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 S%ﬁ£§1§£t8?‘§é\ﬁ8gseﬁ%h%% microcontrollers, microprocessors,
charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDSs).

Semiconductor deviceg performa sewideirange of functiohs seeh as lighspeed talculations, transmitting

and receiying, elecisamagpetic signals. cantroling elechionic devieqs, ransfarming sunlight g glectricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainAenice 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
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the

application of an electric field or base current or through the process of doping. Doping Introduces
impuritie$ S 1S SeMfcondaEdr mateRalte tHafiptiaté aid contrdF thecorfduEivit ofthe semiconductor

device. milit#ArSermisonductor davice Lontains active.anchpassive elecdrical siructures. Active
structures, including bipolar and field effect transistors, control the flow of electrical current. By varying
levels of G6PinG Applicalion Of & el GBI base current, the transistor either promotes or
restricts the flow of elegticateursenit Bassive strustuses, lincludingaesistars raapacitors, and inductors,
create a relationship be%/vﬁeen voltaégge O{amd current necessary to perform a varietéof electrical functions.

The passive’Bid atfive Sttudtifes St dIsshtall coinettéd to form redits Swiich nabie the™
semicondugtdrcdevice: toopetfarme hightspaebealculatord and other usefildunrdtionsty to be

Semiconductor devices ayre generally manufactured using two complex manufacturi rocesses, i.e.,
front-end RAAGALE 28, BHd BACK TR SR TACiLring, SHch hVONIG potehially huRdrds of steps.

Front-end maresfiactaring mvahgs thedopmaticrsof @ plutakityof die drthensuriadceobiasemiconductor
wafer. Eacnp dig i%tlyé)icaillél((i%enthcal gn% lcgg%aénscgircruig% Jgrmed Py eéectrical%/ rlontneectip% active and

. Tmpur i S £ S er1al/to, nan ..
passive corr?ponents. Back-end manufacturing Involves singulating |nd|V|8ue]ﬂ e <)flrom tahe finished wafer

andpackagn@mmé(ﬁgagconductivity of the semiconductor device.

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

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

individual die from the finished wafer and packaging the die to



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

componentS Batk-eiid Broceseds mayesdlt #1'SeRitohtt e dedite pickages With a smaller footprint
by improvements in elegtdcaj daterconnestion and packagingiuatesals:- ing is Anethergoatef
semiconductor manufacturing is to produce higher performance semiconductor devices. Increases in
device pefStmatice S & RECEhPsHE By fofming BEtvE Corpane&iits thattar& ThpHble of operating at
higher speedsulichigh frequeney applisations gsuch as rathe frequenci (RF cwiteless cosuaudrieations,
integrated gassiv§ gevi,ces (!LPDS) are oft élco,ntained wiﬁs in the semicon%l%lctor degé)i%eﬁ Examples of IPDs
include r85i$0rs Capaditdls, dnd inductSre Aty BicalBE syStent e LT Mliple (PD-

s'in“ohe or more
semiconducter packagesda pedormpthe hecessary electriead fundtipnsfor smaTheiPBadre commonly
formed exterr&al tg the dfke withi an ircliéerconnect structure of t%e gackﬁagg over atem ora%/ carrier for
structurapéruopp%?t. The ullf’ fabricated externaf TPD &hd die hasa i\]i% co\ét.lﬁ%re%Yoner% ferns have
been founhd én theokD- passivatioresverithe témporary cadier. iniadditor the tPDB rghuire more vertical

space than the. baseband semicanductor. die and therefore impose a high.aspect rafio gap between
side-by-s?geenﬁDID ie and baséband die. lSVueern%rP)? of the I?]\'/en(tglzcg)anC PECEELTR ¥

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

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 1In
high fregquency 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.



A need exists to simplify the manufacturing process and reduce cost in forming IPDs. Accordingly, in one
embodiment, the present invention is a method of manufacturing a semiconductor device comprising the
steps of providing a semiconductor wafer containing a plurality of semiconductor die, forming a first
conductive layer over the semiconductor die, forming a resistive layer over the semiconductor die and the
first conductive layer, forming a first insulating layer over the semiconductor die and resistive layer,
singulating the semiconductor wafer {88 ¥te’the it BYER6PHie, mounting the semiconductor die
to a temporary carrier, depositing an encapsulant over the semiconductor die and temporary carrier,
removing the temporary carrier and a portion of the encapsulant and first insulating layer, forming a
second insulating Iayelxo@@retﬂeee’ﬁﬁﬁﬁulaﬁt Sridfirst insutdting a)&r Frimihg A%setondohductive layer
over the first insutaling layeranchseconthingulating layexfesmingna tRird insulatisg layer over the second
insulating layer and secon(\ii?conductive layer, formjng a third conductiye layer over the third insulating
layer and SECShE EahdUCHVES 1d5/eF SAHH forming & ‘-féjg}tﬁ %Sﬁléﬁ%ﬁgééroo%/e@?ﬁlél faSRSdIAEng layer and
third conduetivedayerctor dein arothenpmbodigent, thes pegsentinvention isiagnethod of
manufactgéiggcaosanigoggucté)g dgvigg rlc*é)élnr%lrisriln tahe ﬁte[gs ?f Qrov(i)dfin gmsecrgirclgnd%%tor \ga(feer
containing a pluraﬁl VoFsem‘ﬁ:on%luctor die, formi ga gaﬁlam or 6ver the semiconductor 5ie, éingulating
the semidonductor wafér tosseparatbittieisemitenductordie, niountiay thesémicondutict die to a carrier,
depositing an encapsulant over. the semiconductor die and carrier, removing.the carrjet,.forming a first
insulatingg%]i/rg% ‘over the 8ﬁgapls\ﬁ?arfitaa%%rseorﬁfi%gngucetors 3%1 o%rr}](}rﬁlg]%l%ﬁs%jcloenﬁ%évg ]Paeyer over the first
insulating layer and cdpatitoreforaiitey a seeond imsutatingrayerioverhé first idsutatinglager and first
conductive layet. forming a-second:conductive layer over the, second.insulating layer and first conductive
Layer, and forming a third insulating layer over the second insulating Tayer and second conductive layer.
In anothet Trilssdigient, the présent rverripntis aamétho dsfrmanifdewring adsemicondodtondevice
comprising, thessteps of previding &;semigonductar die, forming acapaciigrover the semyiconductor die,
depositing an encapsulant over the semiconductor die, and forming an interconnect structure over the
encapsulaifars sémicoreitRioridie TRNhteredrrécstitturaifclG88P an drducterforned a

predetermined. distance away.fryp a-fpotpyint of the, semicopductor die, s tnhe dn@ngther embodiment,
the present invention is a semiconductor device comprising a semiconductor die and capacitor formed

over the §&MicohBiattot die! W eRcapstlait is epssifsdl svettre 3emicthittiortie L&Y fiterconnect

structure ds, formegover the encapsulaniand semiconduetor digy Thejintercenyiect styugture includes an
inductor formed a predetermined distance away from a footprint of the semiconductor die. Brief

