SEMICONDUCTOR DEVICE AND METHOD OF FORMING
THREE-DIMENSIONAL VERTICALLY ORIENTED INTEGRATED
CAPACITORS Field of the Invention The present invention relates in
general to semiconductor devices and, more particularly, to a semiconductor
device and method of forminh(]:;Bthree-dimensional 3-1@ vertically oriented

SEMLGRNRY CARBCRIY ISR RN BUME DFR (AR eRfSHIING THRERBAMELSFONAL
devices are Wu%%ﬁwgﬁerﬁ%gﬁwg&%%ﬁonductor

devices vary in the number and density of electrical components. Discrete
semiconductor devices generally contain one type of electrical component,
e.g., light emitting diodeE(LEc?&, trﬁsigtor,Iresistog,_ c%pacitor, inductor, and
power metal oxide semitorUttS Tietd e FASSBr (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of electrical
co.mpon%r%ts. E)é%rgglr?ts ():.Lfrgpftee%altgd slgglic %dsuctor d%vnil%ersai clude
microcontroilers, MICroprocessors, %arge&-coupllela devices CtISS), solar

semicellsiand digitéd micresmérnat, devices [@Mbskularly, to a semiconductor

device and method of forming three-dimensional (3-D) vertically

oriented integrated capacitors.

Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power generation, networks, computers, and



Semiconductor devices perform a wide range of functions such as
high-speed calculations, transmitting and receiving electromagnetic signals,
controlling electronic devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor devices are found in
the fields of entertainment, communications, power generation, networks,
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e lecifrelactronie praducts inctuding Aylitary, aviation, avtomative, industiabt ive,
controllers, and office equipment. Semiconductor devices exploit the
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passive and active structures are glectrigally gqnnected (o form eircuits. ;¢

which enable the semiconductor device to perform highspeed calculations
elecipd other siseful fy@ions. Active structures, including

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

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

provide structural support and environmental isolation.



Semiconductor devices are generally manufactured using two complex
manufacturing processes, i.e., front-end manufacturing, and back-end
manufacturing, each involving potentially hundreds of steps. Front-end
manufacturing Involves the formation of a plurality of die on the surface of a
semiconductor wafer. Each die is typically identical and contains circuits
formed By 8le8fritally EormTEtting Httive And BHEsECIMmpoients. BACRERG Y CE
smalManuiacturixchiivelves sirgrilating, indiddual slie e thedinishedowafey and
packaging the die to provide structural support and environmental isolation.
CONSEIE gbaf of BaticondletsT marilitacuRifg 1910 prothce Shthlep Pe produced
moreSeniconduetor devices. Saailer devicesatypically sonsumedass peweshaves
higher performance, and can be praduced more efficiently. In addition,
have g PSR eoAdOEF BLCeL PAGE AT SRRt wifch Roeathe or
prodsmaber end progducts: Adsmaberzdiersize may behdchievedoly improvements s in
the P08 fronbiend process resulting.in die with smaller, higher density, active,
and passive c%mponents. Bac -endgprocesses may resUlt in semiconductor
densdévice packageswitip asmalter dootprntby mprovenientsiih gleciricakes may
resullereanaeqfion.and packaging materialen. oo ANGNEr 908I0fc, footprint
semiconductor manufacturing Is to pr%%uce |gﬁ1er performance
by igemivopdeactos devices clntisases in deviceperforthance ¢ad heackaging
mat e@gcaoigplished by fo_rming active components that are capa_ble of operating at
higher speeds. In high frequency applications, such as radio frequency (RF)
wireless&oatherications, iritegrited padsive devices Y RDYarersftehs to
prodfaineghwithin the- semiconductar deyice, Examples,tlEDs inglidee 2 ses in

resistors, capacitors, and inductors. A typical RF system requires multiple
devipPpPRrdmE BRmete SemicohduetstPackages tapeforiitinecessasy

comp®lgstical lunctions.e caparfikintegrated-capacitor is typically madeby, . 1n
forming a first metal layer, forming an insulating layer over the first metal
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occupies a significant amount of silicon area, particularly for large value
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IPDslaige value applicationss put egspiiresdrtegration inausystemdn-package (S?) rr
using surface mount technology (SMT), which is costly and can lower
SyStﬁﬁnﬁﬁ%ﬁﬁﬁﬁfwgﬁﬂtlple Ds in’ one or moré semiconductor

packages to perform the necessary electrical functions.

An integrated capacitor is typically made by forming a
first metal layer, forming an insulating layer over the first
metal layer, and then forming a second metal layer over the
insulating layer, i.e., a planar metal-insulator-metal (MIM)
capacitor. The planar MIM capacitor occupies a significant
amount of silicon area, particularly for large value devices
such as decoupling capacitors. A discrete capacitor can be used
in large value applications, but requires integration in a
system—in-package (SiP) using surface mount technology (SMT),

which is costly and can lower manufacturing yield.



Summary of the Invention A need exists for large value integrated
passive devices without consuming large silicon area. Accordingly, in one
embodiment, the present invention is a method of making a semiconductor
device comprising the steps of providing a temporary carrier, depositing a
seed layer over the temporary carrier, forming a plurality of conductive pillars
vertically over the seed layer, forming a conformal insulating layer over the
conductive pillars, and $eariagy eanfeneal nonehetienlayer over the
conformal insulating layer. A first conductive pillar, conformal insulating layer,
and conformal conductive layer constitute a vertically oriented integrated
capacitor, The-methodsftsthes includesthes=steps ohmeyntinga passive
J .semiconductor die or comF&on%nt over the seed Ia(l%%er, depositiné; %1 1 ,
eVLERcapstiatt Qvef HESEMREndGEET dit or Csifipiéit and Srothd he -y, 12
one eanformalconductive layescand forming a dirst intescanmnecbstrudtureadvera a
semi ISt Side of the encapsulant. The firt infereonnect sitcture is.electrcally
connected fo & second conductive ﬁllar. Thé méthod further includes the
t empsteps wf removiag thed¢empotary cariercand ferpemg awsacont entercornmesty
car SO QYEY 3 520q0 5ide Of fne encapsylary opposls (e st side of lhe
encapsulant. In-another embodiment, the pregent invention is a
overmeltlkosefmakimgea serhiconductor deviceasomaprisimg theasteps of previdinger
the BSAUIRL OVING 3 pluyrally.of popdurlive pllars erlically VeL MG.CATIEL 1ayer
forming a conformal insulating layer over the conductive pillars, and forming a
overcdrhfermalrdonduetive oyt aventhelcorfarmalindulatiiy lgeductiiste pillar,
conseQRductive pillar, qonformaldnsulating layes andgonfarmal. conductive Jayer
constitute a vertically oriented integrated capacitor. The method further
consipghidges the SEEpsicTansuntiigl& 3eRficorthuRisTadie ér eorRponeAt overthe
me t heRITien depositing an,grcapswant vet theesemicondustor, die-gr cINRRRENS -
and around the conformal conductive layer, and forming a first interconnect

die &Fu&@@%%ﬁ@?%ﬁe%?hé%ﬁ@aﬁé’t}{&ﬁtc TheRrstiRterCorfibct Rfabwird 2nt
overistalectyeally-connested-taithe semicongistandiegrcompanant end vesticallyma1
oriented integrated capacitor. In another embodiment, the present
CONdiGEATGH 5% RfethGd of Aakig'S semicdndtuctdt device &Gifiprisihg te Steps
overObproviding a cagiesr dispesiag @ yerticalyrqriented integrated sapacitarovet
the carrier, mounting a semiconductor die or component over the carrier, and

StruGdhssiing aff Encapsiant sver e SEMTcbnductor Hie BF dofmponBht &
pillaroundihe vedicaly ofientatintegratedkapacier. steps of removing the

temporary carrier, and forming a second interconnect structure
over a second side of the encapsulant opposite the first side of
the encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, forming a plurality of conductive pillars
vertically over the carrier, forming a conformal insulating
layer over the conductive pillars, and forming a conformal
conductive layer over the conformal insulating layer. A first

conductive pillar, conformal insulating layer, and conformal



In another embodiment, the present invention is a semiconductor device
comprising a semiconductor die or component and vertically oriented
integrated capacitor. An encapsulant is deposited over the semiconductor die
or component and around the vertically oriented integrated capacitor. A first

interconnect structure is formed over a first side of the encapsulant. The first
condipgfdrefindct ettt 3< aiethifcally CBRA&CRY 1Y tRE SEMicThdiiidt i bFd

capacampenentand yertically arignted integrated eapacitorsASes08d mounting a
interconnect structure is formed over a second side of the encapsulant
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K ted to it FIGs. 2a-2c illystrate further detail
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structure over a first side of the encapsulant. The first
interconnect structure is electrically connected to the
semiconductor die or component and vertically oriented
integrated capacitor.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, disposing a vertically oriented integrated
capacitor over the carrier, mounting a semiconductor die or
component over the carrier, and depositing an encapsulant over
the semiconductor die or component and around the vertically
oriented integrated capacitor.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die or component
and vertically oriented integrated capacitor. An encapsulant is
deposited over the semiconductor die or component and around the
vertically oriented integrated capacitor. A first interconnect
structure is formed over a first side of the encapsulant. The
first interconnect structure is electrically connected to the
semiconductor die or component and vertically oriented
integrated capacitor. A second interconnect structure is formed
over a second side of the encapsulant opposite the first side of

the encapsulant.
Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (PCB) with



FIGs. 3a-3g illustrate a process of forming a 3-D vertically oriented integrated
capacitor in a semiconductor package; FIG. 4 illustrates further
detail of the 3-D vertically oriented integrated capacitor; FIG. 5
illustrates the semiconductor package with the 3-D vertically oriented
integrated capacitor; FIG. 6 illustrates an alternate embodiment of

dif fREeRp Verfiesiy orieted ATtegrated RapAcitor it ASefMESAdTttor package:

FIG. 7 israr top. view-aof dhe BiR) yerticadly ohieptedintegrated capaerer;
FIG. 8 is a top view of the semiconductor package with the 3-D vertically

reprsﬁﬁﬂgaﬁmﬁaﬁﬁggbaﬁagﬁﬁtor packages mounted to the PCB;

FIGs. 3a-3g illustrate a process of forming a 3-D
vertically oriented integrated capacitor in a semiconductor
package;

FIG. 4 illustrates further detail of the 3-D
vertically oriented integrated capacitor;

FIG. 5 illustrates the semiconductor package with the
3-D vertically oriented integrated capacitor;

FIG. 6 illustrates an alternate embodiment of the 3-D
vertically oriented integrated capacitor in a semiconductor
package;

FIG. 7 is a top view of the 3-D vertically oriented
integrated capacitor;

FIG. 8 is a top view of the semiconductor package with
the 3-D vertically oriented integrated capacitor;

FIG. 9 is a top view of the semiconductor package with
another embodiment of the 3-D vertically oriented integrated
capacitor;

FIG. 10 illustrates the 3-D vertically oriented
integrated capacitor in a silicon interposer;

FIG. 11 illustrates further detail of the silicon
interposer with 3-D capacitor and conductive pillars;

FIG. 12 illustrates another embodiment of the silicon
interposer with 3-D capacitor and conductive pillars; and

FIG. 13 illustrates a flip chip type semiconductor die

mounted to the topside interconnect structure of FIG. 10.



FIG. 9 is a top view of the semiconductor package with another embodiment
of the 3-D vertically oriented integrated capacitor; FIG. 10 illustrates
the 3-D vertically oriented integrated capacitor in a silicon interposer;
FIG. 11 illustrates further detail of the silicon interposer with 3-D capacitor
and conductive pillars; FIG. 12 illustrates another embodiment of the silicon
interposer with%ff‘d&&ﬂ:itja?ﬁﬁﬂf WBhatGiRDiFRS; BRdHEIES illustrates a
flip chip type semiconductor die

The present invention is described in one or more

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors, 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,



mounted to the topside interconnect structure of FIG. 10. Detailed
Description of the Drawings The present invention is described in
one or more embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar elements. While
the invention is described in terms of the best mode for achieving the

tranpiention's obfettives itwNBEappretated by those-skifiedrrthe it that it is
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circuits. Activierelegtritabeomponentspsucteas transistdrsrhave the dbilityte of
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semiconductor wafer by a series of process steps including doping,

filmgesosition; whotolithography, vetckingnand planarieaticierDeging dutrodudes

physiMpurities into the semiconduciermaterial by techniques suchasipn 4nq
implantation or thermal diffusion. The doping process modifies the electrical

e Leceantrtivity bPsemitontacor pvtteriallin Aetive devices, 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



transforming the semiconductor material into a permanent insulator,

permanent conductor, or changing the semiconductor material conductivity in
response to an electric field. Transistors contain regions of varying types and
degrees of doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application of an electric field.

