SEMICONDUCTOR DEVICE AND METHOD OF FORMING DIRECTIONAL
RF COUPLER WITH IPD FOR ADDITIONAL RF SIGNAL PROCESSING
Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device
and method of forming a directional coupler circuit with an IPD for additional

55&%%6&%%%&&5‘ THEA"EN 0 OB PHEROE FEMERS re
o OO HEOHBH! ‘Pf&i«%l’i?dﬂftss GNALC PRECRSTTHES
vary In the number and denS|ty 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 metﬂgiigeogerpiggng}{ggﬁ{igg.leﬁect transistor

(MOSFET). Integrated semiconductor devices typically contain hundreds to
millions of electrical components. Examples of integrated semiconductor

devices include micracontrallers, microprecessors, charged- coupled devices

(CODs), solar cells, and digital micro-mirror devices (DMDs). Semiconductor
semligevieesperortR aiwide ranfe of TaRctiohstsuehlas Righ-speed catdtlatiosctor

devitt@nsmitting.and Jegeiving aleqromagnelic.signals; centiplling electronic: with
devices, transforming sunlight to electricity, and creating visual projections

an 1y tdlevistirCdisplays. lsé&hicondietor ldeiicesSardFound in the fields of
entertainment, -1 communications, power conversion, networks, computers,

and consumer products. Semiconductor devices are also found in military
applications, aviatiorP20kHRGHRA itfudihy 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,



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 into the semiconductor material to

mani uéate and control the conductivity of the sepwiconductortdevice. A
CoMSEmiconductor device contains active and %a‘gé]ﬂ:/e “électrical structures.
consAutive structuress incluiding bipofarcang: fietdveffect transistdrsp cdratroldhe n

s 1 {00 0f eleoiical cuent. By yaping levels.ofdapina and application,of an
electric or base current, the transistor either promotes or restricts the
contfiow bt ekectrdcal cafrént Pasgiverseoctures, including resistors, capacitors,

and indutors.. create a relationship.between voltage and current necessary

to perform a variety of electrical functions. The passive and active structures
propgretalestrieally epvivetted &3 forniéifciits 2 Wwhich énabletthd senficantiictore of

semidViee 1 peripam bighsspegd Galculations and other usefyl MACHONSty to be

Semiconductor devices are generally manufactured using two complex
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, manufacturing involves the formation of a plurality of die on the surface of a
Impugdrhicdfdd elo? water. E2Eh e S typieally tetticallartd dBnhtaiRg eicditsnd

contiosmedily elgeiicaliy carnedciingactive and-2massivercampanents.
Back-end manufacturing involves singulatin% individual die from the finished

Vwﬁeraﬁﬁ[iﬁmhﬁﬁﬁﬂﬂggﬁétQEVlce 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. Each die is typically identical and

contains circuits formed by electrically connecting active and



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
S e1(o]¢ roducts. A smaller die |zekrpax(§)e achl%ve 1f11yrlmprovemefts in the
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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. In
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.

Baluns (balanced and unbalanced), low-pass filters,
and RF couplers are important components in wireless
communication systems. The balun suppresses electrical noise,
change impedance, and minimize common-mode noise through
electromagnetic coupling. The low-pass filter rejects harmonic

content from the output signal. The RF coupler detects



transceiver. Directional RF couplers based on quarter-wavelength sections
of coupled striplines use edge coupling between adjacent transmission lines,
and are especially well-suited for lower power (10 to 30dB) applications to
sense and control forward transmitted power. A typical low-power RF
coupler circuit may contain a trace (inductor), capacitor, and resistor for a
combination of inductive coupling and capacitive coupling to ieve
oy, HoWever, T oo aBnants SHer (Sively 15k ekt and
traneauplingrstrength. For stronger coupling, especially for 3dB hybrids, the RF
coupler gy contaig Mmulfplayerproadside:coupled.ings. plaged in e, aylput,
stage o the power amplifier. External environmental factors can resultin
sectdignificaft clrangksdn ahtamalinfredanee sresaltingun lmismatehes and
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exists for a high directivity RF couplers and IPDs for additional RF sigha

Loweproeessing.(A€carding®din operémbatinterit, the present inventismise 1
forwsemicopducior die. gomprising a gubstrate.and BE coupler fepmed, guerthe

~ substrate. The RF coupler includes a first conductive trace having a first end
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for GOURIaEIQ acirsHit fedeand asecond.conduefive, fracg havingia firstend: i ng
coupled to a second terminal of the semiconductor device, and second end
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relatface isy plaseddn preximity 9 afirgt pertien of thes secongeonductive s4 ronger
trace. A low-pass filter is formed over the substrate. A second portion of the

coup&%ﬂﬁmﬂ&ﬁﬁﬁﬁﬁ@éﬁ%cé?beﬁﬂ@s%%gflds' the RF coupler may contain

multi-layer broadside-coupled lines placed in the output stage
of the power amplifier. External environmental factors can
result in significant changes in antenna impedance, resulting in

mismatches and reflected power which reduces directivity.
Summary of the Invention

A need exists for a high directivity RF couplers and
IPDs for additional RF signal processing. Accordingly, in one
embodiment, the present invention is a semiconductor die
comprising a substrate and RF coupler formed over the substrate.
The RF coupler includes a first conductive trace having a first
end coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and a second conductive
trace having a first end coupled to a second terminal of the
semiconductor device, and second end coupled to a third terminal
of the semiconductor device. The first conductive trace 1is

placed in proximity to a first portion of the second conductive



circuit component of the low-pass filter. In another embodiment, the present
invention is a semiconductor die comprising a substrate and RF coupler
formed over the substrate. The RF coupler includes a first conductive trace
having a first end coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and a second conductive trace having

racd firstend coupled to.a second terminal of the semicanductor device, and

second en u;S)Fedft(l) a third términal of the semicondactor aewce.'The
secofirst pomduictive drfacelis ptacednd proxithityto eefirst portionpefthessecanda

c1rcfRNIYANE ACE A BRI I formed over e, supstrate. A second portion of
the second conductive trace operates as a circuit component of the balun. In
another émbadimanst trenpredentinyentidreisca ssemiconductortdien is a

semiCYURRINIPG A sHbstiate and RF, goupler formed, gver thegubsyate, TheRE o 4

coupler includes a first conductive trace having a first end coupled to a first
overtefminat b e TemmicortduRtditdesfe bmd d 8ecoiftecormduciive traceiavitigl ve

tracd rstend cqupiedie aseeond grinal of thesemicondycter, device. The
first conductive trace is placed in proximity to a first portion of the second
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comgonent of the integrated passive device. In another embodiment, the
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of the second conductive trace. A balun is formed over the
substrate. A second portion of the second conductive trace
operates as a circuit component of the balun.

In another embodiment, the present invention is a
semiconductor die comprising a substrate and RF coupler formed
over the substrate. The RF coupler includes a first conductive
trace having a first end coupled to a first terminal of the
semiconductor device, and a second conductive trace having a
first end coupled to a second terminal of the semiconductor
device. The first conductive trace is placed in proximity to a
first portion of the second conductive trace. An integrated
passive device is formed over the substrate. A second portion
of the second conductive trace operates as a circuit component
of the integrated passive device.