Descﬂpﬂéﬁ%@ﬂ%aﬁﬂﬂﬁﬁﬁgive layer over the first insulating layer and
second insulating layer, forming a third insulating layer over

the second insulating layer and second conductive layer, forming
a third conductive layer over the third insulating layer and
second conductive layer, and forming a fourth insulating layer
over the third insulating layer and third conductive layer.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a semiconductor wafer containing a plurality
of semiconductor die, forming a capacitor over the semiconductor
die, singulating the semiconductor wafer to separate the
semiconductor die, mounting the semiconductor die to a carrier,
depositing an encapsulant over the semiconductor die and

carrier, removing the carrier, forming a first insulating layer



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 FOWICSP from FIG. 4;

over the encapsulant and semiconductor die, forming a first
conductive layer over the first insulating layer and capacitor,
forming a second insulating layer over the first insulating
layer and first conductive layer, forming a second conductive
layer over the second insulating layer and first conductive
layer, and forming a third insulating layer over the second
insulating layer and second conductive layer.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a semiconductor die, forming a capacitor over
the semiconductor die, depositing an encapsulant over the
semiconductor die, and forming an interconnect structure over
the encapsulant and semiconductor die. The interconnect
structure includes an inductor formed a predetermined distance
away from a footprint of the semiconductor die.

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

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



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 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 appre@iatéti By those skilled in the art that it is intended to cover alternatives, modifications, and
equivalents as may berne¢ludad withinsthesspirit andhscepe ehtbednvenionss definedty the appended
claims and their equivalents as supported by the following disclosure and drawings.

Semiconda&BF devited Bfe Egﬁgﬂaﬁ%%ﬂianufactured using two complex manufacturing processes:
front-end manufacturingrand back-end srandactaring.doent-end matufastaring invalvesthe formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive éfé‘gt?i]éal go?ﬂbgr%re%ts,%/vhich are electrically connected to form functional electrical circuits.
Active electrical comparents,suchlasstransistorsaand diogles, haveithecabilityteyer 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
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
implantatfSior trerBFdiflSiBn O Fhe tophig protessddiffes th%ae?é;‘dtﬁﬁaleéo%ﬂﬁﬁﬁ\ﬂﬁ/lof semiconductor
material inagtive slevicesstiansfepmingthe isesrigonducio-material ie asdpsidatarneonductor, or
dynamically changing the semiconductor material conductivity in response to an electric field or base
current. Trangis{orS BontHin FEGiGNS of vy BRS BhE dRYTEESEr dShihg afranged Admetssary to
enable thectransisior ta- propeate ormestriettheiftovi oteleetrical eurretiupon.the application of the electric
field or base current. . Active and passive components are formed by layers of materials with
different electrical propettics: Thedaferd Can e forMed 1) a Vanasy Od:éﬁ%/ it%‘ﬁet]écﬁ%aues determined
in part bystheftype ob Mmateral betng-depasitecd: For éxample, shinditmeade positionanay: invetweochemical
vapor degcr)lsi i%%1 ](L%VD&, Ophlyr§ical a orsq qosriltion &Po\é%)l, le%%cgrorlyt_ichplz:ltirégc,ca}pld eI,ectarI%Igss plating
processes. Each fayer s engr’ally 8fed to’fofm portions o act eycomponen?g, passive components,
or electrigdl moanécticnsobetweencomponents.duces  iffmwalayerisscan bé pattemed using
photolith%%rrgghg \gﬂig@ ér%v%\é%sethleaqe%)sitjtoencgnlilghltl g%nssigv% maé[eq%l ne-g: haot%regi.sthovoerr the layer
to be patterne&. E pattern is transferred from a photomask to the photoresist u ingqig?it.J‘IQhe portion of
the photoresistipdtterh Subfeicted to gt iseernoved usingsssolvantt exposihg pettiorisraftheé underlying
layer to be patterped  The remainder of the phototesist is temayed, leaving hetind ajpatterned layer.
Alternatively, some types of materials are paftterned by directly depositing the material into the areas or
voids foriedbyfe previcus-depasitivri7eteA pro cessiasing techniquies suchiaseleetroless and electrolytic
plating. 4, DEROSItING 25thin film of matesial oyer an.gxisting pattern cap sxaggetats the underlying
pattern and create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and
more derfselfpackediactivelaritPpassveecédmpoie RS SPlankfizaticn Ear belised 646/ VE material from

the surfage of theswafer andraduce aymifeumiysiat surfage. Rlapadzation iwglves polishing the surface
of the wafer with a polishingqgad. An abrasive material and corrosive chemical are added to the surface of

the wafeF@iHripaiishiiy Thelcombifigd Tagcharicat aefen of te ABraRvedritF crfosiVeRelGh of the

chemicalgemaves anydrregular ioppgsaphy, fesulting in awhiermlyfias sudaee.app1 i caBackend
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging

the die for strulfuirarSUppottarid-EnvirdiimértaFissiatibR ™ Fo singulate the die, the wafer is scored and
broken along non-functieralregions of she wakercalipd samtstreats or seribes. heiwater is singulated
using a laser cutting tool or saw blade. After singulation, the individual die are moimted to a package
substraté%ﬁ?ﬁfcﬂf%seswdiﬁg of tbhtkEphds 57 St CohineRhOR Sith Sther syStEMIEHpGN&HS. Contact
pads formed oyerithe sgmigonducior diecaredben sonnecieddegontact pads wathin thejpackage. The
lectrical connection n be m
eetha§§2te%§°é%%at9%e %g?nwterial being deposited. For example, thin

film deposition may involve chemical vapor deposition (CVD),

physical vapor deposition (PVD), electrolytic plating, and

electroless plating processes. FEach layer is generally

patterned to form portions of active components, passive

components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,

photoresist, over the layer to be patterned. A pattern is

transferred from a photomask to the photoresist using light.



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 OrEItPSH AR Eddetidiic BEGERBDThAY hads brk'ty e Bl Semrdntitictot Pakkagde, or multiple