Prodrefivesdind passidd Coftiponerifs @ frmed byayers of materakavith Ve

compdifferent electrical propertiesnl ke fayees car fedormeshbya vartety 01 from
depasition techniques determined in part by the type of material being
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photalithography, which involves the deposition of light sensitive material, , .
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of taphotomasiatb thenphoteresist usingdight.arheportionafithye phetowésisng in a
ttarn syp’etcted t%g%het Is removed using a solvent, exposing portions of the
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S Ghde ing ayeﬂlor e patterned. The remainder of the photoresist is

remoyedﬁ,>> deavirg Behiadwt pattern ed ¢aye§r_f Ah@rn*a@velryj:g_o'me types of
s1ingWterialy are pateroed,by directly depositingthe materialjpio,the.areas or .

voids formed by a previous deposition/etch process using techniques such as
packelgtnrolessandigedirolyticplatingral surbepésiing athinifimrofanatekial

is01Q¥erAN existing, patierncan exaggerate the undedying patiern ang cregied oxen
non-uniformly flat surface. A uniformly flat surface is required to
along non-functional regions of the wafer called saw streets or

scribes. The wafer is singulated using a laser cutting device
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 10 having a chip
carrier substrate or printed circuit board (PCB) 12 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 10 may have one type of semiconductor package,

or multiple types of semiconductor packages, depending on the



produce smaller and more densely packed active and passive components.
Planarization can be used to remove material from the surface of the wafer
and produce a uniformly flat surface. Planarization involves polishing the
surface of the wafer with a polishing pad. An abrasive material and corrosive
chemical are added to the surface of the wafer during polishing. The
2PP L dgiAbilel ‘medidnical HctioR of the Bbrasi/e ATFCOROSIVE AetioR dftiRISs are
showehemicak temavessanyirreguitas Jopegraphy sresultingrin a uniformly flat
surface. Back-end manufacturing refers to cutting ar singulating the
finished WhT&TiRtY the iRGVItal did JFtHeR Fackhging the Ui foretidcturalat
usesSupRorsand eoviterynentabisolatipps Tosinguatierthe gie, dhe saferisiscored
¢ and broken alon% non-function re%ions of thg wafer c \I;ed saw streets or
uncEdines. The Warsris sitdulatet Geing &laser Cuting devicB o sBW Blade.
subcAfteosiagtlation sthedndizidual, diecare meuwitedstampackagestbstratecthatvice
10 nigludes ping.or gantact pads for intereopnection with other system o,
cgmponentg. Ebnitact paas drmed over thé ‘Semiconductor dié afé then
s ignednnectedt tos¢orfactpadstwithindhe package citieeelettrical eonmegtions can
the B2MAdS WD SOlder bumps. stud bymes, condueliye paste. oL WIELONdg AN . o,
encapsulant or othér mol g material is deposited over the package to
applpovideophysicat stipport ahdaiedtridaldsalation.sThe\fidiShed packdge is then
o1 cifseded infg an electricalsystem;and: the functionality. of the semjcanductay,
device is made available to the other system components. FIG. 1
othejflusteates @skitronia deviee 40 ITalvire-a thiplcarviepsilsstrate or printed
circuit bog(c{PEB) 1.2 with a pluraliiAlemigonduelpppackages.eunted.
on its surface. Electronic device 10 may have one type of semiconductor
strugackate, BERIUMIPIe tysescdfesentitorductar packaryes cdepending on the
semi@RRligation  The different types et semicopductor packaggsreshawnsinfrlG.
1 for purposes of illustration. Electronic device 10 may be a
Lracg@ndalene systerthatisés theSseriteRdG&tol patikdyestbPetiori airs 12

us inglestricabiunetion. Alleraatively electronie devige o mayke1@ss plating,
subcomponent of a larger system. For example, electronic device 10 may be

SCregyraphics ¢ard, netborkinterfab card. drvthér Sighallord6essing ¢ard that

procedkbe insefteshinto-a cempuier Foe semieorducterpackage cadrinciideat ion
microprocessors, memories, application specific integrated circuits (ASICS),

betvighie GifttitsCandiBg cHElits: RIE BirGits, HRscrddevicke BF Stheromponehts,

and semiconductor diel osgleckicabecampporentis.. Traces 14 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
a carrier. Second level packaging involves mechanically and
electrically attaching the 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.
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In FIG. 1, PCB 12 provides a general substrate for structural support and
electrical interconnect of the semiconductor packages mounted on the PCB.
Conductive signal traces 14 are formed over a surface or within layers of
PCB 12 using evaporation, electrolytic plating, electroless plating, screen
printing, PVD, or other suitable metal deposition process. Signal traces 14

provide for lechfcat Cbhnianiation BEtieen daty of thE Semicondiittorr ™
firspackages, pountes egmpenentsdand other external systemEomMEonNaMs.£1ip

. Traces 14 also provide power and ground connections to each of the
ChiPsdritcontifictdr patkages.“B 12 - In S6fheterMibadiments & §émicondbttor O
secodlevice ias twa Pagkagiag levels.Jdrstdeved packagiag is-a iechrmgue faro, bump

hi mechanically and electrica Ig ttaching the semia%onduc or di$ tg@ ca]]rrier g
ChipsEaddd felvel packagiiy in s MechakicdiyartPSledfically 4ftac 'ﬁ‘&?hequ
arragariecto thech CBulrt athen embodiments ( @@emieéndugtardeviee mayronlyaded

have the first leyel packaging where the die is mechanically and electricall
pack e et e PO TSt Ear PR Rurpee of Muhalion aiBege o
PCB types obfirstieliel packaging hiaclsdmgewire dond package 16zand fiprehiphation
18,.are shown on PCB 12. Additionally, several types of secaond level .
o S e Tl e vt (BER) 56, B ch co (BEc) 33, oF
firsdualin-line packade VBIP)L farwigdd afray€EG AY 26y enulti-ehipahbdule
e1cIOM28, quad,flat pon-leaded package (QEN) 30, andiayad flatpackage
32, are shown mounted on PCB 12. Depending upon the system
embogggfrerfonts, ey teombinatery of Serhitohdadtol packages) coafigliredabits
sens @BAGQUOIATODA fit andseronddee! packsainasides s welas Al s pa e
. electronic components, can be connected to PCB 12. In some embodiments,
integleenbhie Vi TF ritfites £ FingRiN&iacHed $EMRicBRdIGIBE packakes Whilet or
packhes em@pme@_tﬁﬁﬁlé 05 %@hoé%ﬂggrqggﬂggtggmp&ge%aw combINNG ot e
one or more semiconductor packages over a single substrate, manufacturers

PT e~ gal i cORATRAREPesmAtE Cotgtentd!fo BREHBAR deVicayartdSystems.

Be caBgeausethesemisanductor-packagesdaclude sophisticaigd functionadity,
electronic devices can be manufactured using cheaper components and a

Fun i OARfndd mePfECtiiig Brobeks Cfite Fesultify deVIceS ale ese ikt

cheafedangdess expensive tp magufaciureirestlting in fowencosts;fas.consdmers.The
FIG. 2a illustrates further_detail of DIP 24 mounted on PCB 12. DIP 24
T e SUhbiyes Sehicsid t6r die %2 Hd\}‘iﬁgl Yoffact Bé&s 36895 mfconatRid tid 84 t°

manulfglitesan-activedegipnicontaining analeg of digitabeiseutitsigiplemented as

active deyjees, passiye devices, conductive ayers. and dielectric layers, ¢ o
formed within séfmiconductordie 34 and are electrica y Interconnéc ed

on Paecarding to tire electrical design=cfrihe diel kor @xamipte, 3helciretitgnayontact

adsin%ygde Qne or mor ggggst Is, ﬁgde%cirid%cetgrsagaga i'&o‘;s, rresist%rrsl, and
PASther cirddit elements formed within the active region or die 54."Eontact
containing analog or digital circuits implemented as active

devices, passive devices, conductive layers, and dielectric
layers formed within semiconductor die 34 and are electrically
interconnected according 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 die 34. Contact
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pads 36 are made with a conductive material, such as aluminum (A1), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically
connected to the circuit elements formed within die 34. Contact pads 36 are
formed by PVD, CVD, electrolytic plating, or electroless plating process.
During assembly of DIP 24, semiconductor die 34 is mounted to a carrier 38

padsysifig a Gold&dicol duteticiayersiadtieshas- atétial stEf Astfemtaminun

(A1) ep@epdae package body (Belydes antrsulative) packaning(maferial sush aser
polymer or ceramic. Conductor leads 40 are connected to carrier 38 and wire

(A9) por'as Be forfifddbstivben 16208 46 aRd dontdct pats 36 o1 i€ 3A5 4 S

f orniist levehpackaging £ncapsulant 44is depasitegr-ever dhepackagefar, cvp,
environmental protection b preventin% moisture and particles from enterin

e el e ackhge ahaddtamating Hié 34; Ehabt fad< 36 50riiite Bond& 429

assebiR 2445 conmected te &CHR: b2 dydnsertidg deads 4G into hotesformed carrier

38 thl’Olégh PCB 12. Sqlder materjal 46.is flowed around ilﬁgdSAO and into the h

"Roles t6 pRysically and electrically connectDIP 24 t6'PLE 12 solder material "

as t#eéranbegrxmetal Drelgotidallycdnddgtivienmateriad, eug.,iSmyUead (P,

Au,. Ag, Cu, zin¢ (Zn), bismuthinite.(B1), and alloys thereof, with an aptional
e e e B et o e efecrC AapL o Seads
40 amighdeadcordeddfreecarrierFI&3 2pnitlustiates furtley detaikoeBCCr2Rd
betwTOHNedon PEB 12 Semiconducior die 47 is, gonnected to a carary wirg, . )

bond style first level packaging. BCC 22 is mounted to PCB 12 with a BCC
packgylensecondrevdl patkaging 2 Semicomueidradie a74vavidy comtaepgads 48
envilSJAAUAED OUSE g-carrierysing agunderill areppxysresinadhesiye material

50. Semiconductor die 47 Includés an active region containing analog or
fromgigiareircuits inplemerted asattive devive s passive dédicéd, cerddcive rads
36, layers; apddielgctrigdayers fermed withinsemiconduetor dies4 7 Qng@e

electrically Interconnected accordin% to the electrical design of the die. For

inseggdmiglel fREiréthit may thclade Bne oF Rvste traeisibrsE diodks ; indBetsrs

ma t e€ARACItPES, 18SistossaNdether gircwibglements formed-withindhe active « o
region of die 47. Contact pads 48 are made with a conductive material, such
PhysdSALIGU 28 i AGE b A ard are*BRCHidaly cofnétteltd the circuif 1o T
mateglenents farmedowithin die 47 2 Coptact pads ABare formeshby EMR,CVD,
electrolytic plating, or electroless plating process. Wire bonds 54 and bond
materdddse and 98 SBetritafy cdhvdet ORtact pads 48 dFsemiddiductor die 47
b1 smigteontactepadsiy2 obBECa22 forming the-first levet packaging. Meldingr 1 ux
campound. or encapsulant 6Q is deposited over semiconductor die 47, wire
6ﬁ§s' o4, contaé apm 5648,%%?1% c%(gféﬁﬁrpa%%ﬁtﬁaérogf% &%s?c%?%ﬁpt)ﬁé:rt
Sn/Pand elegtricat isd)ation foe thie-deviee. Contact pads 64 are formed over a
surface gf BCB 12 using evaporation, eleglrolylic plaling, elegtraless plafing, .
screen prinﬁﬁg, VD, or other suitable metafdeposnllon process and are
on Pypichlly plaied i prevent oxidation 4AContact pads: 64 elecdtrcallyconneettdoy
wireORe ormare fonngJctive s_Li%QIaI traces, 14. Solder ma rial, is.deposit

bétween contact pads 52 of BCC 22 and contact pads ojfspéié’ﬁg?ﬁeto e
12 wgdsldermatéria i feflonedotodorm baimps6s adichoformSemiechagdicatand die
47 hgl\ggggatg%%e&m?é%%wg%n Pg%ggr%gidpggejrzja carr_ilgfl_g'sgﬁ’g an

semiconductor die 18 is mounted face down to carrier 76 with a flip chip style
undetfirsi febePpackaring. BGAR(Rid xtacked 16 POB 22 with-a BE&AsE/le decormy
aie levelpackaging. Active region 70 contaiping.analeg or digitabgircuitsy s o1 £ a1

Implemented as active devices, passive devices, conductive layers, ang
Circ@ié@tr@%&@?ﬁeﬁb\zm@d%ﬂﬁﬁt ive devices, passive devices,

mate
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semiconductor die 18 is 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 active region 70 of semiconductor die 18. Semiconductor die
18 is electrically and mechanically attached to carrier 76 through a large

condughbh8F of dRAdual ToRdGcRESSIIderburfips bF baks 78 Ssider bimps 78

semiaten@rped.over bump pads aristerceniact sies $0; which-yerdispesed on
active region 70. Bump pads 80 are made with a conductive material, such

accogd AR S NG, AUCEFASCANd AR &fdRurithall donHdéted t6 Me E¥ep e, the
circelemens farmertinactive region e Bummpads 80 are darmedhy PMDyctors,

CVD, electrolytij;:ﬁplating, or electroless platin%&ocess. Solderfum s 78 are .
capagbtiticany Ahd hecHancall) toRhetled o contact padl d? intercdnhedt Litds? 1"
the 82 ohwartiergitoby afsalder reflow mroeessct pads B(BA 20dsmeiettricallyh a

and mechanijcally attached to PCB 12 by a large number of individual

con Ve Soier DU bl 4. e oldby bihps A ettt are

elechumpaads arantescareréct sites$184 Clilve bumpepaais=d4 aref ebegtritally thin die
connected to interconnect sites 82 throu ductive lines routed.

