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 forming three-dimensionaéé%Dg vertically oriented integrated
SEAPSONRE “BAB ABUAG S HEIVERHGR S ERMING: JeiREds DEMENS TONAL

commonly 1R 'ﬁmaferﬂRérFé%!?FERicWEEE&éngmW%E%?%%vices 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), trapsistor, r i%%cl)r, %aeaci or, inductor, and power
metal oxide semiconduciorTieTd effect ransistor WSFET). Integrated
semiconductor devices typically contain hundreds to millions of electrical

compon%@lts. Exggnépr!%s gf %egcr?ted serylconductor devices %nclude

microcontrollers, mlcroprogessnors,oéharraeél-tc%ﬁpfé% devices Cb(f)s), solar

semicellsdand digitéd microsmirmat, devices (RMDs$): Semitpnductordewoesonductor
deviRETUMawide range of functions,suich as figh:s Eggacf"cﬁ%a—tf:?f“%erticauy
transmitting and receiving e ecﬁomagnetlc signals, controlling electronic
or iedéddes, ttamsforoang sapkght toefectricity, and creating visual projections
for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power generation, networks, computers, and
-1 consumer producBaskgwestriices ddweeEnrentid®efound in electronic
products including military, aviation, automotive, industrial controllers, and

office equipment. Semiconductor devices exploit the electrical
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



properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be manipulated by
the application of an electric field or through the process of doping. Doping
introduces impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device. A semiconductor
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, of doping and application of an electric field, the transistor either promotes or

IndURIStidtd tiPiiow of Efctrcd "Curfdnt  PSs &% S0 Tes, including resistors,
diodes, anrdhirduciors; creaie airetadionshipdeiwean voltage and£urrent
necessary to perform a variety of electrical functions. The passive and active
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semi EGIENGIDNUTRCIING ioyolyes, the farmation of 3 pluraliy of de on the
Surface of a semiconductor wafer. Each die is typically identical and

condgaritainstaircaits fdreetkby electhicatly coAagdtireg. active and passive

components, Rack-end manuigcturing invalyes singulating indiyidyal die, .,
from the finished wafer and packaging the die to provide structural support
elecgnd envirerimentallisofationA X One gddl of Seifcondueorimameacturing is

trantQireduce smaller semiganguctor devices. Smaller devigesdypicallys,, yarying
consume less power, have higher performance, and can be produced
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.



more efficiently. In addition, smaller semiconductor devices have a smaller
footprint, which is desirable for smaller end products. A smaller die size may
be achieved by improvements in the front-end process resulting in die with
smaller, higher density active and passive components. Back-end processes
may result in semiconductor device packages with a smaller footprint by
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value integrated passive
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 1In
high frequency applications, such as radio frequency (RF)
wireless communications, integrated passive devices (IPDs) are
often contained within the semiconductor device. Examples of
IPDs include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

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.



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 forming a conformal conductive layer over the
conformal insulating lagesmelifgt e@ndirdve piait Lonformal insulating
layer, and conformal conductive layer constitute a vertically oriented
integrated capacitor. The method further includes the steps of mounting a
semiconguetes dieof component avedhesseed layere depesitingassive

J .encapsulant over the semiconductor (_jie ];r component and around. the ,
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method further includes the steps of 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, and forming a first interconnect structure
over a first side of the encapsulant. The first interconnect
structure is electrically connected to a second conductive
pillar. The method further includes the 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



encapsulant over the semiconductor die or component and around the
conformal conductive layer, and forming a first interconnect 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
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verticalley %riesr]%gd ir%:teggatecé C%R%@%OJ_["A fiﬁt interconnect OIstr'tu(g:t re is
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Ver a second side of the encapsulant opposite the first side of the
encapsulant aBréefBescription ofi¢he Drawmgs & dtillustrates agrinted a
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surface; FIGs. 2a-2c illustrate further detail of the representative
provishirdnductor packagesimpoAtedtothe RCBCFIGY. Ja-3glilustratehegrated

capae@@8§sQgggnﬂﬂ$aégprier, 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



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
d1ffg¥50 Viehr Bfthe B DRATHERF Orfetted Shtebrated TapaEitsiCBIG. 8 is a top
view of the semicenductaripackage wdthr the 84> varically opentegdntegrated
capacitor; FIG. 9 is a top view of the semiconductorgackage with another
ePrEnHBBAMentof IFE 395 Vahicafly onehtedfintedratdd capddior BIc T
illustrates the 3-B yedically orented: integrated eapacitor fivarsilicgna 3-D
interposer; FIG. 11 ijlustrates furtthrdetail of the silicon interposer with 3-D

Vertdgsacitdr Shd WhatictVe pilard! i “2 fustr&tes dhothéEMmbadintent of

packthegesilicon interposer with 3-D capacitor and conductive pillars; and FIG. 13

illustrates a flip chip type semicon%ct die mounted to the topsid
interconr]isela& Strﬁcf&rg%?ﬁé.tf& - Uﬁgﬁéﬁéd %eets%rl%tiéjﬁf oF e éra%vings The
ver tpresehyinventort isddescribed ant ede oxpaaret embodiments in the following
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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.



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 gener_all¥ manufactured using .two complex

manufacturingPr&@eskes: RERCEIP fRRuFRG aRG 3FHEENd

manufacturing. Front-end manufacturing involves the formation of a plurality
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back—@%d 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,



of an electric field. Active and passive components are formed by layers of
materials with different electrical properties. The layers can be formed by a
variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical
vapor deposition (CVD), physical vapor deposition (PVD), electrolytic plating,
Lrangd@rélectioleSS pRting Processesr EReh fyet is génétafty Ridttethed to form

insuPQrtiens of activereempPenertscPassive XCoNMReNEts; aneleddedlconductor
connections between components. The layers can be patterned using
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or rthetunderlyirge l&yesito be paltecned. diie remainder afithe phiotoresist iscation

rem vecld leavi b(igind a patterned layer. Alternatively, some types of
of an ? e? ric eld, . . P
materials are patterned by directly depositing the material into the areas or

voids forhmediby agorevipas sdepositiondetch processeusing techniguesssuchs of
e e Tt o g I G Do and Bare s a2
be fomiforehlyp flaesurfaces pvunmiformdpfiatisurfacets sbquiretete @giredudered in
partSPglierand more densely packed actiye, aHQFPS‘éﬁlE’Sd‘EOmPE%Qe%@ample, thin

Planarization can be used to remove material from the surface of the wafer
f11man¢ prsdidcecaruniformliy iat s@rfadee mRlanarizatisrindslves polishing GNe)
phy s§hl&f£fic_ev‘%f§9§ waigpwith #, polishing pad; Apahrasive masedalangd corresive
elecigggggsagaating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.
Depositing a thin film of material over an existing

pattern can exaggerate the underlying pattern and create a non-

uniformly flat surface. A uniformly flat surface is required to



added to the surface of the wafer during polishing. The combined
mechanical action of the abrasive and corrosive action of the chemical
removes any irregular topography, resulting in a uniformly flat surface.
Back-end manufacturing refers to cutting or singulating the finished wafer
into the individual die and then packaging the die for structural support and
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Combp%él&(ag%etg par(r)l\}iae physica?gluppor and electrical isolation: “The finished ction

of tpackadgens tldn inserted sntaran electrigal systempagd dlpé functienality ofithe.n a
. .semiconductor device is made available to the other system components.
£ dy EERT y P
i =i f/illust?gtegueﬁecgtrcoenlc device 10 having a chip carrier substrate or
printed cireait beard (ROBY 42 withia plurafigref sSemiconductor packages

5 ing@?ggﬁel%O% 18 sutface, Fleqliopic deyies 10,may have pREP&OL and then

semiconductor package, or multiple types of semiconductor packages,
packdeggaringendhre -Doapplication Ueldifferariypesof sanvicondustoral

iso1Bgckages arg shown LG ., or prrposesof fliystration. Eleclronic devies ok en

10 may be a stand-alone system that uses the semiconductor packages to
alonge@@@Tgﬁ@mgﬁ@&ﬂl 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



function. Alternatively, electronic device 10 may be a subcomponent of a
larger system. For example, electronic device 10 may be a graphics card,
network interface card, or other signal processing card that can be inserted
into a computer. The semiconductor package can include microprocessors,
memories, application specific integrated circuits (ASICs), logic circuits,
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showelecticalcomporentspli-blés s RGB 121prevides aggeneral substrate for
structural support and electrical interconnect of the semiconductor packages
mounted or tHe BEES Cbnttichive Sighal trates 1958 Yormed over' s stffaté 2t
use sorwithindayersof REB 1 2pusing eyaporation: electrolytic platingy electroless
lating, screen printing, PVD, oy other sujtable metal deposition. process.
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comBonents. Traces 14 als% provige Jpawer nd %round connections tg each
10 ma? e a.gra@ %cs ca n? WOrkK 1n ea.ac? card, . or other
of'the semiconductor packades. In some embodiments, a sermhiconductor