types of semisondueior packages) dependiag nsthe appheation I herdifferent Hpesiaf segiconductor
packages are shown in FIG. 1 for purposes of illustration. Electronic device 50 may be a
stand-aloh@Y$ysterf it RS TRE e hicondUttdrPEckagEes (6 befBim MR S fisre’dledtical functions.
Alternativeiys glectronie devicg S0anay e sudhcampenent Of adargex systens tfHorexamplenelectronic
device 50 may be a graphics card, network interfac cgrd, or other signal processing cgrd that can be
inserted T & ToMpUIET The ek e AdRAbr ANV ar thERide TICHSBTBCaLsdtS, mefories,
applicatiomespeacific integratecheircuits { ASC), Yagid sircuitsyamalog eirguitsyREwgircuits, discrete devices,
or other semiconducton die.or electrical.components. ., 1, 0 FG: 4. OB 32 provides a general
substrate for Structural supportpandc SI8ctricarinterconnect of the Semiconductor pacfgages mounted on the
PCB. Corductivecsignal dracestSdnare formed over a surface or within layers of PCB 52 using
evaporation, electrolytic plating, electroless.plating, screen printing, or other suitable. metal deposition
process. Signal traces %ﬁpﬁrg\%g}gr Sle;%cs%lrllcgl %g%%uor%iﬁ%%ege%vgeﬁg%%hao? the égr%l'go%ductor
package® antented comporents; ardeothb e extediral systesn pempenantsndracesa34 aksorprovide power
and ground copngqtions;to.each,of the semicondugtor,packages. o, . Jp some embogiments, a
semiconductor deviCe has two packaging levels. First level packaging is a techniquefor mechanically and
electricalyrathehingitrldemnicondudtor diettorsirihterpredhiae caglicry SeedAd ket paekaging involves
mechanically anLelectrically atiaching the, intermediate carrier.to the, RCB. Inqther embegients, a
semiconductor device may only have the first level packaging where the die is mechanically and
electricalfy'o@rtetrdifecly t6 itife PEBT and I dNE purposeidiqiiustratibhasevietaltypes of first level
packaging; including wirgbond.package 61and, flipchip a8 sarershown, en R(eB B2+ Additiopally, several
types of second level packaging, including ball grid array (BGA) 60, bump chip carrier (BCC) 62, dual
in-line paeRage DB 622 Fand §fid aRag IEGA) BBL R EhpIR o8RRI RFONS 681 §lad Alat ASIT-leaded
package £QEN) 70, and fuad.flas package K2, argrshowimongtedan PCB.§2. Depending upon the
system requirements, any combination of semiconductor packages, configured with any combination of

first and §eCEntNEde agigestyRs FdS el asSthe AEIBETOME cOMbSENES, TahD& Edniitted to PCB
52. In some embodiments.clectranic deviga pliinekiges asingleaitached semieenducter package, while
other embodiments call for multiple interconnected packages. By combining one or more semiconductor
packages'Bvéra Bingle SatstitE [GRufacturers can incorporate pre-made components into electronic
devices and systems. 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 pads
formed over the semiconductor die are then connected to contact

pads within the package. The electrical connections can be made



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 lllustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 Includes an active region containing analog or digital circuits

ImplemerteltasS AR TdEHEES pasSSive devites, csimitithivé faifers 2t diefdetic- ByRR  fbPmed within
the die angh are, elgstricadly intercannestedaocordiggria the electrical designof dbe digs For example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elementsofhed ithin Hedctive RaIbh orseniitbRadctordie 74 Xortaciipads r6-afe'Gh or more
layers of toadudtivesnateried Suehasialuamaum {Ad i coppet (Cw), Hin (Shy dieket 4Ni) sgalddAu), or silver

(Ag), and are electrically connected to the circuit elements formed wjthin semiconductor die 74. During
assembly* 8f§ Dﬁ;%4,% géﬁ%ﬁbﬂaﬁitbﬂﬁieo 4 Fs%%oﬁﬁf@dct%néjhuﬁéj eda%éftécc%rﬁéc’r %ﬁging a gold-silicon

eutectic layeridraadhesive materiat suech ag dhermal @poxy ©fiepoxy resin. The package body Includes an
insulative packaging ial such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electrical Interconnecm%veei slér]f?}f:%ﬁ)érgt%? die 74 and PCB 3??5%%a§§ulgﬁtv ga's 3epco£;]n€d over the
package ferremvironmertalprote ction hyipreeentmgrmoistutecendipa®cs fidmweintéring the package and
ands Fljg;. 2b IIIustrat%s ngther. etail of %CC 62 mounted on

1 acka [S] S surrace

Contaminaiiﬂ%gi%}l?/ chj‘\:lVirse% con%l%‘ct r O

PCB 52. Semiconductor dieé 88 is mounted over carri%-?gomu%%lg an undeffill or epoxy-resin adhesive
material 82.eWirebonds A providelfinstlevebpackaging: ritercofinectnibetwedn contach padse 96 and 98.

Molding campaund g encapsulant 10015 depasited gyer semicgnductgr die, 88 gad wire onds 94 to
provide physical support and electrical isolation for the device.
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
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 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.

Signal traces 54 provide for electrical communication between



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
semiconfifctor Git 587 Cortas HRISPAigRAIGRURS imPRMeREd G HRIVE HeVicedPassive devices,
conductive: layerss and dielectsicdayers Jenpech ageerdingrtodbe £lectrical slesignoefithe diewar example,
the circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elementsWithiA ZRHVE rEGIBRA08 8BMICShAR T did 581§ efstiicaily BHd M cRAMEAR Connected to
carrier 106 through bumpsddfle embod Bfah 68,is elesticadlyanddneehanieallyeconnectacbto PCB 52
with a BGA style second level packaging using bumps ]1(12.,Semi,conductor die 58 is electrically
Connectadito thUlcC Sghal races S OB 53 A65H BAmbS £10, SHAl és 114, and bumps
112. A molding eompdund on@necapsulantcEl6l i deposiad oyer semicantdotof e b8 antlecarrer 106 to
provide physical support and electrical isolatjpn for device. The flip.chip semiconductor device
brovidos 3 oot e b Ao Lo P MR (8 b MRS A eeh Lo die 55 to canduction
tracks omRCBbLiinadrtier tonredute signiat prdpagationacistagce Hewen tapacitange cand imprawve overall
circuit performanc another embodiment, the semiconductar.die 58 can be mechanically and
electrical yoc:(:[en%ln%(:%eddB directI?/ t8etll;p1€§ S%I%s?r?{gl ﬁiepnc Sl[ﬁ sst‘jyleS first ?egv% %aclaél?é:gir% without intermediate
carrier 18611y havér|Gse34-Bnsliustrate linpelation 1o FI@set antiZa-2d,ca process of forming an IPD
structure pve, 3, semiconductor die. F1G..3a shows a senigondystor wafer 120, with g base substrate
material, such as silicon; germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of Sepic6hdud@oirgiessr components 124 joformeelvsir waferiZdsseparated by saw
streets 126 agdescripgd ghove ing, G 3B:SNPWs:ia Crassqseciopplyiew=nf apertion of
semiconductor wafer 120. Each semiconductor die 124 has an active surface 128 containing analog or
digital cirEtitintplenehted &8 Wbt dEViBes, passivedévicss: tordudRieayers Yaribdielectric layers
formed within the die aod %i%@ﬂﬁ%‘%@er%@l‘%ﬁ%@l@C%%rﬁingg@i@eaeé%g}'cﬁ'&%ig%@r,‘d fupgtion of the
die. For example, the circuit may include one or more transistors, diodes, and other circuit elements
formed withirPaétiverstifaceBrZ8) tofifmplément analdg efrchits sPaigitdPdirclits AsuckPasidigitaPsignal

processog {PSP). ASIS, niemory;: 10 otherisignal Rreeesgirgigirelst. Samigorduatorndig-24-may also
contain IPDs, such as inductors, capacitors, and resistors, for RE' signal processing.

