SEMICONDUCTOR DEVICE AND METHOD OF FORMING VERTICAL INTERCONNECT STRUCTURE
USING STUD BUMPS Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming a vertical
interconnect structure using stud bumps and integrated passive devices (IPD) for fan-out wafer level chip
scale packages (FO-WSCSP). 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 enerall§ contain one tﬁe of electrical
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Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a vertical interconnect structure
using stud bumps and integrated passive devices (IPD) for fan-

out wafer level chip scale packages (FO-WSCSP).

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 (CODs), 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,
transfornthig $GRARGH 16 efectriéity? afd trédting s Profectibis fot television-Gigprays “Semiconductor
devices aferdfounth Huthedieldzofi ertertainment. CQMANHECATIONS LPOWEHEOMEI 50N | AEIMIOTKS,
computers, and consumer products. Semiconductor devices are also found in military applications,
aviation, SUEGGHVE: IndtRIFRAT EoRrdlersE ZRADHE SfuigmERET 2t IMicBRAVGE P Gevices exploit
the electiieal preperties ofsemiconductof tratenalss The atemicrsirciyeref sesneenaductor material
allows its electj;ic | conductivity to be anliapLé:ated ? e ap Ii%at'on of an electric field or through the
fitl n

process GFABpITG: OSHIAG Tritroducds impliities int§ the semitondudtor Matdri& s Manibafate and control

the conddetivity ©f thegerm)conductor device. A semiconductor device contains active and
passive electrical strucé{ures. Active srtructgres includin%Picl)oolar and.fétesjd effect tra&sistors, control the
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flow of electrical current. @y varying levels of &oplng Bh appIﬁcgtlon of an efedtric field or base current,

the transiStoraithen preamotesaor resuictssthedtove efi etettricabourrentr Passivet ing 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 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 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



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 potertidlly huhdFeds ot stéps Fiohtérd mdntitactiARg involids tha$6ri&tic ef a plurality of die

on the sustacef assenicpnducior wafer: Each dieisitypicahy identigalandreamains cireuits formed by
electrically connecting active and passive components. Back-end manufacturi,ng%]énvolves singulating

individual'dit $Forfi 1A fifiishBE wWHIBr &4 PHEkging e e thprBditié Stlicirdlsuidporfand
environmeataliselatiorhs and Qne goalsefsemiconditctenmanufacturing is to produce smaller
semiconductor devices, Smaller devices typically consume less power, have higher egormance, and can
be produced more efficl&itly: THAHATGR, SANGFSorionda0icr Auukel RAVE SCrHAfish fBGtbRAL, which is
desirabletfor smatlen end producis: tA smalle pdiecsizes oy hie. achieved by Haprovements in the front-end
process regul&ipgcgr% die with S%%Ief;’a@%?%r %ensitl){uafcéig and passive %orr%%%%eln‘;s. Back-end processes

may result’in Semmiconductdr device pac agrés with a smaller %oo%rir?tabcy |mprovemlerr11% in electrical

interconnectien and packagingmadteriafs. steps . Anothergoah of semicondtiotor manufactlring is to

produce Q??Qerggiggr{g%%ceﬁerg|cng%%t95 gevg%sdlgte:rease% in deglé:f Epceerfog ance can be

accomplished by forming active copnponents that are capable o?te)pesratlng at higher speeds. In high
frequency applicatibnst suchvas eadio flegolendy (REpwirgless cbmmunieationsy IPBsdre often contained

annth%ontains 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. 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, 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 electrical interconnection between semiconductor packages can be accomplished
with conductive through silicon vias (TSV) or through hole vias (THV). To form ISVs or THVSs, the
semiconductor die is singulated from the wafer and placed on a temporary carrier. A via is cut through the

semicondiCtarmatBHaT OF pefHérat redicri R édch!$&icbRatEOr disiwhife tHeSdie are mounted to
the carriefaphe vias-are thea filediwithanselectically eenductivedyatesial, fergxaraple, copper deposition
through an electroplatin% process. The TSV and THV formation involves considerable time for the

via filling 8t tofits sntalPares? TR Fufifstr $5 VCanprodics RigrPstrésivsiwenRiids R5lling to

cracking and Lewes seliabjility1 Ehe equipmenimeeded dar electroplating, e.g., plating bath, and sidewall
passivation increases ngnu%;l(:turing, cost. In addition, voids, may be formed withjn the vias, which causes

defects and reduces reliability 5fthe device: TSV ShE TERF S8R b8 B 60 artt Costy Sbbro¢h to make
vertical efectfical éinterconnpeticnrsciongemisarductor packageéscthese irttercoghectischemes also have

problemsvvi/i‘;[lg pr(q%{?)tion Q/iecla,rlar %p%cliaeqevsié%, a p/r)ocessf 8o%tom%n %g;gegt. nary of the
Invention need exists g%rowd)e & vertical interconnect structure for Stacked sémiconductor
devices. Ateorskmgly,an @netembodimens, thérpreseritanvention is laemethtelrofanaking acsemiconductor

devme‘“ﬁ“@@%@%yg%938§£¥f%%wdwﬂ‘%ia is cut through the semiconductor
material or peripheral region around each semiconductor die
while the die are mounted to the carrier. The vias are then
filled with an electrically conductive material, for example,
copper deposition through an electroplating process.

The TSV and THV formation involves considerable time
for the via filling due to its small area. The fully-filled TSV
can produce high stress between vias leading to cracking and
lower reliability. The equipment needed for electroplating,
e.g., plating bath, and sidewall passivation increases
manufacturing cost. In addition, voids may be formed within the
vias, which causes defects and reduces reliability of the
device. TSV and THV can be a slow and costly approach to make
vertical electrical interconnections in semiconductor packages.

These interconnect schemes also have problems with production

yield, large package size, and process cost management.
Summary of the Invention

A need exists to provide a vertical interconnect
structure for stacked semiconductor devices. Accordingly, in
one embodiment, the present invention is a method of making a

semiconductor device comprising the steps of providing a



temporary carrier, and forming a conductive layer over the temporary carrier. The conductive layer
includes a wettable pad. The method further includes the steps of forming a stud bump over the wettable
pad, mounting a semiconductor die or component to the temporary carrier, depositing an encapsulant
over the semiconductor die or component and around the stud bump, and forming a first interconnect
structure over a first surface of the encapsulant. The first interconnect structure includes a first IPD and is

electrically?CBiettad foAthe Sdd banth. TREMEHhod fGRREMRERIYRs R StepaVSireldving the temporary

carrier, apdf@ming @ seconddptercamect stiyclure ovena seeond, surfaessobengapsulant opposite the
first interconnect structure. In_another embodiment, the present invention is a method of making a

semicondiitor device BEMmPRgingths Stéps i proditig & GaftierPforing & Stid BumpTveT the carrier,

mountingoausemicanductor die ot eBmpopen!, tontbercatriey, depesitidg anencapsdlast ever the
semiconductor die or companent and around the stud bump, and.forming a first intercopnect structure
over & firSCATFARES1 (hE eneBp iTAHE THE firSEihtet Carinei B ICHLte o SRCHEAN) Eamfbited to the stud
bump. over |Inlanotkeriembadiment, thépresentdnyentionts anmethoshofdnakiag @csemiconductor

device c%mﬁ%sm tfgje ]g_tgps .or1; formlgg a f{rstlln%erconnect s%ru%ure hig_av!:neq %{flrst IPfo.ormlng a stud

i . M1 rs ncerconnec SEruc er a S .
bump over ’flrstnlnterconnec? Sﬁ’UC ure, mounting a semicon Ule.lOl’ clﬁe or componen%ifo ﬁwe first

interconnect sttacture;, depesitingarsencapsulant lover thessemiconducton dietorstcomipednerd and around

the stud bump, a0d forming g,sefopd Jterconnect syyquce gverhe encapsulant gpposte fhe first
interconnect structure. h ancther embodiment, the present invention is a semiconductor device
comprisifigairst idteecomgct stricturérhaving @lfirde P LA stucebpumpfis formedioverthe first

interconnegf, strucite. £ semigondugtor die.or; gamponent s mauied fo fe st tercapnect structure.

An encapsulant is deposited over the semiconductor die or component and around the stud bump. A
second iftBRfonhesestAlcturlis forrre® bventheranchpstilanPoppadite thedirdtinfdrconnect structure.

Brief Description of the-Drawings. e .

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, forming a stud bump over the carrier,
mounting a semiconductor die or component to the carrier,
depositing an encapsulant over the semiconductor die or
component and around the stud bump, and forming a first
interconnect structure over a first surface of the encapsulant.
The first interconnect structure is electrically connected to
the stud bump.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
forming a first interconnect structure having a first IPD,
forming a stud bump over the first interconnect structure,
mounting a semiconductor die or component to the first
interconnect structure, depositing an encapsulant over the
semiconductor die or component and around the stud bump, and
forming a second interconnect structure over the encapsulant

opposite the first interconnect structure.



FIG. 1 illustrates a PCB with different types of packages mounted to its surface; FIGs. 2a-2c

illustrate further detail of the representative semiconductor packages mounted to the PCB; FIGs.
3a-3h illustrate a process of forming a vertical interconnect structure using stud bumps; FIG. 4
illustrates the semiconductor device with vertical interconnect structure having stud bumps; FIG.

5 illustrates stacked semiconductor devices electrically interconnected with the stud bumps;
FIG. 6 illustrates the semicdRaGERF delice Wit sthd PARS AEhaVING Upwalrd fatifg active surface;

semiconductor device comprising a first interconnect structure
having a first IPD. A stud bump is formed over the first
interconnect structure. A semiconductor die or component is
mounted to the first interconnect structure. An encapsulant is
deposited over the semiconductor die or component and around the
stud bump. A second interconnect structure is formed over the

encapsulant opposite the first interconnect structure.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

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

FIGs. 3a-3h illustrate a process of forming a vertical
interconnect structure using stud bumps;

FIG. 4 illustrates the semiconductor device with
vertical interconnect structure having stud bumps;

FIG. 5 illustrates stacked semiconductor devices
electrically interconnected with the stud bumps;

FIG. 6 illustrates the semiconductor device with stud
bumps and die having upward facing active surface;

FIG. 7 illustrates the semiconductor device with IPD
formed in a bottom-side interconnect structure;

FIG. 8 illustrates the semiconductor device with IPD
formed in a topside interconnect structure; and

FIG. 9 illustrates another embodiment of the
semiconductor device with IPD formed in the bottom-side

interconnect structure.