signdevipe has twonpgackaging: levelsc Eirstlevelnpsockagihgiis teoteghnigquedoe r .
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appléarsiet tortherRCBY frrother cambodithents, caisérnicohduCtor deviegimay only
circiiavestheiisy level packaging where the dieis mechanically and slectrically
mounted directly to the PCB."-10 For the purpose of illustration, several types
othegf firseieval packaging lincdirglwirs hond paekagenerdril-flip chip 18, are
shown O@IP(%%C%L.Z' Md'ﬂ@@ah% %ﬁygw&&e%mgeneral 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 electrical communication
between each of the semiconductor packages, mounted components,
and other external system components. 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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second level packaging, including ball grid array (BGA) 20, bump chip carrier
(BCC) 22, dual in-line package (DIP) 24, land grid array (LGA) 26, multi-chip
module (MCM) 28, quad flat non-leaded package (QFN) 30, and quad flat
package 32, are shown mounted on PCB 12. Depending upon the system
requirements, any combination of semiconductor packages, configured with
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firser @igdalscﬁ‘mgitg irh_preqeriemed: ]a@qajotiqe S_de\ﬂi@e_s, passive JdJ_evmsp torductive
elecf §t5: and dielsgltic. layers formed within semicondustoy die 34 and are

electrically interconnected according to the electrical design of the die. For
embogyamples thesdifctitrpay inclede 6ae by nmidre tixhsisterss idigdeés, dtdurstonss

semiCAPAGHOLS, resistors,and giner cireyit, elempnts formed within the-agtive, 1+ 551

region of die 34. Contact -11 pads 36 are made with a conductive material,

integganas ahpfinarc (AN SCoppe? (CARHM(SH)SnieRS! (NF), HBIE(AIGICsIvBRCtor

packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.

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

FIG. 2a illustrates further detail of DIP 24 mounted
on PCB 12. DIP 24 includes semiconductor die 34 having contact
pads 36. Semiconductor die 34 includes an active region
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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(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 using a gold-silicon eutectic layer or adhesive
material such as thermal epoxy. The package body includes an insulative

padspaékayity Ratéridl stieh asPolymer orerantic 'Conductieads 40 gre-num
(A1) connasted-tocaryier 88 andswife bandx 42 are formeg hetweaen |easls 40 and r
contact pads 36 of die 34 as a first level packaging. Encapsulant 44 is
(A9) depokited oveT HE packeye'for ‘SHvRORhTshtalD rB%bectiBﬁ By preventingt s
form@@isturenand parictes. froovertesngthel package-and contaminatiny die 34D,
1 contact pads 56 or wire bonds 42. DIE 24 is connected to PCB 12 b){) ,

e lecihsaringleadls 40 18 hdtés formed thrsligh PCB T2 BAId&  Fisterial 45 57

asseftavied arourtbleads 40anidcintalthethalesi ie @ysicallyhandtetecttically carrier

38 uZ9Mect DIE 24.10,RCB 2. Solder, material 46 can beany metalal . o1 gycn
uellecgicallff[conduc]tlvé material, e.g.l,CSn,a}gaé(lgﬁ), u, g}‘éu, zinc (]2%1? e

as thismmuahinike (Biy,.and akoysatherest, Withl anioptibonakfiuxamaterall &or ve

example, the solder material can %eutectic Sn/Ph, high-lead, or lead-free.
S callig bomciio e Kt st i S e LT
40 aSemicondectordlid 47 ds conrectéd teatarierchyawirssbdird styde fikst lene

betRAGKAANG, BGG 2213 maynted fo PR, Iowith aBGClyle secopd Jevel ) g

packaging. Semiconductor die 47 having contact pads 48 is mounted over a
packegrtied usingregr RididedilltorEpoky-résincathesiveomateridh S0PSercshdietor

envidi§Aleinclides,anactiveseaion containing;analog oL digital SIGUILS i c1es

implemented as active devices, passive devices, -12 conductive layers, and
frOmd@ﬁﬁﬁﬁ?@@eﬁ#ﬁwméﬁhﬁﬂﬁnaﬂd contaminating die 34, contact pads

36, or wire bonds 42. DIP 24 is connected to PCB 12 by
inserting leads 40 into holes formed through PCB 12. Solder
material 46 1is flowed around leads 40 and into the holes to
physically and electrically connect DIP 24 to PCB 12. Solder
material 46 can be any metal or electrically conductive
material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn),
bismuthinite (Bi), and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free.

FIG. 2b illustrates further detail of BCC 22 mounted
on PCB 12. Semiconductor die 47 is connected to a carrier by
wire bond style first level packaging. BCC 22 is mounted to PCB
12 with a BCC style second level packaging. Semiconductor die
47 having contact pads 48 is mounted over a carrier using an
underfill or epoxy-resin adhesive material 50. Semiconductor
die 47 includes an active region containing analog or digital

circuits implemented as active devices, passive devices,
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semiconductor die 47 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 47. Contact pads 48 are
made with a conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are

condyattritally dgfinstted 6 the GitGitéléments formetS4iftiifl diet 47 Contact

semipadgi48 ase farmediby BVD, GVD celeeirolytic 1nlating, s elestralesssplating
rocess. Wire bonds 54 and bond pads 56 and 58 electrically connect

pro
BCCOLGHIAG patis 4 of SeffiEdidtictordie # fdconisct ads 57 GrBEEespLe, the

circlormingthei fiest level paskaging.oMelding: eempeurd pr @neapsylanttistors,
deposited over semiconductor die 47, wire bonds 54, contact pads 48, and

3P AGantact pads™52 to BrovideBhysIcAl Sippor ant elebirital isolation o tie” =
the devidcecCanrtatbpads 64 ace formedc onerasurface ofi PCB-22misiig with a

evaporation, electrolytic plating, electroless plating, screen printing, PVD, or
Condgt%e%vseuifg%Feer%le?a ’de%gg?ﬁo%pr}c}ec%ss@lﬁdpé%’t)%khl%%fatgé tr(})9 re%lr?f are
e lecoxidatdn. YCantactpadsio4 electrically connéctetdonen bs morercendudtivein die

signal traces 14 804 erm tetrial 15 %e osi %be n contact pads 52 of
47. / ,

B %DEE %%d%ao%tsact%aag%4 of PC %5 he solder ma?erleéi%ls e 01\:/vlecd to
platfony, bumps 66 ciwhichdformralmechanicalarsd electricat eomvettionbetwednbond

padsB&E %%@%%P%ejc%ﬂﬁfal@i%‘?c%‘?{ﬂi&?fed!é%@{9&1%5501@%@@953‘?‘9
down to carrier 76 with a flip chip style first level packaging. BGA 20 is

semigpachedtorPCBL 24Witlh @ BGAtstyle seednd ¥eved paBkaging. Activeliegicie
£1rsfO pONAINIAG apalogor digial) gircuits implemented,as-actiye demees, ¢ o ;

passive devices, conductive layers, and dielectric layers formed within -13
deposited over semiconductor die 47, wire bonds 54, contact pads
48, and contact pads 52 to provide physical support and
electrical isolation for the device. Contact pads 64 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 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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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

semifpGGgira ofarge Rumbet 8f MtRfiddal Cohdtictive-§31GerpGnps Or pafie 781ng to
the Soldler bumps Hamesformediqver bump pads-okiptergorneatisites i8¢ whichay

, are disposed on active region 70. Bump pads 80 are made with a conductive
inclpdteridiCsuth &OAR G, B N TRGSor AP 3hd ‘are BREHHEAIS conmtetar S
resithewtepitalementse foralac-iniactive segion 7 0t Bimapl pads BOrare dermed by

.PVD, CVD, electrolytic plating, or electroless plating process. Solder bumps
2108 ol olbor Sl SR ENBTANERIS cotmocu ot BR4gbF 1° L2
elecintercanngct sites B2 edrciet 76 byta solded retbowredess. BGSAROdIsgh a

electricall ang mechanically attached to .PCB 1Ci%h y a large number of
L0 AT oA DAL Bunpl o T e Tha ldoh BB af -5 7°-

Soldfarmedmyver Hemgrpad>omdatercormebtisite 0841 sTherbumpgads8iarte sites

electrically connected to interconnect sites 82 thr. h conductive.lines.90
80, Y Lo n PHgn co &0
foutet tharoﬁgh ca rl%sr%% %n?é:ctlp\é%s%%galr%%ormed over a gl?r?asce of PCB

madelzrusmgaevap@dgxm‘ed?eonr@mmipﬂéﬁngaueﬂecacleéé pla?timg,_ Soreefiprinting, or

ag, BYR. 9rothersuitable, mefal deposition progess, and are typically plated to
prevent oxidation. Contact pads 88 electrically connect to one or more

formgshductive sigral fragésn4./Phe sBidep bbatps 86 ars @ldcrasly dnd PVD,

cvp, Meebanically, connected 1g,contget pads.er- bppdingads; 88,0p RER 12 by a

solder reflow process. Molding compound or encapsulant 92 is deposited

SoldgyeraEnmieonducisrdie] 18 anticcatrier 761t PrRVItE plysidal seppeR@md to

cont@leetric@ls or interconnect sites 82 on carrier 76 by a solder
reflow 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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-14 isolation for the device. The flip chip semiconductor device provides a
short electrical conduction path from the active devices on semiconductor
die 18 to conduction tracks on PCB 12 in order to reduce signal propagation
distance, lower capacitance, and improve overall circuit performance. In
another embodiment, the semiconductor die 18 can be mechanically and