An
insulating 8F iRty er 180 iSHimddsver BeliveaGHacE 18 of s5micoitRIG U 194 (=hg PVD,
CVD, printing, spin cortingnspray casting: aetheymakaxidaton. rkhe-insulating Jayesdi30rcan be one or
more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum pentoxide
(1a205), Rfunfiflir6xidE (a2b3y J5oiyifide, bem2begiibbitelie (BCB)Y pSigBeiZtkaldisIPBO), or other
suitable dielestricamatesiatdndneserabogdimeiginsylabing layer 130 is@thermwalaxide. The insulating
layer 130 erv%s to Qlanarlze the surface of semiconductor wgfe%rOIZPO l]'g |%korov% gteg coverage of

ecle ron.Lc co nen can e connecire .y .
subsequen oceposﬁlon andrﬁﬁograpﬁy processing stréps. AR optionalconductive via 135 can be formed

through insidatinigntayes 1381lectronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The

resulting devices are less likely to fail and less expensive to
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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 depaosition process. Resistive layer 134a is
formed oVerinSaating Fayer 13b and résistive- RYEF 18415 fs formed BVarB6Rductive layer 132. In one
embodiment, resistive fayes 134 capbestantalumesilicide ¢ Taxaiy)-enather fretalsilicidess TaN, nickel
chromium (NiCr), titanium (li), titanium nitride (TiN), titanium tungsten (TiW), or doped poly-silicon having

a resistivity Betwéen s 5nd SISy Eomdutivé tayeP 135 Hnd%esiBve ffydr 1345 dre efectrically
connectegldiiaugihdeanductive yias4l 3ntolthecircits an@ctive sgface 128:10f semicenduciaratie 124.

In FIG. 3c, an.insulating or dielectric layer 136 is formed over. the entire active surface 128, including
insulating’fay&r 730 %Ed%&%ﬁ\]/et ?ayh?%eﬁfnﬁ&ﬁﬁ afterdiitg Aka TEVDY, printifig, 'Spin coating, spray
coating, orethérmal, oxidation: Thednsulating Jayend 36 cahdue: one of more dayersof§i02i Si3N4, SiON,
Ta205, AZDOB, olé/imid , BCB, PBO, or. othle{ suiIaQIe dielectric. material.

1€, a are.'electric rcannect acc in lgg”%hSd’
semiconducior wafer 12095 singu?aciea with saw blade orlasercut ing ?oo?ﬁ%é iffto individual

semiconductortdiedad. designlElGH3e,dEisubstite oegamer 4 AOGontaing temporaxy or sacrificial
base materlgﬁﬁléch as S"'S?”ﬁ%‘%'%mg% noSI)irg% compgsite metall,Iggr%rpbcr_sqIass%glassggo%(y, beryllium

r
oxide, or other suitable low-cost, rigid material for sfructura essu'pport. AR optlo’naﬁ erface |]E:iyél‘ 142 can

be formed@ﬁ_/?estartr@r MJ_@ChSDQ;k@ﬂp@'@f}zd@ubl@lﬁd@@‘adhésivelqe@ﬂpe\id;tb@quihgﬁlm.ctUQMQ a pic_k and
place Op‘%ré‘éj%na%q['eégﬁﬂgc‘é’ﬁﬁﬁ_%s&%%“%‘8%?%%36’69812%%”@%%447 desgribed.in FIGs; 3a:3d is

mounted to Carrier 140, as shown in FIGs. 3e-3f. . 39 shows an encapsulant or molding
compountel48 depdsiteen et serfcaiduridredie 194dndrcarder140Wsing’d pasteqmirting, compressive

molding, {ransfermoldipg, liguid encapsylant molding, vacyum lamination, or othsr suitable,applicator.
Encapsulant 146 can be polymer composite matérial, such as epoxy resin with filler, epoxy acrylate with
filler, or pohRREEWRR btopetTMRE ErthpSalant 46 15 AvAeondaeetand ervirshrmestaly protects the

semicondugtardevice-from external elements and.contaminants: prp 6 4FlG3N shows apgpptional step
with grinder 147 removing a portion of encapsulant 146 and bulk material from back surface 148 of

semicondticor/die 12416ppoSite Activa surfacer TPs TheShadkisurfice 18 sisemicoR@dctor die 124 is
co-planaiwith adepswriase of enggpsulant 46, tollowingrthe-optionakgrinding procassa 1

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 from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide

physical support and electrical isolation for the device.
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Continuing from FIG. 3g, carrier 140 and Interface layer 142 are removed by chemical etching,
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. Si. 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® 88 SRAGWNIAFEIGT 87 TheSnSMANT 1487156 candeitite OF nidre layers of 8102 Si3N4, SiON,
Ta205, ARO3; o6 otherdnateriakbayng suitapledaswatingipropesties, 4o one pphedigment, insulating layer
150 is a polymer dielectric. The insulating layer 150 is patterned with a portion of the insulating layer
being reribvéd 6§ hh &g pracedsdo €xpdse TietiaitigRFer £36 and 18siefife RYEF 1344 and 134b.
The insulatiag dayer 150can ke usedasvemask farsubsequertprocessing stepssignal In FIG. 3k, an
electrically conduc '\Z/le layer 152§'% formed over i%sulating Igaé/er 136 and insulatin Itag/er 150(§:sing
patterning 3hdPVB VD, Sptttafing, el8trdlytid plating, S1eEtP5RsE plating hrocess. or otistSuitable
metal dep@sitidn proress te forn ndivddualgpoftionsoar sectibas 152a-152c¢. Conductive layer 152 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable elegtrically conductive material. The
individual portions of c%rlflldt%tgé Iglfér ffi‘a%-fgfé & Bé e elc?riga%lylcsorﬁ%%rﬁgoﬁélé%ﬁgal yolgglated
dependingeon thescormectzity obthelirdividb@l semicondiittor dihip sty le afsecendlghotdlithographic
process, an insulating or passivation layer 154 is formed over insulating layer and conductive layer
152 uaind BANBHne s D, V. BHag, i Eommr SO SeaTngE o tharmal B daden. The
insulatingglayép 454 cad beldre ocora idyers 0P 502¢ Si3NY, BiON; Taz05d Al203; o other material
having sylabla insulplipgrgperlies. in.ane, empediment. Insylalinglaver 154 isA Bolymer dielictric. The
insulating layer 154 is patterned with a portion of the insulating layer being removed by an etching
process t&ExposeTondactiveclagér €52 gl opisnially form Vizs 18exposE easistasniayer 1348 and