In another embodiment, the present invention is a
method of forming a semiconductor die comprising the steps of
providing a substrate, and forming an RF coupler over the

substrate by forming a first conductive trace having a first end



forming a second conductive trace having a first end coupled to a second
terminal of the semiconductor device. The first conductive trace is placed in
proximity to a first portion of the second conductive trace. An integrated
passive device is formed over the substrate. A second portion of the second
conductive trace operates as a circuit component of the integrated passive
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low-pass filter; FIG. 6 illustrates a physical circuit layout of the Integrated RF
formgsuptercand low-passfilter FIG. 7 ilkstaiss ® sthdmatie Eirédiediagramn bf
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Brief Description of the Drawings

FIG. 1 illustrates a 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
an integrated passive device;

FIG. 4 illustrates a wireless communication system
with integrated RF coupler and low-pass filter connected to
power amplifier and transceiver;

FIG. 5 illustrates further detail of the integrated RF
coupler and low-pass filter;

FIG. 6 illustrates a physical circuit layout of the
integrated RF coupler and low-pass filter;

FIG. 7 illustrates a schematic circuit diagram of the
low-pass filter;

FIG. 8 is a graph of insertion loss and rejection loss
versus frequency for the integrated RF coupler and low-pass
filter;

FIG. 9 is a graph of directivity, forward coupling,



FIG. 10 illustrates a wireless communication system with integrated RF
coupler and balun connected to power amplifier and transceiver; FIG. 11
illustrates further detail of the integrated RF coupler and balun; FIG. 12
illustrates a physical circuit layout of the integrated RF coupler and balun;
FIG. 13 illustrates a schematic circuit diagram of the balun; FIG. 14 is a

raph of insertion loss, rejection loss, and common mode rejection versu
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rr 300 eguivalents as may be included within the spirit and scope of the
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int cHeVERS aEE-geneIaly: Manwiagtdred-using two complex manufacturing
processes: front-end manufacturing and back-end manufacturing. Front-end

manukmﬁkﬁmih%o&%éqﬁérates a schematic circuit diagram of the

balun;

FIG. 14 is a graph of insertion loss, rejection loss,
and common mode rejection versus frequency for the integrated RF
coupler and balun; and

FIG. 15 is a graph of directivity, forward coupling,
and backward coupling versus frequency for the integrated RF

coupler and balun.

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.



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

capacitogs induct%rs £esist rs, and transformers cr atearelaitionsh;p .
ém}con uttor devices are e?efa ﬁ% maPu acap ed using
between voltage and current necessary to ger orm electrical circuit functions.

two Passiveandactive componentsraredforned ovepthe-sudacenhtrecturing and
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seniiTpIAMIANEN of thermal qiffugiopn s Lhe doping proeess madifies, the glectrical ,
conductivity of semiconductor material in active devices, transforming the
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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,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

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



electroless plating processes. Each 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 photoresi
£ st 13 Tht 1S Sem i i a Sahent oRni Rrtaa 51
phy stheainderlying deyer 40 bequatterived. , Thelermaindertofdthe pnotoresist isd
1ecEMavedL Ieaving hehind aupatierned layer, Alismalively, same. ypes of

materials are patter e@%y irectly depositing t & “material into the areas or
pattegidsforhredboya previous ndepositiorietch prooussEsing teabmiguiesssuch

compB% ElRCLOless and. elsctrolyfic plating. Depositing: g tun film o matgrial over

an existing pattern can exaggerate the underlying pattern and create a non-
uniformiy flat Swtases AcamiformlypRattsirfzre iv saqurethtot plodutesmaNe:

whic@nd mave depselypagksd active and passiye, cQmponents, Planatizatian cang |
be used to remove material from the surface of the wafer and produce a
photgpifsimty flabsiaface? Plandfizatioh RPoles pelistifg thé sedacesfthes

tranWafervith 2 pelishingpad,Ansabrasivermatarial apd corrosive chemicatare
added to the surface of the wafer during polishing. The combined ,
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Back-end manufacturing refers to cutting or -9 sin%ulatin the finished wafer

layemuyﬁmﬁﬁdRﬁﬁﬁﬁHﬂ§gndtﬁ&? 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-
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 surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back-end manufacturing refers to cutting or



packaging the die for structural support and environmental isolation. To
singulate the die, the wafer is scored and broken along non-functional
regions of the wafer called saw streets or scribes. The wafer is singulated
using a laser cutting tool or 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
o et B A E5nalied 18 SBnat ot i e 10 then
packpackaget Thedlectfical connectionsadarsbeprade avith solderbumps,tstiid
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to the other system components. FIG. 1 illustrates electronic device 50
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a paPRIRLY of,sericonductor packagesmouptedion its syrace.. Elechonic,

. device 50 may have one type of semiconductor package, or multiple types of
integenrdnahétor padkayes depefdingth therappication. ThedifftentPypées
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Electronic device 50 may be a stand-alone system that uses the
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system. For example, electronic_device 50 may be a graphics card, network
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packe@mputer othe, semigangdactos package can includa elx rical 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. 1 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. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a

computer. The semiconductor package can include
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microprocessors, memories, application specific integrated circuits (ASIC),
logic circuits, analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. In FIG. 1, PCB 52 provides a
general substrate for structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54

i o35 formed over a suiface or within layets of RCB. 52 usind evanoration
et%ctrol?ﬁc pfaii’ng, slectrofess p?gtﬁjng, screen prlﬁtmg, or other suitable
circmetal depdsitipn process. cSignalitracesadé provide forelectric®F circuits,

disc%%”eem“é‘é%al“g@sbet‘gﬁe% 850 %fetx%csg gondyctar; packages, mounted,
components, and other external system components. Traces 54 also provide
comppowert and ground connections to each of the semiconductor packages. In

some emhbodiments, a semicepductar davice hag two, packaging leyels. First
level packaging is a technique for mechanicallyand electrically attaching the
struggricohdaciop dicitor af ifteankdibte tafritt cSecortlevePgadkaging

semiYAlves mechanicaliyand glectrically attaghingthe integpadiate carrier 9,

the PCB. In other embodiments, a semiconductor device may only have the
tracmst febebpackerfitpheretherdig is fmeeharicallytand eleetrRafly frioutitdd 52

usind r%‘%ﬁ%@@ﬂﬁ% PGB. Rardhe pyiRese-ofjHustration, seweraltypes of firstlens!
packaging, including wire bond package 56 and flip chip 58, are shown on

screpe s ddiflandlly, SEVEAl pes P ScBRt Fevel PReRaGing RNkl Bal

sign@rd araydBGA) 690: bump: chip-cartier (BGE) 62 dualinding askage (RN
64, land grid array (LGA) 66, multi-chip module (MCM) 68, quad flat

cachy g |ddteds PRSI RIERYT 78255F §G8d fIRPPANGY eI 8 Shbwn and
ot heosRted-onR PGB S epsndingupon thersysters requisgmeniscatyde power

and g?geggmggnnections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

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 (MCM) 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
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-11 of semiconductor packages, configured with any combination of first and
second level packaging styles, as well as other electronic components, can
be connected to PCB 52. In some embodiments, electronic device 50
includes a single attached semiconductor package, while other embodiments
call for multiple interconnected packages. By combining one or more

ot sSpieondyctor packages over a sinle subsirate, manyfaclurers can s o, ¢
Incorporate pr “made co%pénents INtd eléctronic devices and systems.