17 A e L oK (e 20IB e

platdsing evaperatiohreleetrolytic plating, plectrofess plating: Serewksprrtirgd bond

padst¥B: ongther suitable meta) depasifign process.and are typically plated to

prevent oxidation. Contact pads 88 electrically connectto one or more
semigondlictive sighit trades 24CThé soldep dUmps8@ aréelecticaflpandng the

£ irsiechanically connacted to gantactpads.orhonding pads 88.on,PGB-12 By 8¢

solder reflow process. Molding compound or encapsulant 92 is deposited
depogvérasenmieend FBr-dier B and taftic? 76 to provide physicabPdupporiaagt rads

18, elegtrical dsolation for the device.-The dlip chip semigondugtondevice;
provides a short electrical conduction path from the active devices on
elecsgrmitohdiedr dlet P8 td e5ndiionFacks on PEBTEL &idertd fediee formed

overSignalprepagation distance, lowel£apasitancs; and, Imprave puerall circuit
performance. In another embodiment, the semiconductor die 18 can be

platﬁ%@haﬁi&ﬁﬁ%ﬁﬁ&%Fe%tr?éaﬁl?%ché& W@Etl?ﬁipé@EZ UEMB’fIiﬁEhff)tg}?I]é
suitfinst levebpackagingwitheutcastieré6.s and are typically plated to

prevent oxidation. Contact pads 64 electrically connect to one
or more conductive signal traces 14. Solder material is
deposited between contact pads 52 of BCC 22 and contact pads 64
of PCB 12. The solder material is reflowed to form bumps 66
which form a mechanical and electrical connection between BCC 22
and PCB 12.

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

conductive layers, and dielectric layers formed within
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FIGs. 3a-3g lllustrate a process of forming a three dimensional (3-D)

vertically oriented integrated capacitor in a semiconductor package. In FIG.

3a, a temporary substrate or carrier 100 contains dummy or sacrificial base

material such as silicon, polymer, polymer composite, metal, ceramic, glass,

_glass epoxy, beryllium oxide, or other suitable low-cost, rigid material or bulk
semigahitontactor ivateffal'for SttGcthrat SBppdrt i Nt e CORSeel Ty AT st N9 to
the apRliegrtocarrierkAQwithheaker hghkt releasabledtempasarydbending M.t may
, Seed layer 102 can be Cu or other metal thin film with wet etching selectivity.
incleded Mifer 162716 tepbsitetf asihg TamirfatisH B vD! TS *alEStrodtgicalt = S
residepasitiornSeeaskiayer £tQ2 can bed tempararyrbending filmof etehestope

layer A plurality of conduycti illars or posts 104a-104e is formed
rengveﬁs%e%ﬁaﬁ? : .nl%ﬁﬁ)?r%rco%ijd?;\claei\% pillaFe" f@ e Bﬁ&t%?es(%élﬁa)]/egr i >

elecdepasitedyoven serd dayet 1021 Aypartion of pHotosesistlayeris exposedagd a

oS TOUSCLY 20 elehing development process. Conductive pilars 104a:.404¢ ;.
are formed in the removedeortlon of p of‘oress?usmg an ele&trs ytic plating,
Soldelectroless pldtingy er Selemtive plating lprogessa Conductive: pilarsn @4 tars bees

CH.A tungsten (W), Au, solder, or other suitagle ectrigall conducti
80 r‘Ar71a;[LeCr!|iaI.a ongll}cgtﬁéspell ars 104 talv\éea ﬁg%ﬁt}ranﬁﬁg frolrﬁéo-]%%(éJS 1 are
mademicrometersqpA) c in vaerentisadiment, piltdrs 4947are 504100 pm Miheight, or

ag, LAQPhotoresistis strioped away Ieaving,behing,individual Gonduglive pillars
104a-104e. Optionally, another barrier thin film layer can be deposited on
formgiflarsG:tive reg G, 36,-a pbrinn cfasbhdBietive pillas 164h-PP4EVE,

cvp, remeved by gn £1ching process,grinding Progess, of hlade cuting ok s < .

grinding. Conductive pillars 104a-104c are reduced In vertical profile by

S0 1dgpidalfRe-50 pAr afterthe tdiing procsd crefinei protbEss CTHE Gérigalt ©

contRiefilegbconductive pillars, 104d-104e remainsunchanged - Aligrnaively s thege
different height between 104a-104c and 104d-104e can be carried out by
reflegpRilRégiaphy and plating process.

BGA 20 1is electrically and mechanically attached to
PCB 12 by a large number of individual conductive solder bumps
or balls 86. The solder bumps are formed over bump pads or
interconnect sites 84. The bump pads 84 are electrically
connected to interconnect sites 82 through conductive lines 90
routed through carrier 76. Contact pads 88 are formed over a
surface of PCB 12 using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable
metal deposition process and are typically plated to prevent
oxidation. Contact pads 88 electrically connect to one or more
conductive signal traces 14. The solder bumps 86 are
electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die

18 and carrier 76 to provide physical support and electrical
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In FIG. Sc, a dielectric layer 106 is conformally applied over conductive pillars
104a-104e and seed layer 102. The conformal dielectric layer 106 can be
S102, SI3N4, SION, tantalum pentoxide (1a205), aluminum oxide (Al203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
, material having electrical insulating properties. The dielectric layer 106 is
1solgdiémed oF bialket G8p6Sited UiRg PVD, CVBR pRfiHG Spray EGAtint: Spiif
proveRRIKGs SKIRNNg, dhermal oxidationn anlamipatign: thherdiglectriclayer 106
.can be single or multiple layers. An electrically conductive layer 108
devigeiatined dnd Rofttrindlly dposited Bv&digiectriciayér £66- THbuctiFe 1 2
in olayer 108 is-termed usinthRY Dy £3H2 electsolytia pladingeelectsaless plating
process, or other suitable metal deposition process. Caonductive layer 108
CaPAcAT B8 Ohe oarr}%oﬁe”\%%?’seofoA‘ﬁ?éﬁp}gn?N AU, Ad B ot dtiiaple 1
anotelectricaty cdnduativetrhatesiah NNete dhattthe vettical prafie obeondudtivei cally
illars_104a-104c with conformal dielectric |a 6.and canductiye layer .
and e lade oy AR arii DO of EoRCiig irE doadtoag
sty leorfformal dieteetricdayért06gnd cohductiveslayert08i6 . In FIG. 3d,
semicongductor die 110 is.mounted to conductive layer 108 between
conducti\gg %ﬁl'arée %ﬁg aﬁrg?l Sélt%r %%?nigo éuoc‘%&s(%eolﬁo%%fﬂ%% a%aFo}E;roere
dimegdigitalncifcuits i plenserited aslactive pdtpassivetdavicds; ¢ondpetivetlayersh a
sems R diledlic fayegs, fmedque fts ackye syrfagg andl slectdEalt race o
interconnected according to the electrical design of the die. For example, the
carréirguitlply deeitide bhe dvimvretransxstorst divtes, &ad othier et Elahientsas
s111fosmed ythin the active siurface to awlement hasepand digital circyits, suich
as digital signal processor (DSP), memory, or other signal processing circuit.
91asphereficortiictor diehay<alse cofitai® PP siich &S tiictory - capHkitorst 914

ma t e@N4, fesistor, fok REsignal piocessing, 4p @pother embadiment, a-passiVgport .
component can be mounted to conductive layer 108 between conductive

pillars 1642268 1aver 106 B sHowsLan ehCapstiiantsr moldingt th heat
or 1GQnpowRd 414 depesited puer-semiconductyr die1}l0 and sgnductive layer can

108 using a paste printing, compressive molding, transfer molding, liquid
be Can&pstidtt mélging! va famihativhPor6thef 5GitdBle applicatbr-V 1LY -
seedEnegpsulantil 14scan-be potywaercormpositernnateriahsuchias, epoxy,resin

with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant
eleciip %%—88%@ﬁﬁ%%@@ﬁ\ﬂronﬁ?&ﬂa#fﬁﬁe&&h&§8m}?ceon?ju1éFdeorary

bonddeyjce from extestatielerpeptsiangeeantaminants. In FIG. 3f, a

backgrinding process is used to remaove a portion of encapsulant 114,
conductie Ty S DhE i LB eyt OB b Bipte8 o BRadde br42-1042
is feanduttive gillase404d andr104@2 In addition rtempordryccartier 00 issrs 104,

priSieased iom seed layer 102.by application of heat of ight, AllgYaiVEY, ort 1on
of photoresist layer is exposed and removed by an etching
development process. Conductive pillars 104a-104e are formed in
the removed portion of photoresist using an electrolytic
plating, electroless plating, or selective plating process.
Conductive pillars 104 can be Cu, Al, tungsten (W), Au, solder,
or other suitable electrically conductive material. Conductive

pillars 104 have a height ranging from 20-200 micrometers (um).
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carrier 100 can be removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, plasma etching, or other
bulk material thinning process. In FIG. 3g, seed layer 102, dielectric
layer 106, and conductive layer 108 are selectively removed by an etching
process to expose contact pads 112 of semiconductor die 110 and a
In OpsttéHiatde BFednduttive Piifard 1648 and>(02e0 Combuttivé pilidhst - The
phot3@4d-104e funclionigppedicalzsdineciion) nterernngcts extending from one
side of encapsulant 114 to an opposite side of the encapsulant. A portion of
condysiduttive tayet 198 et coidbctive Bitdra foaal 1048 & & porfion ofsedd
filmlayer 202 vadepeontistive pilars 40gal04edemadns in place. FIG.
4 showsIfurther de':g'l of area 115 from EIG. 3g, Conductive @:Iars 18:@:1%84
operates-&s & first métal 8lettbae ot nidtaF ATt et Mty Verticafly =~ = ¢
is refiented integrateed capacitpre 1d6ecE€onductivedlayer 18 is-the, second metal
electrode of MIM.capacitor 116. Dielectric layer 106 is the iptermediate _ . _ .
Msalator Between the first and second metar 8lettrodes. Conductive Iél:f/eeruce
in vee8 extehdsheydhd distectyip 1ayer 10628nd Seethlayer 402 forereadyhing
Intercaonnect without electrically shorting to_ caonductive pillars 104a-104¢. MIM .
P ar 116,15 beotr dtot T (ron SImerians (1.0 X y-bnd 2direaiong. 72
pilldhe pldhedparaliel toghe first amddetondtapaditdreeleetrodeslis, the
a1 £ cR&RERdiculanto the planewhigh Is paralleLto the agtive suface 0f o carrieq
semiconductor die 110. MIM capacitor 116 extends vertically into
out encastiant 114ae 5208 i@ afedrand provite grsater-capacitance density.
MIM capagiterr 16 gan have adaige yalue, e.9. 21 napotarad o degounling
purposes, without the typical large foot print associated with a high value
applplafaPEapacitor AR FIGY S, B tnefconHete stidare 1E7 feRfmedser 102 -
The €RGARSEHHAN %ﬂeIQ@ﬂ@?@%@ESt{%u e 11 includes arsintegrated oy,

passive device (TPD). An electrically conductive layer 118 is formed over
t a“téﬁéﬁ?)%?d“rﬁ 334deoridiictive )Iayélflllﬁgl, AR a&jﬁéb‘%ﬁje(c?fl&)(ﬁ%mcti%) E)iﬂé?‘lde '
benz Q4 UsiBg @-depagition ang patteing REocess sCopdustivedayerhld-is
formed using PVD, CVD, electrolytic Elating, electroless plating process, or
mategipt shraie MEaFaeposition piotess fEofdaiRRIayerrLs cari'be one or
dielmore layersiobAl ik Sis NiaAueAgeor dthepsuitalie elestically conduetive
material. The first interconnect structure 117 is electrically connected to

PVDs cidrctifé pilfats 10437028 &Pt Caps&itdt 462t 1119, sintering,

thermal oxidation, or lamination. The dielectric layer 106 can

cutt

be single or multiple layers.