134b. o o In FIG3L, Analegiically condyctive layer 156.is formed; over.condugtive Jayex 152,
insulating layer 154, and resistive layer 134 using patterning and PVD, CVD, sputtering, electrolytic

plating, efedtrfdssplatng processr6r othef saitalié nietaFdeposticingivedsy id- form individifal portions

or sections 1563156k Consluctive Jaygr 496 canbesane or mare dayers of Al LGy Sn, Ni, Au, Ag, or other
suitable electrically conductive material. The individual portions of conductive layer 156a-156i can be

electricallyecdimonor ele tABAIRALERAtEP dEperdifg ohthe tBRRBEIVIL) BFRITe intividual semiconductor

die. In a third photolgbographicprosess, @aninguiating on passivation layende8dsifarmed over
insulatin%L?%/er 154 and conductive Ia%/er 156 using spin coating, PVD, CVD, printing, sintering, or thermal

oxidation: The Ifsuiatiny RyEF258 il DeSGie8rmbre fayerd 6F 5102 8i3ne4 ISIORPTR2051 A1203, or

other matesial Bavingsuiableiinsulating peaperties.da one embedigen, insulatingilayer-188 is a polymer
dielectric. The insulating layer 158 is patterned with a portion of the insulating layer being {%Toved by an

etching proce¥d’to 'Expose conductive fayer 1564, A%6h, SHiHSet 1V, signal” lines

and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.
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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) containing a multi-layer metal stack with an adhesion layer, barrier layer,
and seed or wetting Lay&FSThe’adnasion fayet icformedbver tahdGtivelafelCts6a, 138H, 4Ad 156i and
can be li BN, TiWr bkt €hsamitsn (CHg The bartierdayerds derned;everstheaghesionlayerand can be
made of Ni, nickel vanadium (NiV), platinum (Pt), palladium (Pd), TiW, or chromium copper (CrCu). The
barrier la§léFinhibitsthe ARSI SF Gu TS the Adtive Sfed’6ithe die. THE 58ed 14327 Gan be Cu, Ni, NiV,
Au, or AlsTihe seed éayes tsforamed ovesithe bagier layat angeacts asan, inteymediate conductive layer

between conductiye Iagsr 156a, 156h, gn 156i and sgbse uent solic\i}%r bug}ps ortother interconnect
structure “OBM 166 provides'd I8 FESSVE ntSrtofirect 18 tohdhttveiay s 1564 156n aid 156i, as
well as adapierrto solderdiffusion andseeddayerdan salder weitabitity. compondm E8G 13, an electrically
conductiv; bumg materia%igrdelpé)gitg% over %JeBé\/l %60 usings%grgg%psor Eign,a%Ie go%tic lating,

electrolessoﬁfﬁﬁng,Ot?aliﬂélrop, or screenppa}ﬁw%ng pro&’esss?“fhe ump material can e F nej i, Au, Ag, Pb,

Bi, Cu, selderyeand combinations thereof, with an optional flux solution. For example, the bump material
can be eutectic Sn/Pb,Ely'%h-l%a‘Bd Ss%,lg%rs or lead-free solder. Th(—i b\griné) ma%ergal isob%qded to . UBM 160
n

. . . K Cross—secC on n o
using a suitable attachment or bonding procegs. n one embo Iment, t e%ump material is refﬂowed by

heating thematerialiabove iwsalﬁeltir_]@%jbin_t tBdotm sphéMMSm bdmspslP6R. ha some applications,
bumps 162 ate, reflowed a segond timeto improvegleetrical confact to YBM, 160, ;the bumps can also be

compression bonded to UBM 160. Bumps 162 rfepresent one type of interconnect structure that can be
formed o¥ePUBNE 66T s imercoMRectsStiucire damsalsy ase Pohdsfires; SRFHBGMPE micro bump, or

other elestiical intergonnect Gonductive layers 152 aqd 156, humps 162, and insylating layers 150, 154,
and 158 constitute a build-up interconnect Structure 164 of FO-WLCSP 166. The structures

describe@ fPFIGS. 3113 coHnSRGCa PRFERT of passive ki chit efdiferms D TPDS2th dtfesémbodiment,

conductivelayer, 1569 and 152by insylating layer 136, Fesistive-layer.134b, and.eandugtive dayer 132
constitute a metal insulator metal (MIM) capacitor 168. Resistive layer 134a between conductive layer

1569 andPI561P1s & FesistbF BReFeTt A the Passifes cirédit! THeliRdividhia Sécétichseotddnductive layer
156b-156&-¢ahewaund-orcaileddn planryiew toaroddce ppexhibit the desiced prapestiessotan Inductor
170. digital circuits, such as digital signal processor (DSP), ASIC,

memory, or other signal processing circuit. Semiconductor die

124 may also contain IPDs, such as inductors, capacitors, and

resistors, for RF signal processing.

An insulating or dielectric layer 130 is formed over
active surface 128 of semiconductor die 124 using PVD, CVD,
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 (Taz205), 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
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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 characteristics needed for high
frequency applications, such as resonators, high-pass filters, low-pass filters, band-pass filters, symmetric
HI-Q resonant transformers, matching networks, and tuning capacitors. The IPDs can be used as
front-endWirel@ss REScothfonétE SRR cah 158 pasitioed b@%@é@?ﬁ%é%t@ﬁﬁa and transceiver. The
inductor gan: he g-hiR hauns deastarmeseneoil, oparading iumivl 100 Gigaherize In;seme applications,
multiple baluns are formed over a same substrate, allowing multi-band operation. For example, two or
more balGA% aRs usEd T4 qbBGDEANY fOF HEbAE PHone& Br biHet Ylobal system for mobile (GSM)
communications, eachalu dedicatedfoy adregueney band0f operaivnicf the tuad-kansg-device. A
typical RF sgséem r,ec%lﬁirles multigle IPDs.and other hi%h, frequency %ircuits in one or more semiconductor
packages t5° Besrhi the AdEessary elettikdl RinctiGhE "9 21%The’ [PD strhictur® 168 I6rhEd over
semiconductaitdie 24isimplifies the, mahuafacturingsproceas and reducessegstorhe tv capacitor 168
and resis:'g)or.],t?:_jﬁb are Jg{mfd on soemigoggluctgr digslsz4 pr('%%r ntg dcegosgingaené:rapfglgnt %ﬁG %)ther IPDs,
such as Inductor 170 are formed after encapsufation. which saves rﬁé{nufac%ring cost By reé)ucing the
required number ofilithegiaphydayers: 8ne ldayer t6etchbackinsulatng tayer WsOrard formicionductive
layer 152, pne layer to etch hack insulating layer.154 and form conductive layer 156, and one layer to
etch backé %%%Faﬁ%%ﬂgfgr 158" glrlmlg Fol%eblljgr%%érl%%s.l In addition, by only forming MIM capacitor and
resistor 134b on semicndaetor dieal24,caridsformingltnecaspedtiratio dfchag@apdbeatween sideby-side IPD
die and baseband dig.can be reduced, sge FIG. .. ;o 13,4 $Aows an altesnare embodiment
continuing from FIG. %], an electrically conductive layer 172 IS formed over inSulating layer 136 and
insulatingplalyer 150 usingsatterpingidndoR VDL CVED ssputfeeing séleetol/iy pratihg4 elettroless plating
process, gy ofhe syitable;meta) depasition processdo foum individugliportions, ar sections 172a-172f.
Conductive layer 172 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductiveorTatelist Ve FRINVISGAl ooy 6Fcantiictive Tayerd 72BRITP1 B8R be élééttieaty’€ommon or
electrically.Isglated: depending onthe sopnestivity of dhe individual semicopgustordie, For example,
conductive layer 172b is electrically connected to resistive layer 134b and conductive layer 172d-172e is
electricalR/ doredfety tolr@¥istiVe et 13RomIum  (NihGrdulafidd 8rpassivdiioly laférr £74 iW¥ormed
over insulgting:layer 5Giand conductive lavelokiZ using pajterning @gRVB €Y Ds printing, spin coating,
spray coating, or thermal oxidation. The insulating layer 174 can be one or more Iaf\(ﬁ;{s of 5102, SI3N4,

SION, Td205! AR08, OF diridr idteliaPRaviRg Suitabiedndil iy Broprties: ¥ ONE ehfSodimént,

insulatingi 32 and resistive layer 134a are electrically connected through
conductive vias 135 to the circuits on active surface 128 of
semiconductor die 124.