fir sBeeaubesthecsemitenductorpackages intlude sophistieated fmctichaity,

electiEgHONIC day 'Cgé?%;r‘s@e aan %%Ct‘é_r?er%%sc'%%ofhceé‘p?&ﬁo %‘E?”%Eﬁ. %”?%%
streamiined manu acturing process. The resulting devices are less likely to

embofiilregnitiess expensiveicc mManufactubd resultinglinsa fowercpsefart tached

semi%%%g%%rérF#%%@éég show-exegplaty semisanguciorpackages, FIG, 28. 1 o
illustrates further detail of DIP 64 mounted on PCB 52. Semiconductor die 74

int ejpeRitles Areactiveegitmscont&iningParalog Ner digital Tirclits fmplemeprediastor

packf%%fé’@ deyices, passiye deyiges, conductiye layers,and dielectiic layers porate

ormed within the die and are electrically interconnected according to the
pre-glegRicaPaesigh of the 8ieC FBr egamplel theleiréiitmaymcRidetdiSer more

BecatiaRsistors, Ligdes, IRAUCLers, aRaGIioLs, fesistars. andatheraitcyiteq
elements formed within the active region of semiconductor die 74. Contact
funch4@8176 at& on&0F iere” Iy erS 3 Coiitiuctive RTat@Aal SacH Bs aiummuhy

cheaf} cOPREHACH).JIN(RN) aniskeldNi)1 geldi(ABnarEsiver fAg); apdaFf8ss. The

electrically connected to the circuit elements formed within semiconductor

resugip g sl asseMisly bf BiP 64 Semidondtdtor aRY4 _TRoGRRa1 s hre t°
manuhtermediateccanrier fusinga geldesilicers eutestic dayes aradbesive

material such as thermal ,

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected 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 formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal

epoxy. The package body includes an insulative packaging
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epoxy. The package body includes an insulative packaging -12 material such
as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electrical interconnect between 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

e oQTAMINaYG e T4 or ite bonds 82, F10. 2ilystrates futher detglof
BET 62 mounted fon PCB 52 sémiconductor die 88 is mounted over carrier
wire9®ausing 84 underfilder epoxytresireddhesive matereat ©2b¥ireedoonds 94
semi%%"g?uecf%%%'eg%'ep%%'%%W%’B”@%‘%‘ between contact pags;96 and 98, . 4
Mol ing compound or encapsulant 100 is I(j:lep Sited over semiconductor gle
overggandwvwrkbords 94 teprovidenghysichl suppertand eldirical ésotatiomfor

moisigAEVIGRs Gontact pads 102 are formed, avena syuface, gl PGRH2 using a

suitable metal deposition process such as €lectrolytic plating or electroless
contpghting té peeveht oXitlation "CortakPpads 862 are electrically connected to

one or morg condugtive signal: races, p4/in PCR.52.1Burgps 04 are formed o g
between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In

on PERS . seffidoridictordie 58944 nclintéd fReIGRA ©viftermediate Eartfer
usind0& Withayflipchip style first leyel packagingeActive regin-198 06, . wire

semiconductor die 58 contains analo% or digital circuits implemented as
bondgeti/e devices!pabsivedelftes]c Ve laydrs & arfdctie fay/ers!

contformedaaccardingrta the eleatrioal designoafthe gie. &rorexample,thetcireuit i s
may include one or more transistors, diodes, inductors, capacitors, resistors, .

AePOZrd Bther ituit BlerERtS Wittt altive HEgidR0s! Sentednductsr di g&risv+de
physelestricallyppdt and electrical isolation for the device.

Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, 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. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
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mechanically connected to carrier 106 through bumps 110. BGA 60 is
electrically and mechanically connected to -13 PCB 52 with a BGA style
second level packaging using bumps 112. Semiconductor die 58 is
electrically connected to conductive signal traces 54 in PCB 52 through
bumps 110, signal lines 114, and bumps 112. A molding compound or

capsulant is deposited over, semiconductor die 58 and.carrier 106 t
R el e i chehath Crine Sl Akl hn RS
Semisemitonductod devicé providés atshortdlégtricahwendectidropathrfrom there

s 1 gndgivedevicessgn semicandustar,die 58t conduction ,”39%89 PCBSZIN, 1 4,
order to redsuce S|gnal propagation distance, c?wer capacitance, andllmprove
and bveral difcuit pekformanice glncanathemnembodipreritpitielsemicdaducter die

depo28 €81 bg@@C@%@Aﬁ@llyn%dc%@ftr&ny sgnoected directly. to RCB 52.4sing 4o

flip chip style first level packaging without intermediate carrier 106. Referring
phy stocRIG. B1ReATiICorutterIdie b paekages 220 tis shofpr it fdatittivtoEIGs. The

£11p204 28-26. 28 haying-2 serpiconductor subsitate 122ymade with g base,

material such as silicon (Si), germanium, gallium arsenide (GaAs), glass, low
condigpiperature eb-fre@RefaRicAETED), PEB. ¢ dtiver HAR IserRicsrdectofie 58

to coRterial forstiuciwak suppast s active region: 124 is formed qveythe top
surface of semiconductor substrate 122. Active region 124 contains analo
PrOoPaLdigitarcifttits Attiflemaftitiras abi/e deVicss, paRsivaievites, edhidictive

circlayersapddlialggteis layers faraed withindghedieand, elegtricallyi conductor
interconnected according to_the electrical design and function of the die. For

die gfarfipe, e BRGFMAT Tchidé Bhe dimbre-frandiétors diGdes: andidther 1Y

to PORCWElemERNtS f1ip chip style first level packaging without
intermediate carrier 106.

Referring to FIG. 3, semiconductor die or package 120
is shown, in relation to FIGs. 1 and 2a-2c, as having a
semiconductor substrate 122 made with a base material such as
silicon (Si), germanium, gallium arsenide (GaAs), glass, low
temperature co-fired ceramic (LTCC), PCB, or other bulk
semiconductor material for structural support. An active region
124 is formed over the top surface of semiconductor substrate
122. Active region 124 contains analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within the active surface of the die to implement analog
circuits or digital circuits. Semiconductor die 122 also

contain one or more IPDs, such as thin film inductors,
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formed within the active surface of the die to implement analog circuits or
digital circuits. Semiconductor die 122 also contain one or more IPDs, such
as thin film inductors, -14 capacitors, and resistors, for RF signal processing.
Active region 124 occupies about 5-10% of the overall thickness or height Hl
of semiconductor die 120. In one embodiment, semiconductor die 120

capafSiupies a0 area 32 milimeters (mm).by, 2.2 mym. Semiconductor die 120
Pagan be e1ec?r|calﬁ/ connected’to other devices usir}ljg fﬁpchip, borid wires, or

regiimtertc8Anect paps. Semiconductor déviods tortaming alpluralitycaPHs can
heiqR§ Uged I:high frequency appligations, such as microwave, radar,

telecommunications, wireless transceivers, electronic switches, an ‘other
semidevides perforning RIP electrival functionsr FhedPDsprovidedhe efectrical by