Lsolgfpificaliy attabied GiredR to PES 128G RiPcHpryRsEEg8l device

provRackagingwiheutgaster-716.2R1Gse sadd:- llustrateta process ©hforaing ae
three dimensional (3'D% vertically oriented integrated capacitor in a

deVigSicondictdr PABKAgE: In FiGS34 % lemporny Sib&ttatb i &airigr 166 12
in oeeriainsduramy s sactficial base-material sueh asasitiegn, pehgner,

polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide, or
Capa&thé?%ﬁﬁablé)rﬁm—]c%%ﬁ?i‘é?d Niaterial o Bulk SemiesiductsFHaterial for
anotsteuctarabsdppernt.th seed layern 102ridappbed to eartier 400 with heathenlightl 1y

releasable t orary bonding film. Seed layer be .Cu or.other metal
w01 B Wik W CITHRG SEIoU Ry SOk Ty 16218 dapbBiotl e LE
sty llaninatian, Ri2 1 CWEs kelgdingchemibalude positione Seeéd Jlayer 102 can be a

temporap/lgondgw | film ar %tch§t%%layer. A plurality oE cgnductive pill rs.or
posts 1O4a-1SO'4e f% o?mle%l olilser geeg Iéaye?rl .eﬁ'% f8rm c%ﬁ ﬁgtﬂ/eap%argee

dimei@4,0aphotoreBist teger iscdépasited iover séed fayey 19RcA portiers idfor in a
semiPRQIGIRSIGHlayer is exposed gnd femoyed by angiching.development, . .

process. Conductive pillars 104a-104e are formed in the removed portion of
carrplsstotdsistasiigan elebwralico platingrelectokess patingn ok ssleetivesuch as
si11PIBHNY PrAGESSy ,C%Hﬁ%& pﬁ'a%?s 304.can he-Cya Al tungsten (Wi AU,

solder, or other suitable electrically conductive material. Conductive
glass epoxy, beryllium oxide, or other suitable low-cost, rigid
material or bulk semiconductor material for structural support.

A seed layer 102 is applied to carrier 100 with heat
or light releasable temporary bonding film. Seed layer 102 can
be Cu or other metal thin film with wet etching selectivity.
Seed layer 102 is deposited using lamination, PVD, CVD,
electrochemical deposition. Seed layer 102 can be a temporary
bonding film or etch-stop layer.
A plurality of conductive pillars or posts 104a-104e

is formed over seed layer 102. To form conductive pillars 104,
a photoresist layer is deposited over seed layer 102. A portion
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).

-15-



pillars 104 have a height ranging from 20-200 micrometers (pm). -15 In one
embodiment, pillars 104 are 50-100 pm in height. The photoresist is stripped
away leaving behind individual conductive pillars 104a-104e. Optionally,
another barrier thin film layer can be deposited on pillars 104. In FIG. 3b, a
portion of conductive pillars 104a-104c is removed by an etching process,

In ogfindifg processt or Biatib2Edtting dr Yrindmy: EShduétive piarsdld4a-154¢6
photareredueed snyertigad Profle By typisallyn20-66Hm aften theetghing process

or grinding pracess. The vertical profile of conductive pillars 104d-104e ,
condipdiig uithanged. Altetnatiely, theEdifiersht héight Betwisen 2044-104c 41
f i 1mand }04d-dddercandes earriedd ouhby stepalitbography and plating process.

In FIG. 3¢, a dielec%’g layer 106 is con(g(])frmall led over_conductjv

appl e
pillars 104h-10%e and ‘seedi&yer'102. °rhé € Hféﬁ%élvgie%]c{’r%calﬁ%e P06can“c
is ree&i@2, Si3NA; SION, itagtaghumqentoxide (Ta2@b), @uminss) oxidebl ade

A1203), polyimide, benzocyclobutene (BOB), polyhenzoxazoles (PBO), or
et i S e Hag ol e AL Erics, The. Grocne oy ey 166
in visrgatteriegopblahkebdepositedaising FOVD OCVD, pfintmg,tSpray coatimg;

spin coating,.sintering, thermal oxidation, or lamination. The dielectric layer . .
proc g D e yere on e Al CBLdicru 1er OBttt ve
pillpatterhedantO ¢éenformally: depositethovet dielédtriedaydritGsl Conduetive

a1 £ £2YER108 15 formed using BVD, £VD (electlytis plating glectigless plating ; 4
process, or other suitable metal deposition process. Conductive layer 108
out kah béeneldrtrhoriapéis i, W TOM NP ARCAGS or other suitable

e!ﬁc”icaﬂ% cepductiye material; Nate that the vertieglprofile of condiigtive,
applg;gﬁzver conductive pillars 104a-104e and seed layer 102.
The conformal dielectric layer 106 can be S5i02, Si3N4, SiON,
tantalum pentoxide (Ta205), aluminum oxide (A1203), polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
material having electrical insulating properties. The
dielectric layer 106 is patterned or blanket deposited using
PVD, CVD, printing, spray coating, spin coating, sintering,
thermal oxidation, or lamination. The dielectric layer 106 can
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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104a-104c with conformal dielectric layer 106 and conductive layer 108
remains less than the vertical profile of conductive -16 pillars 104d-104e with
conformal dielectric layer 106 and conductive layer 108. In FIG. 3d,
semiconductor die 110 is mounted to conductive layer 108 between
___conductive pillars 104d and 104e. Semiconductor die 110 includes analog or
p1llgpitaldidins OtpldmehtecCad st and passive tevitd¥ londifttige
condlayersycandigiglectrialayers formed over its active surface and electrically
interconnected accarding to the electrical design of the die. For example, the
circuit m&y) ificiGde dhe or THOreCRHARS5RTs HiGdes: AntifotherEiF&it ©°
condelentends formed withinothewactive suitage o waplementhaseband ghigital 04e .
_Circuits, such as digital signal processor (DSP), memory, or other signal
e SR ARRGRE TR D SeRTaDNGEch o Ry o SO 1D Sl Bs
implindaatoss], capasitarsy and mesistos,sfor R Fdsighale processingc thi arotheyers,
mbodiment, a passive component ¢an be, mounfed o conductive layer 108
etween conductive pﬁ'lars GG 104¢" FiGS38 Shows an encapsulant or
e lecmmoiding tompound dd4n depesitettaverdsemicondudter diecldOranchl design
ganductive layer 108, sing 2 peste printing. compressive molding, transfer, .
molding,” quuia encapsglant' mo (ﬁng, vacuum la ination, or other suitable
trangpplicator, Edcapsudanttiid cambe polymericompesienmatdriafnsdchvashin
the SROYEsnwith filer, epoxy acrylate with.filler or polymer,with proper filler,, .,
Encapsulant 114 is non-conductive and environmentally protects the
as diemicohdactondeévies dron sextertiab Blemerts @nd contamifzdts. 34 FI6 L 3f,
proc@bagkgrinding pracess s used i remaye. a-poion of epcapsuantil4yin 1ep,

conductive layer 108, and dielectric
such as inductors, capacitors, and resistor, for RF signal

and

of t

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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layer 106 to expose a top-side of conductive pillars 104d and 104e. In
addition, temporary carrier 100 is released from seed layer 102 by
application of heat or light. Alternatively, -17 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

carrieicedd InFIB. B, SE8PIEYRr 282 distettit ayef 106 and conaticiel Peel-

of £, layer 108 are selestively remaved py anetehiNgpRIAceSS 4@ 8XPRsE: 6eNtag!,
pads 112 of semiconductor die 110 and a bottom-side of conductive pillars

plaskga¢hnd ibde. Ebndlctive Biithrs 10kE102 ficiuna YeRicaFGdirection)

interconnects exterslyg keadoneside of @ncapswantil4 to anyepposite, and
side of the enca sgjé%nt. A %)ortiqon of conductive layer 1'%8 over conductive
a t

condyiib i foa164c SHiSIT of Seéd Tayer T0% Uder-cortfictive pitias
proct@4a-1064e remainsdn ptace: FIGd4 showsdtrthemdetail ofatear 185 &onl 0 and

2 pofiG s Sa e pllare A e sneralen e A I Il slegtiate Gl
metal-insutator-métal (MiN) verti€al y orientéed integrated capacitors .
pillGonduciie1aydrl(8iisthe second anetak @lectrodeiofdiM capacitor 116.