An electrically conductive layer 108 is patterned and
conformally deposited over dielectric layer 106. Conductive
layer 108 is formed using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 108 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Note that the vertical profile of conductive pillars
104a-104c with conformal dielectric layer 106 and conductive

layer 108 remains less than the vertical profile of conductive
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A resistive layer 120 is patterned and deposited over encapsulant 114 using
PVD or CVD. Resistive layer 120 is tantalum silicide (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 or passivation
~__layer 122 is formed over encapsulant 114, conductive layer 118, and resistive
PLLIgLEr 195G 9THe passivatior1ayérizs taf be'sios 'SisNk> BRoNL 742652
condARZO3ver othesmatedal having suitable insulating and structural properties.
The passivation layer 122 is patterned or blanket deposited using PVD, CVD,
printing,%Bi?g&tinﬁ?sinf%?ﬁ@rﬁﬁ%&idﬁﬁ%n}éﬁlaﬁﬁnﬁ‘t‘?&ﬂ g to
condpassivaiiondayer 12X car besiigle ormudtipledayers 1Aportiaual and 104e.
. .passivation Iaéer 1ﬁ§i remove bg/ an e&ching rocess Eo XpQse conductive
eMIOBF 1S AhdeSistive layRr 136°° 2N RN efdctfically Cohdtehive' faydr 124
implisrfermed ower passivationlayenk22 and conduetive lapedlif usiagaayers,
and %%ttqrggngr%rg:d ggrg/ositioar%Eroce&stonducttivealg er 124 incltudes individual

portions or sectio 5124 52&. Coﬁfﬁﬁctﬁ/eﬁayer fzxﬁeis‘ﬁ‘blfm&fﬁs%% VD,

e lecCV¥Dx @lectrolyticeplatimgy e eleettoless platingoprocess,corethertsuitaple metalgn

epasition process. C nquctiv layer.124 can be one or mare layers of Al

£ GEPOpIoN oRguctvey G TNRE '8 b

© %u, gsrlLeNl, ArFl.j?IAge,%? other su?ta Iect—%]](i;-f::tlﬁ%:alI)l;nglc\)/ndlunc(%lvle1 rﬁate%/llgl. the — ©
tranigdiduat pottiorseof,conddctiverayer 124 ¢ah beleleetricallyf comasbrivgrthin

the %'SEHK‘?Q”%EPP%SQ depenginaanie desian.and funcliopof the , cuits, sucn

semiconductor die.
as digital signal processor (DSP), memory, or other signal

processing circuit. The semiconductor die may also contain IPD,
such as inductors, capacitors, and resistor, for RF signal
processing. In another embodiment, a passive component can be
mounted to conductive layer 108 between conductive pillars 104d-
104e.

FIG. 3e shows an encapsulant or molding compound 114
deposited over semiconductor die 110 and conductive layer 108
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 114 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 114 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 3f, a backgrinding process is used to remove a
portion of encapsulant 114, conductive layer 108, and dielectric
layer 106 to expose a top-side of conductive pillars 104d and
104e. 1In addition, temporary carrier 100 is released from seed

layer 102 by application of heat or light. Alternatively,
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An insulating or passivation layer 126 is formed over passivation layer 122

and conductive layer 124. The passivation layer 126 can be 5102, SI3N4,

SION, Ta205, Al203, or other material having suitable insulating and

structural properties. The passivation layer 126 is patterned or blanket

deposited using PVD, CVD, printing, spin coating, sintering, thermal
carrdfidatidl dri@mhfatibRMPHE pabLivaticmidyat 126 Canl sgelGr maRipleS S~

of £, laygers, AeRitian f passivatien layer 126 isieemevedby ansiehing process,to
expose conductive layer 124, Conductive layer 124b-124e constitute

plasgfe GF MbrB IPDE 117  Hthidtdde &A Wductor. The HohdBcleRSEP -
124b-124e are typically wewd ougeiledlin plantvieveta-produte p& exhibit,thend

O1desir,ed inguctive %r%)erties. Cogductjve ﬁger 124f ar(ljd 24 electr%algq
CONAFSHNEEE to fesidtive 18y6r £20° &S BRbtheT 1D SV eITRE 1PDs I5imed By
procearductive tayes d 24brit2deandch cesistive layersE0i pravide-therelddteicall 0 and
2 pogiiaradleristics peeded for high reqyqncy. anpliegtions, sugh.as resonalors.

hlgﬁ-pass ﬁters, low-pass ﬁters,%and-pass filters, symmetric ' HI-Q resonan
pilluassfdoimers] dfatcling metworks, ard tunmiag cépacitorscthePDs can be
. used as front-end wireless I%F components Whi%h can be qsiti n@lglet een
e T O o sr LA r b P ¥ P8 otn
oppotsansformées op toilheperatiag ap te 100 Gijahertzllarsopfe applibatiohse layer

108 Tltiple.palung.are formad gn a same supstiate, gllawing, mylizband .. q

operation. For example, two or more baluns are used in a quad-band for
layemobil@ phofes of ofttei ¢ichet spstehafor malik-(BSN) cemmiddicationzlace .

each balun dedicated for &freguencydand of operatian of the guadsband 3

device. A typical RF system requires multiple IPDs and other high frequency

Condgifditédn Bhe ot ore)damitBAGUSIBE pasieiyestoperformtthBTetbssdigct rode

of melestricahtunctions.—meta1 Therbighfrequengy electical devices generate oy
are susceptible to undesired electromagnetic interference (EMI) and radio

capagid@eicylinferfereRCE I, ot dtRErterddevice inbérferReasuRRtas!

e 1ectapacdtives induetiveRr-cangctive coupling also-known as srossstatks Thee
inductor 124b-124e are vertically separated by encapsulant 114 and offset

Integprdehhicondictof el RETofedtics EMIE R Farid otret finBrdegica !
eleciteyfRrence.conductive layer 108 extends beyond dielectric

layer 106 and seed layer 102 for ready interconnect without
electrically shorting to conductive pillars 104a-104c. MIM
capacitor 116 is constructed in three dimensions (3-D), x— y-—
and z-directions. The plane parallel to the first and second
capacitor electrodes is perpendicular to the plane which is
parallel to the active surface of semiconductor die 110. MIM
capacitor 116 extends vertically into encapsulant 114 to save
die area and provide greater capacitance density. MIM capacitor
116 can have a large value, e.g. >1 nanofarad, for decoupling
purposes, without the typical large foot print associated with a
high value planar capacitor.

In FIG. 5, an interconnect structure 117 is formed
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An interconnect structure 127 is formed over encapsulant 114. The
interconnect structure 127 electrically connects to conductive pillars
104d-104e, semiconductor die 110, and MIM capacitor 116. The interconnect
structure 127 includes an electrically conductive layer 128 formed over
encapsulant 114, conductive layer 108, and the bottom-side of conductive
OVETnifiafCEIMt:#84e lidifg a pafterhiHg A BBFGSiticH pHétess SConductivet vdes
an ilayey128 isffopmed usingiBYD: CVB pelectrolytic platingrelestroless plating: i ve
process, or other sujtable metal deposition process. Conductive layer 128
Layectart bé ohd drhBiEtafdFofACES 8haRE A, &g, Trothérsuitane?yer 108,
and electsicallyieonduciveduateriab pillaAninsdlatisgof pasavaten tayer 1304
is formed over encapsulant(imtseed !Laéler 102, and co%ductiv layer 128. 5
PatteRl hRgsVAfioT By er 13628 e 502, SN, SION' Ta205"&2037 oF 8thef 1
CVD, material havingistitablerinsulating @ndrsiiueturappropentie o Ibequassivationther
.. layer 130 js patterned or blanket deposited using PVD, CV rinting, spin
0 T e il SiCton S0 T atH TH Badkhvation 1dgar 90 >°
one can hbesingle penultiple AdyerSuh portiorNof, passivation layerdt30eis removet 1 e
o 1ecY R02{GhING progess {0 expose spnductive 8yers 108 and 128, oo AN
electrically conductive layer 137°is formed over passivation layer 130°and
struednductivé Tayes 128assing adpatterning ahdtdepositionjprdoess. Gonduttive s
10442ygn 132 isformgd %Eygr CMI%,.QI_tactrolytic plating, elec_troless plating
process, or other suitable metal deposition process. Conductive layer 132
can be ohersrhéitellagersofenl, €a0 Shs NP, &g o othet slffapeited over
encafleglically gondyctive matesial, . cyp, Arkibsulating or passivation layer 134
Is formed over passivation layer 132 and conductive layer 132. The
tantgdssivatiohllayerc134 e&s be 5102, SIBNAr SIoNaTa205, 141208 Ser gty nickel
chroalgrial having suitehle insulatipd andstructural propertias: Jhe passivalien ;i +y
layer 134 is patterned or blanket deposited using PVD, CVD, printing, spin
betviggdting, 2itferirtf tREM{a Bxidation, or lamination. The passivation layer 134
can be sinjgle s multiple dayers A portion-afpassikation jayeril34hs removeder
by an etching process to expose conductive layers 132. = An
encagiRitritalty %% ductveSotderifiatetiafis deposited QverEdriductive tayer13220 -
The WSIBg anvaperatiofs electlyiieplating electralessiplating degll draposer,
screen printing process, The solder material can be any metal or electrically
AL2080ndifctitd Miatefial 81g-2Sn "R MP AY P Bt Cand Sty there ot With an
strueptional flux cpaterale For examptes ke saldee maleral:canidie edteptie terned
n/Pb, hi%’uélead, or lead-free. Thve solg\e]r material is reflowed,tr)y heating the
0 0

or bm%%r?aﬁa P8 ts & tiﬁé’b%%t]:t‘) form spDHechraJrBBIJrsngl’ Spiir coatrhg,
sintering, thermal oxidation, or lamination. The passivation
layer 122 can be single or multiple layers. A portion of

passivation layer 122 is removed by an etching process to expose
conductive layer 118 and resistive layer 120.

An electrically conductive layer 124 is formed over
passivation layer 122 and conductive layer 118 using a
patterning and deposition process. Conductive layer 124
includes individual portions or sections 124a-124g. Conductive

layer 124 is formed using PVD, CVD, electrolytic plating,
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bumps 136. In some applications, solder bumps 136 are reflowed a second
time to Improve electrical contact to conductive layer 132. Solder bumps 136
represent one type of Interconnect structure that can be formed over
conductive layer 132. The Interconnect structure can also use bond wires,
3-D interconnects, conductive paste, stud bump, micro bump, or other

e lecklegtRAPIRdrbAAGCE T ©© S SFIG 6 ShEWS an'difetndte Stibodinfsof -t 1on
proctosming 34 verticalysonierted Integrated capasitersdr anganaiconguster of Al,
package. A seed layer 140 is applied to a temporary carrier with heat or light

Cur leadible féhpdiary Bondihg $im ,Sgiﬁﬁl%lﬁc?F?é.%&@é@dlljai}eFfEﬁlBﬁﬁgb‘ée

mate€i0r othamsetat dhin filro avithowet etshingoselectivity cSeed layeydA01s4 can
b ﬁiaeposited L;S,jirilf? lamination, PVD, CVD, or e(Lectroch mica(tzll dggositi n. Seed th
© Cyel146'2an he MO ary bonditd fitht or sichidtop ayer. CSPEendAng on the
des ipluralityl of conduictive gillard or pestsclizast42d-isdfoemed over seed layer
140.Ap Otor%%'ﬁ&'gg% IS deposned over seed ﬂ/t}eér 140. % portlofnootf

photoresidt 1376113 exposed andl Témbved by an etehing development < ©Ver

pas sprogessrCaonrductive pillars d42arih2dtaredoimed in thedremdied portienohtion
1y BNGOEESISLUSIG 81 electiolic plaling, eledtroless pialingeor sleive.

plating process. Conductive pillars cdn be Cu,'Al, W, AU, solder, or other
mateguitablé efectrically toatuetivenmalerial.\Qordyttive pilfars 142 haverseh&ighs -

The (MGG from20-,200.pm, typical Ygﬁ’@t@éuoééo%P%Jﬁ?k%*%‘“&%%?‘éi%ed
stripped away leaving behind individual conductive pillars 142a-142d.
using goYifon eVEonductivg pilkaus 3824 iSErovel by antetehing, grifdimg\adr
oxidBlade cutting progess,similar tofG. 3bs Conduetive pillar 1424 is redyced in
~vertical profile by 20-50 pm after the etching process. The vertical profile of
singdendiictive pilfaps $4281228 renfairundiahgell. BRémarivélyOtheldifferent 26

is rBeightheneen 104a-104¢,and J04d-104¢ cande catiedQitdyve 1ayer 124,

step-lithography and plating process. A dielectric layer 144 is
conform&aifapplietGve ToRaueiE pillarsSLARR E45¢F ARG se.d |&fernee 1FDs

117,SIMlaF 0 EIGase an inductor. The conductive layer 124b-124e
are typically wound or coiled in plan-view to produce or exhibit
the desired inductive properties. Conductive layer 124f and
124g electrically connect to resistive layer 120 as another IPD.
The IPDs formed by conductive layer 124b-124e and
resistive layer 120 provide the electrical characteristics
needed for high frequency applications, such as resonators,
high-pass filters, low-pass filters, band-pass filters,
symmetric Hi-Q resonant transformers, matching networks, and
tuning capacitors. The IPDs can be used as front-end wireless
RF components, which can be positioned between the antenna and
transceiver. The IPD inductor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed on a same substrate, allowing multi-

band operation. For example, two or more baluns are used in a
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3c. The conformal dielectric layer 144 can be Si02, Si3N4, SiON, Ta205,
Al203, polyimide, BOB, PBO, or other material having insulating properties.
The dielectric layer 144 is patterned or blanket deposited using PVD, CVD,
printing, spray coating, spin coating, sintering, or thermal oxidation, or
lamination. The dielectric layer 144 can be single or multiple Layers. ,
quadnRHECtFCYEINHLEVE RIYeF 148 i€ pafterned Wit cortorially dépasied e