FIG. 7 illustrates the semiconductor device with IPD formed in a bottom-side interconnect structure;

FIG. 8 illustrates the semiconductor device with IPD formed in a topside interconnect structure; and

FIG. 9 illustrates another embodiment of the semiconductor device with IPD formed in the bottom-side
interconnect structure. 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 similaP&fefieife WRRETHEIRAGT iSBesIREIRYE ms 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, modifieatipnss and eqguixalents as Mmayibe drcluded withishthespititang scope of the
invention as defined by the appended claims and their equivalents as supported by the foIIowmg
disclosuré ﬁm&% the following descri tlon with reference

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,



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 ciffent PHESAE ERRRAMCGAPOHENET SIGH 8 Eapadifts, iRBuctdRs! Tasistors, and

transformessereate-a relatioRship bebwaen voltagei and eurentngcessantoqeriermeelestrical circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by a%KHeSof prdessstefis fehiting dopihgS 4eHGSition, pHotGlitiograph§, Etdhing hnd

planarizatioanbopingriBtreduces: imptsities mtodlie semjcongducigrapaterial by techmigues such as ion

implantation or thermal diffusion. The doping process madjfies the electrical conductivity of semiconductor
7 SdmicondUctd

material fﬁofcjtigg deliced? T nas?orﬂﬁﬁﬁ Patefalinty & ﬁ%ﬂfatgﬁ ﬁaﬁgtB?, or
dynamically chasging-thetsesiconducior mbteriat coaductivitydn responsettbanselpdtticfieldbar base

current. 'I('Drgnglgtgrg fogtcarlnl regions 81‘ varying t pes an rgae_grees of doping arranged_ as necessary to
enable the transistor o promote or restrict the flow of électrical current upon the application of the electric

field or base current. ActivActivel apd passive conpporents arke forednmdaipersichmaterials with
different elegg;gggeropﬁtic%s.%p&lg ers canll:ée ]‘Cormed by a varie%vi()ef dep%g@nfgcrér]}igues determined
ifm

. Jo 1 ) . .
in part bymt?ie type of material eing Saosneed. o?é%gmp er,?ﬁlﬁ dseposmon may involve chemical

vapor dep@silﬁ@ﬂrl(r@VDl@_y,ypkWs‘i@Jt vapor @efpcmmséFt\lD)l etmmm_m@atitd@faﬂdre’lectﬂol_éss plating
processes, Eachy layer is generally pattemer.to faum portions of actiye components, passive,components,
or electrical connections bétween components. The layers can be patterned using
photolithégraphy.amhieh involvestheldepositioncdidight sénsitive mateitd sé fgi,qgshotePésist, over the layer

to be patigrned. A pafjeryis transieried fgm @ phptomask-to,the phptorgsist using light

electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

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



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 technigues such as electroless
and electrolytic plating. Depositing a thin film of material over an existing pattern can exaggerate
the undeRYiRg Patteff'and redt8 G AGH-BnfiGrmG Fat BaFEGS! A GhitoitnIg fidt S@fate’ss required to

produce smapenand more peasely packed actve apd passivecompronents iZlasarizationcan be used to
remove material from the surface of the wafer and produce a uniformly flat surface. Planarization Involves

polishing th& sTFAEE OF tHE whfkt With & pofMing DRAVAR dbridive ATateMal &t cSirddidE Ehemical are
added tothe sutface of the wafes tuepgpeliskingnfhe cembinethmecbanicakactionef the ebrasive and
corrosive action of the chemical removes any Irregular, topography, resulting in a uniformly flat surface.
Back-end HahUIAGH G roTere td QUL oF SnBaIRAG the IRRNEd WATEP o AUt b and then
packagingdhe dlie: tor tstrelcturaltsupposttanch enviedrenentatl-isotation 1 Telsingulate the die, the wafer is

scored and b{)oken alon% non-.funﬁtionaé re%ion ogg;e W%fer called sa\g streets or, scribes. The wafer is
moin mecthanica actl1o ;e e apr C,

singulateaousmg S?aser cu‘?tlnlg {00l 61 saw bla er smgallﬁa{%%, the individual die are mounted to a
package stibstnatethatilihchidesqinsoscontact padsifior atertcopnectorhwithotiserlsystem congponents.

Contact Q%dls f8£%§d over %hesserr?gl:onductor die are then connected to contact pads within the package.

The electfical connections can be madeé with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or othérambldinginmaserial dstdepositedrevier tise package toygrovide physical support and

electrical isolatign. e finisheq package s, fen Insgrted ipjo.an glectrical system.and fhe functionality of

the semiconductor device is made available to the other system components. FIG. 1 illustrates
electroni®devies 50chavirgy &chip- earrief substrate or PER SRtwithng phuralitycafreseptiednductor packages

mounted onjis:surface. Ejectionic;device 50,may have one type of semiconductor pagkage,on multiple

types of semiconductor packages, depending on the application. The
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
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 PCB 52 with a plurality of semiconductor
packages mounted on its surface. Electronic device 50 may have
one type of semiconductor package, or multiple types of

semiconductor packages, depending on the application. The



different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

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

micropro < SHEMoYRS SapflicafiBr SPBEME ItBgRAEH THEGItSHSIBRY Wit tirchits, dnalog circuits,

RF circuits, gissretedavicest or othes seatigiductor die or electrical components. In FIG. 1, PCB
52 provides a general substrate for structural support and electrical interconnect of the semiconductor

packages mounted ontHé PEE Condiittive Sighal Haded84ars Famied ovetsa SUFaEE o Within layers of

PCB 52 usirg evaporation celeatiolytic platiog aelestreless platingn sereendarintinge or other suitable metal
deposition process. S %al traces 54 provfe for electric&com unication be%ween eaﬁF of the
semicondUCIST packages "MotntEdcomponéits 2and Sthér extarhal Sstém Corponents. THices 54 also
provide pewer andgronpd connections tbaaghrof 4he semicormctor packages.elect rdnisome
embodlmgnts., ges%lconduggr dewcg]?hrgfé\évocpaac%ggmgtlgvelﬁ. Fir tle\%el§gclégglgg is a technique for

V1 a r r ©) lncerra
mechamcaﬁly and elecfrrlf?:%]llly attacl‘ﬁng & S8miconductor die to an intérmédiate arrier. Second level

packagingtiheolves. mrechapicalty and ede ctAcallytattachingnthed ntenmediatel carrfer ta the PCB. In other

embodlr_n(g)%;ns &;eermlco?gtﬁjctgé gg\élgéq §111ac\(C Qlyphﬁaé/%agg flésatAevi%l gf\gé%glng where the die is
mechanically and electrically mounted directly to the :
microprocessors, memories, application specific integrated

circuits (ASICs), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

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.

-10-



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 sglstem requirements, any combination of

semiconductor packagBSLclitiyured Rithany comBingfior bf-firdt aff Setard el patkaging styles, as
well as other electronic cyrapeagntsggan he ceanacted 1o LCRB HA. rsameemiodiments, glectronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconniectadl packayes. BY XBmbining Ohe ot mofe Sermitonandidr paERAges overEsingie substrate,
manufacikersreanlis¢erporateag-magde campanents intolelegtrodic Levices @chsystemsoBegause the

semiconductor packages include sophisticated functipnality, electronic devices can be manufactured
using chéapet c%ﬁifpro‘%eeﬂts(gﬁgi s%ge’an‘ﬁlrhae% rﬁ%ﬁ%fb%&r%%%ﬁ%%&ss&r e're 6rtir%acfé%ic%%la e less
likely to fait angl legscexpehsivertoImanufacture sesulting Mca joveer, cast faf consumess.— 1 eadedrIGs.

2a-2c showgg(emé)la@ﬁwemi nduct%r %aclglg faEIG. Ziiallustra]?s further %eotail of DIP 64 mounted on
ductor di e [

PCB 52. S&mié rdie 74’ ineludes an active regi%(r:\ co%?alnln@ fn%?oés'or 8|réitI§P&Pcu?ts ir%%lemented

as activeRI&wice3, padsive devices uconductive fayersrandedielectiiclayers fanmedavithim el die and are

electrically,ntergannegied cgording o he electical desian ofthe die, Forsxample. e clieuit may
include ohe or mare transistors, diodes, inductors, capaciors, resistors, and other circuit elements formed
within thefactie regibrsefcsericbadedtopdiek?4r Caontattydads 76 arevend op maorehkayers of conductive

material, such as alurminu (AL, copper.(Cu) fin (Sn), nickel, (), gold (Au), or silver (Ag), and are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semicorduiordie 74 is hestnted ic ad Mternediatel sarkied 78 usirigia gbtd-siticarr eatéctic layer or

adhesive aterial,such as thermal epoxy, The.package bady Includes an insylative pagkaging material

such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical interconnect
between SBhificsHRRESH i€ 7RHHEPPEB -52. lehcapsihiant B4 i9 BEpositetraer I8 paekage forr

environmental pratection by prevening maisture and particles from goteringthe package ande
contaminating die 74 or wire bonds 82.
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

-11-



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 packing
interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is deposited over
semiconductor die 88 and wire bonds 94 to provide physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a suitable metal deposition such electrolytic

plating or'éi8efrdless phiting 16 prevemtoxidativh: CORtatt pads 1ep-dreeld@ridally<CSiitetted to one or
more conguigtive signal taces 54 #x PCB(52.) Bumppsd Odzare founred betwaen eontactpads9d of BCC 62
and contact pads 102 of PCB 52. In FIG. 2¢, semiconductor die 58 is mounted face down to
intermedfaté GamiEr 1b8XnitiP A TRFEMP style TiPst 16VE1 PatkaGing™&Bive fyidts £08 bF Bémiconductor die
58 contaigisranadogiorcdigitakcircuits implemenigd assaative devices passive devices,reandustive layers,
and dielectric I?%{ers formed a%cordin to the electrical glesi?n of the di . For example, the circuit may
include oh&or MoreTralRNItors] didtes” intitictors SCapaciors: tédiStors, andCather dirdifit Slements within
active region i108n Semieanductdradie 58ds etettrcallycantbmechanically-eonnectec tanedrrier 106 through
bumps 1%0. « I%%A %Oc'saelgc ic%ll%y argldcTwue(gganicgll gonri%c;cteg] to PCC%QZiV\éith a BGA style
second I&ver p%]iékaglng u%mg Lﬁnps 113. semiconductor die 581§ eﬁac?ric%?ly toAnected to conductive
signal traces &diin PCB.&2 throughlbumps ¢t0csigralimes ledhdndthumps2d2. A nelding compound or

encapsulant 114,i5.deposited over semiconductor die 58,and carrier. 108, provide physical support and
electrical isolation for the deVice. The flip chip semiconductor device provides a short electrical conduction

p_ath fromsmeia:t_ﬁtiv@mmsddrfsérﬁio@m@lu&@ die’ 58 t@nGﬁmm(ﬂ@ orsPEB53 incerder to reduce
signal propagation disance, Jower capacitane, and impraveauerall giruit performance, In another

embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using fliprehips styleefisnibviek packalhsg Withoutintesmeekiate earmarciosye and FIGs. 3a-3h illustrate a

process of forming, & yertigaljnteregnngct strugture with styd bumps and IPD for a FO-WLCSP. In FIG.

