SEMICONDUCTOR DEVICE AND METHOD OF FORMING IPD IN FAN-OUT WAFER LEVEL CHIP
SCALE PACKAGE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming an
integrated passive device (IPD) in a fan-out wafer level chip scale package (FO-WLCSP). Background of
the Invention Semiconductor devices are commonly found in modern electronic products.

Semiconductor devices vary. irP HELRBEF IR dBRRYIRFEr SRR NEFERRpSfents. Discrete semiconductor
devices generallf@ﬂéﬁ'lgoﬁep R/p@%f%’l‘é‘{iﬁgé{q R eﬁ%‘@é‘.,‘ﬁﬁﬁ?erﬁﬁ%d%%%ﬁ%), 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 sFe{r}al ?d%t%%devi%%seirrl\gygg microcontrollers, microprocessors,
charged-coupled devices (CODs), solar cells, 8id |g‘|ataFm|cro-m|rror devices (DMDs).
The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor

device and method of forming an integrated passive device (IPD)

in a fan-out wafer level chip scale package (FO-WLCSP).
Background of the Invention

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

Semiconductor devices perform a wide range of

functions such as high-speed calculations, transmitting and



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power conversion, networks, computers, and consumer products.
Semiconductor devices are also found in military applications, aviation, automotive, industrial controllers,

and officé 8gGibaif. ©1eCtr SBARcHHdtCtoT dEvick expiiitthe diéctical fiopefiesof semiconductor
materialsg dhe atemic steicidrer-afisemicanduciar material allews dtsielectrgal conslietivity to be
manipulated by the application of an electric field or base, current or through the process of doping.

Doping inffotifees ihpdfifies S tHe SerhfcbRddStb? hate & 18 ¥ianipdfie §R8 C8hfr8iithe conductivity of

the semicepnguctay devicesound i semmiconductor devisawontainsaestive and passive electrical
structures. Active, structures, including §i£olar and field effect tr%nsistors, control the ﬂoﬁ: of electrical
i

current. By VAR THy VSR B ddpG and 8BpIfdatioR bf dh eldetic feld SFBASE LRt the transistor either

promotes-omnresitiots theotiow of electridical carrénttRasstkevices are also found in
military applications, aviation, automotive, industrial
controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving

potentially hundreds of steps. Front-end manufacturing involves



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 ‘pteritliy huhdhedsiofstBps Eront-8n@ mahitatiring fnvoiiesthg f8fmation of a plurality of die
on the sustace of easerisenducter wafera Each die isdypigahy: itenticaland centaingrarcuits formed by
electrically connecting active and passive components. Back-end manufacturing involves singulating
individual"@ia o thé tihishéd wafer Ard pRekading te- Gkt proGiae Shtifarsipport
environmeatal iselatiomponent Qne gaalkofsemicanducior Manytaciuringlisde psadugcel sraker
semiconductqr devic s.gmaller devic%est picall consur%e Iesstgower, Eave h!gher erformance, and can
be produs8d more Etficiently. 1 Addition, ﬁr;h%ﬁ SSmitdhdnctor delidss AdvE A SmaliétfSotprint, which is
desirabledfor smadlesenth praducts. Aipmatier diedsizenmiaydienachieved by impravements in the front-end
process resulting in digjwith smeille(r),fhi her.dens'tgcaccéive andlp sgjcvercomporéer]ct(s). Back-end processes
a

. . n a emicon. r ma a 1ing 1 rodygce .
may result in semicon uc?orgé)ewce packages wi smalfgr ?00 prlntUby m?provemen?s In éiegtrlcal

interconnection end packagingunateriatsevices . Angtherigoal of semonduptor aidnufacturing is to

produce gigger B%rfcirerrslasnce semic ductO{1 clje}/lices. Incr asI(T;% in devié:g (Perforgmgnce ca

be
accomplishe(ﬂ%y orming a%ﬁ\vgjébmp%\rq%nts that ar gé:pa%ﬁe PSSératlng a%?ilgheer 5%58 g.clﬁdhigh

freq_uencynappli@ﬁibhs,igmudia_s radio_ f@@éhé@(}l%F)swﬁé[éss o@mmamnelti@ts@ J'rnt@gra't_e@ fp)assive_
devices () aregftemcqntaingdyithia e, garieonduglor devise. Examplee. ghIEPspglude resistors,

capacitors, and inductors. A typical RF system requires multiple IPDs in one or more semiconductor
package®tpeitsrn thehtnetesshpyr eléefrical fumctios.be achife Py afenegmrfardnformed external

to the die withip.an,ipterconnect structure of the, prRckageQver . temparany carrier fostructural support.
The fully fabricated external IPD and die has a high cost. Adhesion problems have been found
density active and passive components. Back-end processes may

result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 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.

The IPDs are commonly formed external to the die
within an interconnect structure of the package over a temporary
carrier for structural support. The fully fabricated external

IPD and die has a high cost. Adhesion problems have been found



in the IPD passivation over the temporary carrier. In addition, the IPDs require more vertical space than
the baseband semiconductor die and therefore impose a high aspect ratio gap between side-by-side IPD
die and baseband die. Summary of the Invention A need exists to simplify the manufacturing
process and reduce cost in forming IPDs. Accordingly, in one embodiment, the present invention is a
semiconductor device comprising a first semiconductor die including a first conductive layer formed over a

surface of the-fifst SBMicGHAEIGH RO A First indulsting Ay er RT8rhed byeF the first 861tUctio8 1ayer. An
encapsulantisdeposited areundnthedfirstsemiconduetor die: asecand conduistive layer is formed over
the first insulating layer and first conductive layer. A second insulating layer is formed over the first
insulating &eF SR entapsilaft. Athird Eohabtive HYBP &FofmBd Bvef e Eicdpdtidnt tedetermined
distance aweaydeain aifeetpsipnt of the firsbsemiconductos diesrand didn another embodiment, the present
invention is a semiconductor device comprising a first semiconductor die and encapsulant deposited
around the first semiconductor die. A first IPD is formed over the encapsulant a predetermined distance
away from a footprint of the first semig@omnaactpr die. the Invweahdter embodiment, the present invention
is a semiconductor device comprising a first semiconductor die and capacitor formed over the first
semiconductor die. An encapsulant is deposited around the first semiconductor die. An interconnect
structure is formed ovek the edcapsuanst and firshsémiconductonaiel fihecinterognmect straisture includes
an and reduce cost in forming IPDs. Accordingly, in one
embodiment, the present invention is a semiconductor device
comprising a first semiconductor die including a first
conductive layer formed over a surface of the first
semiconductor die. A first insulating layer is formed over the
first conductive layer. An encapsulant is deposited around the
first semiconductor die. A second conductive layer is formed
over the first insulating layer and first conductive layer. A
second insulating layer is formed over the first insulating
layer and encapsulant. A third conductive layer is formed over
the encapsulant a predetermined distance away from a footprint
of the first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
encapsulant deposited around the first semiconductor die. A
first IPD is formed over the encapsulant a predetermined
distance away from a footprint of the first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
capacitor formed over the first semiconductor die. An
encapsulant is deposited around the first semiconductor die. An

interconnect structure is formed over the encapsulant and first

semiconductor die. The interconnect structure includes an



inductor disposed over the encapsulant a predetermined distance away from a footprint of the first
semiconductor die. In another embodiment, the present invention is a semiconductor device
comprising a first semiconductor die and encapsulant deposited around the first semiconductor die. An
interconnect structure is formed over the encapsulant and first semiconductor die. The interconnect
structure includes a first IPD disposed over the encapsulant a predetermined distance away from a

footprint FReFrSEsémitBRAGEIoPUR” Bridf DEREAPBh-6f the DialinGE T M1 el 1P fHigir&tes a PCB
with different fypas-af packages motnted ta s sdifaece; semicdri@se2ar2cdilustrate further detail of the

semiconductor packages mounted to the PCB,; , , ,

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
encapsulant deposited around the first semiconductor die. An
interconnect structure is formed over the encapsulant and first
semiconductor die. The interconnect structure includes a first