. Dielectric Jcaé/er 196 i%the intermediate insallator between th§ firsCt alnp

t f 114
1 CSecond metal electrodes, C%I)rno Uctive Iasyér 108 extends | t?élyo%% dlelectr}:co an
oppolayer 166 andseetlayemiGdofon teady- intérconméct witholt celectvicaliyve layer

108 SRAHNG 10, sandyciive pillars 104a510dc, WM gapagitor 116;1s,copstructed in

three dimensions (3-D), x- y- and z-directions. The plane parallel to the first
layegnd Sécomdtlcapaeisivelédtvedeslis parperdidalal ftthersiand whichisp lace .

parallel to the agtive syrfage, of semicondytor die 110, MIM scapagitop 146 3.

extends vertically into encapsulant 114 to save die area and provide greater
Condggiacitanee Hensity. Ml capdcitgprerates as a first metal electrode

of metal-insulator-metal (MIM) vertically oriented integrated
capacitors 116. Conductive layer 108 is the second metal
electrode of MIM capacitor 116. Dielectric layer 106 is the
intermediate insulator between the first and second metal
electrodes. 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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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 -18 over
encapsulant 114. The interconnect structure 117 includes an integrated
passive device (IPD). An electrically conductive Igzer 118 is formed over

OVerefdpuftht A1y, EdriductiVeSaydrIs: CatE S toplide of Bofiductive Pifarudes
an 1h04d usingA depesition aad ipatterning process. Lonductive layer dd8dsict ive
formed using PVD, CVD, electrolytic plating, electroless plating pracess, or
Layegintt Sultible atal depoEitioh process: Contitidtive RYaH T8 ¥an Y the 01
and BNOtelayers obAl, &ih & iNivAupAg1erothersuitabie elacttiealyscanductivad

material. The first interconnect structure 117 is el ctricaljlér/gconn cted to

PattESRHUEAVE RS Sroad=T04 Ghd WiM 84 §4citor 116°5A 851G Ve IaaP 12618
CVD, patterned @ngtdepaosited ovgp encapsulant 34 psingiPDmar D sResistive her

sui eHELLEA IS fanjan slicide CTaxaor other metd] sigdes, TN gk e
hromitim (NiCH: TiN, ‘o dopeld poly-silicon having a resistivity “betweens'
one amd 100 ®hh¥/gg.rAn afsuldtingCor, passivaiion layer 122, isdormedheversuitable

ncapsulant 114, conductive layer.118, and,resistive layer 120. The

1 ! , ang rESIs y

e Lo e T e Tk SN Taste RIEos Griaes:
strugiaterfal havingssuitablecinsakating andnsiadtarhl ppopenties CThe passivation

104 dlg}/g_réléZ%ﬁsdp@}ﬁ{nggp%rCQIggggetldleeopsited _usir_lg PVD, CVD,_ pri_nting, spin
coating, sintering, thermal oxidation, or lamination. The passivation layer

122 canbersingle ot veulfipledayers A gortiart bf pasdivation fgep12pgs over
enca?éﬁ%ﬁgcbﬁ an elching PEREESS,L0 @¥pose rranductive laygy 118 ang resistive
tant:¥§;liglicide (TaxSiy) or other metal silicides, TaN, nickel
chromium (NiCr), TiN, or doped poly-silicon having a resistivity
between 5 and 100 ohm/sq.

An insulating or passivation layer 122 is formed over
encapsulant 114, conductive layer 118, and resistive layer 120.
The passivation layer 122 can be Si02, Si3N4, SiON, Taz05,
Al1203, or other material having suitable insulating and
structural properties. The passivation layer 122 is patterned
or blanket deposited using PVD, CVD, printing, spin coating,
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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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, -19 electroless
plating process, or other suitable metal deposition process. Conductive layer

elecizp tan Herore-ormors Riyersof AE ChI'Sh, N AL ALS o' Bitfet stftRbie! t1on

procelestricatly, ganductive majeriali Phe individualpostions pheenductive fayer a1,
124 can be electrically common or electrically isolated depending on the

Cu, §8sigh andttinctith of the TeRSHtorfdUctERdis. An Fiddidtif v pasEivationt Ve
mat elayen 126 htormed ioved yaassiationdayerci?2 2candi cenductivedgyer 1224 can

he passivatjon layer 126 can be Si02, Si3N4, SiON, Ta205, A1203, or other
be e %?éPri‘aJr %%@H%é s%?é%?eningﬁlaﬁgs%%ﬁls?ﬂﬁ"ti’raﬁﬁ%b%ﬁ?e%s. IFRe paddidatidh te
desilayeni26 Rupatterned of btanket depasiteth arsing BYD, CVD, printing, spin

coatlng,glrpterrllngifhﬁ‘lrmal oxidation, .or | m|nat|?n. The P?gswatl Q!éaIP{er 126

can be Sifigle or Maltiplelayers. Aportion of passivation fayer 12 ed over

pas sremaviethbyl agetchiig peockssdo@xpose eondyetivellayer 127h Condusfivetion
1ay el 124b:424e congilute.ong or more,PDs, 15T, inthiseasen indygtor.

he conductive layer are typically wound or coiléd in plan-view to
mat eproglice oy Expibitu theaddsirethindletivengropertiest Contuctive layepg24fies .

The P24 320 8l5grically conngct 1q r%%%tk"eeﬂégﬁr 120 as appther BR,, The JRDs
ormed by conductive layer 124b-124e and resistive layer 120 provide the
usingleklfical ENaracteristics reededfor Rightfictiengy zipplicatibnst seeinad

oxidESPRAorS, highipass filters, lowspass.filters,handspass filters, symumetic
Hi-Q resonant transformers, matching networks, and
single or multiple layers. A portion of passivation layer 126
is removed by an etching process to expose conductive layer 124.
Conductive layer 124b-124e constitute one or more IPDs
117, in this case 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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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

quadgfeagsediinta PPquad-BARA T Mbbite PRENES-8P6thet HidtaT syStenfoP 1€

(GsMMobier(&aSM) commynicationspeach bakuidedicated der a freguenenbanthand
of operation of the quad-band device. A typical RF system requires multiple

of oBLANG Bt NG refaenGrart iR i ohe of mole %Sﬁ&co%%u%ifosrtem

requpacekagesie perfermrbe nesassarycelestrighl fiinstors chhechighdregsiensy one
electrical devices generate oLrare susceptible to undesired electromagnetic

OF "Rt&HerEncs (BN At rRdio Tratiiancy intererarite (RFIf OF Bvst Y

elecinteredavicarimterfereace, such as capacitive, inductive, or conductive
(:ouplingT Isohkno}\{vnfas cross-talk. Ihe induct r%24b-124e are verl,ci(c):eallg
separated by encapsulant 114and offSet from -semicondactor die £10to ™ - <
sus crgoluce EME RREinded dthet inteedeviosamerference.tAm iterconnecEMI) and
.structure 127 is formed over encapsulant 114. The interconnect structure
Fadi T Cledlichly, Connects to Sonductive pilars 164d-1046, semiconductor cie
intetI@randMIVscapacitor dd6aThé interconnéoicstivcturecl2 Zimetudesian

coup§lefifically canductive layer 128 formediover encapsulant: 114, copductiye .o
layer 108, and the bottom-side of conductive pillars 104d-104e using a

vertpaedrhthgsamb depesition protess s Conductivet |aged 128 §s formiedousing
semiBYRa MR, Ll8GHolyte nlafing, gleclraless platng PLoRess: alother suifablg i ce

metal deposition process. Conductive layer 128 can be one or more
interference.

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
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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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, Ta205, A1203, or other material having suitable
insulating and structural properties. The passivation layer 130 is patterned or

depOghhret U2 BEposited Gsiflg PRAD, VDI priftiing) spitficdatihy, Sirtériig, "9

t hertheimakexidatiom ordaminationathe passivaton layer 130 tan bepingle 80 can
multiple layers. A portion of passivation layer /130 is removed by an etching

e ShfiEbSs 15 eXPode ETTUUCVE Tayers M1 68 ad 128 CAnRiscirdAlly Ohdtcve
130 layerddistormedoves tpassivationdayersl 3-argd:porductivedayerik28 layers
108 usiag atterning and deposition process. Conductive layer 132 is formed

adl g , CVD, electrolytic plating, electroless plating process, or other
suitable metalldepositiomidrocess:dCanductive dayer 132 car béanesor more

ers.of Al, Cu Snlls\lg), %lgl, %Oor other suitzaLbIe elecltrégalllyscionductive

lay
passﬁ% etr%a(f.nAr%L ?r?’s%fatmg or passwa%%ﬁ%ﬁevrel £T6rméd over rE)%s?}ivation

pattlayeih82 and condustivellkayepi82.cEye passivationt layer 183d<canlibe Si02,

iI3N4, Si N,.J520 1203, or oth%r material_ havin suiiabl inwlatin and .
£
Orm??t(r;:)cgtﬁrla? ropert’ie§ heepa%gf\:/gﬁoﬁ/ Fak/%r% g B fte%e%co%rrb ar?ksestgp adcmg
procgeposited asingP\#D 1CVYD! printing,lspieroatitdg, sinteringsthermalconductive

1aye@Xidation. gf lamination, Ihe passivation laysr 134 can,be sindlgor myltiplg
layers. A portion of passivation layer 134 is removed by an etching process
or ofgheiposeidondletivd Ryers. A8R1 Anastactrcaliyveonthictivé sblder material is

An insulating or passivation layer 134 is formed over
passivation layer 132 and conductive layer 132. The passivation
layer 134 can be Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 134 is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 134 can be
single or multiple layers. A portion of passivation layer 134
is removed by an etching process to expose conductive layers
132.