3a, a temporary substrate or carrier 120 contains a base material such as silicon, polymer, polymer

composite, metal, cerafi€,-glaSs, glassEpeie beftmdxidEs o bthersuitableflloWesst igid material

for structural suppars. An gptionalinterface layer 124 can be formed over,camier120-as gn etch-stop. An
electrically conductive Iaéer 122 is formed over interface layer 121 and carrier 120 using patterning with

PVD, CVBS 5pgttéfing! folytic Pratifg CaléctrGless phiing prEcess? b bitfet stftable’hétal deposition
process. GOMLICHVE provide first level packing interconnect between

contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such 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
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layer 122 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, W, poly-silicon, or other suitable electrically
conductive material. Conductive layer 122 Includes wettable contact pads for later formation of stud
bumps. In one embodiment, the wettable contact pads of conductive layer 122 are pre-plated on interface
layer 121. A plurality of semiconductor die or components 124 is mounted to Interface layer 121
in a flipchip arrangement with contact pads 126 oriented downward over carrier 120. Semiconductor die

124 eactfinERBE difadtive Stifaet e diftainfi R og or diitat tfcuits niplEFeREas Efve

devices, passive deviges.icandustive fayers; ansk-dielectricslayersformed withi) thendieanskelgctrically

Interconnected according to the electrical design and function of the die. For example, the circuit may

include oR@Rt G Fangi§tors uiddss, 3R othdtdirciteremEnts'oRRBA Withirt BdiveSirtade 128 to

Implementdagisebandanalag:eirctitsr digital €ireuity sushascdigital signal pseeessor (DSP), ASIC,

memory, or other,si%ri | processing circuit. Semiconducttér die 124 may also coﬁi IPD, such as
,and e imeri

inductors" capaditor (E¥EtSIs ot R sighial procesdingt IH SHStheP BifbBdiment, a discrete

semiconductor compomerit cah hiesmeuatad-todatdrfacerdyerct2bnical l n &Gndbiraplurality of stud

bumps or_pasts 130 .are for over the wettable contact pads of conductive layer 122. | e
embodim%e% : a? v}virvé%o%d‘?nrgggn%cﬁl%n%q:?ans o?r%ns%ug %‘G?nipsp - Stud %ulrlnsplsnfégjﬁggés aqh?ealgiht ranging
from 2-12ZGmicromiétersqpm)ie 58 HGe Bbshoisastlig bumps=t3Etmplenented as sted bumps,

including bump portion 132 dstudpgegti 134. In another embodiment, stud bumps 13 n be formed
with stacked Bﬁr%p%rl CGe %5%5%10%% in 63%8.: tud %%m%g%% c%%ﬂglsg jb%nf%%m%él %%o%tfgénductive
layer 122228 showpsinlRIG. 3dAImandycase, thefornrationrofestgdbampst30ldge a simple, low-cost

mathc%g@gégggﬁﬁ%ver 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.

FIGs. 3a-3h illustrate a process of forming a vertical
interconnect structure with stud bumps and IPD for a FO-WLCSP.
In FIG. 3a, a temporary substrate or carrier 120 contains a 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 121 can be formed over carrier 120 as an etch-
stop. An electrically conductive layer 122 is formed over
interface layer 121 and carrier 120 using patterning with PVD,
CVD, sputtering, electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive
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FIG. 3e shows an encapsulant or molding compound 138 deposited over semiconductor die 124 and stud
bumps 130 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, or other suitable applicator. Encapsulant 138 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 138 is
non-conductive and environmentally protects the semiconductor device from external elements and

contaminaf¥S Entapsaiant PS8 BR8efoedYrindify 6F FlaSia’etching to Prandlize the suffdce and

expose siyd bamps 4.30: Aigrnatively; the-height af-stud dusns-13Q car bedessithamtbe thickness of
semiconductor die 124 (with die facing downward). After performing encapsulation, both encapsulant and

the backdia& OF S8micondietdt Hie 184 1MieFgd grindiRg oF Prehatizhlier Uit &bosiy §td Humps 130.
By doing ser stugieiimps 438 hiave naresreliabiliyndpwvithstand eacapssdaniirflon: the materials cost of the
stud bumps ca l;e reduced, and total package ei%ht can_be reduc éi In FIG. 3f, a topside
puild-up TETeBRnGct ST SRS rme G942 frSt SUAES of EncABSuIERT38 Thebule.up
Interconniect striietuee 149 dncladas an insulating or passivation layer 142 formed by PVD, CVD, printing,

spin coating, spray coating, sintering, or thermal oxidation. The passivation layer 142 c e.one or more
ayers of sihcon dioxiod (S10% Diun Fas CIaN niin ritte (TSRS A bebtoride
(1a205), mlwminam axide (AROBH @ otherematstial haviagSimpjahinsulating mpdnstructurakproperties. A
portion of passivation | er IS rem V(ég by an etchi process 10 expos tud bumps 130. An
eIectri(:alﬁ/%cr:gtna(lj?Ja%:tiV]{/Dé?l ?a%yer]aM% ormec o%ﬂr?gualéﬁﬁngjla?ér ?25 and stu? umps 130 using patterning
with PVDS €MD osplitteting, dlectrolyfic pratingl elettrdfessiplatingi process, feragthésuitable metal

depositiop rocass; Gonductive layer 144 canbe.qne. ot more laviers of AL Cu, Sny Ni; 4. Ag, or other

suitable electrically conductive material. One portion of conductive layer 144 is electrically connected to
stud bumpsvii3te Otherpertivas &f condotivedayerctddean be eleotrically cohsheaor eectrically isolated

depending_on.the design and funafion.ofthe semiconductordevice.  , ;- An.insylating pr passivation

layer 146 is formed over passivation layer 142 and conductive layer 144 using PVD, CVD, printing, spin
coating, Spray €datidg, tsintefifig SérethermaPdxidatior The sassiatibhdayerfl14e cartlbé onefstimore

layers of 90z, Si3N4 +JION, 1 Fa205, Al203, of otheramaierial hayipgsimilarigsylating and structural

properties. A O[?ortion of passivation layer 146 is removed by an etching process to expose conductive
layer 144110des, |G 03¢ Sarfidr £20- Ang Heface 1dyer124 aré rémbdved by theEdlaitning,

mechanical peeboff M dJnechanical grindings theymal bake claser-seanning or wet stripping.
Conductive layer 122 and contact pads 126 of semiconductor die 124 are exposed following removal of
canmr1ﬁ?§ﬁdﬁﬁeﬂ&&%ﬁ®éri?fpal processor (DSP), ASIC, memory, or other

signal processing circuit. Semiconductor die 124 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. In another embodiment, a discrete
semiconductor component can be mounted to interface layer 121.

In FIG. 3b, a plurality of stud bumps or posts 130 are
formed over the wettable contact pads of conductive layer 122.
In one embodiment, a wire-bonding machine can form stud bumps
130. Stud bumps 130 have a height ranging from 2-120
micrometers (pm)

FIG. 3b shows stud bumps 130 implemented as stud
bumps, including bump portion 132 and stud portion 134. 1In
another embodiment, stud bumps 130 can be formed with stacked

bumps 136, as shown in FIG. 3c. Stud bumps 130 can also be

—-14—-



In FIG. 3h, a bottom-side build-up interconnect structure 150 is formed over a second surface of
encapsulant 138, opposite topside build-up interconnect structure 140, and a front surface of
semiconductor die 124. The build-up interconnect structure 150 includes an electrically conductive layer
152 formed using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating process,
or other suitable metal depositionﬁg}rg}cess. Conductive layer 152 can be one or more layers of Al, Cu, Sn,

Ni, Au, A§OSFGHel SHEABIE eFBCHIy-ConabdiFE material 26n& Hofiont Bf Ediftiuctide laye? 152 is

electricallyrgonngsted tonstud bimpsi 130 and sentachpagds 126 of semicondustardie 124.-Other portions
of conductive layer 152 can be electrically common or electrically isolated depending on the design and
function SFAB SeRTiESNUEEF EKAGS - An insulating or passivation layer 154 is formed over

conductive layer 152 and@ctige surace 128 of seapeariductoratie idddisiing BYRL &3, priging, spin
coating, spray coating, sintering, qr thermal oxidation. The passivation layer 154 can be pne or more
ayers of ST0SCFA: SION, TUBUETABUE B o A AR S e g i Srfctiral
propertiepaA portion aftinsulatingtayes 454.e rembuecd dy anretchifgrpracess togexposewconductive layer

152. An elfctrlgalrlﬁloci%ductlve bulrlndo ggaterlal |$Cdgg03|ted over é:gnducl;tlc\g%lfger 152 using an

evaporation, electrolytic plating, eldctroless platifig, ball drop; or scréen printing process. The bump

material capbe &d,t9m,.Ni, Auc Ags Pba B, Cai§ sokeher,andcdmbimaticnsitheséok withtar optional flux
solution. ngcr: xample, the bum .mate.rlc?lllc%r{ eutectic Sn/Pb hgglhélegdwslolqlerfQﬁ@gg-fr%ersolder. The

.asteno resin wi ;.. ePpOoX r T ’
bump material Is Bon e§¥o conductive layer 1 usmg% su¥ta%Fe ttachment or bondlng process. In one

em bo_dimeqml,ythe Huwip: material ¢ reﬂ‘theid_rby _héamﬁgDmelmaterM abowe its meiltmgipo_itni weform
spherical halls of bumps, 156 1n spme gpplicatiops, bumps 156 ate (gfloyed, a second time to Improve

electrical contact to conductive layer 152. The bumps can also be compression bonded to conductive
layer 152 Biuerpsi156 tepresént crisdtyperofamerconnect structarsthbt can béeformed vvereonductive

layer 152, Thedataieonnest sitygtuse can Alsa s Band wires: eppAuctiye pastes sid pumpe micro bump.

or other electrical Interconnect
stud bumps 130. Alternatively, the height of stud bumps 130 can
be less than the thickness of semiconductor die 124 (with die
facing downward). After performing encapsulation, both
encapsulant and the backside of semiconductor die 124 undergo
grinding or planarization until exposing stud bumps 130. By
doing so, stud bumps 130 have more reliability to withstand
encapsulant flow, the materials cost of the stud bumps can be
reduced, and total package height can be reduced.

In FIG. 3f, a topside build-up interconnect structure

140 is formed over a first surface of encapsulant 138. The
build-up interconnect structure 140 includes an insulating or
passivation layer 142 formed by PVD, CVD, printing, spin
coating, spray coating, sintering, or thermal oxidation. The
passivation layer 142 can be one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Ta205), aluminum oxide (Al1203), or
other material having similar insulating and structural

properties. A portion of passivation layer 142 is removed by an
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Semiconductor die 124 are singulated with saw blade or Laser cutting tool 158 into individual
semiconductor devices 160, such as shown in FIG. 4. After singulation, the individual semiconductor
devices 160 can be stacked, as shown in FIG. 5. Stud bumps 130 provide vertical, z-direction
Interconnect between topside build-up Interconnect layer 140 and bottom-side build-up Interconnect layer
150. Conductive layer 144 is electrically connected through stud bumps 130 to conductive layer 152 and
contact pabs 1B iEHehsEMiEoNGIdErGeice 466 ™PS 13RIG. 6 lllustrates an embodiment of the

vertical Interconnect structure-with the semicenductor tieshaving anupward fagingactive syrface. Similar
to the process described in FIGs. 3a-3h, semiconductor device 170 uses a temporary substrate or carrier

with an opBSHAIAfteMAce Tdyer, Which oPerafes h AR REchEStop iayetd AREiL&HiRdRedtduttive layer 172

is formedeovgr the parrigswstng patgrnigewith EFMB, GVD ] sputiefing: electrolytisating elecjroless
plating process, or other suigble metal qgr,{)osition %O ess. Conductive Ia(ﬁ/er 172 can be one or more

layers of A1.9CT °Sh, NIF AU AGE W holy:8iticoR o other 8litabte Bledtically Ednducive haterat,
Conductive Jayer 172 Ineludes wettable-cantaet padsstos latér formation of the stud bumps.g, A
plurality of semiconductor_die.or co nents 174 is mouynted. to the carrier in a flipchip arrangement with
contact p%ﬁs?ﬁ%eorriesnlfé& ﬁg\}v%r .%Zc%ﬁ:%)ﬁ lj]rc r 8Pen#ffefnlc]’uede%aac?ﬁ/éa}s%ffacgrﬁ8pcoorn a%%lrhg analog
or digital circuitsbinplementadchas acliviel devices, quassiveadevices) toaductivetlayerspanddiglectric layers

formed wit%w the i% éapd eoler%triigallé/ I%%ergggg%cct%q acc rginegftolgug eclg%trigal delsé%nﬂ%nig: g rlction of the
die. For example, the circuit may Include one or more trans%tors, iodes, and other circuit elerents
formed withimactivers gfacetl 78l mplémehtbaskrérekarblog civeuitsher digitalaircaits, such as DSP,

ASIC, memary, f_’Bf?ﬂbef s{g{@l Qé%ciegg%g%@ §gw%%n.ductor die 174 may also contain IPD, such as

inductors, capacitors, and resistors, for RF signal processing. In another embodiment, a discrete
semiconductor compoAentis mbkimted o the corAergelhtefackalager. 146 1s Afplarality oF stid bumps

180 is fog@%% overthe wattahle contact pads. of conductive Jayer,172, In additign a-pluralty of stud
bumps 182 is formed over contact pads 176 of semiconductor die 174. Stud bumps 180-182 are formed
by stud befighig PEocesB sirtPa Wikdhorfiiig ynachire. 'Stud Dunkss 180 18 caR BETCY; Al, W, Au,

solder, or,gther syitable efegtrically conductiye magerial; lpsone, gmbodiment, studpumps 180+182 are

Implemented as stud bumps. Alternatively, stud bumps 180-182 can be formed with stacked bumps,

similar oG 5¢2 BondWifes £66%re eretitallf tdRRected Hetheen BehtEt padsid762%d conductive

layer 172similar insulating and structural properties. A portion of
passivation layer 146 is removed by an etching process to expose
conductive layer 144.