IPD disposed over the encapsulant a predetermined distance away

from a footprint of the first semiconductor die.
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
semiconductor packages mounted to the PCB;

FIGs. 3a-3n illustrate a process of forming an IPD in
a FO-WLCSP;

FIG. 4 illustrates another embodiment of the IPD
formed in the FO-WLCSP;

FIG. 5 illustrates a bottom view of the IPD and FO-
WLCSP from FIG. 4;

FIG. 6 illustrates a via and conductive layer formed
in a dielectric layer of the MIM capacitor prior to singulation;
and

FIG. 7 illustrates side-by-side IPD die and baseband

die.
Detailed Description of the Drawings

The present invention is described in one or more



FIGs. 3a-3n illustrate a process of forming an IPD in a FO-WLCSP; FIG. 4 illustrates another
embodiment of the IPD formed in the FO-WLCSP; FIG. 5 illustrates a bottom view of the IPD and
FOWICSP from FIG. 4; FIG. 6 illustrates a via and conductive layer formed in a dielectric layer of
the MIM capacitor prior to singulation; and FIG. 7 illustrates side-by-side IPD die and baseband die.

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

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

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

conductivity in response to an electric field or base current.



Detailed Description of the Drawings The present invention is described in one or more -5- 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 appeftad Tfims dife theirequiFatents asfsupporet by thBSIGHing HistiGsiite Sihd drawings.
Semicondugion devices aregenerally seanHactured dusing twocemplex mansfacturing prosesses:
front-end manufacturing and back-end manufacturing._Front-end manufacturing involves the formation of
a plurality bf e thetsurfite 'ofH'séthicondtttor Water™ Bath die BRIRe WifeA&BhtAINS Gctile and
passive electtisal conapanents,ivkich ase etectdcathy:coanected to form functional electrical circuits.
Active electrical companents, such as transjstors and diodes, have thg ability to control the flow of
electrical current. Pass%\?etél‘é%triac%ﬁ&%E')Sﬁé’ﬁts?&f]léhoﬁ? 85padiors, iﬁaﬂl&%rsg, Ye ig%?g,sanooéﬂl
transformers cereatesa welationshif bebmeereveltagei and curreptaracessary tohperforreelectrieal circuit
functions, Pgs%ive and acIivg compo ents are. formed quer the sur(gac;ce of the sg:miconductor
wafer by a series of progesas, sﬁ%ﬁs% fnelu ing %Bf?wsg,laéﬁgsiﬁgr?, &lo?&ﬁﬁog%pﬁflfnét%ﬁmgf%nd
planarizatien tDbpinghrtrodueesimpuities irtd the semicendusidradateriabby techmigues suchnas ion

implantatiolrh%r tolpeerrggligi;fggion. Th(:aL 19\9 in\gepr(%g%s (r:na@if\i]eas th(_; eA%ctch:alltchIQU(EE\OB/)of semiconductor
material in active o%wces, trang}%?/mlng the semiconductor material into an insulator, conductor, or
dynamicallyychahgingtiecse micpndudtor matérial conduetivity da yésponsead ‘amdeleetrid field or base

current. electroless plating processes. FEach layer is generally

patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
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.



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 exam%le, thin film deposition may involve chemical vapor

depositioR (V) pRYSICA! VAP HERSsIHON 1PVDY Jelbbffolftic pRfiRigCand Blectdfess platiiy processes.

Each laygiis generallypatterned to foraspertions of active cerapenents spassive campanentse or
electrical connections between components. The layers can be patterned using photolithography,

which inBREShE YepodSitdR D Tight Sensitie HiafsiTal &gl PhotstediRt Gver the Bi§er to be patterned. A
pattern isclsamsfeerad frosh arphesamask o thegghataeesist tisinghghinthe portioniafdhe photoresist
pattern sul%jeghed to light is removed usin%a solvent eﬁposin ortions of the undirl jn%lager to be

| :

patterned’ The fenTalnder6r thé Photsiasietis rehioved. Baving Behing Asatterhe terRatively,
some types of mraterials lare pattefraeckby directly depositing the material into the areas or voids formed by

a previous deposmon/e]?tch ro%e(fsmuasrllr&%gec%g!:qlljgs sugpearsselggtrolegt% and electrolytic plating.

Depositing a thin film o Tiaterial over an exis ng pé;[terrn can exagg(é}la & the uﬁaerlying pattern and

create a namgmifetmiydlat sarfaceis baiformly $lat sutface isrequited tol peodutessmalter amnegrmore

densely packlgg ax:tivet ndp sivre components. Plfmarizationtcan e used to rem ve aterial from the
surface of the wafer an gro(g"%e a Ut ni%rrﬁyc%éltrs% rfasclel:PBijarnari%gtglone ﬂ}\%fv%%mpeo%sﬁgg the surface of
the waferiwith atpotishingvad: Aroabrasivetrhatetiat and lcorresivechemisalare @deed totl sorface of

the wafer during B%'i?bﬁl%J@fo%%binq]{%%@%‘Faéﬁ&“%%g‘ec hrastyeAnd cqrrasiye agljon of the

chemical removes any irregular topography, resulting in a uniformly flat surface.
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 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. 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



Back-end manufacturing refers to cutting or singulating the finished wafer into the individual die and then
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 patfsSfolhed Tv8r e sehicohdBétor darettheRTohRECed s cohtdtt Pads within the package.
The elecksicakeannections gan berpade mithesalderiumps, stud bumpsi éonductive paste,8r wirebonds.
An encapsulant or other molding material is deposited over the package to_provide physical support and
electricali5ol&ti P RABREY palkdye iR THER insertetinto &t BIeTHTtar SGste &Td HE functionality of
the semicenductorsievice/isiyaade gvaitabie t0 therethensysierkcampenrenise card,Fl&x 1 illustrates
electronic dsvice 50 havin a chig%carrier substrate or printed circuit board (PCB) 52 with a plurality of

semicondUCtSF pack&gas madHied dhiits Stitface” Efectioic dévidd 56 mMay halid Bng type of

semicondugtprpackageT aemedtiple trpesaf semieonduptordeackagesudepending on the application. The
different t Pes of semiconductornpackages are shawn ir)C FIG. 1 forg).uggoses %f iIIustrCatg)n. Electronic
S C,1lnte a

device 5 m%@ogé: a‘stand-aiohe s?/%?erm Thdt UEes the Semiconductor packages to peﬁorm one or more

electricaldumctionss Altafiatively] etectronicrdevices 50 amayl beg acsubcomponeRE ofa targer system. For

example. glectonic deyice 50,may be.a graphies card, nework infertage caid, of ofhep,signal processing
card that can be inserted into a computer. he semiconductor package can incluae miCroprocessors,

memoriescapplicatiors specific integrated circuits (ASIC), logic circuits, analog circuits, RF circuits,

discrete devices, or other skefrag(.:oqo,lu%tergdigé)r %ci}gig%lscogn%o&g&%l subsé_?ﬂ@' 1,PCB 52 provides

a general substrate for structural support and electrical interconnect of the semiconductor packages
mounted drthetPCB LCondbctive signaltiaestdcare forhed evenasurfagée ©revithin layers of PCB 52

using evapgration, gleatralytic. plating electroless plating,, screep printing or.gther suitable metal

deposition process. Signal traces 54 provide for electrical communication between each of the

semiconductereFackages SmbRtRFcAHifENents arid 6the? exterhalisysterii Tomponents Traces 54 also

provide power and.greypd coppectionsde.each:of the semicenductor packages p1atidg some
embodiments, a semiconductor device has two packaging levels. First level packaging is a technique for

mechaniGaifysi Beéticaly attahif #Fe semidomatetdricito dfitermeédintecafier Second level

packagingigyelves mechanically, apd electricallyattaching-the intermediate capierge the BEB. In other
embodiments, a semiconductor device may only have the first level packaging where the die is

mechani€aily arfif elbBfricEM rotmtetF irecthAo'thg Pegmounted components, and

other external system components. Traces 54 also provide power
and ground connections 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