An electrically conductive solder material is
deposited over conductive layer 132 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
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deposited over conductive layer 132 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

bumpatetfad is fetloWdtrby*REatir the iiaterial dbove e Meltihg poiitto it 07ed

a sespherical hallser -22duwnps d 36 ckrsame applications: soldeh BumpPsiAsS61 ayer
are reflowed. a second time to improve electrical contact to conductive layer

132-132°86\86r BUMBE 136G epfédent SRE tyie of kST coinedt STUCRIE 9%t can

st rube fererethevercondustivlayed 132 e the dat@reannest stiyetdra gan alsphe

, use bond wires, 3-D interconnects, conductive paste, stud bump, micro

IRt CRGRPR6F bthidk Flediitsl iﬁ?e?c&w{nseoct?ﬁ%. §hdov&’sl£ﬁ%1ter°’n‘a?z

int eembodiment,of forming 3 De verticaly, orentedintegrated capatitors jn ar other

elec%emicg?d%tgr I]%%ckgggtA seed layer 140 is applied to a temporary carrier

With fieat or Ilgeht refeasable temporary bonding film, similar to FIG. 3a. Seed
layer 140 tén be Cbowsther metakthia fikn svithowehetahing sélectivityy Seed

vercPYgh 140 is deposited ysing lamination, BYD, GVD., or elegtiodnemical. o

eposition. Seed layer 129¢an be tem orary 8ond|ng film or etcCh-stop ayer.
packAgiuralify ofcondustive pillafs orspests 142d-14Rdaistfenmped over sead faser
wien 4@ PORtoresistavenis feppsited Gyat seed IRXAIIAR ARIHION Ol s 12 ¢

photoresist layer is exposed and removed by an etching development
FIG.proeess.Seenductivepilleds 142a-1a2daredorméd v thesrerdovideporfion of with

wet BROIDEGRIStUSING AR \?leﬁrp'yt@e%@“rl%fé%céﬁoi%ssie'aﬂ%’o 0f selgclivg n g

plating process. Conductive pillars 142 can be Cu,
lamination, PVD, CVD, or electrochemical deposition. Seed 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,

—-23-



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 etchin ndlng or blade cutting process, similar to FIG. 3b.
the ébﬁéﬁaﬁiétpgﬁﬁl RTbUGEaY \feHicdl Profie byl 8080 friaffet the®

carretehingupropess te-vertieal prefiteof aeendiictive piflass d42ad42¢ remains
unchanged. Alternatively, -23 the different height between 104a-104c and

104d-10%e Chf 15e° Chrrfed 60t By stép-ItTography Bha plating Brbtess. Wer
conddue{eﬁzr@: kayen 344 is.eonformally applieskever1egnductive pillrsi143a-1d2dr1G.

dlayer 14 to FIG. 3c. The conformal dielectri
CAN o <103 SN, "SR Te20%, KLS03. pegirih, BCB: PO, oF ik

SlonaterijSha\An@ @SulqimgyprmpéﬁleSBTBe diretectric tayerHdd isapatteraed or
.blanket d 03|ted usi CVD ntin ray. coati spin in
ha v1n 1nsu eﬁ%a?oé%afg W% gieﬁﬁgé l¥% g §£§ 9

ermg or ion, or” laminati iefectric Péyer can be
pattsingledorqnumwﬁﬂtayer&e@r@ eligotrically condbttive layer 148 isypatternedpray

and conformal dcegos ited ove r dielectric Iaygl;[l144 ondu%lvgllaa/er 148 is

t
cos fgﬁ%edsﬁjsmg glé&rt?l%@%fatmg, ectroless p atmg process or

lamlom*ensultablémtdmémmm precess. Cohdastiverlayet 148 €anbherorddople

1aycpore layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Note that the vertical profile of conductive pillar 142d with
conformairdieleetriclayerl144 anddoadactivellayer 148Gemaimless gy and

conf%n\é?ftl%alﬁfégfgg of egndyetivepillars . 144a-142¢ with conformag) diglectrice
layer 144 and conductive
layer 148 is formed using PVD, CVD, electrolytic plating,

electroless plating process, or other suitable metal deposition
process. Conductive layer 148 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 pillar
142d with conformal dielectric layer 144 and conductive layer
148 remains less than the vertical profile of conductive pillars
142a-142c with conformal dielectric layer 144 and conductive
layer 148.

A semiconductor die 150 is mounted to conductive layer
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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layer 148. A semiconductor die 150 is mounted to conductive layer 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

as DipRrdidcForéxarfple e drciitINay inthafE i3 B nforé Citarsistord tiodes,
semianrchather sircyit elements fesned within, theoagtivesurfage todimplereat,
baseband digital circuits, such -24 as DSP, memory, or other signal

CaPaGocBESing Tittult SFre 'Semiciductdr die Thay alRoXortain1PDp, sdch agether
embolighietors, eapacitors;cantbigsistern forRnh sighahprocessingo Incanethet i ve
embodiment, a passive component can be m ed tg conductive layer 148
layeﬁeta%gerr?) @o%%%) & 8fﬁ§}’lsc ﬂ&lﬁii&ﬁﬁ %ngggiﬁ_lér%%r'molding compound
154 is depositedapwerisemiconduciotidied] Sthand canducivelayercktsusing
a paste printing, compressive molding, transfer molding, liquid .encapsulant
Ve e B r Sl e AEPICAEE S, (D .
pastEngapsutantd,54ccampbe polyneemodnposgite materdesuctpasi epoxy tesimid
encaltif il epoxy acpiate with,filer, or polvmer with proper filley, Engapsulant
154 is non-conductive and environmental y protects the semiconductor
appldevte fronseéxtetrzal elements .antke contamiarnats! Antfackgfinding pgrecesslisner
comp3atio feMQyea portianof gacapsulant s, condugtive ayer 148, and,
dielectric layer 144 "to expose a topside of conductive pillars 14Za-142c,
acrydiadifar o tHIGE 31 FG. 7shawslamsy viewtdf conepetive pillaet42a

Encaﬁggﬁmg?%EMd%%*ﬁ@iE@@ﬁ&ﬂé@q@éxgﬁwcgﬁ%Eggﬁﬁéﬁt@lly 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 conductive pillar 142a
surrounded by dielectric layer 144 and conductive layer 148. 1In
addition, the temporary carrier is released from seed layer 140
by application of heat or light. Alternatively, 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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addition, the temporary carrier is released from seed layer 140 by application
of heat or light. Alternatively, 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 selective(lj?/ Loy

removedBy'an FtcHifg prétessto “Expbse cotftadt pati 1521672 an

opersemicondugtor diest5thand a kattamrside of conductivepilarsddahand
142c. Conductive pillars 142b-142c function a vertical z-interconnects

vertdsidndingtrori e site et apSuldnt'1 6455 40 bphbsite Sk Bt thé Ve Laver
148 encapssllaid c@bdSimilas 1o ElG 4 reanedustive pillarsr 142apad 142ds .
operates as a first metal electrode of first and second vertically oriented

, Il
D21 il gratec M cabadtors. CAnabEve Byar 148 IS H-SabiRd MBkdlc~" £
firselesttade of thedMitMtcapaeiterst ietectric layerld4 isthelintesmetidte extends

insulator.between the first and second metal electro Conductive layer

S Rt O ey s i

intentercormectwiithowt electrcatly shatting tohconductive: pillarsid4aiand 42d.ars

142118 MiM,apaciters are gonstucted in 3.0, x- V- apd gidiectins, The plang
parallel to the first and second capacitor electrodes is perpendicular to the

and pladewgiith s parallehto thecactiveastafate of semitenductortdie 160sFhend

capaMIM capacitars, exiend yertically inta encapsulant 13419 save. dig,area and
provide greater capacitance density. The MIM capacitors can have a large
paraydlae férodddotipiing pusposest agithout tivetypicantarge dsotpiiat aSsobciatédie
MM Wit ahigh value, planar capacitars Ap i@%?{%o%}%ég%%ﬁecl@@ is foxmed.; o
over encapsulant 154. The interconnect structure 156 includes one or
die area and provide greater capacitance 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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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
lating, electroless,platinqﬁ%rocess, or other suitable metal deposition

P | :
encapeees feonductive 1eydr is el B onelti sredferssfM, € Sre Njd*S1y
or oRHeRgmerethersuitableelsctrically aonductives imatetakidbedngividi@ak i1icon