In FIG. 3¢, an insulating or dielectric layer 136 is
formed over the entire active surface 128, including insulating
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 Si02, 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.
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layer 174 is a polymer dielectric. The insulating layer 174 is patterned with a portion of the insulating layer
being removed by an etching process to expose conductive layer 172. An electrically conductive
layer 176 is formed over conductive layer 172 and insulating layer 174 using patterning 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 othefBuitdiie efctrically Eonttefive ATatéFdiFERe indhid G PR tETs of conductive
layer 176g=h#0i canbeaelestiically convnonaselegtiically isplatgdependingionthe ganngetivity of the
individual semiconductor die, For example, conductjve layer 176a and 176d are electrically connected to
conductiIYRF 1728 Bnidtictive T&yET 1768 @8t ieall Eotirecte b corititictive Ryt 1728™
conductiveclayer, 1669 tsceleetricaly apnrected taeerquactive layeralie: hi2d €onduetiveclayan 176h is
electrically connected to conductive layer 172e-172f, and conductive layer 176i is electrically connected to
conducti%ﬁ%@% T701 20 OPCARARSUIARGG Bgﬁggsi\]ﬁﬁ’oeﬁla 6r 178 ?s%%?m d"dVet inslitating layer 174
and condustive fayer 476ausing spingoating, BYDH CV/D; iptindingdsiatering, orthermal bxidatian. The

insulatingfla%er 17% can be one o mortal?/lers of 5i02 SJ'CS.N4, SiON, Ta205, Al203, or other material

having suita e inSUFajflrl‘ll% paroBér%es.a none 8%%0%%& , %n%rﬁfat%réqa%r B gqégllf/mer dielectric. The
insulating: layei 478 igypatteraed With a podicrsefthe insuldtingllayer bemg remdvedby amefthing

process to_expose conductive layer 1/61. 1gAN ggt_lgr}al electrically conductive

. ounte cary 617Q%K}7qgéan OWIlL i . . .
layer 180 is formed over concﬁjctlve ]fayer 176a, 1? , andlﬁg using PVD, CVD, sputtering, electrolytic

plating, electroless pIaﬁrl@_prchEssh@M@thensailtatﬂ@m@tahdemsiﬂmﬂﬁ@essr.@@mmivé 4éy¢r 180 can
be one ogmore layers of Il TG NIV, G, CrGU, AlClp 20 Nl Al AG, OF ofhey spitaple electrically

conductive material. In one embodiment, conductive layer 180 is an UBM containing a multi-layer metal
stack witl? antaliesiontiayer, barrier ek vandisest bpwettinglayer; similalits condaetivedlayer 160.

encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 146 can be polymer composite material,
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
optional grinding process.

Continuing from FIG. 3g, carrier 140 and interface
layer 142 are removed by chemical etching, 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
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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, 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 180 using a suitable attachment or bonding process. In one embodiment, the bump material is
reflowed BY FREATHG E mdtérididabdole itshBring poiitito ForniBpRe S bl or BARHS 182. In some
applicationss bumps 182 aresreflowedsa segonshtjme 40 dmpraveieleetrical contactitadJBM 180. The
bumps can alsp be, compression bonded to UBM 180. Bumps 182 represent one type of Interconnect
structure tR& e 0é for Sver UBMPIBA STHeRtetComivect stidéturé c8h afsd’dse Bond Wires, stud
bump, mgiohyumps 20 6thex electrical interecennesh teenductive Yayers 44 2 @s1 k76, humpes: 182, and
insulating?lagers %50, 174, and 178 constitute a build-up Interconnect structur O18,4 of FOWLCSP 186.
The strudttféddestribed in BIGTE ch: ﬁﬁfeméeﬁﬁ;’ralhg)%‘ﬁ%%géﬁg cirédit elentents or IPDs. In one
embodiment,condudtive layer 122c andd 76gsinsatating layerek36] sesistiverlayer 134k, and-conductive
layer 132 cons}i}cutg a I\/EMC%aepacriltgr }g% Resifgvee Iayeé 1§4arb§Igwe%%c%nd%ctivgtla er 172d and 172e
is a resistorelément in the passﬁ/e circuit. The individual sections of (‘:fonduc‘fiverllayercl 2176e can be
wound omcuiledsn ptan-gemotocprodece ar exhibitdlye desiséd propertes efaw inducterrl 88 HG. 5 shows
a bottom vie FO-WLCSP 186. . __FIG. 6 sh an_alternate_embadiment similar to FIG. 4 with
ciching of Kbl Tayar T36 BAGH Ao T oAl Souaatve lagen £30 ie formed in the
removed porticrrotinsulating ¢ayer1@6susing patterning and PVD, CVD, sputtering, electrolytic plating,
electroless plating procgssyQr.other ;sug@lblg lrg%t@{%%qsli@or&%o&gg,g 10 gor%pgj:viq%aé poftions or
sections 190a-190f. Conductive layer 190 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable dleetriedlyprerductive aterial. Thedndivisiappertions ot ebaddctivevayer P90a1$30fcan be
electrically.gammon,or elecirieally Isplated depending on the coppectivity of the individual semiconductor
die. For example, conductive layer 190a is electrically connected to resistive layer 134b and conductive
layer 1902+EI0C R Idé&riBalfi - doitheetstr  resistive g1 3dal table pataz sA6WS SeMi€dnductor die

194 contgjping.analeg of digital girguitsdmplemspier as.activesdevices, passivg deyices, conductive
layers, and dielectric layers formed within the die and electricalli Interconnected according to the

electrical dEHH AT FUNCHBAOf the died FoPexample tha'eiruit masAcitifle’ohe drimordtransistors,
diodes, and other, circyit elemeptsformedwithia its active suHage, ta-baplement analpgsircyits or digital
circuits, such as DSP, ASIC, memory, or other signal processing circuit. Semiconductor die 124, MIM
capacitor 168, HHiRdEER ! 178 mpRiHeMbd S CBifduttive f587 156 318 elettficalf tdnfected to

semicon@ucierdie 9 with tages 196. Semicondustordie 484 andWLESH 366 gre mauned
side-by-side within package 200 with traces 196 routed to external pins 202. The IPD structure 168

formed oV8FS&iiicbRdi&tor Hie 154 ShiifitS the msHARUANG bfoceds%nd reduces cost. The MIM
capacitor 168 and resistor 434k are forpeskon semicpnsitictor die- 324 psipr imdepesiting eneapsulant