In FIG. 3g, carrier 120 and interface layer 121 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. Conductive layer 122 and contact pads 126 of
semiconductor die 124 are exposed following removal of carrier
120 and interface layer 121.

In FIG. 3h, a bottom-side build-up interconnect
structure 150 is formed over a second surface of encapsulant
138, opposite topside build-up interconnect structure 140, and a
front surface of semiconductor die 124. The build-up
interconnect structure 150 includes an electrically conductive

layer 152 formed using patterning with PVD, CVD, sputtering,
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An encapsulant or molding compound 188 is deposited over semiconductor die 174 and stud bumps
180-182 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, or other suitable applicator. Encapsulant 188 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 188 is
non-conductive and environmentally protects the semiconductor device from external elements and

contaminahfS BrfeapsdianP188 tRdergob YrindirfiP6r Pragm=Pétchhg 6 Prandtizeth8Shrface and

expose sfudiupps BA-4824epositAdappde buid-up Intereonnectstrugtuse 1984s fermeagkover a first
surface of encapsulant 188. The build-up Interconnect structure 190 Includes an insulating or passivation

layer 192°0fm8d BYBYDL XS, Hridting;lepifi toatify, Shray L8atiAg sifterifg SriheHhardidation. A
portion otpassivatienllayerctRlisemayveddnean eichingpeocess ta expese stiddimps,d80-182. An
electrical condugrg%e layer §94 IS formfd over §assivat'on layer 1§2 and stu %Jmps 180-182. Portions
of conductftiETayer1o4 areafecticali coMnSCted 16 st biimps 180°HE% Fespectivaly. Other portions of
conductiveolayer 194 sdn beoeleectficakbyncarmmbncarcelectticaly Kksolated depepding iamthiecdesign and
function of th sg@icondluctor d;\g/é'%e. énnir}gglatiilg or lpassii/?tion layer 196 is fq{)mcchroverlplassivation

layer 192°an¢ gon&ﬁfc?iveﬁgferr 4. Aportion of msu?athn%alayé]r 166715 removed ey an le?c&hmg}] process to

expose conducthvedayertdtiing on THescareier gnd dmterface tayermre fernbeed by chemical etching,

mechanical eel-og CMP r’gechanical grinding, thermal bake, laser scanning, or wet stripping. A
ugtor . .

bottom-&de%ucll%r}up Inferconnect structure 200 is formed over a second surface of encapsulant 188,

opposite topside build-&p Intescoratect stracture $90,vartd atbatk werface 6f semicondedtordie 174. An

electrically conductive layer, 20243 formed aver condugtive;layer 142 apd 1he, bagk syriace. of; o

semiconductor die 174. Orie portion of conductive layer 202 is electrically connected to stud bumps 180.
Other portibthswt coadEtive Iayer 202 can bebledtricallycesrhmoh orsglectricalalserted depending on

the design;and.function of the semicondystor devige. An insulating, or passivation ayers204 s formed over

conductive layer 202 and the back surface of semiconductor die 174. A portion of insulating layer 204 is
removed 'ty &iétchingisrotess iraspese conductive RYer 2020N, Ta205, Al203, or

other material having similar insulating and structural
properties. A portion of insulating layer 154 is removed by an
etching process to expose conductive layer 152.

An electrically conductive bump material is deposited
over conductive layer 152 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 conductive layer 152 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 156. In some applications, bumps 156
are reflowed a second time to improve electrical contact to
conductive layer 152. The bumps can also be compression bonded

to conductive layer 152. Bumps 156 represent one type of
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An electrically conductive bump material is deposited over conductive layer 202 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 conductive layer 202 using a suitable attachment or bonding process. In one embodiment, the
bump ma&é‘ﬁﬁ%?@ﬂb%gd By hesting the-raterft AbBFe S THEIHNG Poit €6 FtHF S icat Bals or bumps

206. In same applisatians; dHas206 ake-refloweda seeond tipede dmprove eleekical contact to
conductive Iager 202. The bumps can also be compression bonded to conductive layer 202. Bumps 206

represent8RE Wpe AN Eofrect StUckIrEthatthn e forfRY Ver RoRGcRETIRYEr562. The

Interconnect structure:ean also use bond wires, conductive paste, stud bump, micro bump, or other
electrical Interconnect Semi S%micondgfftor gevéce 170 s, stacﬁr?téle. Stud l%um%s (]ﬁ)?-l 2 provide
vertical, z-direction IntetCORTEA BEWSEN Tapside Buitd-tp Intareorhect 1ayer 190 Hhdbittom-Side
build-up Intereonnectiayer 200, Canglgictive: tayend 94 isielettrically condectedthrbeighstud bumps
180-182 to_conductive layer 202, cont ads 176, and bond wires 186 of semiconductor. device 170.
FIG. 7 lluoiiotes S briodt el of e viscal intembct S A Atk onel6r MBrIPLL Bimed in
the bottoseside mtiérconmectistvictare béfore encapsutatiork ¢al this easé,carbottomeSide bbild-up
interconnegt stretre. 240 5 fomed.ver fe carter. An gleclrically conduative Jayer 242 is patierned and
deposited using PV , CVD, s%utterlng, eIectrd]ytlc plating, electroless plating process, or other suitable
metal depeditioreto fopmsindividual portionsiorisections242a-242hr Thé individudlgiortions ofleonductive

layer 242 ¢an e glectrically comman of %Pe‘%}”“iaé'y Isolatsgdenending gn dhe gannqglivity of the

individual semiconductor die. Conductive Tayer 242 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitabfecéleetrichlly conductiveadateriapugh st ydréxistive layér 244 isquadtertiéd and deposited

over congugfive layer 242b and befween.condugtive Jayer 242e and 242f using PYD, qr CVD; Resistive

layer 244 is'tantalum suicide (TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr), TiN, or doped
poly-silicon having a resistivity betweet 5 S G0 okmEsl AREiRsulafing ey e 246§ 3drmed over

resistive layer 244 using PV D, GMR, RIINfingy SIpRIing. QF thermal oxidation. The insylating layer 246 can
be one or more layers of Si3N4, 5i02, SiON, Ta205, ZnO, Zr02, Al203, polyimide, benzocyclobutene

(BCB), pdhenzbxazo s PBOY, G cthHérsuifable diefdctAe nidtefiAIC RRERAFE FayeP 224 ‘HrRFinsulating
layer 246;¢an-be formed with the samernask and eiched-atithe samestimer Altgmatively, resistive layer
244 and insulating layer 246 can be patterned and etched with a different mask. _Aninsulating or
passivatiGh ket 248 i8S forried over résistivé Tayer 244 i ulting Jdyer 2467 WAl cofidictive layer 242

using spipgeatingsP¥B, &Yy frintingosintering: or thermal exidatien. The passivationiayer 248 can be
one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating
mnpeﬂbé%&%%ﬁ%%%ﬂﬁagﬁﬁﬂﬁ% over the carrier using patterning with PVD,

CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 172 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
W, poly-silicon, or other suitable electrically conductive
material. Conductive layer 172 includes wettable contact pads
for later formation of the stud bumps.

A plurality of semiconductor die or components 174 is
mounted to the carrier in a flipchip arrangement with contact
pads 176 oriented upward. Semiconductor die 174 includes active
surface 178 containing analog or digital circuits implemented as

active devices, passive devices, conductive layers, and
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layer 248 is removed to expose conductive layer 242, resistive layer 244, and insulating layer 246.

An electrically conductive layer 252 is patterned and deposited over conductive layer 242, resistive layer
244, insulating layer 246, and passivation layer 248 using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition process to form individual portions or
sections which can be electrically common or electrically isolated depending on the connectivity of the

individuaP<&nitohBtEtof B CondecliGe 1yt 252 dahheldfie BFhdie Faers of AL YCu, Sn, Ni, Au, Ag, or

other suitable-elestrically sanductivednateriab the e AGNSUlBiNgLs Pagsivatian fayes2b4ris formed
over conductive layer 252 and insulating layer 248 using spin coating, PVD, CVD, printing, sintering, or
thermal dXiddtidn. The pasg%tiSﬁfé%f%M%% 56 BIE b NTGHE 14yETS 6 Si02) SisN4"STON, Ta205,
Al203, ortathesmaterial havingastitableniwsulatieg praperties. A pertionef Fassivation layer254 is
removed to expose co ductiv]er%%yer 252. The strt,iﬁctur S desgribed in buil,dt-up interconnect
structure 740'constittd 3he or More passiveirdliit di8mehte’sr P 19 ofis eridddim@ht, conductive
layer 242b] sasistivedayerni244; insulating: lyes 246 Aarnd conduciive layer 262nisa metalinsulator-metal
(MIM) ca 1a}%itoer. I§e§1isti\ée Ira%/er t244 b%we%g cgng:%ctj_ye dIa er1%442e-§42faii; goreggst%r elgmﬁg]gin the
passive ifcuit. The individual sections o?l(l:onéluclfivecfayer 2 can b6 wotnd orcoiled in plan-view to

produce emnexhibit thendesited-propestiesoftarinduetod. The IRD straicture préevides gletrical

charactefistics neeled for bigh Jrequency applisations, such g resanators, hiahpass.fitrs, low-pass
filters, band-pass filters, symmetric Hi-Q resonant transformers, matching networks, and tuning

capacitorsoMhe DS can beoused:ds front-bad wdraléssrRPcomporiehts;avhiely ean be positioned
between the antenna a}g%ti%r%sacﬂvtelg. The Mgt%&@sbelg@i-ps balyn, transformer,,or coil, operating up

to 100 Gigahertz. In some applications, multiple baluns are formed over a same substrate, allowing
multi-baridedperafien. Fortexample dvardr moreslbalunsare aged in aquadlivardifbl mebile ghones or

other gloal system for pobile, (GEM), communications. eagh halun dedicated for adregyengy band of

operation of the quad-band device. A typical RF system requires multiple IPDs and other high frequency

circuits irP6fe 6P RTbiE semicoimluttdt -packayes fpefornt the Récassary eldeattarTurittivs. A

plurality of semigenchictordie or componepts-214 is,morgtedothe buildgp,intescaprect sgructure 240 in
a flipchip arrangement with contact pads 216 oriented downward over the carrier. Semiconductor die 214
includes af activé sbiffate' 218 tonthinifty anafof6digRal Gictits implehiehted as%ctive tbices,

passive deyicase e9nductivedayers, and dielectrie tayens farmed withia the giesand electricallye
interconnected according to the electrical design and function of the die. For examgl)le the circuit may
indudeoh@Rﬁ?ﬁﬁﬁgﬁﬁhéﬁﬁoEEUd bumps. Alternatively, stud bumps 180-182

can be formed with stacked bumps, similar to FIG. 3c. Bond
wires 186 are electrically connected between contact pads 176
and conductive layer 172.