For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of
semicondift6Ppackalyes, Esiitrired With iy ctinBifiation of frst and’seédnd Rl pakadiigBtyles, as
well as other glecironiceompongnis 2Garibe connecteddo HAhk Sde IN(same embodiments;electronic
device 50 includes a single attached semiconductor packa@g-},]while other embodiments call for multiple

interconreclet! padkiybs By dBhining ohe StH8reseticondiétor Paekades dvet A singrSibstrate,

manufactsenscan incenpprate prerraade eampoaenisantaelectranic fevicesand systerosdBeeause the
semiconductor_packages include soghistic ted functionalit%/1 electronic devices can be manufactured

using chéaper tomponents and & stieamlingd maRlfaludring Prochss: THe radliing Hevites ate less
likely to faif andresscexpenisive toanaadfasture sesiilting #da lower cosy farccansuatersn of  FIGS.
2a-2c sh%w exem I%ry semig%nquctorlpacka]ges.. FIG. 2a wustrates furth%r detall o{lDIP 64 mounted on
PCB 52. Semiconductor die in%l‘ﬁ%es%%cac?i%r}ggiSonyco%%aﬁnl%Sg gqn%Jfog or dl%l ar circuits implemented
as activedevigesp passivedevices,cconductivedayers ranctdiélectriclapers2formeéd withire the die and are

electrically jpisisqnnected aeeording fo thg &lectica) desian gidhe die. ol ample. g clreuit may
include one or more transistors, diodes, IndUCtOI‘S, capamtors, resistors, an other circuit elements formed
within thes agtivecregior:ofrsaraicbadectordiel A4, Chrtactepddsiitare ene af incredayers of edaductive

material, sych as, aluminum (A1), conper (Cu), tin (S, nickel (N gald (Au), or siiver (Ag) and are

electrically connected to the circuit efements formed within
packages over a single substrate, manufacturers can incorporate

pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 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

-10-



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 or epoxy resin.
The package body Includes an insulative packaging 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 fioth ERtaTNG the pdéRageand RBRtMTNAiTEHiR1 74 8F wittThohts 8™+ CONdEFEO D |llustrates

further detai off BC(s 62 meuwred o8 RGB 52 Semigenductendie88-isgounted pver ganrier 90 using an
underfill or epoxy-resin adhesive material 92. \Wire bonds 94 pravide first level packaging Interconnect

between SOntac? Pads 68 Hnt og: MEiryf caHPp&EHY &r BAtagstidnt odhs %‘%pEEl‘fé&l@ger

semiconadyeier,die B8sandwiredwonds 94rtosproviciephysicadi suppert and €lecirical dsalatian,tor the device.

Contact pads 102 are formed over a surface of PCB 52 using a suitable metal de ositiog grocess such as
[

electroly e piatiig BF efbttrofesd pIStig o prevent BXidation. Cotict pads 05 Al Qb tricaily connected
to one orgnorenconductive sighal Baces b4 in PGB B2tBumps 104tareformed behwesreeontact pads 98

of BCC 62 and contact pads 102 of PCB 5 In FIG. 2¢, semicopductor die 58 is mqunted face
down to R AE Arer 106 wih i 2> S TraGa ARG AChvE TEISA 08 o

semiconductor died8ocaritains ahatogeovdigitaheircuis Impleneentédraskactive devicesnpassive devices,
conducti\lﬁg—:‘ollagg{lsr gngndoilelggg_[ig iI%)ieerg f%g:ng(rand %%%orrdiin to tﬁg el%cctgcal deas}g{] of the die. For example,

. ; t o a?e ) . .
the circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit

elementsowithiipractive iregichi 08, SemicondectordigsE 8 is-electrically and mechanically connected to
carrier 106 through bufps 119, 111, BGA 80 is glecirically and;meghanically.connecied to PCB 52

with a BGA style second level packaging using bumps 112. Semiconductor die 58 is electrically
connectedito‘ondbetive SighalpacEsBain ACB SBthrsuge boirpd 106 sigral ines 194, and bumps

112. A malding compoyad of eneapsulan LS isdenosited over semiconglugior e S8iangcarrier 106 to

provide physical support and electrical isolation for the device. The flip chip semiconductor device
provides RSHbt Sléciicarésiriuctivn palitiom hecdiveHevicesvrrsemrehdbeey 858 to conduction

tracks onRGBRZ ingrder sreduge signal M&%@O@&iﬁi@aﬁ% '8W%ﬁ%%%@@ﬂ§ﬁta@% improve overall
circuit performance. In another embodiment, the semiconductor die 58 can be mechanically and

electricalRFEUthetfst QiYscilytB8TPCBBIUIRG flpéhip Stylé first iVl Baekagidd withobBE Mteérffediate

carrier 1Q6,ysical support 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
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FIGs. 3a-3n illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming an IPD structure over a
semiconductor die. FIG. 3a shows a semiconductor wafer 120 with a base substrate material, such as
silicon, germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A
plurality of semiconductor die or components 124 is formed on wafer 120 separated by saw streets 126
as described above. FIG. 3b shows a cross-sectional view of a gortion of semiconductor wafer

120. Each¥emiBordiittor GiBMPARSE & SELiVE Surfdce 28 E6htamifg ah¥loy 6t digital circuits

implementedrasractive devicesn passive deviegsraenductive Layersgandgiglectric dayers formed within
the die and electrically interconnected according to the electrical design_ and function of the die. For

example, the circuit m&rmclide’ohedFmbre Fandéit8 diBaEL Hhtlathey ciriif Eighfehts formed within
active surfaee 128wa tmplensent anajogeciseiitsror digital Tirpuits syichasudigital signa pracessor (DSP),

ASIC, memory, or other signal processing circuit. Semjiconductor die 124 may also contain IPDs, such as
inductors” CAFSAHETS i ré Jrs{%)o 2 fdﬁ?ﬁileg?ﬁf bFoche gingonnecte n%ﬁsﬁgfi]ﬁ%l 5F disfectric layer 130
is formedsavgraactive sueface 428rof semiconducterndia 124mising PYD, G\VD aprintings spinleopating, spray

coating, or thermal oxidation. The insulating layer 130 can be one or more layers of silicon dioxide (5i02),
3 D, iton oy T o B Ber R AaE A0, Smiham oxde (A20).

silicon niffide ( ICOn oxynitride
polyimideddenz otyclobutene BT BY opolyloernzoxazeleS{P8Q), orothes suitélsle whelectricimaterial. In one
embodim%tgsini%tgtiltiré%ﬁgg%%% is;a thermal oxide. .The in%lilatin% Iq)/e{%%éerves to plfi\g%rize the

Lect 1 " :
surface of sémiconductor wafer i%g 6 w%ﬁro{/lecsatlep %:(S)\?er%geoo? suBsequeent e\f)%)gﬁlon and lithography

processirfgl stepshAn optionalcohdtictive ¢iavl35 carr be forwed: thrbaghy irsldatingilayer 130. An
electrically conauctiye layer 132,15 formed qverdnsulating layer 130 using pafierning ang BVD; CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conductive |®@rdd2tcarrbd bAc P nearelayers of A, CudsH, NP AteAgcer atiershitable electrically

conductive material; ., ; A1 optional esistive layer 134 is formed quer.insulating layer 130 and

conductive layer 132 using PVD, CVD, or other suitable deposition process. Resistive layer 134a is
formed ovefinsilating Tay@riB0osand resistVeClayer 134% fonmet over eoAGUELVRIEYET32. In one

embodiment, registive, pe mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-3n illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming an IPD structure over a semiconductor
die. FIG. 3a shows a semiconductor wafer 120 with a base
substrate material, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of semiconductor die or components 124 is
formed on wafer 120 separated by saw streets 126 as described
above.