146. Other IPDs, such as ind%ctor 17 are f,ormfd afte({ encaPsuIatio , which saves m rsgactur'ng cost
y ' a

by reducfﬁﬁ tﬁ%srés’&ﬁfi?etdlr%lm ar of lit oéral% é)fen}%: ofe <';1ye‘-‘rL{1(35’Le1 c%tblan& m%dlgﬁng ye??L 0 and

form conducttiedayer=152, yone layer tosetoky baek trstiating layer P54 and¥arm ponduictivg layer 156, and
one Iayerstoietcfégagli insuIaS:[inlgalay((e:ro(131 8lgnd f%rm gHr@p ) ]162(j>|<nl%ggi£igpl, by&) Ié/ forming MIM
capacitor and resistor 134b 6h semiconductar dié 124, and ?ormlng e aspect ratio of the gap between
side-by-sidesIPD diengnd basebdridddieasandse reduced. more layers of Si02, Si3N4,

Si0ON, 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.
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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: 1.A
method of making a semiconductor device, comprising: providing a semiconductor wafer containing a

plurality of semlconductor die; forming a first conductive layer over the semiconductor
FIG. 31, an electrically conductive layer 156 is

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-1561 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,
sintering, or thermal oxidation. The insulating layer 158 can
be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or
other material having suitable insulating properties. In one
embodiment, insulating layer 158 is a polymer dielectric. The
insulating layer 158 is patterned with a portion of the
insulating layer being removed by an etching process to expose
conductive layer 156a, 156h, and 156i.

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, NiVv, Cr, CrcCu,
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 160 is
an under bump metallization (UBM) containing a multi-layer metal
stack with an adhesion layer, barrier layer, and seed or wetting

layer. The adhesion layer is formed over conductive layer 156a,
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die; forming a resistive layer over the semiconductor die and the first conductive layer; forming a
first insulating layer over the semiconductor die and resistive layer; singulating the semiconductor
wafer to separate the semiconductor die; mounting the semiconductor die to a temporary carrier;
depositing an encapsulant over the semiconductor die and temporary carrier; removing the temporary
carrier and a portion of the encapsulant and first insulating layer; forming a second insulating layer

over the énéapsufdit ahdfirseinculafing Rgerl, 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
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 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 applications, bumps 162 are
reflowed a second time to improve electrical contact to UBM 160.
The bumps can also be compression bonded to UBM 160. Bumps 162
represent one type of interconnect structure that can be formed
over UBM 160. The interconnect structure can also use bond
wires, stud bump, micro bump, or other electrical interconnect.
Conductive layers 152 and 156, bumps 162, and insulating layers
150, 154, and 158 constitute a build-up interconnect structure

164 of FO-WLCSP 166.
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forming a second conductive layer over the first insulating layer and second insulating layer; forming a
third insulating layer over the second insulating layer and second conductive layer; forming a third
conductive layer over the third insulating layer and second conductive layer; and forming a fourth
insulating layer over the third insulating layer and third conductive layer. 2. The method of claim 1,
further including removing a portion of the encapsulant and back surface of the semiconductor die. 3.

The method of claim 1 fftheF ithidiAG fornGRg e firdcoratiéfive fyer bverihietresistive fayer.

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
characteristics needed for high frequency applications, such as
resonators, high-pass filters, low-pass filters, band-pass
filters, symmetric Hi-Q resonant transformers, matching
networks, and tuning capacitors. The IPDs can be used as front-
end wireless RF components, which can be positioned between the
antenna and transceiver. The inductor can be a hi-Q balun,
transformer, or coil, operating up to 100 Gigahertz. In some
applications, multiple baluns are formed over a same substrate,
allowing multi-band operation. For example, two or more baluns
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
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4. The method of claim 1, further including forming the second conductive layer over the resistive layer.

5. The method of claim 1, further including: removing a portion of the first insulating layer to expose
the resistive layer prior to singulating the semiconductor wafer; and forming a fourth conductive layer over
the resistive layer. 6. The method of claim 1, further including forming a fifth insulating layer over a
surface of the semiconductor wafer prior to forming the first conductive layer and resistive layer. 7. A

method Jf tHaKiAG AsEmitondictarderies Comprising:® 2 toviaig s sémicorabetr WafePeontaining a

plurality of isemigangiicterdies 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
and PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form individual portions or sections 172a-172f. Conductive
layer 172 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 172a-172f can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. For example,
conductive layer 172b is electrically connected to resistive
layer 134b and conductive layer 172d-172e is electrically
connected to resistive layer 134a.

An insulating or passivation layer 174 is formed over
insulating layer 150 and conductive layer 172 using patterning
and PVD, CVD, printing, spin coating, spray coating, or thermal
oxidation. The insulating layer 174 can be one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, or other material having

suitable insulating properties. In one embodiment, insulating
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forming a capacitor over the semiconductor die; singulating the semiconductor wafer to separate the
semiconductor die; mounting the semiconductor die to a carrier; depositing an encapsulant over the
semiconductor die and carrier; removing the carrier; forming a first insulating layer over the
encapsulant and semiconductor die; forming a first conductive layer over the first insulating layer and
Capacnoﬁayer 174 is a polymer dielectric. The insulating layer 174 is
patterned with a portion of the insulating layer being removed
by an etching process to expose conductive layer 172.

An electrically conductive layer 176 is formed over
conductive layer 172 and insulating layer 174 using patterning
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-1761i 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
conductive layer 172a, conductive layer 176f is electrically
connected to conductive layer 172b, conductive layer 176g 1is
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, Ta205, 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 1761i.

An optional electrically conductive layer 180 is

formed over conductive layer 176a, 176h, and 176i using PVD,

-21-



forming a second insulating layer over the first insulating layer and first conductive layer; forming a
second conductive layer over the second insulating layer and first conductive layer; and forming a
third insulating layer over the second insulating layer and second conductive layer. 8. The method of
claim 7, wherein forming the capacitor includes: forming a third conductive layer over the semiconductor

die; forming a resistive layer over the semiconductor die and the third conductive layer;
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, CrcCu,
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
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 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
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forming a fourth insulating layer over the semiconductor die and resistive layer; and

forming the first

conductive layer over the fourth insulating layer. 9. The method of claim 8, further including: removing
a portion of the fourth insulating layer to expose the resistive layer prior to singulating the semiconductor

wafer; and forming a fourth conductive layer over the resistive layer. 10. The method of

claim 7, further

including forming the second conductive layer over the resistive layer. 11. The method of claim 7, further

including'fdPmingRAE tirstcohdlctive fayeF bveithé t¥sistive ffyepeteen conductiv

layer 172d and 172e is a resistor element in the passive
circuit. The individual sections of conductive layer 176Db
can be wound or coiled in plan-view to produce or exhibit
desired properties of an inductor 188. FIG. 5 shows a bot
view of FO-WLCSP 186.