An encapsulant or molding compound 188 is deposited
over semiconductor die 174 and stud bumps 180-182 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 188 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 188 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants. Encapsulant 188 undergoes

grinding or plasma etching to planarize the surface and expose
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diodes, and other circuit elements formed within active surface 218 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, or other signal processing circuit. Semiconductor
die 214 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal processing. In
another embodiment, a discrete semiconductor component is mounted to the build-up interconnect
structure 240. A plurality of stud bumps 220 are formed over conductive layer 252. Stud bumps
220 are ele&icAR Eohnected t2conductive layer 252 and contact pads 216 of semiconductor die 214.

An encapsulant or moldingzampeuns:228 is.gepasited aver semicanduetarcie 234 ang stud bumps 220
using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum

laminatioh®6F 5the? €tftable applicatoF Ertapstfant 258230 olyfher cofposits M&tehBl, such as
epoxy resinwgthctilies eepoxyracrylate with fidler, rof polysenwith properdiler Kncapsulant 228 s
non-conductive ang enyironmentally protects the semiconductor device from external elements and
contamin ﬁf]s?]ﬁn%a%sé:%ﬁfn? THdergoes gHhdiry oF patifra &teAilg 18 pranktizethe Slrface and
expose stuthhumgs 220nteringA topsidedattildiupoiniereannect structure 230rs darmed over

encapsulant 22%. Theotr)luiid-ugrint?gcé)ngsecgrgtla%c:‘;lég %}30 glr(l:ludaeghalnninsu!%iggsosf passié/gti%g(leayer 232
formed b%/ji";\flﬁ, é@b, prinﬁ‘ﬁ/g, Spin coating, Spray coa ?ﬁg, sin?erlng, ot thérnia oxidta?ion. R portion of
passivation layer282ds rémovéd by atretehmgtprocesslo expodecstud buimpsc220L P electrically

conductivte layer.234 is formed .ove, pa sivation | 2§2 nd. stud bum s;a ibi %rtion of conductive
layer 234 is'e (z;ec(:j%rige\{l?yrcc?nahsesctlevcf31 t% stud %% eprszyz% ther Bgﬁ%nguor?éc)%n 2lgj%tiveglayer 234 can be
electricaljocecommon orfelectridallytisvkatddtepending andhe Hesigniamd functiomof theeserhiconductor

device. Andinsulating or passivation laver, 23 isformed oyer passivation jayer, 232 and candyctive layer

234. A portion of insulating layer 236 is removed by an etching process to expose conductive layer 234.
The carri¢riseremidieddschiemicaketichings Mechaaivad peelroff, IGMPL hvechbvica$ ghindiag, thermal

bakeJasﬁéﬁgﬂaﬂﬁ%'%HN%%%HB@Qan and function of the semiconductor

device. An insulating or passivation layer 196 is formed over
passivation layer 192 and conductive layer 194. A portion of
insulating layer 196 is removed by an etching process to expose
conductive layer 194.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 200 is formed over a second
surface of encapsulant 188, opposite topside build-up
interconnect structure 190, and a back surface of semiconductor
die 174. An electrically conductive layer 202 is formed over
conductive layer 172 and the back surface of semiconductor die
174. One portion of conductive layer 202 is electrically
connected to stud bumps 180. Other portions of conductive layer
202 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device. An insulating or passivation layer 204 is formed over

conductive layer 202 and the back surface of semiconductor die
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An insulating or passivation layer 258 is formed over conductive layers 242 and insulating layer 248 using
spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The passivation layer 258 can be one or
more layers of 5102, SI3N4, SION, Ta205, Al203, or other material having suitable insulating properties.
A portion of passivation layer 258 is removed to expose conductive layer 242. An electrically
conductive layer 260 is formed over conductive Iaier 242 using patterning with PVD, CVD, sputtering,

electrolytic’'flating, &18¢trdig8s plating Hrocdss) or bthersuftdble MelaPaBBGSItION prdtedsCEbhductive

layer 260-cait-be oneordpgredayersfil s CusSnalk AW g, or other suitable electrically conductive
material. An electrically conductive bump material is deposited over_conductive layer 260 using

an evaporation, electrdticpiafing, 'étédtroleSS BRGRG 1B SEP oF 8&fdehTrinting PrBESSS e bump
material earebe Adn3ndNii Ael, Agy b, Bd 2 Cus salgesransg.carobinations thereef; withyan eptional flux
solution. F rexample,éhe bunhp material can be %’Uti tic Sn/Pb, hgigh-lead solder, or lead-free solder. The
bump matefial i€ Bonded 1 EondirtivB 1ayersho &l éadsliﬁtoableo ttacHnTent St bohdiiprocess. In one
embodiment,dhe bumprmaterialis reflowedbhy heatingthelmaterial Bhove.its mejtingppint ig form
sphericalcballs or byumps 262 In some a plicgtiogﬁ,ep:%rg@s 26§ta}§e reflow%dlg sefogq time to Improve

. u S a omo1, S, W an o n .
electrical conhtact 16 condictive ayer “The bumps can ‘also be comprgssmn bonded to conductive

layer 260s BLmpso262 répresemntzonel type didntercanneet structlrecthat oan detferréd over ebnductive

layer 260, T g Interconnect structure can I_? use bo %Wires, ndyctive paste, stud bump, micro bump,
or other e égtrlcalel?]%ercszgnr%eecrf ’Se%:icorelgl(ﬁc‘:tof ggvi(g:g % 0'is stac%zeab?g}%%uén u%@éaz Olpsrovide vertical,
z-directiopdntércorirrect betiveent topsidevisuild2U intercoainectsayer23@ and battbresitde duild-up

i“tercon%ghlﬂ/ﬁg2?9-098Q%‘J.Ct“’f’da%%rez%”fn@o%‘i%g8%",y %‘?{E‘eﬁﬁ‘?ﬁath{%@} stud humps 220 to
conductive layer 252 and contact pads 216 of semiconductor die 214.
reflowed by heating the material above its melting point to form

spherical balls or bumps 206. In some applications, bumps 206
are reflowed a second time to improve electrical contact to
conductive layer 202. The bumps can also be compression bonded
to conductive layer 202. Bumps 206 represent one type of
interconnect structure that can be formed over conductive layer
202. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 170 is stackable. Stud bumps
180-182 provide vertical, z-direction interconnect between
topside build-up interconnect layer 190 and bottom-side build-up
interconnect layer 200. Conductive layer 194 is electrically
connected through stud bumps 180-182 to conductive layer 202,
contact pads 176, and bond wires 186 of semiconductor device
170.

FIG. 7 illustrates an embodiment of the vertical
interconnect structure with one or more IPDs formed in the
bottom-side interconnect structure before encapsulation. In

this case, a bottom-side build-up interconnect structure 240 is
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FIG. 8 illustrates an embodiment of the vertical interconnect structure with one or more IPD formed in the
topside interconnect structure. Similar to the process described in FIGs. 3a-3h, semiconductor device 270
uses a temporary substrate or carrier with an optional interface layer, which operates as an etch-stop
layer. An electrically conductive layer 272 is formed over the carrier using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process.

ConductiV@ &S 275Canhe oR@of hidre layets Of AF FEG °Sh, INi, BROAYC W 5oly-3iizdn 2drother
suitable electdsalhegonrduciive nrighal Candustive;layed272vnsludesiwettablegontact pads for later
formation of stud bumps. A plurality of semiconductor die or components 274 is mounted to the

carrier inQABERIB Bffahgeraht Wit cSEG TasSS 76 Brigrited HowiicsdS sefficHdiitor die 274

includes an active suriate 278 €potaininganatogrer-aigialikcuiis #mplesiented asactive devices,

passive devices, conductive Layers, and dielectric, layers formed within the die and electricall
interconnégted: 8&50%%66{6 %ﬁ@l}%rectr? { de8igh art fihchS? bt ﬁ{ésdig.%hFSP gé%ﬁljef]%ef@i%eﬁt may
include one Draaoredeansisiors; diodesy andmther citcud Blementsafoimed svithirt active surface 278 to

implemenf paseband analqg.drcuite.or digita) ciraulls. such as DOB,ASIC. memony, or ther signal
processing circuit. Semiconductor die 4may>élso contain 1PD, such &s inductors, capamfors, and
resistors doe RF signalprocessiig.viamandtiferembadiment, adisorete seaiearducfor’comgoenent is

mounted g thecarrigr or jferface Layer, o,; . o ARIUIAILY.of stud pumns 260, e formed over the
wettable contact pads of corfductive ayer 270" AR encapsulant or mo Jlng compound 288 is deposited
over senmeoheluctor die 274 and stud bumps 280 using a paste printing, compressive molding, transfer

molding, liquid encapsylapt molding. vaciuim lamination, or.qther sujtable, applicatar. Encapsylant 288
can be polymer composite material, such as epoxy resin'with filler, epoxy acrylate with filler, or polymer
with propeefifflerc Ehcapsulart288 naidofdiciive randeariionmentaliyy sroteds thesemicoabuctor

device from exterpahelsmenys andcontaminagts, %g@@p%'@n&%f%% yndergass grinding;ar plasma etching

to planarize thé surface and expose stud bumps 280.
(TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr),
TiN, or doped poly-silicon having a resistivity between 5 and
100 ohm/sg. An insulating layer 246 is formed over resistive
layer 244 using PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 246 can be one or more layers
of Si3N4, Si02, SiON, Taz205, 7Zn0O, Zr02, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. Resistive layer 244 and
insulating layer 246 can be formed with the same mask and etched
at the same time. Alternatively, resistive layer 244 and
insulating layer 246 can be patterned and etched with a
different mask.