FIG. 3b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has an
active surface 128 containing 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
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layer 134 can be tantalum silicide (TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr), titanium
(I1), titanium nitride (TIN), titanium tungsten (TIW), or doped poly-silicon having a resistivity between 5 and
100 ohm/sq. Conductive layer 132 and resistive layer 134a are electrically connected through conductive
vias 135 to the circuits on active surface 128 of semiconductor die 124. In FIG. 3c, an insulating
or dielectric layer 136 is formed over the entire active surface 128, including insulating layer 130 and

resistive fYr 182 °G<ing pattefriing ana PVB CEVE: PRy, Spit cGatitg! spraif¥oatity 8 thermal

oxidationoBe dasulating layen 136 €an He ene-aermore layess aE$102,r-213N4, SIOhk 1a205, Al203,
polyimide, BOB, PBO, or other suitable dielectric material. In FIG. 3d, semiconductor wafer 120 is

singulateﬁ%iﬂ'lega\ﬁbﬁjdéloﬁﬁa’ééy EutfiHg 16619 38Rt M dVIBRIAT SeHicSHUCESF did 1941 TS ©F n FIG.
3e, a subsirate- an carfiet 140 €pntairs temperagy ek sacifigiad base maiesaksuahsas) silie@T, olymer,
polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide, or.other suitable lpw-cost, rigid
material %?@grﬁt\ft’urglrsu%%%ﬁrAﬁl 0 aPi%?ecr?aSc Y3Jer 142 B4l be formed sUEHSarrer 146 as a
temporary doubleysided adhesive tape Bb bpndingtilms Usingha picksand-plase dperations and leading with
insulating layer 1‘1536, the assembly 144 dfscribed in FIGs. 3a-3d is mounted to carrier 140, as shown in
FIGs. 3e=3t. 52" %k %rg S oﬁslgﬁ%ncgﬁgﬁgﬁtsc}rnr%c}lding compound 146 deposited over
semiconductor die 1242andi canite 140 @sing a pastequrmting] egrmpréssivel moldimgetransfermolding,

g‘g‘r}:‘:ﬂg%@%&%&@%ﬁ% "’%%”BP@Q&£‘8Bh%ﬁl%t@8£sﬁi£%b'% applicatay ERFgpspigpt 146 can be
printing, spin coating, spray coating, or thermal oxidation.
The insulating layer 130 can be one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or
other suitable dielectric material. In one embodiment,
insulating layer 130 is a thermal oxide. The insulating layer
130 serves to planarize the surface of semiconductor wafer 120
to improve step coverage of subsequent deposition and
lithography processing steps. An optional conductive via 135
can be formed through insulating layer 130.

An electrically conductive layer 132 is formed over
insulating layer 130 using patterning and PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 132 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material.

An optional resistive layer 134 is formed over
insulating layer 130 and conductive layer 132 using PVD, CVD, or
other suitable deposition process. Resistive layer 134a is
formed over insulating layer 130, and resistive layer 134b is

formed over conductive layer 132. In one embodiment, resistive
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such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 146 is
non-conductive and environmentally protects the semiconductor device from external elements and
contaminants. FIG. 3h shows an optional step with grinder 147 removing a portion of encapsulant
146 and bulk material from back surface 148 of semiconductor die 124, opposite active surface 128. The
back surface 148 of semiconductor die 124 is co-planar with a top surface of encapsulant 146 following

the optiot&@ gHnding‘ protese tantadshtiriing froATFIG 230 Catricr 140 86d 1RtEffade layer 142 are

removed dyicherdieal, etching, meehanicahpesliaffa CMPcmechanicahgrinding.ithermakbakestaser
scanning, or wet stri%)i,n . The removal process further takes away a portion of insulating layer 130 and

encapsulaht146%s AT EIGISI™ Cung§h alird CafBtolithb g FEPRTE pRset¥s Sant instifating or
passivatianayes 150rs farsed,over insulatirg layes 136 and encapsulant 46 byRV B CVE; printing,
spin coating, spray coating, or thermal oxig tion, as shawn in FIG. 3]. The insulating layer 150 can be one
or more lhyérs 86102 S13K4, SIO: Ta205- AR0R, B SiHeh Hidtbrial RAVIAG SuTtable Heliathg
propertiesolncane: embodiment] msutatingHayeriksfuistaspalymes dietectiar Fhe nsufatingflayer 150 is
patterned with a portion of the insy%ing layer being removed by an etching process to expose insulating

layer 136 and resis R/%ﬁgﬁr 4a and 134b. The insulating layer 150 can be used as a mask for
subsequent processing stepsc. 3c, HIMFIG Bk anislectacallyiedrmlictive layey 45218 forived over

insulating.|aer.139, a0 insilating laver 150 isin patierning:and PYD, GYR putering. elegtolytc
plating, electroless plating process, or other suitable meta deposition

layer 130 and resistive layer 134, using patterning and PVD,

CVD, printing, spin coating, spray coating, or thermal

oxidation. The insulating layer 136 can be one or more layers

of S1i02, Si3N4, SiON, Taz205, Al203, polyimide, BCB, PBO, or

other suitable dielectric material.

In FIG. 3d, semiconductor wafer 120 is singulated with
saw blade or laser cutting tool 138 into individual
semiconductor die 144.

In FIG. 3e, a substrate or carrier 140 contains
temporary or sacrificial base material such as silicon, polymer,
polymer composite, metal, ceramic, glass, glass epoxy, beryllium
oxide, or other suitable low-cost, rigid material for structural
support. An optional interface layer 142 can be formed over
carrier 140 as a temporary double-sided adhesive tape or bonding
film. Using a pick and place operation, and leading with
insulating layer 136, the assembly 144 described in FIGs. 3a-3d
is mounted to carrier 140, as shown in FIGs. 3e-3f.

FIG. 3g shows an encapsulant or molding compound 146
deposited over semiconductor die 124 and carrier 140 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable

applicator. Encapsulant 146 can be polymer composite material,
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process to form individual portions or sections 152a-152c. Conductive layer 152 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. The individual portions
of conductive layer 152a-152c can be electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. In a second photolithographic process, an

insulating or passivation layer 154 is formed over insulating layer 150 and conductive layer 152 using
patterning &nd PYDEBAY, printing, Lpiftoktind, Spray R8&ting: OF YHérhTal bkidatibhl TRE instiating layer
154 can be opeor maredayersf 5132, 1SidN4, SION2Fa20%MA203 coriathexmaterial havingesuitable
insulating properties. In one embodiment, insulating layer 154 is a polymer dielectric. The insulating layer
154 is paterhéd With A BEHI6A bt thePnhRGhg 1&y8 bEfY FEHoved By at®ickifg bro8ess to expose
conductiveclayen 152 cantheptionally forw viasntorexpose resistive layer 134a and 134b. In FIG.
31, an electrically conductive!3 er%SG is formed qver conductive Iagfer 152, insulag‘?eg layer 154, and
resistive layer 134 using pattetiing Sra PYD, VD SitntefingPelbelolyae bikting, efectroless plating
process, oeather syitableanetab depasitian precessrto fars individal iportiens on sectionsm 56a-156i.
Conducti%% Iq{yesr 15 can Qeélgn(ejﬁr more Ia¥le s of Al %L{ SQQBféQéJpA égrcgther suitable electrically

. C u e semliconductor .. active
conductive matérial. The individGa porf?ons of conductive ?ayer i can be electrically common or

electricalbusdlated degendiigenithekconnediivity of 4% mdividudl semiconductoridiel 24 is In a third
Doy apis HoCSeS AndnSualing of presaTal ey eLATa It loTed el Jienlgging faver 154 and

conductive layer sing spin coating, C printing, sintering, or therma oxidation. The
insulatingplatyep 188 can beddmeyopmote fgyers of Si02, Si3N4, SiON, Ta205, Al203, or other material

having suitable insulati@grptrg%qigﬁ; [pr%r;(g %’i@?dﬂg‘?ntcﬁk_sy&aékﬂgl'%?fa%%? is @ polymer dielectric. The

insulating layer 158 is patterned with a portion of the insulating layer being removed by an etching
process tbeexpose conduetivecrager 856y, 186Hnand 156i.ching, mechanical peel-off,

CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping. The removal process further takes away a portion of
insulating layer 130 and encapsulant 146, as shown in FIG. 31i.