2.2 faracterztics fpr.ereyll fynctians,sychas baluns tesopators, NgRPasseq +o

filters, low- pass filters, band-pass filters (BPF), symmetric Hi-Q resonant
othegansivimers, wiatehing hepwbrke, RFEesuplerscand aming teapaeiorsc Fopins .

exampleg the; IEDS can Be used asdrontend, wireless,RE components, whigh

can be positioned between the antenna and transceiver. The wireless
can gsplitatien canbedd deliafé Phierie UMy fittidte band bperaforN sGerHEsve

radaWideband -eqgde, division puitiple accesssWEDMA)Y-bands (PCa1 MEEJew) ¢

~and global system mobile communication (GSM) bands (low and high). In a
switlierss TthRGRIRALIOH ystem, Bive bafm 8ppresses elettrical ndisections -

The Ghangesimpegdanegcand minimizes conHRaR-RedesAAise thoHgRircuit
electromagnetic coupling. In some applications, multiple baluns are formed

FunchgGms c Mt SubRrate Sallohfitg Rtht-bind 'ohelatists Fof exafbfe, two'6r
passmpie baluns asemseddn & quad-band farprobilespheras-arothero 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).
In a wireless communication system, the balun
suppresses electrical noise, changes impedance, and minimizes
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 guad-band device. A low-pass filter can be
used to reject harmonic content in the output signal. The RF

coupler detects transmitted power levels from a power amplifier
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GSM communications, each balun dedicated for a frequency band of
operation of the quad-band device. A low-pass filter can be used to reject
harmonic content in the output signal. The RF coupler detects transmitted
power levels from a power amplifier -15 (PA) or transceiver. A typical RF
system requires multiple IPDs and other high frequency circuits in one or

more semiconductor packages to per the necessary electrical functions
(P E Pt S arroles SORnacAbors Yo Togh Eha af Fe P8 TPDs
and intégratédicircuftRFIEN 128 cCREIC1128 contaimsaodirectionabRiricouplerctor
and comman low-pass filter as IPDs integrated on substrate 122 of a single
aRd common. lowspass fi g grated on supspate 122,09 9
P B S 10,1 178 2 Sbualod 15 A Sad 1iGeahar 130, P
and traristeivef 130 amplifiesehe RFsigndkfos transmissicrrand resgivedRF 126

usin@gQﬁBﬂ@kag%g§ét%%pgq%&ﬁﬂ%F%@&@?ﬂthﬁ2§wna§%EEf%@@e%ontains a
processing. RFIC 128 is a 3-port device. Terminal 132 is connected to PA
diregpd rapsceéiVercE3® terminal 134N arsidgle-arried gowdrasutpat; iéthfinal

int 136 153 cgypling, ouiputfon detegting, trangmitier powerFurtherdetal of 150
FIC 128 is shown in FIG. 5 with capacitor 140 coupled between terminal
REIC134 8nd termiinalL£36.t Sighfl frafe b iRV isToupletfbetivéen

tranGFRIRAL L34 ands creuit nade A4d. &puplesfface o5 inquclersldbsisicaupledy
between terminal 132 and terminal 136. The RF coupler circuit detects
recegyfsiitted sBieerthrdughinducivel Sotplifg ant Capacifve!coapihgt 1o the

si gngqtgve@@rsig@@lg@@@ Jgﬁ?o%@@, §Q%@|6f traee cl46: £apaciton 148 1sceuplede .
between terminal 132 and circuit node 144. A thin film resistor 150 is

Termdgiiled HetweerFOraFC hode 124 4h FHHdUNEABAFRAY 852, .REIC $58 Turier
134 eentainsiloy-pass fiker gomi@ensvitibceyplectrace446.1 lwe low-passupling

output for detecting transmitter power.

Further detail of RFIC 128 is shown in FIG. 5 with
capacitor 140 coupled between terminal 134 and terminal 136.
Signal trace or inductor 142 is coupled between terminal 134 and
circuit node 144. Coupler trace or inductor 146 is coupled
between terminal 132 and terminal 136. The RF coupler circuit
detects transmitted power through inductive coupling and
capacitive coupling between signal trace 142 and coupler trace
146. Capacitor 148 is coupled between terminal 132 and circuit
node 144. A thin film resistor 150 is coupled between circuit
node 144 and ground terminal 152. RFIC 128 further contains
low—-pass filter common with coupler trace 146. The low-pass
filter provides additional RF signal processing without
consuming significant area or degrading directivity.

FIG. 6 shows a physical circuit layout of RFIC 128
integrated in a small form factor on common substrate 122 of

semiconductor die 120. Terminal 134 is coupled to a first end
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filter provides additional RF signal processing without consuming significant
area or degrading directivity. FIG. 6 shows a physical circuit layout of RFIC
128 integrated in a small form factor on common substrate 122 of
semiconductor die 120. Terminal 134 is coupled to a first end -16 of signal
trace 142. A second end of signal trace 142 is coupled to circuit node 144.
TermlTalE136 IS gol_pi)led loa first %nd of co ler. trace 146 A se¢ %Ed end of
aier trace 146 is coupled to%ermlna .Si gﬁalatrace 147is placed in
COUpcllesle tehysicat proximity aldriia poit&nmﬁxa)uple?raraw Mejelgd ihareafirst
ena 47 whers siongl Uace 342 and,coupler face 146.are. separaled by aboy 10,
micrometers (pm). The magnetic couang anc capacmve coupllng etween
coupsigfaltradect4? and codpler tPacnd46 irarea 142 providelssa fléxible close
pnys3Rling.stiengin., Signah yace J42.angcouplerdiaee. 46 eanbayed, o
rectangular, polygonal, or'circular form or shape, about 8pm in width Slgnal
in atrgee 142 andcoupierdrace 146268n bé dnerst rhoredlagerst 6RAE Cu SN,
sepafiicl o, othg sultable elecically scandygiye matgda, Sgnal HaCed42) 1ng
and coupler trace 146 are formed using evaporation, sputtering, PVD,
and gfeea6lytié slafryielé&ifbl&ss pratiig process, bF éﬁ%r%@i&a@@%éﬁwler

t racHeRQsitiamprocess.1Gapagior 1494s coupled hefween terming! 134-and i n .
terminal 136. Capacitor 148 is coupled between circuit node 144 and

Siongiminat 1821 ResRist stipR561s E6aHIEd bebween chenie rodesdany1ar,

polygioniad teupingl 152.1Gapaciters 440 @@Q;ﬂée' cavbe implemgntedastwo
smaller-value capacitors connected in series as shown for better tolerance

S19nddrifd femanaratiting protess. F EAPECtdte 120 aRf 188 aré impPlehfentéy e s
of AQ$ng@ﬂhHhman, Au, Ag, or other suitable electrically

of

conductive material. Signal trace 142 and coupler trace 146 are
formed using evaporation, sputtering, PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process.

