16.

2. Thesemigonductordie of glaim ds, whereinthe gapacitar comepanent
includes first and second capacitors connected in series. 17. The

secogdmicoRdullor Bt SAGHRT 26 SturiReF fcfudifg:2a first @8pacitor coupled
between a third terminal of the semiconductor die and a ground terminal; and
a second capacitor coupled between a fourth terminal of the semiconductor

3+ ditHndP R GrBUAY Erfinalt 218 TrHe'Selicond ddtoF dietof cisim 6, Whérein
capatherseconddiRPdiuether melisiesca thirchivducton itervaundawith ge-tiistiand

termsl(?lcao ScI 'qu%ﬁ%s tsoe%alr(t:lglrll)(/jg\é%r(ljarp ‘g'}@ :[he first and second inductors.

4., The semiconductor die of claim 3, wherein the capacitor
component includes first and second capacitors connected in

series.

5. The semiconductor die of claim 1, further including:

a first capacitor coupled between the third terminal of the
semiconductor die and ground terminal;

a second capacitor coupled between the fourth terminal of
the semiconductor die and ground terminal; and

a third capacitor coupled between the first and second

terminals of the first inductor.

6. A semiconductor die, comprising:
a substrate;
a first integrated passive device (IPD) formed over the
substrate, the first IPD including,
(a) a first conductive trace having a first terminal
coupled to a ground terminal,
(b) a second conductive trace having a first terminal
coupled to a first terminal of the semiconductor die, the second
conductive trace being formed in proximity to the first

conductive trace, and
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19. A method of making a semiconductor die, comprising: providing a
substrate; forming a first integrated passive device (IPD) over the
substrate, the first IPD including an RF coupler; forming a second IPD
over the substrate, the second IPD including a balun electrically connected to
the RF coupler; and forming a capacitor between first and second terminals

of the semaigonductardig: 20. Themethogeaf elaim 19, furherinckidingia1 of

forming a first capacitor between a third terminal of the semiconductor die

the éﬁfﬁ%ﬁoﬁﬁ?ﬂﬁﬁﬁﬁ%eaﬁﬁace and the ground terminal; and

a second IPD formed over the substrate, the second IPD
including,

(d) a first inductor having a first terminal coupled
to a second terminal of the semiconductor die and a second
terminal coupled to a second terminal of the first conductive
trace,

(e) a second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal, and

(f) a third inductor having a first terminal coupled
to a fourth terminal of the semiconductor die and a second
terminal coupled to the ground terminal, the first inductor

being formed in proximity to the second and third inductors.

7. The semiconductor die of claim 6, wherein the first,

second, and third inductors operate as a balun.

8. The semiconductor die of claim 6, further including a
capacitor coupled between the first and second terminals of the

semiconductor die.

9. The semiconductor die of claim 6, further including:

a first capacitor coupled between the third terminal of the
semiconductor die and ground terminal;

a second capacitor coupled between the fourth terminal of
the semiconductor die and ground terminal; and

a third capacitor coupled between the first and second

terminals of the first inductor.
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forming a second capacitor between a fourth terminal of the semiconductor
die and the ground terminal. 21. The method of claim 19, wherein forming
the first IPD includes: forming a first conductive trace having a first
terminal coupled to a ground terminal; forming a second conductive trace
having a first terminal coupled to a first terminal of the semiconductor die, the

10. seconshoonsustive gace being-torpeddn proximity to the first conductive
trace; and forming a resistor between a second terminal of the second
cAnditivé T8 fand the ground terminal. 22. The method of claim 21,
wheteir forming &g secondolPE ingludesy i ceforming) a fisstirducioehaving
a first terminal coupled to a second terminal of the semiconductor die and a

subsELaiy tehfifat toGHed T8 a'Skebid t8ninal 6f the First'Ondudiive trace;

a second IPD formed over the substrate and electrically
connected to the RF coupler, the second IPD including a balun

having,

(a) a first inductor, and
(b) a second inductor interwound with the first

inductor to partially overlap with the first inductor.

11. The semiconductor die of claim 10, wherein the first IPD
includes:

a first conductive trace having a first terminal coupled to
a first terminal of the semiconductor die;

a second conductive trace having a first terminal coupled
to a second terminal of the semiconductor die, the second
conductive trace being formed in proximity to the first
conductive trace; and

a resistor coupled between a second terminal of the second

conductive trace and a ground terminal.