In a first photolithographic process, an insulating or
passivation layer 150 is formed over insulating layer 136 and
encapsulant 146 by PVD, CVD, printing, spin coating, spray
coating, or thermal oxidation, as shown in FIG. 3j. The
insulating layer 150 can be one or more layers of Si02, Si3N4,
Si0ON, Ta205, Al203, or other material having suitable insulating
properties. In one embodiment, insulating layer 150 is a
polymer dielectric. The insulating layer 150 is patterned with
a portion of the insulating layer being removed by an etching
process to expose insulating layer 136 and resistive layer 134a
and 134b. The insulating layer 150 can be used as a mask for
subsequent processing steps.

In FIG. 3k, an electrically conductive layer 152 is
formed over insulating layer 136 and insulating layer 150 using
patterning and PVD, CVD, sputtering, electrolytic plating,

electroless plating process, or other suitable metal deposition
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An optional electrically conductive layer 160 is formed over conductive layer 156a, 156h, and 156i using
PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition
process. Conductive layer 160 can be one or more layers of Ti, TiW, NiV, Cr, CrCu, Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. In one embodiment, conductive layer 160 is an
under bump metallization (UBM) cqntaininéya multi-layer metal stack with an adhesion layer, barrier layer,

and seed®AvEtiRg 1 AyeP “The AGHeGION fay e ' fotiRE SVer EBRATGRIR 1ay&r156: 456h, and 156i and
can be T JiNuEW A, 0rgRoMiBM (G The baries layes isformed-aves thevadhesion dayer and can be
made of Ni, nickel vanadium (NiV), platinum (Pt), palladium (Pd), TiW, ar chromium copper (CrCu). The
barrier lafér infilbitstfle diffusio’6FCa rtbtheé achive GFea GFtheYdi& T S&ed fay? £ah ba'cu, Ni, NiV,
Au, or AlTTke seed ayet is fasmedioves the bagief layerandlacts as Bsviatergesliaie copductive layer
between conductive I%{&r 156a, 156h, and 156i and ri{;ﬂbse ueiL‘nt solder. bumﬁ)%or other interconnect

|

structure SUBNF 160 provideS BTG resisfive intéreoAnect to eondustive RyeF 1965 186h" Afid 156i, as
well as adarntierdoisoldsr diffusioe ahd&eeddaydr feesdldenwettabititydie . In FIG. 3m, an electrically
conductive bump matefial is deposited gver UBM 160 Lising an gvaporation, electioMlic ¢ i ng

or passivation layer 154 is formed over insulating layer 150 and

conductive layer 152 using patterning and PVD, CVD, printing,

spin coating, spray coating, or thermal oxidation. The

insulating layer 154 can be one or more layers of Si02, Si3N4,

SiON, Ta205, Al203, or other material having suitable insulating

properties. In one embodiment, insulating layer 154 is a

polymer dielectric. The insulating layer 154 is patterned with

a portion of the insulating layer being removed by an etching

process to expose conductive layer 152, and optionally form vias

to expose resistive layer 134a and 134b.

In FIG. 31, an electrically conductive layer 156 1is
formed over conductive layer 152, insulating layer 154, and
resistive layer 134 using patterning and PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections 156a-156i. Conductive layer 156 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. The individual portions of conductive
layer 156a-156i can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die.

In a third photolithographic process, an insulating or
passivation layer 158 is formed over insulating layer 154 and

conductive layer 156 using spin coating, PVD, CVD, printing,
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plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au,
Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux solution. For example, the bump
material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to
UBM 160 using a suitable attachment or bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form spherical balls or bumps 162. In some

applicatichs bampedre L areefibiRd £Sectd tifle to Thprovesdléatritafeortidttto UBMCEED. The

bumps case alsedheeompressionbendedrtosdBM, 16Q. Bumps 161 represest one type, ofdaterconnect
structure that can be formed over UBM 160. The Interconnect structure can also use bond wires, stud

bump, midt& Banip? bf birfer léctricd intérddtnett. Contiuttive fayre 852 ahidS156, bunP¥ 162, and

insulating:tayeesi 420, t1 54 asd 1158 epnstitite a hukl-up Inteonneet-staiciurec164 of. FOTWE CSP 166.

The structures_described in FIGs. 31-3n constitute a plurality of passive circuiriael ments or IPDs. In one

embodiment tohatidtive AYer 1%851 ahd @%F%ﬁﬁé)in‘ﬁﬁg o138, rodigtivelay&r 134b, and conductive

layer 132iconstitute mgmetaldinsuaton metah(dMib) capaeitoreloth Resistivedayer I3dacbetween

conductive Iaglelr %52% agd 156h i% glaresiféo elemeéqt '{15231? passive circuit. The individual sections of
b-1

conducti\?eolréyef: 5 %é]%]én]be wbun okr1 toiled in plan-view to produce or exhibit the desired

properties of an Inductan1?@tConductiwédayeriks56bt 1568 isformédat least 50Imierameters away from
the footprint of semiconductor.die, 124 to.reduce inter-device Interfer with MIM ¢ itor 168. FIG. 3n
shows a SSﬁénr%C?/iéW%? FOWLCSP 166. The 1P rgs%t?dct\érge%shl’GS%%%%%ﬁdél alectrical characteristics
needed f6VhighSraguescy applicatiorsy sdot: as resorators, highepdassfiless, lowepgassdilters, band-pass
filters, symmetri HI-Q resqnant transfarmers, matehing.netwarks, and tuping.capaciiprs, The JEDs can
be used as front-end wireless RF components, which can be positioned between the antenna and
transceivefYRe ihdlbctor cahheca hi-Orbalan stramsfeimsero br €oil, dpefating-Up t6100Gigahertz. In some

applications, mylipia palyrs are formed over 3 same substeale Allowdag mul papd operation. For
example, two or more baluns are used In a quad-band for mobile phones or other global system for
mobile (GSMYe6MEniBatiGHS. @ach balurPdéedieateadors requeReyBaid 6 opédtion df the uad-band

device. AJtypicahRF systemrequires; mutiple, IRBgand atherhigh fleayency eircuits,in,ong-qeramore
semiconductor packages to perform the necessary electrical functions.
stack with an adhesion layer, barrier layer, and seed or wetting
layer. The adhesion layer 1is formed over conductive layer 156a,
156h, and 156i and can be Ti, TiN, TiW, Al, or chromium (Cr).
The barrier layer is formed over the adhesion layer and can be
made of Ni, nickel wvanadium (NiV), platinum (Pt), palladium
(Pd), TiW, or chromium copper (CrCu). The barrier layer
inhibits the diffusion of Cu into the active area of the die.
The seed layer can be Cu, Ni, NiV, Au, or Al. The seed layer is
formed over the barrier layer and acts as an intermediate
conductive layer between conductive layer 156a, 156h, and 1561
and subsequent solder bumps or other interconnect structure.
UBM 160 provides a low resistive interconnect to conductive
layer 156a, 156h, and 156i, as well as a barrier to solder
diffusion and seed layer for solder wettability.
In FIG. 3m, an electrically conductive bump material