(GsMyverdielestiiedayemidsd. Condustive layes d484s formegh-using PAELLYD, band
electrolytic plating, electroless platirélj? process, or other suitable metal

o OREFGHIISH pfocess SCOMATEVE Ty S48 Ean bé oot FhidreTay &S At
requ€de SN, Alh A, D othersilitableseleettigallyr eenduative natedat Note thaine
the verticalc?rofi e of conductjve pillar 142d with conformal dielectric layer 144

OF "SRR cORIUCVR TRy Tad RSAIAS Tess IR thE VEricAF pfdife SPEdnductive

elecpiftarsal42a:h42d with conformal dielectric layer 144 and conductive layer
148. The A§emi%onéjugtor die(:eL 0 is%niogﬁe%tovcondsucti\éeéa aetrel48r are
between condk&cﬁve pﬁla% T421 and 14 C, similar fo FIG.° 3dT8&miconductor
sus ceiptliSflincludes mmatogreddigitalainconts gnpleimented as faetive @and (@sSiveand
raai JoYIEES condyctve lavers, anddiqieyic layers foymed oyerlls aele.
surfaceand efectrically interconnected accor(ing to the electrical design of
intetheadie nRer exanpleatheceircuitirhay includelong oy moretransisiorst diodes,
coupdigther cligul elements farmed within he agtve sudace do mplement o are
baseband digital circuits, such as DSP, memory, or other signal processing
vertgdifeuitl Thesenrietsdudor diegaay alserdontdif IPD saélt as tinductors,

semiCAPAGHOLS, Angdiresistay, o RE signal precessing, Inanpthenembodimentya, ; co

. passive component can be mounted to conductive layer 148 between
1ntegdrairitive pillars 142b-142c. An encapsulant or molding compound

154 is deppsited over sgaugonductoridie 150 and;conduictive layer 148 using
a paste prlntlng, compressive molding, transfer molding, liquid encapsulant

encagping vactitim lahfiRaticr or thérsstitabler dppiicator! Simifat €6 FIG c3d. 1Y
connEReaPsWAN LS4 can: he pelymercompasiteimateriak Stichasepraxyresie 110,

and MM e e D B W e L R R s 127 includes
an electrically conductive layer 128 formed over encapsulant
114, conductive layer 108, and the bottom-side of conductive
pillars 104d-104e using a patterning and deposition process.
Conductive layer 128 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 128 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material.

An insulating or passivation layer 130 is formed over
encapsulant 114, seed layer 102, and conductive layer 128. The
passivation layer 130 can be Si02, Si3N4, SiON, Taz205, Al203, or

other material having suitable insulating and structural

properties. The passivation layer 130 is patterned or blanket
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Encapsulant 154 is non-conductive and environmentally protects the
semiconductor device from external elements and contaminants. A
backgrinding process is used to remove a portion of encapsulant 154,
conductive layer 148, and dielectric layer 144 to expose a topside of
conductive pillars 142a-142c, similar to FIG. 3f, FIG. 7 shows a top view of
depoggdifttive pifari%2a subtounbed by dislectic By &Cri4-afd condidived
therlayer 348 dawadsiitjons the temperary garrierissreleased fiemseeddayer 14 can
by application of heat or light. Alternatively, the carrier can be removed by
be S&ﬁ@ﬁ%a?étdﬂﬁrﬂgt, thdchahical peel-off. EMP hidthahidaf ginding terma ©*
130 hake;dasersgapningn plassra etghing, o other bulkkmaterial shinnigiprecessier s
108 Seed\]{a%\]/ger 140, dielectric layer 144, and conductive layer 148 are selectively
fEMove By an etching process to expose contact pads 152 of semiconductor
die 150 and a hettom-sikle1of condaative pidansal4d2b and 142c.fCandutctiveer
iIIar‘ts.142 -142c f ion a vertic z-iQtercoqnects eﬁegdin&from one side
PESS5¢ 5nc%1%%u am 15410 anaonppo%ﬁ(ra1 side of the e"jnyc%@sulant.u "9 Bimilar to
pat tEG 4 conddctiveppilatsibilaand ¢42d operates as avkirsi metal eleéctrade
of first and s d ically ariented Integrated MIM capacitors. Gonductive, .
OrTE T aB T ( Sen oy SEEOHS o MM et Lraeaict Lt ing
proclayer 144 isctheantesmetdiEte ¢nsidatort bétyeent thedfirsand second fetaluctive
1aycslegygdes, Condutive laver 148 extends beyond diejectriclayer 144 apd
seed layer 140 for ready Interconnect without electrically shorting to
or ogdrrductivé pillaks 1428 ahd1zRHL The M eapaEitors aee EdAstructed in
3-D, x- ysand z-diregtions; The plane parallel to the first aad second, capacitor.
electrodes is perpendicular to the plane which is parallel to the active surface
pas sagisemieBnaator diesBs G Thecvivi kapatiorsasidend verticalmteassivation

laye€nGapsulan 154 tg sgye dig afea ard grovide greatengapacitance density-
The MIM capacitors can have a large value for decoupling purposes, without

mat efhba)picariange FIotbri desbBiRtedith @ FGA value PianarcapadRr t1es -

The PRIRtEIGANEE Stiyeture 336 issfopmedavies gneapsulantdad. ddisosited
~Interconnect structure 156 Includes one or more IPDs. An electrically
us g fd{ittive Y2ers81S toifedbvet éitpsiifant 354 Eondifétivé T/eraks,

oxidamd artppside vheonductivie pillarsd 42hsk42e-using aidgpositionsanthn be
patterning process to form individual portions or sections. Conductive layer

S1ng1&g rofmel Ushfy PYDSEVD, dleBirdiftiCPlatihg PEIRENSRES phatingy €* 134
is rpresess, arother suitable metaldeposition precess Cenductive layer 458rs
15, can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
“electrically conductive material. The individual portions of conductive layer

158 can he eleetricaliy-edmmoncordelectiicall\sisbladted depending ohsthe

depo%%%%gaggg%ngggggg@?&@”ﬂ%%&?“%%ngsing an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the

material above its melting point to form spherical balls or
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A resistive layer 159 is patterned and deposited over encapsulant 154 using
PVD or CVD. Resistive layer 159 is TaxSiy or other metal silicides, TaN,
NiCr, TiN, or doped poly-silicon having a resistivity between 5 and 100
ohm/sq. An insulating or passivation layer 160 is formed over
encapsulant 154, conductive layer 158, and resistive layer 159. The
bumpsadsivationTiBy&CT60 8ak bé Bi02 °Si3N4S SIORE THSB SAR268, 6r 6thef £ Lowed
a seaierial havingsuitapleinsulating endstinuctyat properties: Jherassivationy e r
layer 160 is patterned or blanket deposited using PVD, CVD, printing, spin
132 'coa?t&]g?%tg?ﬁﬁ‘é?%héﬁﬁal%%d’a?i%ﬁ%r Riinai&it THe padsivatiohiayer 160
strucdube single oeaiultiple fayers A podion-efpasstvatien layer-1603is rempved
, by an etchin 1grocess to expose fonductive Ia}éer 148, resisg\ie layer 159,
InterGe eBhGctive Pitar i42a"" 21 S AndgctriRaly doddiftiva 1&yer 162 is
int eformedaoves passivation layer p66 regndisctive ipillap 142aceanductive layerother
elecg}%’ %rf rlesjcséi}/g la er 59 using a patterning and deposition process.
onduc ivenlayer 162" includes individual portions or sections 162a-162f.
Conductivedayér HRisfoemed UsingnRYD, &My clectralytict plating,ing 3-D
electroless plating process, or other suitable. metal deposition process.
Ve ey T2 oy b oheror mots Fayore ot AT G SHTE Ao 5. 5
packether sukable efectdgally cohdluctivemateral. The individpalportionsiof 1er
wienCOHCVG [3yer162,can 0 eleelrically common poptediicaly isplatefln; 1ar co
depending on the design and function of the semiconductor die. An
FIG.ingalating vt passivation fHyefaB4bs férmedrovertpassivation |dyer160idmd with

wet €QnAuglive layer 162, The passivation layer 164 canbe;ai0z. Si3hd., SION,

Ta205, Al203, or other material having suitable insulating and structural

Lamipaipbies. TR paeLRation eyt apads pemented 6eblankétdepositeged layer

140 can be temporary bonding film or etch-stop layer.

A plurality of conductive pillars or posts 142a-142d

is formed over seed layer 140. A photoresist layer is deposited
over seed layer 140. A portion of photoresist layer is exposed
and removed by an etching development process. Conductive

pillars 142a-142d are formed in the removed portion of
photoresist using an electrolytic plating, electroless plating,
or selective plating process. Conductive pillars 142 can be Cu,
Al, W, Au, solder, or other suitable electrically conductive
material. Conductive pillars 142 have a height ranging from 20-
200 pm, typical value of 50-100 pm. The photoresist is stripped
away leaving behind individual conductive pillars 142a-142d.

A portion of conductive pillars 142d is removed by an
etching, grinding, or blade cutting process, similar to FIG. 3b.
Conductive pillar 142d is reduced in vertical profile by 20-50
pm after the etching process. The vertical profile of

conductive pillars 142a-142c remains unchanged. Alternatively,
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using PVD, CVD, printing, spin coating, sintering, thermal oxidation, or
lamination. The passivation layer 164 can be single or multiple layers. A
portion of passivation layer 164 is removed by an etching process to expose
conductive layer 162. Conductive layer 162c-162e constitute one or
more IPDs, in this case an inductor. The conductive layer 162c-162e are
the  fyhicafy WoundcorLoiied S Pritviel1d prldGee BFeXtibr tHe’ d&sired e
carringdyctive-ppesties, Condustive fayer 46daelectricallyconnests.to
conductive pillar 142a and_semiconductor die 150, and_conductive layers
162b anft 1628 €i&dtficdlly'dofiect fo'resstive Tayer b9 ds dRether tPi3Y St
condtibe IRBsfarmed-by tonductivedayerdl 62c=162e: aad raesistjveslayen 39 to FIG.
provide the electrical characteristics needed for high frequency applications,
3. QTS PAUSHRISTS, R e Therd 8 pabs TR HARG Bace fitora 2
S i oNsymaetric HQ2respnantltyansfarmens: mateting networkseanchiuring a 1
havi 3PAdOrS; The IPDS can.be Lised as frontend wireless R, compongnts,
which can be pogitigneg between the antenna and transceiver, The IPD
pat tinduetdr cantheea hieQ oo stignrsfornsem or BUID opgratingpupta 106, spray
Gigahertz. In some applications, multiple baluns are formed on.a same
204" btirate, allowing MU-band Gperalibh. For ExAmETe. (o oF hore Balds
lamiaretused.in d ead-bahd dormobile phonéd ér other GSMicommunications,iple
1 2ve8ach balun dedicated for a frequency band of operation of the quad-band
device. A typical RF system requires multiple IPDs and other high frequency
circuits ifNelor pharecsemicorductoe pasikagesvtepekformithedcessagd and
conrBlefical funcions oq ovahheshighdiaquency electrical devices,generate.or

are susceptible to undesired EMI, RFI, or other inter-device interference,

layegucids E8p4Gtivedndictive, BVeondifive bapIiTE tisc knewi BsnJ
electrossdalk. The inductend42cs142¢ arevertically sepasated oy ancapswlantt i on

154 and offset from semiconductor die 150 to reduce EMI, RFI, and other
Procipfet-deVice Miétferéfice 2Yer 14&n fit@rdonneerstiictiirerfos _ierfed™ A1/

cu, @YEr encapsulank 154 oThe intercoppeetsinuctwredbs elestrically- ¢anReats e
conductive pillars 142b-142c, semiconductor die 150, and MIM capacitor

matefis 48, Fhé interdnnbfstiictine"te5 ichidesarPélecttically torguétive! -

1 42dlayer 166 formadneverencapsulant 154, conductive layer d48uard the 1ayer
bottom-side of conductive pillars 142b-142c using a patterning and deposition

148 hrIBRSE SCofdiittive Ty er 166 S Torhiéd uBhgPVB, BVD: diettiolytieplRtng, - S
142 aelectreless plating@rocess, af tiherssuttablel angtal deposiing proeesset ive
Con%ctive layer 166 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
r, 1 .. . . .
other suitable electrically conductive material.