FIG. 6 shows an alternate embodiment similar to
with etching of insulating layer 136 prior to singulation.
electrically conductive layer 190 is formed in the removed
portion of insulating layer 136 using patterning and PVD,
sputtering, electrolytic plating, electroless plating proc
or other suitable metal deposition process to form individ
portions or sections 190a-190f. Conductive layer 190 can
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitabl
electrically conductive material. The individual portions
conductive layer 190a-190f can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. For example, conductive lay
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 an
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed w
the die and electrically interconnected according to the
electrical design and function of the die. For example, t

circuit may include one or more transistors, diodes, and o
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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

capacitor 168, and inductor 170 implemented as conductive
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12. The method of claim 7, further including forming a fifth insulating layer over a surface of the
semiconductor wafer prior to forming the first conductive layer and resistive layer. 13. The method of
claim 7, further including forming a bump over the second conductive layer. 14. A method of making a
semiconductor device, comprising: providing a semiconductor die; forming a capacitor over the
semiconductor die; depositing an encapsulant over the semiconductor die; and forming an

interconneet stt&ufe-57érthe htipSTRAEAHE Semfcotfalict Mg the interconhédt &ticture including
an inducter feraedi 3 predetermined distanee away from afgotpring of thessemiconductordie; wherein

forming the interconnect structure includes: ,
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
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.
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(a)forming a first insulating layer over the encapsulant and semiconductor die, (b)forming a first
conductive layer over the first insulating layer and capacitor, (c)forming a second insulating layer over
the first insulating layer and first conductive layer, (d)forming a second conductive layer over the
second insulating layer and first conductive layer, the second conductive layer having a portion formed
the predetermined distance away from the footprint of the semiconductor die and wound to operate as the

inductor, and
conductive layer.

(e)forming a third insulating lay&t 8¥&Sthe second insulating layer and second
15. The method of claim 14, wherein the portion of the second conductive layer wound

to operate as the inductor is at least 50 micrometers away from the semiconductor die.
What 1s claimed:

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

providing a semiconductor wafer containing a plurality of

semiconductor die;

forming a first conductive layer over the semiconductor

die;

forming a resistive layer over the semiconductor die and

the first conductive layer;

forming a first insulating layer over the semiconductor die

and resistive layer;

singulating the semiconductor wafer to separate the

semiconductor die;

mounting the semiconductor die to a temporary carrier;

depositing an encapsulant over the semiconductor die and

temporary carrier;

removing the temporary carrier and a portion of the

encapsulant and first insulating layer;

forming a second insulating layer over the encapsulant and

first insulating layer;

forming a second conductive layer over the first insulating

layer and second insulating layer;

forming a third insulating layer over the second insulating

layer and second conductive layer;

forming a third conductive layer over the third insulating

layer and second conductive layer; and

forming a fourth insulating layer over the third insulating

layer and third conductive layer.
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16. The method of claim 14, further including forming the second conductive layer over the resistive layer.
17. The method of claim 14, further including forming the first conductive layer over the resistive layer.
18. The method of claim 14, further including forming a bump over the second conductive layer. 19. The
method of claim 14, wherein forming the capacitor includes: forming a third conductive layer over the

semiconductor die; forming a resistive layer over the semiconductor die and the third conductive layer;
2. The method of claim 1, further including removing a portion

of the encapsulant and back surface of the semiconductor die.

3. The method of claim 1, further including forming the third

conductive layer over the resistive layer.

4. The method of claim 1, further including forming the second

conductive layer over the resistive layer.

5. The method of claim 1, further including:

removing a portion of the first insulating layer to expose
the resistive layer prior to singulating the semiconductor
wafer; and

forming a fourth conductive layer over the resistive layer.

6. The method of claim 1, further including forming a fifth
insulating layer over a surface of the semiconductor wafer prior

to forming the first conductive layer and resistive layer.

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

providing a semiconductor wafer containing a plurality of
semiconductor die;

forming a capacitor over the semiconductor die;

singulating the semiconductor wafer to separate the
semiconductor die;

mounting the semiconductor die to a carrier;

depositing an encapsulant over the semiconductor die and
carrier;

removing the carrier;

forming a first insulating layer over the encapsulant and

semiconductor die;
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forming a fourth insulating layer over the semiconductor die and resistive layer; and forming the first
conductive layer over the fourth insulating layer.

forming a first conductive layer over the first insulating
layer and capacitor;

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

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

forming a third insulating layer over the second insulating

layer and second conductive layer.

8. The method of claim 7, wherein forming the capacitor
includes:

forming a third conductive layer over the semiconductor
die;

forming a resistive layer over the semiconductor die and
the third conductive layer;

forming a fourth insulating layer over the semiconductor
die and resistive layer; and

forming the first conductive layer over the fourth

insulating layer.

9. The method of claim 8, further including:

removing a portion of the fourth insulating layer to expose
the resistive layer prior to singulating the semiconductor
wafer; and

forming a fourth conductive layer over the resistive layer.

10. The method of claim 7, further including forming the second

conductive layer over the resistive layer.

11. The method of claim 7, further including forming the first

conductive layer over the resistive layer.
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12. The method of claim 7, further including forming a fifth
insulating layer over a surface of the semiconductor wafer prior

to forming the first conductive layer and resistive layer.

13. The method of claim 7, further including forming a bump

over the second conductive layer.

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

forming a capacitor over the semiconductor die;

depositing an encapsulant over the semiconductor die; and

forming an interconnect structure over the encapsulant and
semiconductor die, the interconnect structure including an
inductor formed a predetermined distance away from a footprint
of the semiconductor die; wherein forming the interconnect
structure includes:

(a)forming a first insulating layer over the encapsulant
and semiconductor die,

(b) forming a first conductive layer over the first
insulating layer and capacitor,

(c)forming a second insulating layer over the first
insulating layer and first conductive layer,

(d) forming a second conductive layer over the second
insulating layer and first conductive layer, the second
conductive layer having a portion formed the predetermined
distance away from the footprint of the semiconductor die and
wound to operate as the inductor, and

(e)forming a third insulating layer over the second

insulating layer and second conductive layer.
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15. The method of claim 14, wherein the portion of the second
conductive layer wound to operate as the inductor is at least 50

micrometers away from the semiconductor die.

16. The method of claim 14, further including forming the

second conductive layer over the resistive layer.

17. The method of claim 14, further including forming the first

conductive layer over the resistive layer.

18. The method of claim 14, further including forming a bump

over the second conductive layer.

19. The method of claim 14, wherein forming the capacitor
includes:

forming a third conductive layer over the semiconductor
die;

forming a resistive layer over the semiconductor die and
the third conductive layer;

forming a fourth insulating layer over the semiconductor
die and resistive layer; and

forming the first conductive layer over the fourth

insulating layer.
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