is deposited over UBM 160 using an evaporation, electrolytic
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The IPD structure 168 formed over semiconductor die 124 simplifies the manufacturing process and
reduces cost. The MIM capacitor 168 and resistor 134b are formed on semiconductor die 124 prior to
depositing encapsulant 146. Other IPDs, such as Inductor 170 are formed after encapsulation, which
saves manufacturing cost by reducing the required number of lithography layers: one layer to etch back
insulating layer 150 and form conductive layer 152, one layer to etch back insulating layer 154 and form
conductive-RyeF $56 S GRE 14y2T t& efch'Btk iRsdiatifg Myrer A58 HctofmMuris 262. In addition, by
only forming, MiMscapaciter anehpesistor 134b opsemieondyctendienti24, ang fagmingdhe @spect ratio of
the gap between sideby-side IPD die and baseband die can be reduced, see FIG, 7. FIG. 4
shows art HiterA8t& EmbodifetTURtiRGng From FI&T 3P an &dtlically CordRitive 14yer172 is formed
over insulaiingdayer. 136-and ésitaing, layerldhusingpadterring cand BY DGR sputietfingy glectrolytic

plating, elect olzlsspatin rocess, or.oth r%uitable etal depasition process to form individual portions
7 S0 SF mord ayerd TN

or sections 7223721 % tive Tayer 172 ¢an b 5 oF moré f ATET SR INIT Au, Ag, or other

suitable élecisieally-conthictive Mnatetialy Thedndivisluabpartioasiafieanductiviedayemb72a-172f can be

electrically common or electrically isolated depending on the connectivjty of the individual semiconductor
gk e mdad %’%‘Lb fegial 2 ind d

die. For x%?r(fﬁéc’,sdon ictive ?ayenF1 ise e’ctnca?ly connected 10 Tésistive f%lyer 757 akr%t\fl conductive

layer 172uek2enis électrivalbecormniectéobteeresistivedayerriB4aoint to Andnsulatihg o passivation
layer 174bi§lfgrsm%q:o%%§nin§ulf1g9g Iayfr 150 andacorld.uggi)ﬁl%ljz%yser lgg usinqg?tterning and PVD, CVD,

printing, spin coating, sprgy coating, or thermal oxidation. The ms’ulatlrﬁnéjlzlyer 74°can be one or more

layers (_)f Bﬂﬁl @ﬁ@lﬂd_f,aSiW,OT@QOféi,m&Z@& drrmh@r\mateliad:ha&iﬂgl_su¢tab|'eain§ula_tin@lpli’b|defrﬂe_s. In one
embodiment, insylating layer 174 is,a polymer dielegric, The insulating layeg 474 is pafiemed with a

portion of the insulating layer being removed by an etching process to expose conductive layer 172.
An electricaity esadlictivedayeicE? s fonhed oveneoductive tayera 72hand psilating fayerely 4 using

patterning 20 g, GYP sputtering,lectiolyicplaling leciialess platingpragess, sp gther suitable

metal deposition process to form individual portions or sections 176a-176i. Conductive layer 176 can be
one or mBie RyersSéiAl, BUmSn, WA, Aot otRér Stitadle elkeftically ebndudtRednateriak The

individuakportions of conduyctive layer 1Li6a-146i cap bg.elechically camman, ok electyically isalated
depending on the connectivity of the individual semiconductor die. For example, conductive layer 176a
and176&&&?e%éﬁkaﬁ@@o%@ﬁxéﬁﬂftitUte a build-up interconnect structure

164 of FO-WLCSP 166.

The structures described in FIGs. 31i-3n constitute a
plurality of passive circuit elements or IPDs. In one
embodiment, conductive layer 156g and 152b, insulating layer
136, resistive layer 134b, and conductive layer 132 constitute a
metal insulator metal (MIM) capacitor 168. Resistive layer 134a
between conductive layer 156g and 156h is a resistor element in
the passive circuit. The individual sections of conductive
layer 156b-156e can be wound or coiled in plan-view to produce
or exhibit the desired properties of an inductor 170.

Conductive layer 156b-156e is formed at least 50 micrometers
away from the footprint of semiconductor die 124 to reduce
inter—-device interference with MIM capacitor 168. FIG. 3n shows
a bottom view of FO-WLCSP 166.

The IPD structures 168-170 provide electrical
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conductive layer 172a, conductive layer 176f is electrically connected to conductive layer 172b,
conductive layer 176g is electrically connected to conductive layer 172c-172d, conductive layer 176h is
electrically connected to conductive layer 172e-172f, and conductive layer 176i is electrically connected to
conductive layer 172f. An insulating or passivation layer 178 is formed over insulating layer 174
and conductive layer 176 using spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The

insulating* Ay $ 78 Tan e oné 6P fore T&ferd 6P Si0Z STINA SIONPPTE205. APIE3, of Btferthaterial

having suitabie, insulatingrorgperties sinFane: embodiments insylatingdayey, 1 i&isa-palymer dielectric. The
insulatingrjcbla er 178 is patterned with aé):rtion of the insulating layer being removed by an etching

process 068 condURiVe hSef 176, /T 3Rl 17671 S TOT A opligidi &tédrically conductive
layer 18nis faned pvemepnductivie layasdd6ao186h, antkl IdinusingaRVEBs CA42 spuktefingnelectrolytic
plating, electroless plating process, or other suitable metal deposition, process. (%onductive Igyer 180 can
be one or foré faye §§)F‘T§FTi\ﬁﬁIRﬁ\9P€RtCQ‘rCLW T CUCER, NE AR At bF Bitfer titdbie el&tcally
conductivenmaterial ainconerembodiment,. cormductive dayer :80ds manddBM edntaininglamulti-layer metal

stack Witr% gnnasdpgsli((l)anayoe]:r, t():%rlri r Ia(}/eé,rar]cdi%eed or \Q/gtt'gigpl%er gggilracr Zto co?guct(ijvrgelayer 160.
An electrlcaﬁy conductive bump ma eriafis d%posf?edlgver U 1 d%smg an évaporaﬁ"on, electrolytic

plating, eteatrolesstplating, ballldrop ler $créen priating provess. The bumpmeteriallcandsecAl, Sn, Ni, Au,
Ag, Pb, Bail,lcf‘u sol e%@fgic_ ml| Hations thereof, Witp(%_p oe[g;[g)rtqlghggx §olution. Far ex%rgellem@e bump

material can gg& ectic Sn/P ,%Ilgh(-jlgg AELont e oR o

are used in a quad-band for mobile phones or other global system
for mobile (GSM) communications, each balun dedicated for a
frequency band of operation of the quad-band device. A typical
RF system requires multiple IPDs and other high frequency
circuits in one or more semiconductor packages to perform the
necessary electrical functions.

The IPD structure 168 formed over semiconductor die
124 simplifies the manufacturing process and reduces cost. The
MIM capacitor 168 and resistor 134b are formed on semiconductor
die 124 prior to depositing encapsulant 146. Other IPDs, such
as inductor 170 are formed after encapsulation, which saves
manufacturing cost by reducing the required number of
lithography layers: one layer to etch back insulating layer 150
and form conductive layer 152, one layer to etch back insulating
layer 154 and form conductive layer 156, and one layer to etch
back insulating layer 158 and form bumps 162. In addition, by
only forming MIM capacitor and resistor 134b on semiconductor
die 124, and forming the aspect ratio of the gap between side-
by-side IPD die and baseband die can be reduced, see FIG. 7.