Capacitor 140 is coupled between terminal 134 and
terminal 136. Capacitor 148 is coupled between circuit node 144
and terminal 132. Resistor strip 150 is coupled between circuit
node 144 and ground terminal 152. Capacitors 140 and 148 can be
implemented as two smaller-value capacitors connected in series
as shown for better tolerance during the manufacturing process.
Capacitors 140 and 148 are implemented using a thin-film
dielectric. The thin-film material increases capacitance
density. The voltage across capacitor 140 is different from the
voltage across capacitor 148. By appropriate selection of
capacitance values for capacitors 140 and 148, the phase of the
combined electrical coupling is similar to the phase of the

magnetic coupling. As a result, capacitors 140 and 148 increase
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dielectric. The thin-film material increases capacitance density. The voltage
across capacitor 140 is different from the voltage across capacitor 148. By
appropriate selection of capacitance values for capacitors 140 and 148, the
phase of the combined electrical coupling is similar to the phase of the
magnetic coupling. As a result, capacitors 140 and 148 increase -17

. ___directivjty for the RF coupling circuit 142-146 to a.value greater than 20dB.
i e it 19D AL prOUE §rods eaes cTioEdor  the st o
greatherRE cauplepCapacitors ¢ 40 @ng 148)alsogpravite electrostaticr distharge

deqrESDLprojection for REIC,128, The ESD sobystness in, th-fim materials
can be obtaine %y using inductive shunt protection across viilnerable
capacitofsiostioftise éAerggnd art ESD eventris coficestiatetd gt ic

ai scHgIueNCys I which ipdugtors intheiano-Henry range afe sfigcliyely shad 5

circuits. In the magnetically-coupled circuit, each capacitor is protected by a
thinfofivaluashant mdector o itredde Yobdsthgss ol ES DL REICHIZ8pralides

prot@tadditional IFD funciign, inthis case acommon lgy:pass filtehdn 8nergy in

compact footprint with the RF coupler circuit. The low-pass filter circuit
an ERIAcREFTS irmplepterited witht& porionlcTtotpRetfaeeyr46: That st fhe

indul@ien of codpler trage 146-0uisidg area 144 Qperales 8sa LirgHi r
component of the low-pass filter. Thus, coupler trace 146 serves a common

circipld &s RF SighBPcatiIeE(pbftfon 8 BUpIer taté 196 ik aré& T47 aRg c1 tor

is plevrpasshitercompenent J(perionmefcouplerirace 146 oytside-area 147).
The low-pass filter also has capacitor 154 coupled between the first end of
robugsiecrale ¥46 and the second end of coupler trace 146,

RFIC 128 provides an additional IPD function, in this
case a common low-pass filter, in a compact footprint with the
RF coupler circuit. The low-pass filter circuit function is
implemented with a portion of coupler trace 146. That is, the
portion of coupler trace 146 outside area 147 operates as a
circuit component of the low-pass filter. Thus, coupler trace
146 serves a common role as RF signal coupler (portion of
coupler trace 146 in area 147) and low-pass filter component
(portion of coupler trace 146 outside area 147). The low-pass
filter also has capacitor 154 coupled between the first end of
coupler trace 146 and the second end of coupler trace 146,
capacitor 156 coupled between terminal 136 and ground terminal
158, and capacitor 160 coupled between terminal 132 and ground
terminal 162.

FIG. 7 is a schematic representation of low-pass
filter 164, with coupler trace 146 and capacitors 154, 156, and
160, for additional RF signal processing, such as rejection of

harmonic content in the output signal.
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capacitor 156 coupled between terminal 136 and ground terminal 158, and
capacitor 160 coupled between terminal 132 and ground terminal 162. FIG.
7 is a schematic representation of low-pass filter 164, with coupler trace 146
and capacitors 154, 156, and 160, for additional RF signal processing, such
as rejection of harmonic content in the output signal. -18 FIG. 8 is a

wavefonﬁvcglot f the low-pass filter electrical response for aa%Cs:StbangelfD
(1710MHz-198 I\}Iﬁlzi 6t 170" insertion loss between terminal 132 and
electermirmal 1865 photsk! XisreturfdGsscefrtérminal 136.10MEG] D% eBWebieform Plot

plot of the RE coupler electrical respanse for-th nd IPD, Plat 174, is
70 B SRS o ThE aer BAALER o nt 3] oo maar LIA e
plotpdwer betwesniterminalsl 3afarnic:tarairral 1826 plot 176 is forward coupling

betweengtermingl 136 and terminal 134; plot 178 is_ bagkward qoupling < 1 a1
between terminal 132 and terminal 134. FIG. 10 illustrates a wireless
respesyamupicationssystem CEgoluding RFIELES2. REICL $82 ¢oRtainisva direétioridle

poweRFEQUpIEr,and comman balinasIPDs integratesen substrate 122 of 8-

single semiconductor die 120. RFIC 182 is coupled to PA and transceiver

betwegs PRERHTPANSEaVeR 184 riplifies the R siBhAl fdr tanismission zrd

coup'ecelyeREsignals infutl:duplexs @angdn filterand eendition the sigpalsfer ; s
further processing. The RF coupler detects the level of transmitted power
backrgmdp & amd! trafs&svatersu. REICIT82 isl8 4-pottdéREd Terminalé 186

and 188are diffeyential portsconpestegitoAA anddanseaiver t184: teminak
190 is a single-ended power output; terminal 192 is a coupling out%ut for
180 &abEﬁn&ﬁéhs$ﬁ&HFKﬁ@ﬂp 182 contains a directional RF coupler

and common balun as IPDs integrated on substrate 122 of a single
semiconductor die 120. RFIC 182 is coupled to PA and
transceiver 184. PA and transceiver 184 amplifies the RF signal
for transmission and receive RF signals in full-duplex, and
filter and condition the signals for further processing. The RF
coupler detects the level of transmitted power from PA and
transceiver 184. RFIC 182 is a 4-port device. Terminals 186
and 188 are differential ports connected to PA and transceiver
184; terminal 190 is a single—-ended power output; terminal 192
is a coupling output for detecting transmitter power.

Further detail of RFIC 182 is shown in FIG. 11 with
signal trace or inductor 196 coupled between terminal 190 and
circuit node 198. Capacitor 200 is coupled between terminal 192
and circuit node 198. Capacitor 202 is coupled between terminal
186 and circuit node 198. A thin film resistor 204 is coupled
between circuit node 198 and ground terminal 206. Coupler trace
or inductor 208 is coupled between terminal 192 and ground

terminal 210. The RF coupler circuit detects transmitted power
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Further detail of RFIC 182 is shown in FIG. 11 with signal trace or inductor
196 coupled between terminal 190 and circuit node 198. Capacitor 200 is
coupled between terminal 192 and circuit node 198. Capacitor 202 is
coupled between terminal 186 and circuit node 198. A thin film resistor 204
is coupled between circuit node 198 and ground terminal 206. Coupler trace

enrofiRAuEior 2085 coupled between terminal 492 and ground, terminal 240.
THe leflcoup er Gircuit detects transmitted power “16 thr ugh i ucﬁve

s 1gnedupling@ndl Cdparitiveccoupling between Hignal tiRiceClIGsand couplertrace

cont 248 REIGA83 Lriher.contains,a balun commen auth,eayplenace 203, The
balun provides a ditional RF signal pr%cessmg Without consuming

provdigaificantddreaworaegrading aivettivite F46 s 12 ghowsoplty sical eirodit g

s1gnlAYQULORRELC. 182 integrated.in @ gmall farm factor on common substrate
122 of semiconductor die 120. Terminal 190 is coupled to a first end of
signal trdce>196.7A skewitd endlof sSigpaltrade $96 s ovpldd oiciRuithobe2

inteb28cERIMinal 192is coupled foa first .enchof coupler tiages208,A seeond, ¢
end of coupler trace 208 is coupled to ground terminal 210. Signal trace 196

semiggIasstt e clbse philical Broximitg Alohyla pertiehtst cdtiple? trackizug: end

of s8gndl areas.21l yhere gignaltace 498 and coupleritrace,2Q8 @g ;s
separated by about 10 pm. The magnetic coal%ling| and capacitive coupling