_portions of conductive layer 158 can be electrically common or electrically
having|ted G8p&NdiNg oh the “4ESHn andttndtith GFRéSEmiconductor die. A
resistivedayeirrldlis pattgrnad and depasitechovery 26 escapssiland dbdd over

using PVD VD. Resistive Iayir 159 is 'é xSié or other metal sigcides, 59
CeNCaPENIRICT, TIN or doped oty Silicok “hav Ea LYty betwesn 5akd100°7 -
The ohmisgrAniinsulating or passivatiomayet @60 isforned eiepNendapstgnt

54, conductive layer 158, and resistive layer. 159. . The passivation layer 160
BL20 s o SIORLTR0R PRASS. o Bieor A hAding Konable
struinsulatihgandestrudteral properties.sEherpassivaticrykayer £60 isspatternedned

r_blanket deposited using. PVD D, printing, spin.coating, sintering, .
or by ae?r%%]k'oxﬁg:?osnl,%oer#ar%ls?]la?i%n.?% p%&rgi](/a ion g)}eIzlrgIGO%galrﬁ1 bg%lng & of
sinteitiple layess. e portiondaft passivationllayemBso isremoied pass etchingn
1ay<RIOEEES (0. £XROse, cppductye Iayer 148 Jesisliug laver 158,80 gandyctive
pillar 142a. An electrically conductive layer 162 is formed over passivation
passlayef 160, condeictive pillap 142a.ccttitiuetive tayet chu8 andiesistive fayegxprose

conaled ¥5i09:3 patterning and depesition jprocess; £:pnduchive. [3ygh 162ve pillar
includes individual portions or
142a.

An electrically conductive layer 162 is formed over
passivation layer 160, conductive pillar 142a, conductive layer
148, and resistive layer 159 using a patterning and deposition
process. Conductive layer 162 includes individual portions or
sections 162a-162f. Conductive layer 162 is formed using PVD,
CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 162 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 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

27—



sections 162a-162f. Conductive layer 162 is formed using PVD, CVD,
electrolytic plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 162 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 162 can be electrically common or

us ing|eRifiéally iSolatdd dépetiting Bh thé dasighend tRERSH BPthe-Nermal
oxidsemisenduetor ge Atinsulatingios passivation layer 164ds formed-everne
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provide the electrical characteristics needed for high frequency applications,
such as fésonalors, hghpdsPiitersnibwepasefitargchand-pass filkersand

resi MG HEQ resonantansformers. matehing netwerksand tyaing. 5

capacitors. The IPDs can be used as front-end wireless
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. 1In 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.

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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RF components, which can be positioned between the antenna and
transceiver. The IPD inductor can be a hi-Q balun, transformer, or coill,
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
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condgariductive 1dyler148] and the Bottomiside of reonderctivarpillarsi142ipd42¢ 1on

prociyng a patierning;and depasition, process, Condugtive, laysy;166 is formed
using PVD, CVD, electrolytic plating, electroless plating process, or other
elecguitabié rretalldépositionprocess Coriduetivg layernseaamshe Vhecdmabre

suit@%?@_ %%'a?%@ﬁp yi’tfai%ﬁo‘%r%@é@%r.sui@p}ﬁi@&ql{;@a"i’awugg\ée can be
material. An insulating or passivation layer 168 is formed over

one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electrically conductive material.

An insulating or passivation layer 168 is formed over
encapsulant 154, seed layer 140, and conductive layer 166. The
passivation layer 168 can be Si02, Si3N4, SiON, Ta205, Al1l203, 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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encapsulant 154, seed layer 140, and conductive layer 166. The passivation
layer 168 can be Si02, Si3N4, SION, Ta205, A1203, 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
or odiigle orMERIBIEIafERS A pértion bf passivation’ I%\y@?tfé%ligﬁemoved by an
etching process:to expase condustiva layers nl4B:ard-166.2An glecticallyl over
conductive layer 170 is formed over passivation layer 168 and conductive ,
PasSLyaF188 ush§d pettermiig andidepositioh pro&ss. CohductiVe 1ayes 17635 +on
layeformed using BYDs O, alectialytic patingralectoless plating preggssy or
other suitable metal,dggh sition process. Conductive layer 170 can be one or

"3 Chbte ay8ts BPAT, CU; Si Ni A Ag. -28%0r Bther SUitible’ Betutally = - =2
The eenductive matefialy An inSalatiag papassiviatiorolayen 2 AR ésfofimedovesd

. _passivation Jayer 168 and conductive layer.170. The passivation_layer 172
sy R RS oot AR, o St Pt o e Hible
oxidmsulating @ndlstruchural propertids: The passivation layeel72 i&2patterned or

. lanket depasited using PVD, CYD, printing, spin coating, sintering, thermal
Slnggédgﬁorﬁ?bgquﬁalﬂ%?n%tioﬁ%ﬁg bas}sélvgggr? ﬂa?/gér %J; can lgelmsjlanlg e o% %%/u%tjfplg 2
is rlayers@A portian of pabsivationr tayes $ 72 cisaamoved byrahvetching process

o .to expose conductive layers 170. An electrically conductive solder material is

deposited over conductive layer 170 using an evaporation, electrolytic
plating, électedless platingl balt drop: oF Sefeedo pAAting process 1 The solder

depog@%ggﬂ8@@Peéyﬁ66@%¥§g layer 170 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 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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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
174. In some applications, solder bumps 174 are reflowed a second time to

OPeripf5idyé Blettrical Tontdet fof coMdctiva eyt 176.7S51d8FP Burmps A7

verthepiesent onedype of imersgnneets stucture that cap:be formed avehductive
conductive Iaﬁgr 170. The interconnect structure can also use bond wires

taves. o ffitercorinetts’ TonbtctiVe paste; Gl beitp, Phictt Bufmpd 8F ofter © 176.
Dielelectrical migreonnect. FKS.this a topeviewdfsemicorducionaie daOwith 3t e
£ vertically oriented intg%rategl cggaci;}grs formed along the sides of the die.
1rSE0RG ctﬁ/ec-zcﬁlﬁ1 s and t42¢ 8 Wides z direction interconnect.
Conductivequillars 14 2a antb142c w30 Dpesates @scafitst metakeledtoode oh a
first and second vertically oriented integrated MIM capacitors 176.
3D LgRAUCive. Taydt 148 16 the SoCoEretal STéetiotis of MIM S3adtors1det e
die.Didlectrdc tayevd 4dis e mterfdadiatednsulator hretweelr thez fidstrand: i on

secanametal clegirodess E1C-J isalop vigy of semisanductor dig 150 yith 2,
around the die.

. 9
t
H e§-%jvert|cally oriente mteg?atg(]:l capacitor form

elecCondective mm@rsﬂ@zbiamjllézmpﬁq&ﬂd@z-ﬂhé@t@mﬁrﬁér@ﬁﬁﬁe@apacitor
178 . Copductiye.nillars 142 operate ag afirst metal, gleqirqde otihe vertically, £ 1y

oriented integrated MIM capacitor 178. Conductive layer 148 is the second
capametaleldctfode oMM céapaeitdr Y728, Digfectric layer 144 ¢ tircihtdrmediate

insullisulgforatyeen the irst and,second mela) glegirpdes. £ semicopductor die

180 with another 3-D vertically
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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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

integprsistors, dicdes A other Grcifit Slémehts foFmedSvithifi hB attive

ver tSwiacetodmplerpent basehangtdigital nircuits suchoas DSP,imemegs Hrouter
other signal processing circuit. The semiconductor die may also contain IPD,

condy el ¥ indtiéfors, dpatitors "R résRtor $or KR sighal prdckssing: Silicon
dielinterposersakidrareqgaced an gacbsideet seaticenduttortdie d80akzaek 190

ilicon interpgser 184 includes ductive pillars 186 and. 3-D vertically
and g RAgPAES Eanibre 168 TR HEt6r ncohtAor BOSe 2 i
elecshawir irpFlG.HEL. \Donductive pillars 186 dunttioniorevertigal zaisterdonneicts

extending.from one side of the silicqn -31 interposer to an gpposite side of
5oL BATER. oK Veritaly ArobA INgH S WIn CApurer dab 17"
196 insludes autere corductive layenlSC amnd rer eenduttivetlayert194dA second

ielectric layer 196 i difgosed between %ongf@tive Iafyers 190 _and 194.
metaioﬁ?ﬁ&clﬁvré%g)e/gr'w éper%?gs gg a ﬁétameta elégtro e ISF t%eal\ﬁﬁ\%ng
condgapaciter. lGomductive Jayerd 9094 thexcsetond anetal elettrvde of e MIM

capacitog, Dielectric; layer 1965 the intermediate jpsylator,between the first | 5
and second metal electrodes. Silicon material 198 is formed around
Condgerductive 1dyers 190 Gndf1rou-ane dielectrie 1dyer 4 D62 Ahother antersoses