12. The semiconductor die of claim 11, wherein the second IPD
includes:

the first inductor having a first terminal coupled to a
second terminal of the first conductive trace and a second
terminal coupled to the ground terminal;

the second inductor having a first terminal coupled to a
third terminal of the semiconductor die and a second terminal

coupled to the ground terminal; and

27—



forming a second inductor having a first terminal coupled to a third terminal of
the semiconductor die and a second terminal coupled to the ground terminal;
and forming a third inductor having a first terminal coupled to a fourth
terminal of the semiconductor die and a second terminal coupled to the
ground terminal, the first inductor being formed in proximity to the second and

thirddpduetonss 423 ce methad,of.claim 49, wherein forming thesfirst (PR
includes: forming a first conductive trace having a first terminal coupled

Fouridy fifsttermminal’df the Seffidbridutordier g £secsol Corldtrciive !

couplrace havinga fiysbiefminal ceupled, toehsecongsterminahet e being formed
semiconductor die, the second conductive trace being formed in proximity to

0 PR EShduitive rate and " forining & rédiStor behieen a second

terminal of the second conductive trace and a ground terminal.
13. The semiconductor die of claim 10, wherein the first IPD
includes:

a first conductive trace having a first terminal coupled to
a ground terminal;

a second conductive trace having a first terminal coupled
to a first terminal of the semiconductor die, the second
conductive trace being formed in proximity to the first
conductive trace; and

a resistor coupled between a second terminal of the second

conductive trace and the ground terminal.

14. The semiconductor die of claim 13, wherein the second IPD
includes:

the first inductor having a first terminal coupled to a
second terminal of the semiconductor die and a second terminal
coupled to a second terminal of the first conductive trace;

the second inductor having a first terminal coupled to a
third terminal of the semiconductor die and a second terminal
coupled to the ground terminal; and

a third inductor having a first terminal coupled to a
fourth terminal of the semiconductor die and a second terminal
coupled to the ground terminal, the first inductor being formed

in proximity to the second and third inductors.
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24. The method of claim 23, wherein forming the second IPD includes:
forming a first inductor having a first terminal coupled to a second terminal of
the first conductive trace and a second terminal coupled to the ground
terminal; forming a second inductor having a first terminal coupled to a
third terminal of the semiconductor die and a second terminal coupled to the

15. gronadderminagl@nde or formaing @ third ipducior havieg afirstierminaly a
coupled to a fourth terminal of the semiconductor die and a second terminal

CAPALGPIEA t& HEPGrOTNE tEftHNAE WHETERARE fifstirdu@brisTormed i srminals

of tprOXHBitY to-thesecondand third inductors. 25. A method of making a
semiconductor die, comprising: providing a substrate; forming a first
integrated passive device (IPD) over the substrate, the first IPD including an

16 . REmoupter; tosming-asecand IRD aves ihe suhstratebyin the capacitor

component includes first and second capacitors connected in

series.

17. The semiconductor die of claim 10, further including:

a first capacitor coupled between a third terminal of the
semiconductor die and a ground terminal; and

a second capacitor coupled between a fourth terminal of the

semiconductor die and the ground terminal.

18. The semiconductor die of claim 10, wherein the second IPD further
includes a third inductor interwound with the first and second

inductors to partially overlap with the first and second inductors.

19. A method of making a semiconductor die, comprising:

providing a substrate;

forming a first integrated passive device (IPD) over the
substrate, the first IPD including an RF coupler;

forming a second IPD over the substrate, the second IPD
including a balun electrically connected to the RF coupler; and
forming a capacitor between first and second terminals of the

semiconductor die.
20. The method of claim 19, further including:

forming a first capacitor between a third terminal of the

semiconductor die and a ground terminal; and
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(a) forming a first inductor, and (b) forming a second inductor
interwound with the first inductor to partially overlap with the first inductor.
26. The method of claim 25, wherein forming the first IPD includes:
forming a first conductive trace having a first terminal coupled to a first
terminal of the semiconductor die; forming a second conductive trace

having afiysttesminal goupled 19 Bosecondderningl etthersemicendudor dig, the
the second conductive trace being formed in proximity to the first conductive

SeMiGoddiiidPr Fofmmh Fdstar BEtvbencE Bedbhid-terminal of the second

conductive trace and a ground terminal.

21. The method of claim 19, wherein forming the first IPD
includes:

forming a first conductive trace having a first terminal
coupled to a ground terminal;

forming a second conductive trace having a first terminal
coupled to a first terminal of the semiconductor die, the second
conductive trace being formed in proximity to the first
conductive trace; and

forming a resistor between a second terminal of the second

conductive trace and the ground terminal.

22. The method of claim 21, wherein forming the second IPD
includes:

forming a first inductor having a first terminal coupled to
a second terminal of the semiconductor die and a second terminal
coupled to a second terminal of the first conductive trace;

forming a second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal; and

forming a third inductor having a first terminal coupled to
a fourth terminal of the semiconductor die and a second terminal
coupled to the ground terminal, the first inductor being formed

in proximity to the second and third inductors.