CouPBéErieen SigraltrdcemoEand Bouplef A& 2208 in‘areds 214pr6ides 2 T1rst

end fHexiblegoupling streagtho Signal tkace,196 and coeplestrace 208 canshavmsas s
rectangular, polygonal, or circular form or shape, about 8pm in width. Signal

couptgeh 186 AhAESplet e 208 ddh be SheBHmbretiaFers’ 8f AP UL &SiENi »
closAuphgsarcethepsuitable elecirically a portion of coupler trace 208,

e.g., in areas 211 where signal trace 196 and coupler trace 208
are separated by about 10 um. The magnetic coupling and
capacitive coupling between signal trace 196 and coupler trace
208 in areas 211 provides a flexible coupling strength. Signal
trace 196 and coupler trace 208 can have a rectangular,
polygonal, or circular form or shape, about 8pm in width.

Signal trace 196 and coupler trace 208 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Signal trace 196 and coupler trace 208 are
formed using evaporation, sputtering, PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process.

Capacitor 200 is coupled between terminal 192 and
signal trace 196. Capacitor 202 is coupled between the second
end of signal trace 196 (circuit node 198) and trace 212, which
is connected to terminal 186. Resistor strip 204 is coupled

between the second end of signal trace 196 (circuit node 198)
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conductive material. Signal trace 196 and coupler trace 208 are formed
using evaporation, sputtering, PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process. Capacitor 200 is
coupled between terminal 192 and signal trace 196. Capacitor 202 is
coupled between the second end of signal trace 196 (circuit node 198) and

trace 121%12 which_is co&pgcted to terminal 189. 204 isb%gupled

esistor Siri
and e REEeB oo o1 Sighal  ace 15 (GHeu neie 165 b L
implgroemdddrminal 206 . sCapdcitors 200 @and202-carrbe implermentsd dsitweries
aller=value capacitar nnected in series .as shown for hetter toleranc
as SE\%‘WIL or %e@?er Qmsjfgrarelcg U 11, tle Qnandl%fbcurlﬁ&e%roge S.

uring the manufacturing process. apacitors 00 an are im ente
Capagsingasthifilna dielebttica The thinfitmanatetiah imcreasestdapacitance
die19eRsity, The voltage acrass,canacitar20Q is;different from. the, voltage across
capacitor 202. By appropriate selection of capacitance values for capacitors
dens2@y and P02, telplaase eitheseompiedidliesatrié8i0couplifld i sinilal té tiven the

voltBRase el thesmagnetic coupling As glesult, capaditors 200 andi204, o«

inCrease directivity for the RF coupling circuit 196, 208 to a value greater
capambhP0HB. \Capititofs 200 aRd 202Prdvide Yreater 2degreés of RBedé6mah the

combthesdesign et the R coypler.iGapacitoss 200 and:202 also.pravde ESR e

protection for RFIC 182. The ESD robustness in thin-film materials can be
nagnghtathet P hsing inddctivé sheft ploteStiBrPacrbss Julheraiia CcapgheitdRSr €ase

direMostoftheenergy in ar ESR gvenlys eppeentratedqat lowsfrequencyafore
which inductors in the nano-Henry range are effectively short circuits. In the

9T eaiagnéticallyzctipled Gt dathtcapatitdr i protedtéd By Ao vatET

degrsfintof freedom in the design of the RF coupler.

Capacitors 200 and 202 also provide ESD protection for
RFIC 182. 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.

RFIC 182 provides an additional IPD function, in this
case a common balun, in a compact footprint with the RF coupler
circuit. The balun function is implemented with a portion of
coupler trace 208. That is, the portion of coupler trace 208
outside areas 211 operates as a circuit component of the balun.
Thus, coupler trace 208 serves a common role as RF signal
coupler (portion of coupler trace 208 in areas 211) and balun
component (portion of coupler trace 208 outside areas 211). The

balun also has trace 212 having a first end coupled to terminal
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inductor to increase robustness to ESD. RFIC 182 provides an additional IPD
function, in this case a common balun, in a compact footprint with the RF
coupler circuit. The balun function is implemented with a portion of coupler
trace 208. That is, the portion of coupler trace 208 outside areas 211
operates as a circuit component of the balun. Thus, coupler trace 208 serves

a common role as RF si | coupler (portion of coupler tr 208 in areas
166 3 S O B SOl PR Sk AeRe 216
haviThe sbdlam atsochas trace 222 hiavingea first @hd cdvipleditodernimah? 12186

and, seco d n% oupled t o d4t.erm{n I 4,9 tra§§2216 vigg firs
Coupe% c%p%é%g tegrn%%gnﬁ%gan% seconéaaecﬁés coggléd to g’rod‘jncig term?{rjllaéfré
woung@l 4rfraces 20802E2 i 216 akel woundiand intewovendo exhibitrrhatsl

The @998@"%9@&%@‘?- Jhshalun also-has capacitgr 22Q coupled hetwgen 4 o,

terminal 192 and ground terminal 210, capacitor 222 coupled between
and greinel 186 and gloundtermiiad 21404nd ¢dpacitn 224 dutiplatbetwaaninal

186 terminal 188and.ground tepminal 214; FIG, 13.is a,schematic [spresentation.
of balun 226, with traces 208, 212, and 216 and capacitors 220, 222, and

termapg L ok el ditishal REVSIgn&Ir8éessing, 'stich as suppressing electrical

noise, change impegdange cand RiRiMize cemmun:mode, Roise through 226,
~_electromagnetic coupling. The arrows illustrate mutual inductance between
withyae@o68 1D, anli 2162 FiG214 isaWav/eforrt plot of theleleétrical and 224,

for tespORseofthebalinios a GShbband (B24MHz1915MHD)-Rlat 230:s

insertion loss between terminal 192 and terminal 186; plot 232 is return loss

e lechftbrinal 298 Splof 234 % cdmRftifmote AALtBhYStWEEN terfmnar 1gs'e
noisand tersidd I8Bectromagnetic coupling. The arrows illustrate

mutual inductance between traces 208, 212, and 216.

FIG. 14 is a waveform plot of the electrical response
of the balun for a GSM band (824MHz-915MHz). Plot 230 is
insertion loss between terminal 192 and terminal 186; plot 232
is return loss of terminal 192; plot 234 is common mode
rejection between terminal 192 and terminal 188.