An insulating or passivation layer 248 is formed over

resistive layer 244, insulating layer 246, and conductive layer
242 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 248 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material

having suitable insulating properties. A portion of passivation
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A topside build-up interconnect structure 290 is formed over a first surface of encapsulant 288. An
insulating or passivation layer 292 is formed over encapsulant 288 and stud bumps 280 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. The passivation layer 292 can be one or
more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating properties. A
portion of passivation layer 292 is removed to expose stud bumps 280. An electrically conductive
layer 29418¥6fmed dverinGRANG Tayer 29PR Ty Pafterniiig With PMS FCY B2 spafterir; ‘eféctrolytic
plating, elegfolessplating grocess. arnathgr suifakie metal deposition process to form individual portions
or sections. The individual portions of conductive layer 294 can be electrically common or electrically
isolated depending on e GomTactivity of the“nBftUat $emicortuctot die SCEATIGRBIAY &894 can be
one or maeslayerseaf Ak Etl, SondlhAu,Ag, 1orethersuitable-elestrically tagpductivednaterial. One portion
of conductive layer,294 is electri aI%y connected to stud ,bumq 280. O r}ler portions of conductive layer 294
can be eiLBTELTY SBIGH 6F eleafically footated depehding G te dedigh &d Jurciion of the
semiconduysiardevice;, electA tdsjstive layert29fyis patterned and depositedc gverrcandirctive layer 294
and insulatin%{a}}/er 292 'UCS"%% PVD Qr Ci:V(E) Resisé[ive layer 296 is TaxS'% or othe(g1 metal siﬁcides, TaN,
NiCr, TiN?ror dopgé psé\lyl-aﬁconehg\%na a re%%?i\sifty between 5 and 1t0% 0 Orﬁ?éq.lgn]'lﬁ%u La{ﬁ‘ng layer 298 is
formed operrresistive dayer296iusisg PV HC B phating] sirteriog, lorthernaloxidation. The insulating

layer 298 can be oneof mare I§ rs of Si3N4,.5i02, SiO hTa205 Zn0., Zr02 AI%O olyimide, BOB,
PBO, or other suitable ﬁelégtﬁcgn%tceprig%pendln%\noi%sg:aﬁng %?%%gg\%gt%ry Ia@ersg%% is formed over
passivationdayer 292] cerductivedayer294] resistiveclagerc296,candinsulating layer 298 using spin
coating, BYD, GVD.yinting. siptering, of, thesmal gxidagign. The passivation layer 399, ¢an be one or
more layers of Si02, Si3N4, SION, Ta205, Al203, or 6ther mateérial having suitable insulating properties. A
portion ofpassivationllayec300lisTreitvetabaxpase conductive layer 294, resistive layer 296, and

insulating layer 298. 5, inélafgeﬂ%al'arcoggygfiwﬁal@ysa?»Q%g%Eaté%@eg@nﬁo%@&itsggyer

passivation layer 300, conductive layer 294, and resistive layer 296 using PVD, CVD, sputtering,
electrolytitOplating, el8ctta1¥Ss plating Precedss bt dtHet Suiablemétsd depésitios Pidcess to form

individual-partions or seetions,for furtherintesconnectivity: Jhe individual portions ;of conductive layer 302

can be electrically common or electrically isolated depending on the connectivity of the individual
The passivation layer 254 can be one or more layers of SiO2,
Si3N4, SiON, Taz205, Al1l203, or other material having suitable
insulating properties. A portion of passivation layer 254 is
removed to expose conductive layer 252.

The structures described in build-up interconnect

structure 240 constitute one or more passive circuit elements or
IPDs. 1In one embodiment, conductive layer 242b, resistive layer
244, insulating layer 246, and conductive layer 252 is a metal-
insulator-metal (MIM) capacitor. Resistive layer 244 between
conductive layer 242e-242f is a resistor element in the passive
circuit. The individual sections of conductive layer 252 can be
wound or coiled in plan-view to produce or exhibit the desired
properties of an inductor. The IPD structure provides
electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass

filters, band-pass filters, symmetric Hi-Q resonant
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semiconductor die. Conductive layer 302 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. An insulating or passivation layer 304 is formed over
conductive layers 302 and passivation layer 300 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 304 can be one or more layers of 5i02, Si3N4, SION, Ta205,
Al203, or other material having suitable insulating properties. A portion of passivation layer 304 is
removed 18 BXPOSE CEAGuCtiR 1ayersh 2! e L WO r K Siheddif ctire s e sEABES i Bdift-up TitErconnect

structure 290-canstitute ong naererpassive-circuitielemests airlPRsqdd R8s embaediment, conductive
layer 294, resistive layer 296, insulating layer 298, and conductive layer 302 is a MIM capacitor. Resistive
layer 29698 485 4 reSI8foT eRThERER th padSive Xitduit 'Sthef Mtividdddections of &BH%’&E% layer 302
can be wednd e« cailed ipplanviewy te pregieeraieaxhibitthecdeasiredaroperies aiandgsduactor.
The carrier, and interface layer are removed b)é chemical e chjn%ﬁm%c anical peel-off, CMP, mechanical
grinding, A biake, Iackr SSAHMIAG or vt StABBing A botBEsidR BUNG-E Prercbiféct structure 310
is formedoavear aaseconsd surtacereftencapsulant 288 nrapposite dapside dudd-Uprintereannect structure 290,
and the front surface of semiconductq}ggieuzm. An electr'callg conduct'v_%gﬂx%r 312 is formed over

r

conducti\?exfaé%r 572 and thé front Sufface of sémiconductor die”274.Oné portion of conductive layer 312

is electrigatly connectedito studybuinps 280s Gtherfpartion® ot eordiitlive dayer3ilccani be electrically
common gL glecligally islgted depending on e design and function afine semiconudir device. An

insulating or passivation layer is formed over conductive layer 312 e front surface of
semicondictor-die 27 4dAvpartion ok insyiatingllafér 3isisaemovedisean etchingprocésS o expose

conductive layer 312. 1,; o, AN elegtrically qonduetive, jump material is depgsited oyer conductive layer

312 using an evaporation; electrolytic plating, electroless plating, ball drop, or screen printing process.
The bumpanétedabcarrbe A fomNi; Ae, AgSPHS BLY Cail soldet, znd dombinations thereof, with an

optional flux solution. For,example..the bump material can he qutectic Sp/Rh, highdeadsolder, or

lead-free solder. The bump material is bonded to conductive layer 312 using a suitable attachment or

bonding proéessdntohe Erbbdieht Uihe LR Aratefalts FEfOWSd by heafing thembtdig abave its

melting point 10 ferme apherical balls, e bumps 3165 iy someappligations, PAMmPs-316-are,eflowed a
second time to Improve electrical contact to conductive layer 312. The bumps can also be compression

bonded t6 tbhdaétive RFELSPABITHPS 336Fepresehtondtipe Sfintsrtdnitect strfidttfe #Hat can be
formed overneonductive layer 3320 Fhe daterconnect stryctyre gan alsorisebengd wiresyeonductive paste,

stud bumO[l), micro bump, or other electrical Interconnect . .
evices, 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 active surface
218 to implement baseband analog circuits or digital circuits,
such as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 214 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processing. In another
embodiment, a discrete semiconductor component is mounted to the
build-up interconnect structure 240.

A plurality of stud bumps 220 are formed over

conductive layer 252. Stud bumps 220 are electrically connected

to conductive layer 252 and contact pads 216 of semiconductor
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Semiconductor device 270 is stackable. Stud bumps 280 provide vertical, z-direction Interconnect
between topside build-up Interconnect layer 290 and bottom-side build-up interconnect layer 310.
Conductive layers 294 and 302 are electrically connected through stud bumps 280 to conductive layer
312 and contact pads 276 of semiconductor die 274. FIG. 9 illustrates an alternate embodiment
of the vertical Interconnect structure with one or more IPD formed in the bottom-side Interconnect
structure &iter %}léapsulation. Similar to the process described in FIGs. 3a-3h, semiconductor device 320
uses a temporary substrate grgaiier sith a-optianal irfedaee tayes, whigh ppesates astanetch-stop
layer. An electrically conductive layer 322 is formed over the carrier using patterning with PVD, CVD,
sputtering EEcFENHE BIAtRG “aiecliofesé blatyprotEss, Br¥ttersiitabie métdl d&pokition process.
Conductiye layer 322 casrpe-ese Draneie layers of AlCu.rSr, Mo Adi Ag, W, ipaly-silicon, or other
suitable electricall conductiYg material. Condugtive Ia%/er, 322 include%\yﬁyettable c%g;act pads for later
formatione&cﬁfia‘gh%bts.mo 0% nIPSIN Bf sEMicdnauedt dis oP&dpoRaits 3245s mounted to the
carrier inapftipchip tasrangement wthl contactyradsa32 Goerignte droownward o Se micondiietaradie 324

includes an algtl\ée surface 328 contalql%g qpal(thgegrr dlgltal circuits i %I]temen.t%g1 af%. Cil\ée devices,

passive dgel%/cfces, %oﬁgﬁéxlerfasygrls,wan dielectric Iéye%of}é?]méﬁ Wi the'die and elec rii:affyr

interconneciednaccording tpthe etectrical eesignFandafunciiom of thesdie sFopexampléy theieiecuit may

include one or more tg%%?l%[gg‘%g OSE%?O Igg oth%rlfelrcglet&l%rg(;@?égrxrg?gé/\@t{ncnea%tlrvoemsurface 328 to

. a V1 ! S .
|mplement ase ana anhalog CII‘CLﬁ/t gltaﬁ circuits, such as , memory, or other S|gnal
processimgticcuie Semdieorddctordié 324nhay atsotontainElPE: stieh astinddétors) ¢apdecitors, and

resistors, Jpt RE;$/gnal,prosessing.dp anpfherembadiment. a disgretg sepucondygtor.component is

mounted 1o the carrier or interface Layer. A plurality of stud bumps 330 are formed over the
wettable sohtacbpaes obednductive layer 322. An encapsulant or molding compound 338 is deposited

over semiconductor dig 324,and gtud bumps 330 ysing a-paste prigting..cqmpressiye;molding, transfer

molding, liquid encapsulant molding, vacuum lamination, or other suitable applicator. Encapsulant 338
can be pélyETe? Cofripisite tratefial 30Eh a3 epoxy resiRwitHiller, epdgracyreEwith filler, or polymer

with propg filler: Encapsulant 338, isnonsgondugtive and envirapmentally protects he-semiconductor
device from external elements and contaminants. Encapsulant 338 undergoes grinding or plasma etching
to planarizeaHtFexpose‘dtud bUkhpsP33gt1ng, spin coating, spray coating,

sintering, or thermal oxidation. A portion of passivation layer
232 1s removed by an etching process to expose stud bumps 220.
An electrically conductive layer 234 is formed over passivation
layer 232 and stud bumps 220. A portion of conductive layer 234
is electrically connected to stud bumps 220. Other portions of
conductive layer 234 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device. An insulating or passivation layer 236 is
formed over passivation layer 232 and conductive layer 234. A
portion of insulating layer 236 is removed by an etching process
to expose conductive layer 234.

The carrier is removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping.