ext SHUGIHre200 isshown iFIG: 12, Candyctive pillars g02Junction as vericak s o

z-interconnects extending from one side of the silicon interposer to an
sideoﬁﬁbgﬁﬁ 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
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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
the ssydor Piefecticayér 216 ICmeShiterrediate HidUtatbP Eiteen the first
contand seea@nyd metal electrodes. Silicon material 211 is formed around
conductive layers 206 and 208 and dielectric layer 210. Returning to FIG. 10,

an encapSulant SISy cotdgotind P12 1§ 'depbiitdd bUEFséMidonductor
encag@ieuliBhand siticon TRterpesers d84rlisig apaste: prrtingl, CoOMpressive one or

molding, transfer malding, liquid encapsulant molding, vacuum lamination,
mor o SNGY suldbis SEPICALE Ereat SURRE 513 Sa B Rolimhir ComBagn oves
encapmatarial,tsuchvas epoxyi resiowith ditler; epoxy ddylateswith filer @ polymen

with ipro er filler. Enca su(!ﬁantglz is nog-.conguctive an(% environmentally .
(@) O erl 10

and Br%%ec § "30%hB 'sémiconductor device from external efements apnd S° ¢ oM

Condearitamenaris cAn Hitérconnéotrstrutturei2tA RVDimed byer encapsulant c

212, The interconnect structure 214 includes one or, more |PDs. A
latdry, SO Heure 2 ggg, £ PdMe metal
pra él%gt'rlc%eljl)?goﬁ uctive Igygr 216'is forme oveP%n%apselﬂarS]flflfang silicon
depointdérposerriBtasing a depusition ehdlpatterningproeessae form individaak

1ay<PYUQRS Bf segtions; Copductiyg layer 216 is fogmed Using VD, gi@letr ically

electrolytic "plating, electroless plating process, or other suitable meta
condgepasitornpitcress. IConditiveriadyeriZiedarbe ohertt mérec faydvs bit Ak

layeCUp®B, Ni AW, AG OF ofher stitable glgeirically. conductve maierial sEhe eq
individual portions of conductive
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

—-33-—



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
216, padivationiiayer220 srmed dver Eiéapsaht 212 Sifcai intetfBSer 184"
proce@yuctive layes 2lbe andtesistive layer 218 Ihemassivatian laysr 220rtan
be Si02, Si3N4, SiON, Ta205, A1203, or other material having suitable
sectialifting ahdstictural BRSPETTEs’ ShbTyagsivation 18y er20° s Parerdel G-
cvD, blanket-depogited usingPYH, AR qrintings spip1 eeating, sidednrg, thetmalt her
, oxigation, or Jamination. The passivation Ia)(,rer 2d§O can be irt%gle or uItiCpIe b
sultalats. I pamicH o PassivatioR1ayer 220 is TeHioYed by an 8iching’ process °°
one torexpose silicparintespogdr,18%, condyctive, laper, 214Gy, and registive layerable
18. An electrically conductive layer 222 is formed over passivation layer
SESantiing bl et SR e Y
condusing aepatterningZdiid depositore protessc &ohductiventayep 222 irsiudescal 1y
. individual portions or_sections 222a-222f, Conductive layer.222 is formed
lSOlﬁsﬁg P ,e%%gelggtr(gli}t?c Slzgolﬁﬁan elggt%ol]églslsH %%alti%a porgcé%s%se, or other
senisyitable hetalddeposition process. Conductive layer 222 can be one or more
layers of, €4l S0, Ni. AL AG. o1 other suitable, elegtrically condugliye y oyer
material. The individual portions of conductive layér 222 can be electrically
pas sgormmionrorlelgetricaiy isoldteddepenidingcon theedesign andfoactivrsefithet 1on

1ayeSemiconductop dies Apinsulating or pasgivaton kyer 224 4s forgied Quer

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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passivation layer 220 and conductive layer 222. The passivation layer 224
can be Si02, Si3N4, SION, Ta205, A1203, 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§assivation layer 224 can be single or multiple

tunipger PChdrtioh Df padSivation fyer 2228CistaRtovea by &l sfchitly process ss

RF clon@dase:condustivelayen 282. cerdudtivedayersiis2er?d2e-constituie ongnd
or more IPDs, in this case an inductor. The conductive layers 222c-222e are

tra“&ﬁ?&aﬂﬁvoun% CoilBd 1A PIEREVEW TR hrGude Brexhibit B deshag St ormer,
or civductiveproperties. Gonductive layes2R82a etectriqallycannesisdoiMBM i ons,

ltC%gaci or {1T88 and sergiconductor die 180, and conductive layer 222b and
MULE357F efd

Ay ThRind S8 Sresiétive I878218°4S Shdther IPD PHe Hopguiti-
bandfosmeddryiconductive layesm@22¢-222e and resistivedayers2 B3 pravideithen a
electrical_characteristics .needed for high fre cy applications, such as
SRS et b G Gt T G L R et
baluHi-Qerdsonarttrdrsfommerse matehing networks, ame: =34 tumingpCapacitorsiad—

Tlae IF?D% canzpe used aﬁfrggt- nd wireless RF component Whif.plgan be
band T d
an pOSeIt\I%nCed' befweet the antenna and transceiver. The Fggjﬁé Uctor can be a
othemi-Qoaturf, transtormers or coil teperating @pdo 100r@igaheitz onsomer

packapplicafigns,. multple baluns are Jormed on a.s3me subsiate, allgwing multi-

band operation. For example, two or more baluns are used in a quad-band
for mobikphoHesstOthercG SM sommurticatibhs 8adle tiztgn dedicated for

encadFEALERCY band of gperafion,of the, guad-bangd davice /A fypieal RE: System,

requires multiple IPDs and other high frequency circuits in one or more
connggrpicohduetppductive 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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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

elect,ricallﬁ conductive layer 226 formed over encapsulant 212 and silicon
condigtdrh¥ser B GSIng EpattétningPand deposition process. Conductive layer

226 is formed using PYB1 GV R wlactkelytic platingrelgcyoless platingd over
process, or_other suitable metal deposition process. Conductive layer 226
Passizifhé One BY fiforé fayets Of APE B 1h, ABYRY, 6r'6thiF stlitalsle
pat telestrically candugitve imatesiab Avcivsslating ©f passivaton ayer 2280sS i s
¢ formed over %ncaps\L}lant Z%Silicog\ interpo;er 184, andlconduciive Iaye{ ,
OrMS56 Uihd Jadsivation |3yer 228 CAR bé'Sio2 PS4’ SioN! $5265; #1208, 8F 119
procethey materalhaving:suitable inseitatingdanc structuralpropedies. Thenductive
assivation layer 228 is patterned .or blanket deposited using PYD, CVD,
Ly B Gy SRl A Har Gt or Miroont The 20" 29
or opassivationt yee 228aanrbecsihgle aromdltiptel fayersa ttepaordidon of
passivatipn layer 228 is removed by an etching process Xpase--35
conducti}\%1 I&yesrg%l%%la%% ff6.%ns)/glé\éfari£céﬁ§/jg cgﬁgﬁcﬁivﬁﬁgyé& Ois 89m8 e
passovert passivatiorrlayét 228 and coddattiveslayey226 Using a Pattepaing andt 1on
1ayegeposition progess. Gonductiye Jayer;230 isfosmed using VD, CYD, o
electrolytic plating, electroless plating process, or other suitable metal
mat egdpdsiticy protessiCehductivesiayer 280 candbesdialok Hiore layereof Ales .

The BYsS0uNE AL At Qrothepsyitable electrically conductive material. An o g
Insulating or passivation layer 232'is formed over

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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passivation layer 228 and conductive layer 230. The passivation layer 232
can be Si02, Si3N4, SiON, Ta205, A1203, or other material having suitable
insulating and structural properties. The passivation layer 232 is patterned or
blanket deposited using PVD, CVD, printing, spin coating, sintering, thermal
, oxidation, or lamination. The passivation layer 232 can be single or multiple
IntepeRNAhortibh bf Passivation fayer 288 SisherfovEdBySan étching process
int etoc@Rosecondustive layets 239s A8 eleetrigaliyuegndugtive solslenmateraljsher
deposited over conductive layer 230 using an evaporation, electrolytic
elechniifig lelbBr61IBSS PIAting; ball drop, or screen printing process. The solder
material cag belanysmetal of elecisically porductiveanatesiabieeg.o SnaNg A0
. . Ag, Ph, Bi,_and allgys_thereof, with an optional flux rpaterial. For example,
Wity SodVidr ARAl Gar b BUIBET S/Pb, high-Raf: Br e nE8 THE Sofer
layemateriadl js tefloweddbyiheating the matetial @bhovetitssmeltingypointaa 4orm
.spherical balls.or b s 234. In some applications, solder bumps 234 are
e R e B RS AT Sotoet 0 Cor T o
capa23@.cSaldéBBumps23daepresent bhe typel 8binterotrmest nsteudturetthat cair e
223, P& farmediover conduciive,layes 230. The 13 jntereppnect structye a0 A% o
use bond wires, 3-D interconnects, con uctlvéjpaste, stuépbump, micro
die Bup, ghthenreledtricalintercomiect. FIG. d 3tshowsia flgrehipfypenductive
1ayeericondustos die 240, with solder bumps 242 moynted 19 g top.surfage;of ¢