FIG. 15 is a waveform plot of the electrical response
of the RF coupler for a GSM band. Plot 236 is directivity as
the power between terminal 190 and terminal 186 less the power
between terminal 190 and terminal 192; plot 238 is forward
coupling between terminal 190 and terminal 186; plot 240 is
backward coupling between terminal 190 and terminal 192.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
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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FIG. 15 is a waveform plot of the electrical response of the RF coupler for a
GSM band. Plot 236 is directivity as the power between terminal 190 and
terminal 186 less the power between terminal 190 and terminal 192; plot 238
is forward coupling between terminal 190 and terminal 186; plot 240 is
backward coupling between terminal 190 and terminal 192. While one or
more embodiments of the present i gqtlirpn have been illustrated in detail,
the skilled artisan will appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the present
in\l/gntciﬁnagﬁésgtz forth in the following claims. -22 Claims What is claimed: 1.
A semiconductor device, comprising: a substrate; a radio frequency (RF)
coupler formed over the substrate, the RF coupler including, (a) a first
1. candychiye frace haying,a first end gpupled fo a first terminal of the
semiconductor device, and second end coupled to a circuit node, and (b) a
sécarigssricietive trace having a first end coupled to a second terminal of
the semiegnguctar,device, and secopd epd coupled 9. third ferainal of the, |
semiconductor device, the first conductive trace being placed in proximity to
the R¥irstpartdGt of thels&tbhd conductive trace; and a low-pass filter formed
over the gybstrater yhereip &, $gcend portionof the seagnd cendugtivefrace
operates as a circuit component of the low-pass filter. 2. The semiconductor

courdégicd Bf Blafh 15 Wwhie?ei the RPEotipigr Semiconductor device, and

second end coupled to a circuit node, and

What

(b) a second conductive trace having a first end
coupled to a second terminal of the semiconductor device, and
second end coupled to a third terminal of the semiconductor
device, the first conductive trace being placed in proximity to
a first portion of the second conductive trace; and

a low-pass filter formed over the substrate, wherein a
second portion of the second conductive trace operates as a

circuit component of the low-pass filter.

2. The semiconductor device of claim 1, wherein the RF coupler
further includes:

a first capacitor coupled between the first terminal and
second terminal of the semiconductor device; and

a second capacitor coupled between the third terminal and

circuit node of the semiconductor device.
3. The semiconductor device of claim 1, wherein the low-pass

filter further includes:

the second portion of the second conductive trace;
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further includes: a first capacitor coupled between the first terminal and
second terminal of the semiconductor device; and a second capacitor
coupled between the third terminal and circuit node of the semiconductor
device. 3. The semiconductor device of claim 1, wherein the low-pass filter
further includes: the second portion of the second conductive trace; -23 a
firgt %alp%aqcitor coggleglobretwegn {h%s%c%nd terminal and a f%ur%rétermin | of

the semicondactor élewce;céljndD a'secon %Ssgci%:ol}ecoﬁ%f:e%nbetwegﬁ]tﬁg ird" d e

fourtenmirsdmndal fifth tetminakofithersdmicomduttoridevice.rd] The
semicondugtor device of claim 3 whergin ihe Jwepass. fiterfurther ngludes, o

.S
a?hlrc?capacnor coupled between the second terminal and third terminal o
fiftinetsamiconductdr dévicecBlThedemicondietdratevice of claim 1, further
including a resistor coupled between the circuit node and a fourth terminal

of the semiconductor device. 6. The semiconductor device of claim 1,
4. wheeein g seeshit cohddeikearacelisivaunit b exHilsit aainddttivéow-pass

£11tBOPEHY He A SeMRICORdUCtor dEViEs, COPRHSING A SUPSHAS: BLRdi0en the

frequency (RF) coupler formed over the substrate, the RF coupler including,
secop} dfrstesrductive trazettavirRy B-fifst erfel colisled 8 haRBEeFRiTal SFthece -
semiconductor device, and second end coupled to a circuit node, and (b) a

second conductive trace having a first end coupled to a second terminal of
5. ﬂ%ﬁﬁyﬁ%@ﬁ&@&@PﬁéﬂEeﬂ%ﬁfce of claim 1, further including a

resistor coupled between the circuit node and a fourth terminal

of the semiconductor device.

6. The semiconductor device of claim 1, wherein the second

conductive trace is wound to exhibit an inductive property.

7. A semiconductor device, comprising:

a substrate;

a radio frequency (RF) coupler formed over the substrate,
the RF coupler including,

(a) a first conductive trace having a first end
coupled to a first terminal of the semiconductor device, and
second end coupled to a circuit node, and

(b) a second conductive trace having a first end
coupled to a second terminal of the semiconductor device, and
second end coupled to a third terminal of the semiconductor
device, the first conductive trace being placed in proximity to

a first portion of the second conductive trace; and
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second end coupled to a third terminal of the semiconductor device, the first
conductive trace being placed in proximity to a first portion of the second
conductive trace; and -24 a balun formed over the substrate, wherein a
second portion of the second conductive trace operates as a circuit
component of the balun. 8. The semiconductor device of claim 7, wherein

the RE oupllgr further incluolE s:afir%t aPacitor c%uéoled between the econgl.
un ormed oafe_r e Subs ate, w rella a,secon 8?% i0on
terminal and™ Circuit node; and a second Capacitor coupled between a four

of tteemirrat@nd thencircuitincelet BaThe seatiedrducior devicerofiglainednponent
\A/he egﬁthe balun further includes: the second portion of the second

of t e(? un’, . . .
conductive trace; a third conductive trace coupled between a fourth terminal
and a fifth terminal of the semiconductor device; a fourth conductive trace

5. caypled betweena sxih teyminal, and the Iith termingl.ofthe SEHE%%&" Ulpier

device; a first capacitor coupled between the fourth terminal and fi
furtemingl of U#esemiconductor device; and a second capacitor coupled

betweenthe sixth termjpal-and, the fifth termipal.of the semiconduciar devicg, 4
~10. The semiconductor device of claim 9, wherein the balun further includes
circy hirdessacitdreéoupled between the second terminal and third terminal of

the SoeéGiS%dléféBég%\HS% %Jeu'@‘@e%prgg:gwgggtog dewigeof claimS, yherginy
the third and fourth conductive traces are wound to exhibit inductive

the 5&ﬁﬁaﬁ@g_node-

9. The semiconductor device of claim 7, wherein the balun
further includes:

the second portion of the second conductive trace;

a third conductive trace coupled between a fourth terminal
and a fifth terminal of the semiconductor device;

a fourth conductive trace coupled between a sixth terminal
and the fifth terminal of the semiconductor device;

a first capacitor coupled between the fourth terminal and
fifth terminal of the semiconductor device; and

a second capacitor coupled between the sixth terminal and

the fifth terminal of the semiconductor device.