An insulating or passivation layer 258 is formed over
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A topside build-up Interconnect structure 340 is formed over a first surface of encapsulant 338. The
build-up Interconnect structure 340 Includes an insulating or passivation layer 342 formed by PVD, CVD,
printing, spin coating, spray coating, sintering, or thermal oxidation. A portion of passivation layer 342 is
removed by an etching process to expose stud bumps 330. An electrically conductive layer 344 is formed
over passivation layer 342 and stud bumps 330. A portion of conductive layer 344 is electrically
connectedBEGF bUmpsa5E DIREFPETtions of BoAdd& Vel ay& 344 Eart Be &ectRcally common or
electricallydselated dependingop the designandfunction of the-semicongctos deviee: AR insulating or
passivation layer 346 is formed over passivation layer 342 and conductive layer 344. A portion of
insulating AyeP 348 19 idm&Ved By Gh etching PPocSssI8expbsB ohdudieiay&r344-02 The
carrier argli bterfacei layer awecremoveros chemicat atehings teechanicad peebof, G M, neechanical
grinding, thermal bake, laser scanning, or wet stripping. A bottom-side build-up Interconnect structure 350
is formed-oVat &' Sedthdaithice of ehcapSulBRt 338 oppositd 5psids boitd-ti I%Ferggr%gnelc? structure 340,
and the frontsutface of semiconddctofwhie: 324. Aa gtectrically conductive layer 352 is patterned and
deposited using PVD, CVD, sputtering,.electrolytic plating, electrole lating process, or other suitable
metal deposition proce%rsl. ‘Iéhfeg Clzn%arl\}icci%gﬂelﬁlortclg%sd o golﬁfciguc Ve ?é:yeé%gzlcsén%é: I@%%ir?c%ﬁ§ common or
electricallyosdlated deperading oA 4Be connectivity of the mglivdwdd seviliconductorsgieConductive layer
352 can be one or mare layers.of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
Conductog Ty Sb3E SIectHLaly LonateEt S DETB 350 A a6t PadS 58 bf semiconductor
die 324. suitabAn instilatingllayers 354 isfopmedaover cofductivetiayer 352 asing FVDRAGVDs printing,

sintering, or thermal oxidatian. The jasulating. [ayer 354,6an be one or more Jayers of SigNd, 5i02, SION,

Ta205, ZnO, Zr02, Al203, polyimide, BCB, PBO, or other suitable dielectric material. A resistive
layer 356isaitterved and depdsitddlysing VD bR €VD. Resistive layer 356 is TaxSiy or other metal
silicides, TaN, NiCr, TiN, or.daped palyssiliconhaying afesistivity hetiveen. and 190 Is9q An

insulating or passivation layer 358 is formed over insulating layer 354, resistive layer 356, and conductive
layer 35200$iHg SPIROCEHEINGS PV, VB OPrinting) SirtérirRy, B? thermal oxidationt Theé Passivation layer
358 can bg 9‘8@195,m%rﬁéé)é‘%félcgééo%@%Nﬂg?i%ﬂa@%pﬁm%% orqthermaterial haying suitable

insulating properties. A portion of passivation layer 358 is removed to expose conductive layer 352,
insulatinglEy€eF 354, ard'Fesitive Byérs35g L can be Al, Sn, Ni, Au, Ag, Pb, BIi,

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 conductive layer 260 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 262. In some applications, bumps 262
are reflowed a second time to improve electrical contact to
conductive layer 260. The bumps can also be compression bonded
to conductive layer 260. Bumps 262 represent one type of
interconnect structure that can be formed over conductive layer
260. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 210 is stackable. Stud bumps 220
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An electrically conductive layer 360 is patterned and deposited over conductive layer 352, insulating layer
354, resistive layer 356, and passivation layer 358 using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition process to form individual portions or
sections which can be electrically common or electrically isolated depending on the connectivity of the
Individual semiconductor die. Conductive layer 360 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other SUitable Eletfiically ednddctiveTRatetial 11 teTr 9GP rsbatiRg 'of FaRsivalion fiyer 362 is formed
over congugtive-layersiitO-andhinsulating Jayer-368 using spinteaatings 8 ViR QVDyprinting, sintering, or
thermal oxidation. The passivation layer 362 can be one or more layers of S102, SI3N4, SION, Ta205,
Al203, or'Sther et havigsuitable instidfify propéried Y& poftibh ofpassivalibn fayer362 is
removeddo expese conduciivglayend3bbumps 2 Ihetsiructues ceseebed inebuiftbap dmt@rconnect
structure 330 constitute one or mare passive cjrcuit elements or IPDs. In one embodiment, conductive
layer 352, ?ﬁ%%?ﬁﬁgplgggr géé?r a%% @oeﬁ%%ﬁ{}g Va%/%?JéG iSa I4NI capacitor. Resistive layer 356 is a
resistor element in the passive cirtuit.sthe individuwal sestianmeheconductive layer 360zcan be wound or

coiled in Qla{l-view togrgdugﬁe or %xhibit th.ecgesired properties Ipducto . An electrically
.lnterconnec. S dCU.C L%r& W1 Oéle or ITIO]_”e3 .Torme in 1‘the .
conductive bump material is deposited over conductive layer using an evaporation, electrolytic

plating, etegtroless platieg, dvallrdrop, eritsoreenpeinting process. The bumpmatersad can be Al, Sn, Ni, Au,
Ag, Pb, BCiL Cur%)ledcgrian%g rsnbi tio §thereof with.an 1g)gtriorgfal flux sogbl,;tg)nuggg e(zj(ample, the bump

. é . p ! d .
material can be eutectic Sn/ , high-lea Sol¢ erp,lgrolgag-cfree solder. The ump material is bonded to

conductivestayer 36F usinigsa saitableattashment omwbomding prodessh inlone embodirment Yise bump
material ig,reflowed by eating the material ahoye its melting pginttp fatm spherical balls or bumps 364.

In some applications, bumps 139 are reflowed a’second time to Improve electrical contact to conductive
layer 360: TheUustimpys can afso I3/ dompréssioredonded the carrier using patterning

with PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 272 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, W, poly-silicon, or other suitable electrically
conductive material. Conductive layer 272 includes wettable
contact pads for later formation of stud bumps.

A plurality of semiconductor die or components 274 1is
mounted to the carrier in a flipchip arrangement with contact
pads 276 oriented downward. Semiconductor die 274 includes an
active surface 278 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 active surface 278 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 274 may also

contain IPD, such as inductors, capacitors, and resistors, for
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to conductive layer 360. Bumps 364 represent one type of interconnect structure that can be formed over
conductive layer 360. The interconnect structure can also use bond wires, conductive paste, stud bump,
micro bump, or other electrical interconnect Semiconductor device 320 is stackable. Stud bumps
330 provide vertical, z-direction interconnect between topside build-up interconnect layer 340 and
bottom-side build-up interconnect layer 350. Conductive layer 344 is electrically connected through stud

bumps 338 6’ CERdUCtRE 15yeTs 352 and 866 BRE tohtadt padd 828 'of sénfidsiditsr die 324. As

demonstrated by FiGs+ 419, thenlRPs 6an be fasned éxeitherardath of the-topsiderbuildrup interconnect
structure and bottom-side build-up interconnect structure. While one or more embodiments of the

present in7efftion have been illustrated in detail, the skilled artisan will appreciate that modifications and
adaptations to those embptimentstyaybe smade witheut departing froor thedscoperofithe present
invemﬂ”ﬁ%%%gggghg%H?%E@ogg]sdgi %onductive layer 272. An encapsulant
or molding compound 288 is deposited over semiconductor die 274
and stud bumps 280 using a paste printing, compressive molding,
transfer molding, liquid encapsulant molding, vacuum lamination,
or other suitable applicator. Encapsulant 288 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.
Encapsulant 288 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants. Encapsulant 288 undergoes grinding or plasma
etching to planarize the surface and expose stud bumps 280.

A topside build-up interconnect structure 290 is
formed over a first surface of encapsulant 288. An insulating
or passivation layer 292 is formed over encapsulant 288 and stud
bumps 280 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 292 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. A portion of passivation
layer 292 is removed to expose stud bumps 280.

An electrically conductive layer 294 is formed over
insulating layer 292 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections. The individual portions of conductive layer 294 can
be electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive

layer 294 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
temporary carrier; forming a conductive layer over the temporary carrier, the conductive layer
including a wettable pad; forming a stud bump over the wettable pad; mounting a semiconductor die
or component to the temporary carrier;

or other suitable electrically conductive material. One portion
of conductive layer 294 is electrically connected to stud bump
280. Other portions of conductive layer 294 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

A resistive layer 296 is patterned and deposited over
conductive layer 294 and insulating layer 292 using PVD or CVD.
Resistive layer 296 is TaxSiy or other metal silicides, TaN,
NiCr, TiN, or doped poly-silicon having a resistivity between 5
and 100 ohm/sg. An insulating layer 298 is formed over
resistive layer 296 using PVD, CVD, printing, sintering, or
thermal oxidation. The insulating layer 298 can be one or more
layers of Si3N4, Si02, SiON, TaZ205, 7ZnO, Zr02, Al203, polyimide,
BCRB, PBO, or other suitable dielectric material.

An insulating or passivation layer 300 is formed over
passivation layer 292, conductive layer 294, resistive layer
296, and insulating layer 298 using spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. The passivation
layer 300 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating properties.
A portion of passivation layer 300 is removed to expose
conductive layer 294, resistive layer 296, and insulating layer
298.

An electrically conductive layer 302 is patterned and
deposited over passivation layer 300, conductive layer 294, and
resistive layer 296 using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 302 can be electrically common or electrically

isolated depending on the connectivity of the individual
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depositing an encapsulant over the semiconductor die or component and around the stud bump;

forming a first interconnect structure over a first surface of the encapsulant, the first interconnect structure
including a first integrated passive device (IPD) and being electrically connected to the stud bump;
removing the temporary carrier; and forming a second interconnect structure over a second surface of
encapsulant opposite the first interconnect structure. 2. The method of claim 1, wherein the second

interconneePSfrOEHE Intfuddsr seCofipt: 13 STHE Hithad of €IS wheteiRthB $hid bump includes
a plurality gf/stagked bympscu, sn, Ni, Au, Ag, or other suitable electrically

conductive material.

An insulating or passivation layer 304 is formed over
conductive layers 302 and passivation layer 300 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation.
The passivation layer 304 can be one or more layers of SiO2,
Si3N4, SiON, Taz205, Al203, or other material having suitable
insulating properties. A portion of passivation layer 304 is
removed to expose conductive layer 302.

The structures described in build-up interconnect
structure 290 constitute one or more passive circuit elements or
IPDs. 1In one embodiment, conductive layer 294, resistive layer
296, insulating layer 298, and conductive layer 302 is a MIM
capacitor. Resistive layer 296 is also a resistor element in
the passive circuit. Other individual sections of conductive
layer 302 can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 310 is formed over a second
surface of encapsulant 288, opposite topside build-up
interconnect structure 290, and the front surface of
semiconductor die 274. An electrically conductive layer 312 is
formed over conductive layer 272 and the front surface of
semiconductor die 274. One portion of conductive layer 312 is
electrically connected to stud bumps 280. Other portions of
conductive layer 312 can be electrically common or electrically
isolated depending on the design and function of the

semiconductor device. An insulating or passivation layer 314 is
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4. The method of claim 1, wherein a height of the stud bump is Less than a thickness of the
semiconductor die or component. 5. The method of claim 1, further including: stacking a plurality of the
semiconductor devices; and electrically connecting the semiconductor devices through the stud bump. 6.
The method of claim 1, wherein the semiconductor die or component includes a flipchip semiconductor
die havin t%an active surface oriented toward the first interconnect structure. 7. The method of claim 1,

wherein the <&micoNGictordie b icohfporidht inclddea flipchip derRicbndi&tbRafe Raving an active
surface osightec-toward the geeondrintercanpeGtSIIEtWe. insulating layer 314 is

removed by an etching process to expose conductive layer 312.

An electrically conductive bump material is deposited
over conductive layer 312 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 conductive layer 312 using a suitable attachment or
bonding process. In one embodiment, the bump material 1is
reflowed by heating the material above its melting point to form
spherical balls or bumps 316. In some applications, bumps 316
are reflowed a second time to improve electrical contact to
conductive layer 312. The bumps can also be compression bonded
to conductive layer 312. Bumps 316 represent one type of
interconnect structure that can be formed over conductive layer
312. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 270 is stackable. Stud bumps 280
provide vertical, z-direction interconnect between topside
build-up interconnect layer 290 and bottom-side build-up
interconnect layer 310. Conductive layers 294 and 302 are
electrically connected through stud bumps 280 to conductive
layer 312 and contact pads 276 of semiconductor die 274.