A semiconductor die 150 is mounted to conductive layer

laye

148 between conductive pillars 142b and 142c, similar to FIG.
3d. Semiconductor die 150 includes analog or digital circuits
implemented as active and passive devices, conductive layers,
and dielectric layers formed over its active surface and
electrically interconnected according to the electrical design
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within

the active surface to implement baseband digital circuits, such
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An insulating or passivation layer 168 is formed over encapsulant 154, seed
layer 140, and conductive layer 166. The passivation layer 168 can be 5i02,
Si3N4, SION, Ta205, Al203, or other material having suitable insulating and
structural properties. The passivation layer 168 is patterned or blanket
deposited using PVD, CVD, printing, spin coating, sintering, thermal
25 DgRidafilsi Vr¥amitatioh The %Ja%i%ti@lf Reyer 168¢an de-single oriiltiple
semilayats: Acpertian Of pagsiyation layer 168 isremoved-hy ap etehing Pseeess to
expose conductive layers 148 and 166. An electrically conductive
capafaybPifo iSfPmed byt phssivation faydr 188 hrid Conattive layer 166 Cther
emboUdsifig @-patterpingainc-depasgitioreprocess. Cenduaiivedayerd 7doisdormnead e
usin D, CVD, electrglytic plating, electroless platj rocess, or other
laye§ui§a%£: eetigle(ferbo%ﬂfb% Cr%é’?s.%&#dafcﬁvé :fg[;é_r ﬂ/%gcan be one or more
layers ofrAl, Enc Sps Vi, AL, Ag, orothdmsyitabieelestticaliy corddetivesited
material. An insulating or passivation layer 172 is formed over
over M5 5oTo8 A LOCE c T B L0 Thel Civetion (9yar By 7
pasteampbeé8i02dSi3NdnSiIeNsTaz05,A1208ger athen material havingosuitabierid

encalJSHRING andistuuctural prapeyties, The passivation laysl 47245 petiggned or
lanket deposited using PVD, , printing, spin coating, sintering, thermal

applaxidatian, cﬁiamﬂrtamioho_Tﬁé passivatior I_ay@p 72 xah bedsi ngl@fnorhﬁukvipﬂe{mer
comp @Y. ARYLRR Of paéﬁ%ﬁ“%% layer 142 s 'is%fﬂf?‘&%dc Ry Ap-£fehing Pracess to

expose conductive layers 170. An electrically conductive solder
acrypafterial 15 Hepdsitedrover condistiverlayer 17 @ usipgranfevagoration,

Enc a?;'ﬁﬁﬁ%(ﬁc plating. elegiroless plating, ball drop, Or;SCreGR RUALNG PLOCESS o+ 5

e solder material can be any metal or electrically conductive material, e.g.,
the SARMNE MRS Ph, B VdritPalfdyRrtherdet iRt af GptioRariddmaterial. For
cont&xamaler the solder material can be eutectic Sn/Pb, high-lead, or lead-free.

The solder material is reflowed by heating the material above its melting point
to form Shhefie&IBaIRBIBURES £74 Sin'somie SPplicatibRSCSGIdér Bihps 474°T

encapr@relawed secanddime 1o improyereleatycalGontactdo copductivelayer 144
170. Solder bumps 174 represent one type of interconnect structure that can

Lo eERfotfnetl ovatTottuctive RyeH £ 76 VFh intdrebfiné crstruttire cahtdldd ¥se t©

FIG.bard wiresc3-Dyinderepnnacts ogoRAUST Ve paste, St buappmiargoump,or
other electrical interconnect. FIG. 8 is_a top view of semiconductor

SUrT QRN Wit 39D SEfiTally OribAtt inteytad capatiBorfed W6y the® - 10
addisifles pf theediecfonduetivecpifarsetd 2hsand: 1426 peovidesnz-giyeatiamyer 140
by a@érggg@?ghcggdwggg[gwnfﬁﬁ%??n%&%%%natively, the carrier can
be removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, plasma
etching, or other bulk material thinning process.

Seed layer 140, dielectric layer 144, and conductive
layer 148 are selectively removed by an etching process to
expose contact pads 152 of semiconductor die 150 and a bottom-
side of conductive pillars 142b and 142c. Conductive pillars

142b-142c function a vertical z-interconnects extending from one

side of encapsulant 154 to an opposite side of the encapsulant.
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operates as a first metal electrode of first and second vertically oriented
Integrated MIM capacitors 176. Conductive layer 148 is the second metal
electrode of MIM capacitors 176. Dielectric layer 144 is the intermediate
Insulator between the first and second metal electrodes. FIG.9isa
top view of semiconductor die 150 with a 3-D verticaIIX oriented Integrated

capacitor fotnetFaroting the dfe. CotftiGve pilars 1426 and 442cHrovidés

operZéirection tercopnegle CoONductive:pilars A2 eperate as@ fystmetal
electrode of the vertically oriented Integrated MIM capacitor 178. Conductive

verthoal 148 R the Setdnd iERT 8letttodd 'of MARACAPEtiDr 178 BB thd faye? Y ™
148 144 imtbedptesmediade dnsutater betwrensthedist andisecgncbmetal s .

. __electrodes. semicanductor die 180 with another 3-D vertically
D o1 Gt 1BYrdied Ehpadton EontBUBRIS ShoWh IR FIGL 15, Dot oen the
firsSemicbnseictordied 88 Ineludes analeg .or digital circuiteimplementddaextends

active.and passive devices, conductive layers, and dielectric layers formed
oo R S ote o Al P otrdGbd Abor L
inteelectricatdesignlod the diec Bor éxample, shecirduibmay Include onewsr marelars

1424803SIPES, fiodes, 2 ﬁﬁh%%r‘iaécuit.t%'%@eé‘}:sef%@egtﬂ'éhg'%é%e QEIVE b x— y-
surface to Implement baseband digital circuits, such as , memory, of
and gthét sighial protessifigeireliFhe semiconduttor die mayralso godtade RD A

capafy§hs Induclarsscapacitors, And 1esistor, for R Signal pracessing.., ;¢

Silicon interposers 184 are placed on each side of semiconductor die 180.
paragaen siticoft Ite sty 484 unélades edndctive Pilars 186 ahide3-DpVerticalye

mim Qdenied lntegraled capacitors 188; F % rthex detay] of silicen Intefposer 18415

shown in FIG. 11. Conductive pillars 186 function on vertical z-interconnects
die gmendmgdrdth onesidebeiHecsilicpacitance density. The MIM

capacitors can have a large value for decoupling purposes,
without the typical large footprint associated with a high value
planar capacitor.

An interconnect structure 156 is formed over
encapsulant 154. The interconnect structure 156 includes one or
more IPDs. An electrically conductive layer 158 is formed over
encapsulant 154, conductive layer 148, and a topside of
conductive pillars 142b-142c using a deposition and patterning
process to form individual portions or sections. Conductive
layer 158 is formed using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 158 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. The individual portions of conductive layer 158 can
be electrically common or electrically isolated depending on the
design and function of the semiconductor die.

A resistive layer 159 is patterned and deposited over
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Interposer to an opposite side of the device. Each 3-D vertically oriented
Integrated MIM capacitor 188 Includes outer conductive layer 190 and inner
conductive layer 194. A dielectric layer 196 is disposed between conductive
layers 190 and 194. Conductive layer 194 operates as a first metal electrode
of the MIM capacitor. Conductive layer 190 is the second metal electrode of
SNCAHBIMMNG capaditots Bidle&thie Iéﬁ}’erclé%'is tRE htéimeGiate?VttlatorbetfedA*S 1Y
or othedirstand second metal £)ectradesn Sdiepn material-198 isfarmped areund con
_conductive layers 190 and 194 and dielectric layer 126. Another
havipdeosEersifictire 200 st iowh in Fies! 150 Condietid pillars 202 function
as verticahz-inteicoaneets extending from ove sideyefithesilicos Iaterpeserdoer
an opposite side of the device. Each 3-D vertically oriented Integrated MIM
encaBR A 20 InclGHE Beiet Conhddve hadr 200 Snd Tet ToRBUCHETayde
The 208 A dielactric layes 21049 disposed beiween sandi4ctive layers 206cand
120308 Gonductive layer ZPaﬁloggr?}Ees as.a first metal %'685{8 € of the MIM
capacitor. Conduc |veﬁayer 8'is 'tite seconci3 metal electrode 'of the MIM
strucapecitbr.Dietectricikayer 210és thedatevmediate lrsuator bétweerpthetfirsthed
nd second metal.electrodes. Silican rial 211 js.formed around _. .
o e Thers 508 and 308 A e Ty oLbr PRk kg,
sintEIG.10, anhentapsulant dehiohding comipoundaliois depbsite@ver vation
1ay=$ermisondueiopdie. 18, and silicpn jntepasers 84 41sing,a paste;intig.
compressive molding, transfer molding, liquid éncapsulant molding, vacuum
pas siardination, bt vier uitable applicasst. Ericaps famt2IXcat be polynier expose
condSRIRQsite materialssuch as epexy tesin, with fillsk, epoxy acrylate with filler; 114,
or polymer with proper filler. Encapsulant 212 is non-conductive and
142aenvironmentally protects the semiconductor device from external elements

and contamipants: - i ca 1 14ndRLesLANNESE structure 214 is formed ver over
encapsulant 212. The interconnect structure 214 includes one or more IPDs.

passaqald@ncdlifcondbietive 5RF2T6 1 formetioVer eheapsManforr aHg laver

148, SiieRN interpeser,184 ysing a depesitionyand patiering REPCEsS ta Py it ion
individual portions or sections. Conductive layer 216 is formed using PVD,

PTOCEYD; eléASNHCIting, BsctrdIBss PRRRY Proces3 o other SuRaBIE 1REEI O
sectdepositigpprocess. . Conductivedayes 216,can be pnepriveredayersiofAlpvp,
oD Cu, Sn, Ni, Au, Ag, or other suitable electrically colndu,ctive material. The N
/ inGNTdUR] PORIoHS AT cbntletve Ry eF 516 Tan Healbitidaliy Somiion 6F Other
suiteletkically isblated dependingmrvihesdesigr and function afdher 162 can be
micon r die.
one %% ﬁgrguggygfé of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. The individual portions of
conductive layer 162 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor die.
An insulating or passivation layer 164 is formed over
passivation layer 160 and conductive layer 162. The passivation
layer 164 can be Si02, Si3N4, SiON, Taz205, Al203, or other

material having suitable insulating and structural properties.

The passivation layer 164 is patterned or blanket deposited
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A resistive layer 218 is patterned and deposited over encapsulant 212 using
PVD or CVD. Resistive layer 218 is TaxSiy or other metal suicides, TaN,
NiCr, TiN, or doped poly-silicon having a resistivity between 5 and 100
ohm/sq. An insulating or passivation layer 220 is formed over
_encapsulant 212, silicon interposer 184, conductive layer 216, and resistive
us1ingyBYD18 i passivatidtflay&P220 can be'5i02,53BNAT STON, F52658121
ox1dAROSH pr ether materalikaving suikalie instdating-and stpuetunad properties.
. The passivation layer 220 is patterned or blanket deposited using PVD, CVD
S 1095 fintity, BPin‘ddHting! Sifterhg, thertd okitfatioh, BRaMiNAfo Thetyer ! 64
is rpassictionydayer 220-eambesingle o5 mudtipledayers cApOtoN 6k layer 162.
passivation layer 220 is_remove an etching process to expose silicon
orpose T otV By er 576 dit Fo e Ty S1Ehe. of igte
IPDselectrically sonductiverlayer2z2isformeath oveppassivation layer220, &licons 2e
interposer. 184, conductive layer 216, and resistive layer 218 using a .
re T S5 obittn SLahas. Contahe g 320 MoRiEe iidkah b1t
the pertibns@r sedtiorisi222a 222k Condsictive layen 222 v formeerusing VD,
VD, electrolytic plating,.electroless plating process, or, gther syitable metal
elecgé:ﬁgs?tﬁr?/ prcg?:%g%.%gg &l?cti?/gqglyecr%?\éecﬁl%% aoﬁe?oélrgrralorae (lgyers of Al,
semiCan8SncNpALl g, b Otherrstitabledelettiicallyl eorductive 4hateridl. Thed

e1eciffividual portions of.condugtive layer,222 can e, elgctrically, sommoner,

electrically isolated depending on the design and function of the
semicondbétofdies  formed\rhinsglatifyg oF passivation layer 224 4< forad

resiQY¥ERRAssvalion jayer. 220 and cenductiys layer 222. The.passivatian layer
224 can be 5i02, Si3N4, SiION, Ta205, Al203, or other material having
needggitabie insttatingra P SIECiuRP PIdpEHieS The Fassivativniayer Z2Piss /

highPgiereed of blanket dgpogitedusing FMD, CYD, prigting, spin ¢ating,
sintering, thermal oxidation, or lamination. The passivation layer 224 can be
symngihglecor thuRipferagersl A porfibA ‘ot Hassivatish fayer 294 1€ FetRdVet by ad

tuni@ihhgrecess to expase cansiictive layer 2224 as frefpdueiivejayersess
222c-222e constitute one or more IPDs, in this case an inductor. The

RE COGRMULEVE Tayefs 225 c 222 el eRYi5ic A RE NG BF E6iféY ifflafiisnte and
tranplesiuce Or exhipit theslesiad drdiictive properties.iConductive layer22eormer,
electrically connects to MIM capacitor 188 and semiconductor die 180, and

OF CE4riductive Tayet ¥22bran 2220 efst ARy tonnedtto TE8ISHIVE RYEF 218 @85/

multapatbeplPDins are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a
quad-band for mobile phones or other GSM communications, each
balun dedicated for a frequency band of operation of the quad-
band device. A typical RF system requires multiple IPDs and
other high frequency circuits in one or more semiconductor
packages to perform the necessary electrical functions.