FIG. 4 shows an alternate embodiment continuing from

FIG. 3j, an electrically conductive layer 172 is formed over

insulating layer 136 and insulating layer 150 using patterning
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solder, or lead-free solder. The bump material is bonded to UBM 180 using a suitable attachment or
bonding process. In one embodiment, the bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 182. In some applications, bumps 182 are reflowed a
second time to improve electrical contact to UBM 180. The bumps can also be compression bonded to
UBM 180. Bumps 182 represent one type of interconnect structure that can be formed over UBM 180.

The interédfinéct Struci{ffe caREINE G Bon§ Wirest Stiddump;imicrd hunfp: oF btkdrel&ctrical
interconneck tGongdustive dayers d#2 ekl 6 bumps) 282, andhingulating tayess 460t 44, and 178

constitute a build-up interconnect structure 184 of FOWICSP_186. The structures described in

FIG. 4 conSfifite RPiirkiitAdr passiveCaiftut el EMehts oriPDE i bré embdifehE ‘chhluctive layer
172c andLk{Gy; insulatinghlayer 36, resistive dayes1s4b, amnd conduetivedayenti32 ganstitdte a MIM
capacitor 187. Resistive layer 134a%between onductive Ia%er 172d and 172¢ is a resistor element in the

passive Gitcuft & individaa Sections of cAduclive TRVt 176651 766 €4 B& wourtFor coiled in plan-view
to producenariexhihit theodesireshpropértiesrafantindacton 188. EIR.5-shiavs adottem view of
FO-WLCSP 186. . FIG. 6 shows a alt%rnate mbodiment siglilgr to FI&%.. 4 with et%‘hing of

insulatinge <':1(§”/(¢§8rC 136 %%i%?]tocgfﬂ@ﬁféti%. An electricat ylc%n%licj% Ve Fayer 7867 formed In the removed
portion ofimsukating vayer 136 usieg patterningand £MD,CCYBusputterihics eledrotytiesplating electroless
plating proc sS; ()Crio\;gerl%uitablzejL %alidsepé)fietigg  rocess to form ingiéicgu%l)poretigng or sections

n, Ni,

190a-190f- Conductive Iay(\e/re 190 can be one or morecf?i%/e?]s gfo,&l?%%, u, ,&g,tolrvoether suitable

electricalecoriduttivids nraierialoTHe dridividualbportions oficondisctive Iayler90ackd0fican be electrically
common o electrically Isolated. depending on the ggnnectivity of the individual semiconductor die. For

example, conductive layer 190a is electrically connected to resistive layer 134b and conductive layer
190c-190d is electricalfrcorneeiat - toresiztive deruddacn layeFIQ. 77 shews senticormiietor die 194

containing,analag ondiaitaliteuits gmplemented,as.agive deylces, passiue devises.canuicve layers,
|

and dielectric layers formed within the die and electrically Interconnected according to the eléctrical
design afddfurictiBn of e diet FoF eRamphe the eredit Afay 1ABINEE offeedrimbre RansiSoFs alodes, and

other circyitelemepts formgd within its active surface to;lmplement apalogLircyits or digitalcircuits, such
as DSP, ASIC, memory, or other signal processing circuit. Semiconductor die 124, MIM capacitor 168,

and Indu€tbr 3 784mplem&itted B Cbndtbve tayer 486 /areel&tically et el focsehrigonductor die
194 with yaces 396. Semicondustorglie 384andWLCEP 166 arenmounted sidesbyssidg within package

200 with traces 196 routed to external pins 202. The IPD structure 168 formed over semiconductor die

124 simplifids thelhanbfacturitiy grocess afd Fedades  cost P Phe MiNt Gdpdestor 288 and tésisfor 134b are
formed op semieonrductardie sl 244arior 4a depositing ensapsiantyl46,.LthepdRRg, sughasstinductor 170
are formed after encapsulation, which saves manufacturing cost by reducingjhe required number of

lithograptty 153/2rS: OHe iBJePto % tER Babk instiatiy 1598F150 4K farmY Sonductive layer 152, one layer to
etch back insulating layer kb5deand faral cgndutive dayerd 56; and onedayer toetal back énsulating layer

158 and form bumps, 162 In addugn, by only forming MIM capacitpr and 1eSIStol -t terning
and PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form individual portions or sections 176a-176i. Conductive
layer 176 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. The
individual portions of conductive layer 176a-176i can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. For example,

conductive layer 176a and 176d are electrically connected to
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134b on semiconductor die 124, and forming the aspect ratio of the gap between side-by-side IPD die
and baseband die can be reduced. 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. Claims What is claimed: , , ,
conductive layer 172a, conductive layer 176f is electrically

connected to conductive layer 172b, conductive layer 176g is
electrically connected to conductive layer 172c-172d, conductive
layer 176h is electrically connected to conductive layer 172e-
172f, and conductive layer 1761 is electrically connected to
conductive layer 172f.

An insulating or passivation layer 178 is formed over
insulating layer 174 and conductive layer 176 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation.
The insulating layer 178 can be one or more layers of Si0O2,
Si3N4, SiON, Taz205, Al1l203, or other material having suitable
insulating properties. In one embodiment, insulating layer 178
is a polymer dielectric. The insulating layer 178 is patterned
with a portion of the insulating layer being removed by an
etching process to expose conductive layer 176a, 176h, and 1761.

An optional electrically conductive layer 180 is
formed over conductive layer 176a, 176h, and 1761 using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 180 can be one or more layers of Ti, Tiw, NiVv, Cr, CrCu,
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 180 is
an UBM containing a multi-layer metal stack with an adhesion
layer, barrier layer, and seed or wetting layer, similar to
conductive layer 160.

An electrically conductive bump material is deposited
over UBM 180 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For

example, the bump material can be eutectic Sn/Pb, high-lead
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1. A semiconductor device, comprising: a first semiconductor die including a first conductive layer
formed over a surface of the first semiconductor die; a first insulating layer formed over the first
conductive Layer; an encapsulant deposited around the first semiconductor die; a second conductive
layer formed over the first insulating layer and first conductive layer;

solder, or lead-free solder. The bump material is bonded to UBM
180 using a suitable attachment or bonding process. In one
embodiment, the bump material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 182. 1In some applications, bumps 182 are reflowed a
second time to improve electrical contact to UBM 180. The bumps
can also be compression bonded to UBM 180. Bumps 182 represent
one type of interconnect structure that can be formed over UBM
180. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect. Conductive
layers 172 and 176, bumps 182, and insulating layers 150, 174,
and 178 constitute a build-up interconnect structure 184 of FO-
WLCSP 186.

The structures described in FIG. 4 constitute a
plurality of passive circuit elements or IPDs. In one
embodiment, conductive layer 172c and 176g, insulating layer
136, resistive layer 134b, and conductive layer 132 constitute a
MIM capacitor 187. Resistive layer 134a between conductive
layer 172d and 172e is a resistor element in the passive
circuit. The individual sections of conductive layer 176b-176e
can be wound or coiled in plan-view to produce or exhibit the
desired properties of an inductor 188. FIG. 5 shows a bottom
view of FO-WLCSP 186.

FIG. 6 shows an alternate embodiment similar to FIG. 4
with etching of insulating layer 136 prior to singulation. An
electrically conductive layer 190 is formed in the removed
portion of insulating layer 136 using patterning and PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process to form individual
portions or sections 190a-190f. Conductive layer 190 can be one

or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
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a second insulating layer formed over the first insulating layer and encapsulant; and a third conductive
layer formed over the encapsulant a predetermined distance away from a footprint of the first
semiconductor die. 2. The semiconductor device of claim 1, wherein the predetermined distance is at
least 50 micrometers. 3. The semiconductor device of claim 1, further including a third insulating layer
formed over the second insulating layer and third conductive layer. 4. The semiconductor device of claim

1, furtherShEIGHEINY R felsistRN Ay oiRe B DVEF trielfirst CORduCtve Yyttt tREShFAES ofthe first

semiconduster@deive layer 190a-190f can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. For example, conductive layer
190a is electrically connected to resistive layer 134b and
conductive layer 190c-190d is electrically connected to
resistive layer 134a.