23. The method of claim 19, wherein forming the first IPD

includes:
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27. The method of claim 26, wherein forming the second IPD includes:
forming the first inductor having a first terminal coupled to a second terminal
of the first conductive trace and a second terminal coupled to the ground
terminal; forming the second inductor having a first terminal coupled to a
third terminal of the semiconductor die and a second terminal coupled to the

gresRd teeminak ange - dauming athirdinductarhavigg & firstterminatninal
coupled to a fourth terminal of the semiconductor die and a second terminal
coup&&iig

16 16 the grotnB IEMMAL: tRe fifdt fndiiAorEIAY forite FihSoroximity to

thessecond andsthird iaductiarsy 28. Jhetmegthodefclaim 25.cwherein torming 1
the first IPD includes: forming a first conductijve trace having a first

COUREFRhiral cBupfediB% GroUfdterminal, e Setrconductor die, Tthe

second conductive trace being formed in proximity to the first
conductive trace; and
forming a resistor between a second terminal of the second

conductive trace and a ground terminal.

24. The method of claim 23, wherein forming the second IPD
includes:

forming a first inductor having a first terminal coupled to
a second terminal of the first conductive trace and a second
terminal coupled to the ground terminal;

forming a second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal; and

forming a third inductor having a first terminal coupled to
a fourth terminal of the semiconductor die and a second terminal
coupled to the ground terminal, wherein the first inductor is

formed in proximity to the second and third inductors.

25. A method of making a semiconductor die, comprising:
providing a substrate;
forming a first integrated passive device (IPD) over the
substrate, the first IPD including an RF coupler;
forming a second IPD over the substrate by,
(a) forming a first inductor, and
(b) forming a second inductor interwound with the

first inductor to partially overlap with the first inductor.
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forming a second conductive trace having a first terminal coupled to a first
terminal of the semiconductor die, the second conductive trace being formed
in proximity to the first conductive trace; and forming a resistor between a
second terminal of the second conductive trace and the ground terminal. 29.
The method of claim 28, wherein forming the second IPD includes:

forming the first inductor having a first terminal coupled to a second terminal
of the semiconductor die and a second terminal coupled to a second terminal

26+ oflthR fRSEHaURGVE a8 2° folingRhe sEeoAd iHaUCES Halirga Firdt

inclieg@gral coupled to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal; and forming a third inductor |
h&ihg B sttefmirat c6apRATS R oufthI6fmiNalof the BemitSidUdiordiaa !

coupard atsecend tergminakeotipled tathetgreusdterminak: the-first ingluctor being
foEmed ,in%%roximitg to the second and third indu%tors. 30. Tr%% metthod of .

oOrmin setong conductive trace, havindg. a st terminal
claim Iﬁ%, rﬁ1er INCIU mg?ormlng a capaCﬁSr betweengflrst an SGCOI’]df

couptesaninals af hecsendicondudtordieof the semiconductor die, the
second conductive trace being formed in proximity to the first
conductive trace; and

forming a resistor between a second terminal of the second

conductive trace and a ground terminal.

27. The method of claim 26, wherein forming the second IPD
includes:

forming the first inductor having a first terminal coupled
to a second terminal of the first conductive trace and a second
terminal coupled to the ground terminal;

forming the second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal; and

forming a third inductor having a first terminal coupled to
a fourth terminal of the semiconductor die and a second terminal
coupled to the ground terminal, the first inductor being formed

in proximity to the second and third inductors.

28. The method of claim 25, wherein forming the first IPD
includes:
forming a first conductive trace having a first terminal

coupled to a ground terminal;
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31. The method of claim 25, wherein forming the second IPD further includes
forming a third inductor interwound with the first and second inductors to
partially overlap with the first and second inductors.

forming a second conductive trace having a first terminal
coupled to a first terminal of the semiconductor die, the second
conductive trace being formed in proximity to the first
conductive trace; and

forming a resistor between a second terminal of the second

conductive trace and the ground terminal.

29. The method of claim 28, wherein forming the second IPD
includes:

forming the first inductor having a first terminal coupled
to a second terminal of the semiconductor die and a second
terminal coupled to a second terminal of the first conductive
trace;

forming the second inductor having a first terminal coupled
to a third terminal of the semiconductor die and a second
terminal coupled to the ground terminal; and

forming a third inductor having a first terminal coupled to
a fourth terminal of the semiconductor die and a second terminal
coupled to the ground terminal, the first inductor being formed

in proximity to the second and third inductors.

30. The method of claim 25, further including forming a
capacitor between first and second terminals of the

semiconductor die.

31. The method of claim 25, wherein forming the second IPD
further includes forming a third inductor interwound with the
first and second inductors to partially overlap with the first

and second inductors.
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