The high frequency electrical devices generate or are
susceptible to undesired EMI, RFI, or other inter-device
interference, such as capacitive, inductive, or conductive

coupling, also known as cross-talk. The inductor 142c-142e are
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The IPDs formed by conductive layers 222c-222e and resistive layer 218
provide the electrical characteristics needed for high frequency applications,
such as resonators, high-pass filters, low-pass filters, band-pass filters,
symmetric Hi-Q resonant transformers, matching networks, and tuning
capacitors. The IPDs can be used as front-end wireless RF components,
vertyhchlcantse positishedbefiteetPihelaitenda andranstéver THelPD
semilhgHEior€3n heia hir@obalun Hteansfermert or geit, operating HR 10 10@er-device
, Gigahertz. In some applications, multiple baluns are formed on a same
InteL sdflE Sallowing multi-band operation. For example, two or more baluns
are usehin a guag-banddermebile phanes ok bthes Golvieammusieations,
each balun icate% for a frequency band of operation fgle uad-band
CNCAESNLEA typical RF Systefhe ﬁ%g%%tiﬁﬁﬁiﬂﬁ%uaﬁ% él% r RighFréduehty”
conneitdiitstip oneratumarevee miconducion packagesdp pesformctheéunecessarye 150,
trical functions. n Interconnect structure 223 is formed oyer,
and B oA TA frtsA e S thens 295 Schica Honbte o
incleoorductive pillars $86236miconddctor diee1 86 yard MM capaoitor 188:The
encaffliereopnectspructyre 223 Ingudes an elecgically Gonduetiis Igyer 220ae o ¢
ormed over encapsulant ztfz and Silicon ntefposer 1% using a patterning
condaed deposition process$2Cohddctivesiager 226 stfoemad usirrgnPVDsBMD,t 1on
procElgstrolviic plating; glectroless plating prossss, or qthersuitable meg)
deposition process. Conductive layer 226 can be one or more layers of Al,
elecCuoSHENE; AUl gl o¥ otiserstiitablesslectritally bonductive $Ratepial. other

suitABiRsylatng oypassivationlayer 228iis formed Quer encapsuant 212 waﬁﬂn be

Interposer 184, and conductive layer 226. The passivation layer 228 can be
one BIOZTISNYIBION, TA265,AI203, 6Fothiét materallHaviry suitdhte suitable

elecihsylating andstructyral,prapertigs; The passivation layer 228 is patterned or
blanket deposited using PVD, CVD, printing, spin coating, sinteri%hermal
GRipleeVeT

oxidatiof:Tor lamihatibh The haBsivatoit layer 228 ¥ah bePsingle
encalgy@nisaAxpartian of pagsivatien:layen 228 isiremaved-by 48 eleRing Preeess tone
passiﬂg¥fgn layer 168 can be Si02, Si3N4, SiON, Ta205, Al203, or
other material having suitable insulating and structural
properties. The passivation layer 168 is patterned or blanket
deposited using PVD, CVD, printing, spin coating, sintering,
thermal oxidation, or lamination. The passivation layer 168 can
be single or multiple layers. A portion of passivation layer
168 is removed by an etching process to expose conductive layers
148 and 166.

An electrically conductive layer 170 is formed over
passivation layer 168 and conductive layer 166 using a
patterning and deposition process. Conductive layer 170 is
formed using PVD, CVD, electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive

layer 170 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
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conductive layers 186 and 226. An electrically conductive layer 230

is formed over passivation layer 228 and conductive layer 226 using a

patterning and deposition process. Conductive layer 230 is formed using

PVD, CVD, electrolytic plating, electroless plating process, or other suitable

metal deposition process. Conductive layer 230 can be one or more layers of
OT OANTu, Bh NiPAG, AdSordthersditaste Bibeticall§y dBRbGEtive material.

An insulating: arspassiviationdayera232 isfermad pyeepagsivation layem2dB over

and conductive layer 230. The passivation layer 232 can be 5i02, Si3N4,. ,
PassEiG 1205 %1203 %6t Gthér matetis having 'siabletindulating anga sstvation
layestructarat propesties.othe passivgtionileyer 232 isyatterned pr blankeher

depasited using PVD, % D, printing, sgin coating, %interitné:j, thermal ,
matepdigatdit oridmitatibR T Re basSivation fayaP 232 AR Be Single rTRaltipie™s -
The layersi Aapartion of passivation Bayea 282 is emovedby akeichiag psacess to
us 1n$XAR0 cOUActive layers 230..., . /an glectrically conductive older,

materid! is eﬁoﬁt%d over%bnaﬁctlveclayer 250 usSing an evaqdora ion,
oxidelectrolytioplating; ekecirofess plating, dai dvap, iorrsciegre printitdy process.

. he solder material can be any metal or. electrically conductive material, e.g.
o R A g b Bl Al oy heraol iuh a0 dotonal T hatari For
is rexammple, the soldermaterialean beseutectic8p/Rly; highhtbad; by teabizfree.s
170 . The solder material is reflowed by heating the material above its melting point

to form spherical balls or bumps 234. In some applications, solder bumps 234
are reflofved<d sedondctinhé Yo nprovetel@etrisallctitactasd eonddctive layer
depofiQ.SPldseburps &34 epieseni one 1ype alinigcannest suelye dhat can

e formed over conductive layer 230. The interconnect structure can also use
elechard Wires, B-rimérdonRectS LeEsHdiREVe pasie $tudBdmpdafidto Bims green

prin@@§§e5¥@ggggue“@WQeg%lder mgﬁérl%§h@§§EB@péﬁg)W@gal or

semiconductor die 240 with solder bumps 242 mounted to a top surface of

elecédnditive |8 P20l ¥22B\3diRF 2223f/in Sntércontiect Sttuctliie 284, Fo, Bi,
and Semisendugtordig 24() electreallygonnests tolntegrated.capacitors 88,

conductive pillars 186, interconnect structure 223, and semiconductor die

exampd /A HiRFChif {5 séificondadtor ek fiee 240 B4 afsoBe huntedo 40

or lsurdace-efccondugtive layee 4 24ab24faand 4 24¢g in Biercoppesicstrictde: he
117 in FIG. 5, and conductive layer 162a, 162b and 162f in interconnect
mateghiﬁuﬁpﬁ§§”%§ﬁ3W§lt1ng point to form spherical balls or

bumps 174. 1In some applications, solder bumps 174 are reflowed
a second time to improve electrical contact to conductive layer
170. Solder bumps 174 represent one type of interconnect
structure that can be formed over conductive layer 170. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

FIG. 8 is a top view of semiconductor die 150 with 3-D
vertically oriented integrated capacitors formed along the sides
of the die. Conductive pillars 142b and 142c provides z-

direction interconnect. Conductive pillars 142a and 142d
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While one or more embodiments of the present invention have been
illustrated in detail, the skilled artisan will appreciate that modifications and
adaptations to those embodiments may be made without departing from the
scope of the present invention as set forth in the following claims. Claims
What is claimed: 1. A method of making a semiconductor device, comprising:

OPErBiRRIRG atempbrdry ¥ arfer; € depositing £5edd fayer 890 thetehfhorary
vertGAHENLfouningra plrality efeonductivepillass yertically overthe seaddayer ve

layer 148 is the second metal electrode of MIM capacitors 176.
Dielectric layer 144 is the intermediate insulator between the
first and second metal electrodes.

FIG. 9 is a top view of semiconductor die 150 with a
3-D vertically oriented integrated capacitor formed around the
die. Conductive pillars 142b and 142c provides z-direction
interconnect. Conductive pillars 142 operate as a first metal
electrode of the vertically oriented integrated MIM capacitor
178. Conductive layer 148 is the second metal electrode of MIM
capacitor 178. Dielectric layer 144 is the intermediate
insulator between the first and second metal electrodes.

A semiconductor die 180 with another 3-D vertically
oriented integrated capacitor configuration is shown in FIG. 10.
Semiconductor die 180 includes analog or digital circuits
implemented as active and passive devices, conductive layers,
and dielectric layers formed over its active surface and
electrically interconnected according to the electrical design
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
the active surface to implement baseband digital circuits, such
as DSP, memory, or other signal processing circuit. The
semiconductor die may also contain IPD, such as inductors,
capacitors, and resistor, for RF signal processing.

Silicon interposers 184 are placed on each side of
semiconductor die 180. Each silicon interposer 184 includes
conductive pillars 186 and 3-D vertically oriented integrated
capacitors 188. Further detail of silicon interposer 184 is
shown in FIG. 11. Conductive pillars 186 function on vertical

z—interconnects extending from one side of the silicon
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forming a conformal insulating layer over the conductive pillars; forming a
conformal conductive layer over the conformal insulating layer, wherein a first
conductive pillar, conformal insulating layer, and conformal conductive layer
constitute a vertically oriented integrated capacitor; mounting a
semiconductor die or component over the seed Layer; deposmn%an

integpeasstldit over tHPSemiconddctor aie H]&rﬂﬁéfﬁéiﬂ and=aotind

ver teHoIMalsonsuetve layesgr a feuningia firshintareennectstruciire Qver duter
first side of the encapsulant, the first interconnect structure being electrically

conduGinetted i/ ﬁgeégﬁd éBﬁd&&R/%rpll?éjrnfjéfﬁfi\hﬁﬁ tHE ¥Ethpdraty caftier; and

dielectric layer 196 is disposed between conductive layers 190
and 194. Conductive layer 194 operates as a first metal
electrode of the MIM capacitor. Conductive layer 190 is the
second metal electrode of the MIM capacitor. Dielectric layer
196 is the intermediate insulator between the first and second
metal electrodes. Silicon material 198 is formed around
conductive layers 190 and 194 and dielectric layer 196.

Another interposer structure 200 is shown in FIG. 12.
Conductive pillars 202 function as vertical z-interconnects
extending from one side of the silicon interposer to an opposite
side of the device. Each 3-D vertically oriented integrated MIM
capacitor 204 includes outer conductive layer 206 and inner
conductive layer 208. A dielectric layer 210 is disposed
between conductive layers 206 and 208. Conductive layer 206
operates as a first metal electrode of the MIM capacitor.
Conductive layer 208 is the second metal electrode of the MIM
capacitor. Dielectric layer 210 is the intermediate insulator
between the first and second metal electrodes. Silicon material
211 is formed around conductive layers 206 and 208 and
dielectric layer 210.

Returning to FIG. 10, an encapsulant or molding
compound 212 is deposited over semiconductor die 180 and silicon
interposers 184 using a paste printing, compressive molding,
transfer molding, ligquid encapsulant molding, vacuum lamination,
or other suitable applicator. Encapsulant 212 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.

Encapsulant 212 is non-conductive and environmentally protects

—-32-



forming a second interconnect structure over a second side of the
encapsulant opposite the first side of the encapsulant. 2. The method of
claim 1, wherein the first interconnect structure includes an integrated
passive device. 3. The method of claim 1, further including removing a
portion of the first conductive pillar prior to forming the conformal insulating
the Rger CAMPHE higthOF BE €13 rl?%h%?‘éiﬁ%ﬁﬁin@%ﬁé“ﬁ%t?nt%%nnect
contStructareriacludes: forming a first conductive layer over the encapsulant,

the first conductive layer being electrically connected to the second
Conducﬁ@gpﬂﬁlerconnect structure 214 is formed over

encapsulant 212. The interconnect structure 214 includes one or
more IPDs. An electrically conductive layer 216 is formed over
encapsulant 212 and silicon interposer 184 using a deposition
and patterning process to form individual portions or sections.
Conductive layer 216 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 216 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. The individual portions of conductive
layer 216 can be electrically common or electrically isolated
depending on the design and function of the semiconductor die.

A resistive layer 218 is patterned and deposited over
encapsulant 212 using PVD or CVD. Resistive layer 218 is TaxSiy
or other metal silicides, TaN, NiCr, TiN, or doped poly-silicon
having a resistivity between 5 and 100 ohm/sqg.

An insulating or passivation layer 220 is formed over
encapsulant 212, silicon interposer 184, conductive layer 216,
and resistive layer 218. The passivation layer 220 can be SiO2,
Si3N4, SiON, Ta205, Al1l203, or other material having suitable
insulating and structural properties. The passivation layer 220
is patterned or blanket deposited using PVD, CVD, printing, spin
coating, sintering, thermal oxidation, or lamination. The
passivation layer 220 can be single or multiple layers. A
portion of passivation layer 220 is removed by an etching
process to expose silicon interposer 184, conductive layer 216,
and resistive layer 218.