FIG. 7 shows semiconductor die 194 containing 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 its active surface to implement
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 124, MIM
capacitor 168, and inductor 170 implemented as conductive layer
156 are electrically connected to semiconductor die 194 with
traces 196. Semiconductor die 194 and WLCSP 166 are mounted
side-by-side within package 200 with traces 196 routed to
external pins 202. The IPD structure 168 formed over
semiconductor die 124 simplifies the manufacturing process and
reduces cost. The MIM capacitor 168 and resistor 134b are
formed on semiconductor die 124 prior to depositing encapsulant
146. Other IPDs, such as inductor 170 are formed after
encapsulation, which saves manufacturing cost by reducing the
required number of lithography layers: one layer to etch back
insulating layer 150 and form conductive layer 152, one layer to
etch back insulating layer 154 and form conductive layer 156,
and one layer to etch back insulating layer 158 and form bumps

162. In addition, by only forming MIM capacitor and resistor
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5. The semiconductor device of claim 1, wherein the third conductive layer is wound to exhibit inductive
properties. 6. The semiconductor device of claim 1, further including a second semiconductor die
disposed adjacent to the first semiconductor die. 7. A semiconductor device, comprising: a first
semiconductor die; an encapsulant deposited around the first semiconductor die; and a first

integrated passive device (IPD) formed over the encapsulant a predetermined distance away from a
fOOHWMt65&@49§t§§W&8ﬂ8&ﬁ8Fa%.die 124, and forming the aspect ratio of

the gap between side-by-side IPD die and baseband die can be
reduced.

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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8. The semiconductor device of claim 7, wherein the first IPD includes a conductive layer wound over the
encapsulant to exhibit inductive properties. 9. The semiconductor device of claim 7, wherein the
predetermined distance is at least 50 micrometers. 10. The semiconductor device of claim 7, further
including a second IPD formed over the first semiconductor die. 11. The semiconductor device of claim
10, wherein the second IPD includes a capacitor. 12. The semiconductor device of claim 7, wherein the
encapsulant is coplanar with the first semiconductdrdi®S 13. The semiconductor device of claim 7, further
including a second semiconductor die disposed adjacent to the first semiconductor die.

What is claimed:

1. A semiconductor device, comprising:

a first semiconductor die including a first conductive
layer formed over a surface of the first semiconductor die;

a first insulating layer formed over the first conductive
layer;

an encapsulant deposited around the first semiconductor
die;

a second conductive layer formed over the first insulating
layer and first conductive layer;

a second insulating layer formed over the first insulating
layer and encapsulant; and

a third conductive layer formed over the encapsulant a
predetermined distance away from a footprint of the first

semiconductor die.

2. The semiconductor device of claim 1, wherein the

predetermined distance is at least 50 micrometers.

3. The semiconductor device of claim 1, further including a
third insulating layer formed over the second insulating layer

and third conductive layer.
4. The semiconductor device of claim 1, further including a

resistive layer formed over the first conductive layer or the

surface of the first semiconductor die.
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14. A semiconductor device, comprising: a first semiconductor die; a capacitor formed over the first
semiconductor die; an encapsulant deposited around the first semiconductor die; and an
interconnect structure formed over the encapsulant and first semiconductor die, the interconnect structure
including an inductor disposed over the encapsulant a predetermined distance away from a footprint of

the first semiconductor die. 15. The semiconductor device of claim 14, wherein the capacitor includes:
5. he semiconductor device of claim 1, wherein the third

conductive layer is wound to exhibit inductive properties.

6. The semiconductor device of claim 1, further including a
second semiconductor die disposed adjacent to the first

semiconductor die.

7. A semiconductor device, comprising:

a first semiconductor die;

an encapsulant deposited around the first semiconductor
die; and

a first integrated passive device (IPD) formed over the
encapsulant a predetermined distance away from a footprint of

the first semiconductor die.
8. The semiconductor device of claim 7, wherein the first IPD
includes a conductive layer wound over the encapsulant to

exhibit inductive properties.

9. The semiconductor device of claim 7, wherein the

predetermined distance is at least 50 micrometers.

10. The semiconductor device of claim 7, further including a

second IPD formed over the first semiconductor die.

11. The semiconductor device of claim 10, wherein the second

IPD includes a capacitor.

12. The semiconductor device of claim 7, wherein the

encapsulant is coplanar with the first semiconductor die.
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a first conductive layer formed over a surface of the first semiconductor die; a first insulating layer
formed over the first conductive Layer; and a second conductive layer formed over the first insulating
layer and first conductive layer. 16. The semiconductor device of claim 15, further including a resistive
layer formed over the first conductive layer or the surface of the first semiconductor die. 17. The
semiconductor device of claim 14, wherein the inductor includes a conductive layer wound over the

encapsulant to extibit FTBLEHE Properties VA8 eTid sémftbRdictor debiteof Chéir £4,ehérein the
predetermineshdistange is atileast20 mieromeigissed adjacent to the first

semiconductor die.

14. A semiconductor device, comprising:

a first semiconductor die;

a capacitor formed over the first semiconductor die;

an encapsulant deposited around the first semiconductor
die; and

an interconnect structure formed over the encapsulant and
first semiconductor die, the interconnect structure including an
inductor disposed over the encapsulant a predetermined distance

away from a footprint of the first semiconductor die.

15. The semiconductor device of claim 14, wherein the capacitor
includes:

a first conductive layer formed over a surface of the first
semiconductor die;

a first insulating layer formed over the first conductive
layer; and

a second conductive layer formed over the first insulating

layer and first conductive layer.

16. The semiconductor device of claim 15, further including a
resistive layer formed over the first conductive layer or the

surface of the first semiconductor die.
17. The semiconductor device of claim 14, wherein the inductor

includes a conductive layer wound over the encapsulant to

exhibit inductive properties.
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19. The semiconductor device of claim 14, wherein the encapsulant is coplanar with the first
semiconductor die. 20. The semiconductor device of claim 14, further including a second semiconductor
die disposed adjacent to the first semiconductor die. 21. A semiconductor device, comprising: a first
semiconductor die; an encapsulant deposited around the first semiconductor die; and an
interconnect structure formed over the encapsulant and first semiconductor die, the interconnect structure

including '&first TEgratd FASEVE Bevic8 P diSposetPaver tie eRREpSHANTE Bredetermined distance
away fromra feotprint of dbe first seaiconductar dieast 50 micrometers.

19. The semiconductor device of claim 14, wherein the

encapsulant is coplanar with the first semiconductor die.

20. The semiconductor device of claim 14, further including a
second semiconductor die disposed adjacent to the first

semiconductor die.

21. A semiconductor device, comprising:

a first semiconductor die;

an encapsulant deposited around the first semiconductor
die; and

an interconnect structure formed over the encapsulant and
first semiconductor die, the interconnect structure including a
first integrated passive device (IPD) disposed over the
encapsulant a predetermined distance away from a footprint of

the first semiconductor die.

22. The semiconductor device of claim 21, wherein the

predetermined distance is at least 50 micrometers.

23. The semiconductor device of claim 21, further including a

second IPD formed over the first semiconductor die.

24. The semiconductor device of claim 23, wherein the second

IPD includes a capacitor.
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22. The semiconductor device of claim 21, wherein the predetermined distance is at least 50
micrometers. 23. The semiconductor device of claim 21, further including a second IPD formed over the
first semiconductor die. 24. The semiconductor device of claim 23, wherein the second IPD includes a
capacitor. 25. The semiconductor device of claim 21, further including a second semiconductor die
disposed adjacent to the first semiconductor die. , ,
The semiconductor device of claim 21, further including a
second semiconductor die disposed adjacent to the first

semiconductor die.
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