10. The semiconductor device of claim 9, wherein the balun
further includes a third capacitor coupled between the second

terminal and third terminal of the semiconductor device.
11. The semiconductor device of claim 9, wherein the third and

fourth conductive traces are wound to exhibit inductive

properties.
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-25 12. The semiconductor device of claim 7, wherein the second conductive
trace is wound to exhibit an inductive property. 13. The semiconductor
device of claim 7, further including a resistor coupled between the circuit
node and a fourth terminal of the semiconductor device. 14. A
semiconductor device, comprising: a substrate; a radio frequency (RF)
coupler formed over the substrate, the RF coupler including, (a) a first
conductive trace having a first end coupled to a first terminal of the

12. sémigondudtordeévicepandieh) assecdnd tandudtivertnaceshaving @ firstend!

cond%%%gl'%%_toc 2 second teyminal of the semicondyctar davice, the fst o i
conductive trace being placed in proximity to a first portion of the secon
conductive trace; and an integrated passive device formed over the

13. Sybstrate,, whereln a-second partion of the,second %@H}%@‘%eh%‘%&@%%}e%

as a circuit component of the integrated passive device. 15. The
resisdrpicopduetbe debicewd elaimhE4, silieteinttheRE coupler faakeiincliriesiaal

of thirst capacitor squpled tga third terminal of the semiconductor device; and a

second capacitor coupled to a fourth terminal of the semiconductor device.
-26 16. The semiconductor device of claim 14, wherein the integrated

14. Passiedevigaingudesialowspass filter 17; The semiconductor device of
claim 16, wherein the low-pass filter further includes:
a substrate;
a radio frequency (RF) coupler formed over the substrate,
the RF coupler including,
(a) a first conductive trace having a first end
coupled to a first terminal of the semiconductor device, and
(b) a second conductive trace having a first end
coupled to a second terminal of the semiconductor device, the
first conductive trace being placed in proximity to a first
portion of the second conductive trace; and
an integrated passive device formed over the substrate,

wherein a second portion of the second conductive trace operates

as a circuit component of the integrated passive device.

15. The semiconductor device of claim 14, wherein the RF
coupler further includes:

a first capacitor coupled to a third terminal of the
semiconductor device; and

a second capacitor coupled to a fourth terminal of the

semiconductor device.
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the second portion of the second conductive trace; a first capacitor coupled
between the second terminal and a third terminal of the semiconductor
device; a second capacitor coupled between a fourth terminal and a fifth
terminal of the semiconductor device; and a third capacitor coupled between
the second terminal and fourth terminal of the semiconductor device. 18. The

16. Smicondyctor device of dlaim, 14, wherein e injearaed passive device
includes @ balun. 19. The Sémiconductor device of ‘claim 1. ) vherein the

intepgalanhefirthes mchedes: theosecondlportion of thevsecord danduetive trace; a
third conductive trace coupled between a third terminal and a fourth terminal
of the semiconductor device; a fourth conductive trace coupled between a

17. fifthteradmal cand e fourthateimimad 6f thbasemicondudtor devicgha filstw-pass
£1 1+ &apagitor caypled between the third terminal and fourth terminal of the

semiconductor device; a second capacitor coupled between the fifth terminal
andhthé feurtie teratinal Ot tied sémfcorritetst devivdd ahd eethirdaapacitor

coupled betwegn ihesgeond igrminaland, aq sixih leraunal 05 e rninal and a

~ semiconductor device. -27 20. A method of forming a semiconductor device,
thirgomprginga broVidingsa sepstrte fefhitig & radi6 frequency (RF) coupler

overdbe sybstrate, by @) formipa afirstequductiye fragcehaving a first1entha o
coupled to a first terminal of the semiconductor device, and (b) forming a

£1£ theddttotriuchve trage HairgeRfigtor device; and

a third capacitor coupled between the second terminal and

fourth terminal of the semiconductor device.

18. The semiconductor device of claim 14, wherein the

integrated passive device includes a balun.

19. The semiconductor device of claim 18, wherein the balun
further includes:

the second portion of the second conductive trace;

a third conductive trace coupled between a third terminal
and a fourth terminal of the semiconductor device;

a fourth conductive trace coupled between a fifth terminal
and the fourth terminal of the semiconductor device;

a first capacitor coupled between the third terminal and
fourth terminal of the semiconductor device;

a second capacitor coupled between the fifth terminal and
the fourth terminal of the semiconductor device; and

a third capacitor coupled between the second terminal and a

sixth terminal of the semiconductor device.
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end coupled to a second terminal of the semiconductor device, the first
conductive trace being placed in proximity to a first portion of the second
conductive trace; and forming an integrated passive device over the
substrate, wherein a second portion of the second conductive trace operates
as a circuit component of the integrated passive device. 21. The method of

20. Cgim 20, wherein forming the RE cqupler, further includes: forming a fisf

" capacitor coup?led S athird trminal of_the semiconductor Hevice: and -~ 2°

formingLd segord sapaditor teupled to a fourth terminal of the semiconductor
devies:;2%, The.meflodorelain 20, wherein foring thenfegraled. passive.

device inc rming a low-pas er. 23. method of claim 22,
by, wherein forming the low-pass filter further includes: the second portion of the

second canductiye.frage. forming a firstcapacitor caynled bt‘?&‘%%'ggae first

second terminal and a%’ﬂrd terminal of the semiconductor device;
end fepiiing:d seeord Eapaditor colplkelbetveth fouithcrerMinsdl @nddefifilye, and

terminal pf, the sempicopdugtor device: and forming a third capacitor.coupled, s+
between the second terminal and fourth terminal of the semiconductor
end geyee.c24tPhé nfRed of ERfi 202 WheteiRH6rniing the istegiated drassiry

the ¢Vice inchidesforming-a halun,25,The methad of claim 24, whereld 2 rirst
forming the balun further includes: the second portion of the second
por tdgiyetivé fracee $6rring SRhita ‘conduE i facé G8upled between a third

forming an integrated passive device over the substrate,
wherein a second portion of the second conductive trace operates

as a circuit component of the integrated passive device.

21. The method of claim 20, wherein forming the RF coupler
further includes:

forming a first capacitor coupled to a third terminal of
the semiconductor device; and

forming a second capacitor coupled to a fourth terminal of

the semiconductor device.

22. The method of claim 20, wherein forming the integrated

passive device includes forming a low-pass filter.

23. The method of claim 22, wherein forming the low-pass filter
further includes:

the second portion of the second conductive trace;

forming a first capacitor coupled between the second

terminal and a third terminal of the semiconductor device;
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terminal and a fourth terminal of the semiconductor device; forming a fourth
conductive trace coupled between a fifth terminal and the fourth terminal of
the semiconductor device; forming a first capacitor coupled between the third
terminal and fourth terminal of the semiconductor device; forming a second
capacitor coupled between the fifth terminal and the fourth terminal of the
iconductor dewce and form| a third ca tor coupled between the
s?ggndutl&mlnal andna sm?ﬁ?ermlr(?al 0??h$%§r§ﬁ:bonductegr evf:e e&}@
terminal and a fifth terminal of the semiconductor device; and

forming a third capacitor coupled between the second

terminal and fourth terminal of the semiconductor device.

24. The method of claim 20, wherein forming the integrated

passive device includes forming a balun.

25. The method of claim 24, wherein forming the balun further
includes:

the second portion of the second conductive trace;

forming a third conductive trace coupled between a third
terminal and a fourth terminal of the semiconductor device;

forming a fourth conductive trace coupled between a fifth
terminal and the fourth terminal of the semiconductor device;

forming a first capacitor coupled between the third
terminal and fourth terminal of the semiconductor device;

forming a second capacitor coupled between the fifth
terminal and the fourth terminal of the semiconductor device;
and

forming a third capacitor coupled between the second

terminal and a sixth terminal of the semiconductor device.
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