FIG. 9 illustrates an alternate embodiment of the
vertical interconnect structure with one or more IPD formed in
the bottom-side interconnect structure after encapsulation.

Similar to the process described in FIGs. 3a-3h, semiconductor

-31-



8. A method of making a semiconductor device, comprising: providing a carrier; forming a stud bump over
the carrier; mounting a semiconductor die or component to the carrier; depositing an encapsulant over
the semiconductor die or component and around the stud bump; forming a first interconnect structure
over a first surface of the encapsulant, the first interconnect structure being electrically connected to the

stud bum(g); removing the carrier; and , ,
evice 320 uses a temporary substrate or carrier with an

optional interface layer, which operates as an etch-stop layer.
An electrically conductive layer 322 is formed over the carrier
using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 322 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, W, poly-silicon, or other
suitable electrically conductive material. Conductive layer 322
includes wettable contact pads for later formation of stud
bumps.

A plurality of semiconductor die or components 324 is
mounted to the carrier in a flipchip arrangement with contact
pads 326 oriented downward. Semiconductor die 324 includes an
active surface 328 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 active surface 328 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 324 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. In another embodiment, a discrete
semiconductor component is mounted to the carrier or interface
layer.

A plurality of stud bumps 330 are formed over the
wettable contact pads of conductive layer 322. An encapsulant
or molding compound 338 is deposited over semiconductor die 324
and stud bumps 330 using a paste printing, compressive molding,

transfer molding, liguid encapsulant molding, vacuum lamination,
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forming a second interconnect structure over a second surface of encapsulant opposite the first
interconnect structure, wherein the first or second interconnect structure includes an IPD. 9. A method of
making a semiconductor device, comprising: providing a carrier; forming a stud bump over the carrier;
mounting a semiconductor die or component to the carrier; depositing an encapsulant over the
semiconductor die or component and around the stud bump; and forming a first interconnect structure

over a firStsitfdterof tHe eREaFsRBRL: HEfirst mtefcdRABSIStAICturé Being Bldetidaly ¥BRhected to the
stud bumpeomheseina heigbt-ofithe stud hump isdess,thaas thigkness of the.semigendyctor die or

Componggérylate with filler, or polymer with proper filler.
Encapsulant 338 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants. Encapsulant 338 undergoes grinding or plasma
etching to planarize and expose stud bumps 330.

A topside build-up interconnect structure 340 is
formed over a first surface of encapsulant 338. The build-up
interconnect structure 340 includes an insulating or passivation
layer 342 formed by PVD, CVD, printing, spin coating, spray
coating, sintering, or thermal oxidation. A portion of
passivation layer 342 is removed by an etching process to expose
stud bumps 330. An electrically conductive layer 344 is formed
over passivation layer 342 and stud bumps 330. A portion of
conductive layer 344 is electrically connected to stud bumps
330. Other portions of conductive layer 344 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device. An insulating or
passivation layer 346 is formed over passivation layer 342 and
conductive layer 344. A portion of insulating layer 346 is
removed by an etching process to expose conductive layer 344.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 350 is formed over a second
surface of encapsulant 338, opposite topside build-up
interconnect structure 340, and the front surface of
semiconductor die 324. An electrically conductive layer 352 is
patterned and deposited using PVD, CVD, sputtering, electrolytic

plating, electroless plating process, or other suitable metal
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10. A method of making a semiconductor device, comprising: forming a first interconnect structure having
a first integrated passive device (IPD); forming a stud bump over the first interconnect structure;
mounting a semiconductor die or component to the first interconnect structure; depositing an
encapsulant over the semiconductor die or component and around the stud bump; and forming a
second interconnect structure over the encapsulant opposite the first interconnect structure. 11. The

method St SRAM10, WhdteRrthe Secohdnteiéohrectsttuctirdinchites a setshaapy e Laver

352 can be electrically common or electrically isolated
depending on the connectivity of the individual semiconductor
die. Conductive layer 352 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 352 is electrically connected to
stud bumps 330 and contact pads 326 of semiconductor die 324.

An insulating layer 354 is formed over conductive
layer 352 using PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 354 can be one or more layers
of Si3N4, Si02, SiON, Taz205, Zn0O, 7r02, Al203, polyimide, BCB,
PBO, or other suitable dielectric material.

A resistive layer 356 is patterned and deposited using
PVD or CVD. Resistive layer 356 is TaxSiy or other metal
silicides, TaN, NiCr, TiN, or doped poly-silicon having a
resistivity between 5 and 100 ohm/sg.

An insulating or passivation layer 358 is formed over
insulating layer 354, resistive layer 356, and conductive layer
352 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 358 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. A portion of passivation
layer 358 is removed to expose conductive layer 352, insulating
layer 354, and resistive layer 356.

An electrically conductive layer 360 is patterned and
deposited over conductive layer 352, insulating layer 354,
resistive layer 356, and passivation layer 358 using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process to form individual
portions or sections which can be electrically common or

electrically isolated depending on the connectivity of the
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12. The method of claim 10, wherein the stud bump includes a plurality of stacked bumps. 13. The
method of claim 10, wherein a height of the stud bump is less than a thickness of the semiconductor die
or component. 14. The method of claim 10, further including: stacking a plurality of the semiconductor
devices; and electrically connecting the semiconductor devices through the stud bump. 15. The
method of claim 10, wherein the semiconductor die or component includes a flipchip semiconductor die

having art B2tive Stifdce’GHertea dawart théfitst intétBomidct Strucfire r16 % nfctlodPdf Afking a
semicondictaigeviae, Lomprising: forming asfirst intercannectptrusturediavinga firstintegrated passive

device (IPD); , , .
eléctrically conductive material.

An insulating or passivation layer 362 is formed over
conductive layers 360 and insulating layer 358 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation.
The passivation layer 362 can be one or more layers of SiO2,
Si3N4, SiON, Taz205, Al203, or other material having suitable
insulating properties. A portion of passivation layer 362 is
removed to expose conductive layer 360.

The structures described in build-up interconnect
structure 330 constitute one or more passive circuit elements or
IPDs. In one embodiment, conductive layer 352, insulating layer
354, and conductive layer 360 is a MIM capacitor. Resistive
layer 356 is a resistor element in the passive circuit. The
individual sections of conductive layer 360 can be wound or
coiled in plan-view to produce or exhibit the desired properties
of an inductor.

An electrically conductive bump material is deposited
over conductive layer 360 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 conductive layer 360 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 364. In some applications, bumps 139
are reflowed a second time to improve electrical contact to

conductive layer 360. The bumps can also be compression bonded
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forming a stud bump over the first interconnect structure; mounting a semiconductor die or component
to the first interconnect structure; stacking a plurality of the semiconductor devices; electrically
connecting the semiconductor devices through the stud bump; depositing an encapsulant over the
semiconductor die or component and around the stud bump; and forming a second interconnect

structure over the encapsulant opposite the first interconnect structure. 17. The method of claim 16,
wherein the $e¢Bid fteront@étstridlre intlites a*Seconehpeent one type of

interconnect structure that can be formed over conductive layer
360. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 320 is stackable. Stud bumps 330
provide vertical, z-direction interconnect between topside
build-up interconnect layer 340 and bottom-side build-up
interconnect layer 350. Conductive layer 344 is electrically
connected through stud bumps 330 to conductive layers 352 and
360 and contact pads 326 of semiconductor die 324.

As demonstrated by FIGs. 7-9, the IPDs can be formed
in either or both of the topside build-up interconnect structure
and bottom-side build-up interconnect structure.

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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18. The method of claim 16, wherein the stud bump includes a plurality of stacked bumps. 19. The
method of claim 16, wherein a height of the stud bump is less than a thickness of the semiconductor die
or component. 20. The method of claim 16, wherein the semiconductor die or component includes a
flipchip semiconductor die having an active surface oriented toward the first interconnect structure.

Claims

What is claimed:

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

providing a temporary carrier;

forming a conductive layer over the temporary carrier, the
conductive layer including a wettable pad;

forming a stud bump over the wettable pad;

mounting a semiconductor die or component to the temporary
carrier;

depositing an encapsulant over the semiconductor die or
component and around the stud bump;

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure including a
first integrated passive device (IPD) and being electrically
connected to the stud bump;

removing the temporary carrier; and

forming a second interconnect structure over a second
surface of encapsulant opposite the first interconnect

structure.

2. The method of claim 1, wherein the second interconnect

structure includes a second IPD.

3. The method of claim 1, wherein the stud bump includes a

plurality of stacked bumps.

4. The method of claim 1, wherein a height of the stud bump is

less than a thickness of the semiconductor die or component.
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5. The method of claim 1, further including:

stacking a plurality of the semiconductor devices; and

electrically connecting the semiconductor devices through

the stud bump.

6. The method of claim 1, wherein the semiconductor die
component includes a flipchip semiconductor die having an

surface oriented toward the first interconnect structure.

7. The method of claim 1, wherein the semiconductor die

component includes a flipchip semiconductor die having an

surface oriented toward the second interconnect structure.

or

active

or

active

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

providing a carrier;

forming a stud bump over the carrier;

mounting a semiconductor die or component to the carrier;

depositing an encapsulant over the semiconductor die

component and around the stud bump;

or

forming a first interconnect structure over a first surface

of the encapsulant, the first interconnect structure being

electrically connected to the stud bump;

removing the carrier; and

forming a second interconnect structure over a second

surface of encapsulant opposite the first interconnect

structure, wherein the first or second interconnect structure

includes an IPD.

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

providing a carrier;

forming a stud bump over the carrier;
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mounting a semiconductor die or component to the carrier;

depositing an encapsulant over the semiconductor die or
component and around the stud bump; and

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure being
electrically connected to the stud bump, wherein a height of the
stud bump is less than a thickness of the semiconductor die or

component.

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

forming a first interconnect structure having a first
integrated passive device (IPD);

forming a stud bump over the first interconnect structure;

mounting a semiconductor die or component to the first
interconnect structure;

depositing an encapsulant over the semiconductor die or
component and around the stud bump; and

forming a second interconnect structure over the

encapsulant opposite the first interconnect structure.

11. The method of claim 10, wherein the second interconnect

structure includes a second IPD.

12. The method of claim 10, wherein the stud bump includes a

plurality of stacked bumps.

13. The method of claim 10, wherein a height of the stud bump

is less than a thickness of the semiconductor die or component.

14. The method of claim 10, further including:

stacking a plurality of the semiconductor devices; and
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electrically connecting the semiconductor devices through

the stud bump.

15. The method of claim 10, wherein the semiconductor die or
component includes a flipchip semiconductor die having an active

surface oriented toward the first interconnect structure.

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

forming a first interconnect structure having a first
integrated passive device (IPD);

forming a stud bump over the first interconnect structure;

mounting a semiconductor die or component to the first
interconnect structure;

stacking a plurality of the semiconductor devices;

electrically connecting the semiconductor devices through
the stud bump;

depositing an encapsulant over the semiconductor die or
component and around the stud bump; and

forming a second interconnect structure over the

encapsulant opposite the first interconnect structure.

17. The method of claim 16, wherein the second interconnect

structure includes a second IPD.

18. The method of claim 16, wherein the stud bump includes a

plurality of stacked bumps.

19. The method of claim 16, wherein a height of the stud bump

is less than a thickness of the semiconductor die or component.
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20. The method of claim 16, wherein the semiconductor die or
component includes a flipchip semiconductor die having an active

surface oriented toward the first interconnect structure.
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