conductive layer 222a, 222b; and 222f in interconnect structure 214.
5, asdmicuritluctorithe 240 lectically comlecttd infegfated éapatitors 188t

st rutnductiye pillars 486, inferconnect structure

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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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 fb8it@8tions and adaptations to those
embodiments may be made without departing from the scope of the present
invention as set forth in the following claims. -37 Claims What is claimed: 1.
What A 1fethbd fHidking a semiconductor device, comprising: providing a
temporary carrier; depositing a seed layer over the temporary carrier;

formi lurality of conducti il ticall th dl ; formi
a boRforN & irSuidhG Aer over 6 CORAICHNE BRAAS Torming Z-comibitial

canduictive tayer oventhe-eanformalr insutating layer, wherein a first
condutive pillar, confornal, insulatinglayer, and conformal conductive layer
constitite a v%rtlcaﬁy orlentale%eintegraf%d capacﬁor}? mounyting a ’
seémicondyctor disnordamporentaved the: seed dayeradepositing anlly over

the %récqf)sijgant over the semiconductor die or component and around the

conformar conductive layer; forming a first interconnect structure over a first
siflewfithe encapsdlantdhe firstidterconhetesteuctareceing celectridatly 1 ve
pill%wected to a second conductive pillar;

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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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. -38 3. The method of claim
1, further including removing a portion of the first conductive pillar prior to

3. fo?%ﬁw%@%f@ﬁneﬂlmwla}ingﬁéﬂ;}?etrhﬁﬁﬁélﬁ?éiﬂ&@%f ERMA L WheteiRor tion
of tlesming-the firshdnterconaespt strugtukerinelides: fosmingha fitstcopduetiianal
, layer over the encapsulant, the first conductive layer being electrically
insulgindifed &Y fife: second conductive pillar; forming a first insulating layer

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

I irst insylating | d first conductive | .and formi
‘OB IREling lyel bUer e ASF WEbIatcg  AyBFaid SeboRe Eonduchve

intelayenrbe dhegnethoduof<laim:l,daeher including removing a portion of the
canformal conductive layer and conformal insulating layer from the first
COAUGHVE pilar. 6. The MO Of a1 further Icliding oththg &/
firssecomidsemicondueicrdi®ta the frsemterconndct structure L2JA teethbd of
mgkin(gnadsemiconducl:tﬂ device, comprising: providing a carrier; forming a
[ [

secoll ctive | r . . .
plureﬁlty of conductive p faré vertically over the carrier; forming a conformal

inSatating dayeroves thelconductive gpillarser 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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forming a conformal conductive layer over the conformal insulating layer,
wherein a first conductive pillar, conformal -39 insulating layer, and
conformal conductive layer constitute a vertically oriented integrated
capacitor; mounting a semiconductor die or component over the carrier;
depositing an encapsulant over the semiconductor die or component and

insuruhdthe ToRfornal dofdictvetayers and formig a firsfitérearitedtute @

vertStEUCLUke over«fitst sidetaf gtherencapsplant.tbe first interconnect structure
being electrically connected to the semiconductor die or component and ,
vty Offerited e GREY ChPACithr S8 OFhé MEIROSE BF cIaifi 7, WhersiAtheé ©*/
firse iterconnecta structuesis glactticalyeconnected ol a seconrd 6enductiver
pillar. 9. The method of claim 8, v¥herei forming the first jnterconnect

comp At ire MBS Tmirira A CORAACHE TBYBF b the BRChpsaft, the
firsb eariductive fdyertbeing electricadly connectedun ¢hesecoad tonductivele of

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

the BT et TP 2 Soan ChRRe o oer The s HShlating

eleclayérand firstconduttvé layer; mnd<formingraisedond idselating dayer@vent and
thgaf'ir tyingulgéirq% Igy.(:e.Lrn%réd §%%oencg %%ndauct:{i%/? quer. 10. The method_ of

claim 8, further including removing a poﬁlon of the conformal conductive

layer and conformal insulating layer from the first conductive pillar. -40 11.

5. Thengihed ghclaim 7 fyrher Ingiyding.farping & $6CANd; o v connect

structure is electrically connected to a second conductive

vert

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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interconnect structure over a second side of the encapsulant opposite the
first side of the encapsulant. 12. The method of claim 7, wherein the first
interconnect structure includes an integrated passive device. 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

11 sddond"$érmiconddctor Hid'is’a flfp cHip tpe-Bérhitohtitictor tie. 1%, A second
intemedhiateitmakinga semiconductor devised CemPEsing: trevidingag sarrienc
disposing a vertically oriented integrated capacitor over the carrier; mounting
OPPOsR% ﬁ]i&?f?du%fd?sd_ie F LBnipbnEAfoFErTAB TAMFRH -and depositing an
encapsulant over the semiconductor die or component and around the
vertically oriented jntegrated capacitor. 16.%’#e ethod of claim 15, further
2. R TR & STLON s S 65 Torfig = EdEIRE PR Sming
struaconformat institatingriayertever dhe copduciivee pilax; and.forming a
conformal conductive layer over the conformal insulating layer, wherein the
conductive pillar, conformal -41 insulating layer, and conformal conductive
13. layeeconrstitute thé vertically/orienied integrated cdpacitonolih thheymethse-ond
semi ZLAIM. 48, futther inelyding: fprming;a, st Infgreonnectsirgiye over a fist
side of the encapsulant, the first interconnect structure being g]ectrlcally
connected to the semiconductor die or component and

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;

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.

16. The method of claim 15, further including forming a silicon
interposer by,

forming a conductive pillar;

forming a conformal insulating layer over the conductive
pillar; and

forming a conformal conductive layer over the conformal

insulating layer, wherein the conductive pillar, conformal
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vertically oriented integrated capacitor; and forming a second interconnect
structure over a second side of the encapsulant opposite the first side of the
encapsulant. 18. The method of claim 17, wherein the first interconnect
structure includes an integrated passive device. 19. The method of claim 17,
further including mounting a second  semiconductor die to the first

insuihdreBind Ettictute 220 OFHe Afetod 6 claimt 19 wheiein thes&éorid te the

vertS@RICOpdyetos rdieds aflipehipdype samicondustor die. 21. A semiconductor
device, comprising: a semiconductor die or component; a vertically oriented

integrated capacitor; an encapsulant deposited over the semiconductor die or
17. camporentrandl arousdihe verically otiestediintepratedgcapacitor; a first

in%erconnect st%cture forrr%ed over a first side of the encaé)sulan ..the first, ¢

intteBARECtStrtithits beiNg eredticAily conhected (o tRE Senficdndittordie® ©
the emncoamponenttgnd: verticalty orientedrintegrated capacitar andk42 assecond

interconnect structur% f%rrr%eod %%r a second gi‘(l;e of thgienca sulant
0

e ecpposite the first Side of the encapstiant. 2. R Shniinditer ARRASHE and

vertdlam 2¢, wheeein ¢de vertieghy brentedpintegrated capdcitor is formed in a

sijign, ioternoser, 23, e semiconductor devige of clain 21, wherginthe g
first interconnect structure includes an mtegrated passive device. . The

of téemicondnetot devicersclaime2 It vehereinsthe Sirste imérconhaeetrstarctireant .
includes: a first conductive layer formed over the encapsulant; a first

insulating layer formed over the encapsulant and
18. The method of claim 17, wherein the first interconnect

structure includes an integrated passive device.

19. The method of claim 17, further including mounting a second

semiconductor die to the first interconnect structure.

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

die is a flip chip type semiconductor die.

21. A semiconductor device, comprising:

a semiconductor die or component;

a vertically oriented integrated capacitor;

an encapsulant deposited over the semiconductor die or
component and around the vertically oriented integrated
capacitor;

a first interconnect structure formed 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; and
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first conductive layer; a second conductive layer formed over the first
insulating layer and first conductive layer; and a second insulating layer
formed over the first insulating layer and second conductive layer. 25. The
semiconductor device of claim 21, further including a second semiconductor

die mounted to the first interconnect structure. -43 ,
a second interconnect structure formed over a second side

of the encapsulant opposite the first side of the encapsulant.

22. The semiconductor device of claim 21, wherein the
vertically oriented integrated capacitor is formed in a silicon

interposer.

23. The semiconductor device of claim 21, wherein the first

interconnect structure includes an integrated passive device.

24. The semiconductor device of claim 21, wherein the first
interconnect structure includes:

a first conductive layer formed over the encapsulant;

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

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

a second insulating layer formed over the first insulating

layer and second conductive layer.
25. The semiconductor device of claim 21, further including a

second semiconductor die mounted to the first interconnect

structure.

—-43-—