An electrically conductive layer 222 is formed over

passivation layer 220, silicon interposer 184, conductive layer
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forming a first insulating layer over the encapsulant and first conductive layer;
forming a second conductive layer over the first insulating layer and first
conductive layer; and forming a second insulating layer over the first
insulating layer and second conductive layer. 5. The method of claim 1,
further including removing a portion of the conformal conductive layer and

216, caitormarinsiiatifg fer from the firsPEorditAive Pillar " . Fhe rfi&thod g+ on

procelaim 1, fwther dnclyding ayeuntingpa seeanthsemiconductorn gie tostheifssts or
interconnect structure. 7. A method of making a semiconductor device,

sect&ﬁﬂﬁﬂéaagﬁ&%ﬁﬁngaggﬁﬂ&?tlve layer 222 is formed using PVD,

CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 222 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. The individual portions of
conductive layer 222 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor die.

An insulating or passivation layer 224 is formed over
passivation layer 220 and conductive layer 222. The passivation
layer 224 can be Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 224 is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 224 can be
single or multiple layers. A portion of passivation layer 224
is removed by an etching process to expose conductive layer 222.

Conductive layers 222c-222e constitute one or more
IPDs, in this case an inductor. The conductive layers 222c-222e
are typically wound or coiled in plan-view to produce or exhibit
the desired inductive properties. Conductive layer 222a
electrically connects to MIM capacitor 188 and semiconductor die
180, and conductive layer 222b and 222d electrically connect to
resistive layer 218 as another IPD.

The IPDs formed by conductive layers 222c-222e and
resistive layer 218 provide the electrical characteristics
needed for high frequency applications, such as resonators,
high-pass filters, low-pass filters, band-pass filters,

symmetric Hi-Q resonant transformers, matching networks, and
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forming a plurality of conductive pillars vertically over the carrier; forming
a conformal insulating layer over the conductive pillars; forming a
conformal conductive layer over the conformal insulating layer, wherein a first
conductive pillar, conformal insulating layer, and conformal conductive layer
constitute a vertically oriented integrated capacitor; mounting a

tuniggmicdnatdiortie or CoRpdRett GVer tRE carfiet: @S depolitingh Wireless
RF cengapsuiant oventhensemicopdugtor dieigneompenentandiaround theina and

tranggggggﬁ{uy¥%gﬂ¥%gn?géﬂgkor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a
quad-band for mobile phones or other GSM communications, each
balun dedicated for a frequency band of operation of the quad-
band device. A typical RF system requires multiple IPDs and
other high frequency circuits in one or more semiconductor
packages to perform the necessary electrical functions.

An interconnect structure 223 is formed over
encapsulant 212. The interconnect structure 223 electrically
connects to conductive pillars 186, semiconductor die 180, and
MIM capacitor 188. The interconnect structure 223 includes an
electrically conductive layer 226 formed over encapsulant 212
and silicon interposer 184 using a patterning and deposition
process. Conductive layer 226 is formed using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 226 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material.

An insulating or passivation layer 228 is formed over
encapsulant 212, silicon interposer 184, and conductive layer
226. The passivation layer 228 can be Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having suitable insulating and
structural properties. The passivation layer 228 is patterned
or blanket deposited using PVD, CVD, printing, spin coating,
sintering, thermal oxidation, or lamination. The passivation
layer 228 can be single or multiple layers. A portion of

passivation layer 228 is removed by an etching process to expose
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forming a first interconnect structure over a first side of the encapsulant, the
first interconnect structure being electrically connected to the semiconductor
die or component and vertically oriented integrated capacitor. 8. The method
of claim 7, wherein the first interconnect structure is electrically connected to

a second conductive pillar. 9. The method of claim 8, wherein forming the
condgist nfercoANECSstiicturdlifclddés:  forming a first conductive layer over

the encapsulant dbe fisst copduetiveslayex; being.electrigally: gonmeeieditosther
second conductive é)illar; forming a first insulating layer over the

Pas Sy hnt BRATiréC Corftitittive /AT 1V Sorihg a Second>cdhluttive layer
patteverihe fisstdnsidating layen apd dicst conductivellayes,andlayer 230 is

formed using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 230 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material.

An insulating or passivation layer 232 is formed over
passivation layer 228 and conductive layer 230. The passivation
layer 232 can be Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 232 1is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 232 can be
single or multiple layers. A portion of passivation layer 232
is removed by an etching process to expose conductive layers
230.

An electrically conductive solder material is
deposited over conductive layer 230 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 234. 1In some applications, solder bumps 234 are reflowed
a second time to improve electrical contact to conductive layer
230. Solder bumps 234 represent one type of interconnect

structure that can be formed over conductive layer 230. The
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forming a second insulating layer over the first insulating layer and second
conductive layer. 10. The method of claim 8, further including removing a
portion of the conformal conductive layer and conformal insulating layer from
the first conductive pillar. 11. The method of claim 7, further including
forming a second interconnect structure over a second side of the

Lntegficdpsutint Dpposite e et siabYt tHe enEapslIdit o2, Thelmethod of
inte€lan e Whereindheifiest iRtergonaest, steucturedngliides arvintegraled or other

passive device. 13. The method of claim 7, further including mounting a
elecidbrilsemicGhG0&BF ik to the first interconnect structure. 14. The method

of claim &3cwherein tersecontl semiconguetpp diesismi ilipehiprtype die 240
withs%g¥gggug€$g§'242 mounted to a top surface of conductive
layer 222a, 222b, and 222f in interconnect structure 214.
Semiconductor die 240 electrically connects to integrated
capacitors 188, conductive pillars 186, interconnect structure
223, and semiconductor die 180. A flip chip type semiconductor
die like 240 can also be mounted to a top surface of conductive
layer 124a, 124f, and 124g in interconnect structure 117 in FIG.
5, and conductive layer 162a, 162b and 162f in interconnect
structure 156 in FIG. 6.

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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15. A method of making a semiconductor device, comprising: providing a
carrier; forming a conductive pillar over the carrier; forming a conformal
insulating layer over the conductive pillar; forming a conformal conductive
layer over the conformal insulating layer, wherein the conductive pillar,
conformal insulating layer, and conformal conductive layer constitute a
vertically oriented integrated capactof HiSunting a semiconductor die or
component over the carrier; and

What is claimed:

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

providing a temporary carrier;

depositing a seed layer over the temporary carrier;

forming a plurality of conductive pillars vertically over
the seed layer;

forming a conformal insulating layer over the conductive
pillars;

forming a conformal conductive layer over the conformal
insulating layer, wherein a first conductive pillar, conformal
insulating layer, and conformal conductive layer constitute a
vertically oriented integrated capacitor;

mounting a semiconductor die or component over the seed
layer;

depositing an encapsulant over the semiconductor die or
component and around the conformal conductive layer;

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being
electrically connected to a second conductive pillar;

removing the temporary carrier; and

forming a second interconnect structure over a second side

of the encapsulant opposite the first side of the encapsulant.

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

structure includes an integrated passive device.
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depositing an encapsulant over the semiconductor die or component and
around the vertically oriented integrated capacitor. 16. The method of claim
15, further including: forming a first interconnect structure over a first side
of the encapsulant, the first interconnect structure being electrically
connected to the semiconductor die or component and vertically oriented

3+ infétateti-Caphachtor; @Rt ™ forming ' Séconiihtetdathect Bittid e dvBPA T 1On

of tseconthside obthe.encapsulant opposite the first sidenof tbe ensapsitaty et
The method of claim 16, wherein the first interconnect structure includes an

insulpt B dl passive device.

4. The method of claim 1, wherein forming the first
interconnect structure includes:

forming a first conductive layer over the encapsulant, the
first conductive layer being electrically connected to the
second conductive pillar;

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

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

forming a second insulating layer over the first insulating

layer and second conductive layer.

5. The method of claim 1, further including removing a portion
of the conformal conductive layer and conformal insulating layer

from the first conductive pillar.

6. The method of claim 1, further including mounting a second

semiconductor die to the first interconnect structure.

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

providing a carrier;

forming a plurality of conductive pillars vertically over
the carrier;

forming a conformal insulating layer over the conductive
pillars;

forming a conformal conductive layer over the conformal

insulating layer, wherein a first conductive pillar, conformal
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18. The method of claim 16, further including mounting a second
semiconductor die to the first interconnect structure. 19. The method of claim
18, wherein the second semiconductor die is a flip chip type semiconductor
die. 20. A method of making a semiconductor device, comprising: providing a
carrier; mounting a semiconductor die or component over the carrier;

Lnsudighdsifig Evticalfy Grigited THBgrated tatingGatotifeta (Mif L tute @
ver tGRRACIPr evektheLarrer: wheseinan-agiveisustace of the semiconductor die

or component is perpendicular to a first electrode and a second electrode of .
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forming a first interconnect structure over a first side of

the encapsulant, the first interconnect structure being
electrically connected to the semiconductor die or component and

vertically oriented integrated capacitor.

8. The method of claim 7, wherein the first interconnect
structure is electrically connected to a second conductive

pillar.

9. The method of claim 8, wherein forming the first
interconnect structure includes:

forming a first conductive layer over the encapsulant, the
first conductive layer being electrically connected to the
second conductive pillar;

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

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

forming a second insulating layer over the first insulating

layer and second conductive layer.
10. The method of claim 8, further including removing a portion

of the conformal conductive layer and conformal insulating layer

from the first conductive pillar.
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21. The method of claim 20, wherein disposing the vertically oriented
integrated metal-insulator-metal (MIM) capacitor over the carrier comprises
depositing a conductive pillar over the carrier to form the first electrode, the
conductive pillar having a cross-section in a plane that is perpendicular to the
active surface of the semjconductor die or component, a height of the

L1 crbs-seetion grédterthiah™ width of tHE Eros8<sBition I 25°THé Method of © 4
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metal-insulator-metal (MIM) capacitor over the carrier further comprises
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second electrode. 23. The method of claim 22, wherein disposing the
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claim 20, further comprising:
13. The method of claim 7, further including mounting a second

semiconductor die to the first interconnect structure.

14. The method of claim 13, wherein the second semiconductor

die is a flip chip type semiconductor die.

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

providing a carrier;

forming a conductive pillar over the carrier;

forming a conformal insulating layer over the conductive
pillar;

forming a conformal conductive layer over the conformal
insulating layer, wherein the conductive pillar, conformal
insulating layer, and conformal conductive layer constitute a
vertically oriented integrated capacitor;

mounting a semiconductor die or component over the carrier;
and

depositing an encapsulant over the semiconductor die or
component and around the vertically oriented integrated

capacitor.
16. The method of claim 15, further including:

forming a first interconnect structure over a first side of

the encapsulant, the first interconnect structure being
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forming a first interconnect structure over a first side of the encapsulant, the
first interconnect structure being electrically connected to the semiconductor
die or component and the vertically oriented integrated MIM capacitor; and
forming a second interconnect structure over a second side of the

encapsulant opposite the first side of the encapsulant.
electrically connected to the semiconductor die or component and

vertically oriented integrated capacitor; and
forming a second interconnect structure over a second side

of the encapsulant opposite the first side of the encapsulant.

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

structure includes an integrated passive device.

18. The method of claim 16, further including mounting a second

semiconductor die to the first interconnect structure.

19. The method of claim 18, wherein the second semiconductor

die is a flip chip type semiconductor die.

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

providing a carrier;

mounting a semiconductor die or component over the carrier;

disposing a vertically oriented integrated metal-insulator-
metal (MIM) capacitor over the carrier, wherein an active
surface of the semiconductor die or component is perpendicular
to a first electrode and a second electrode of the vertically
oriented integrated MIM capacitor; and

depositing an encapsulant over the semiconductor die or
component and around the vertically oriented integrated MIM

capacitor.

21. The method of claim 20, wherein disposing the vertically
oriented integrated metal-insulator-metal (MIM) capacitor over
the carrier comprises depositing a conductive pillar over the
carrier to form the first electrode, the conductive pillar

having a cross—-section in a plane that is perpendicular to the
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active surface of the semiconductor die or component, a height

of the cross-section greater than a width of the cross-section.

22. The method of claim 21, wherein disposing the vertically
oriented integrated metal-insulator-metal (MIM) capacitor over
the carrier further comprises depositing a conformal conductive

layer over the conductive pillar to form the second electrode.

23. The method of claim 22, wherein disposing the vertically
oriented integrated metal-insulator-metal (MIM) capacitor over
the carrier further comprises depositing a conformal insulating
layer between the conductive pillar and the conformal conductive

layer.

24. The method of claim 20, further comprising:

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the semiconductor die or component and
the vertically oriented integrated MIM capacitor; and

forming a second interconnect structure over a second side

of the encapsulant opposite the first side of the encapsulant.
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