SEMICONDUCTOR DEVICE HAVING AN INTERCONNECT STRUCTURE WITH TSV USING
ENCAPSULANT FOR STRUCTURAL SUPPORT Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of forming an interconnect structure with a through silicon via using an encapsulant for structural
support. Background of the Invention Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number and density of electrical components.
Discrete semiconductor devices generally contain one type of electrical component, e.g., light emitting
diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide semiconductor
field effect transistoréMOSFEg. Inteérated semiconductor devices ica%éontain hundreds to millions

of electrical cc?rﬁﬁgﬁ ?g?;?z g@%ﬁfﬁ%ﬁ%ﬁgr ) ;ﬁ%t a:? IE%WH’:O%H%IIHS,

JER
MIiCroprocessors, chaﬂ%ﬁycoup Rthirror 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, Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming an interconnect structure with a

through silicon via using an encapsulant for structural support.

Background of the Invention

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

devices (DMDs).



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the
application of an electric field or through the process of doping. Doping introduces impurities into the
semiconductor materiaf T AiaMitHEE AN FENRS thé REAGECvty BF e SéhRdndfictor device. A
semicondugterdeyice sotainssactivgrandpassiveselectrical stiucturass Astive stryetuses: including bipolar
and field effect transistors, control the flow of electrical current. By varying levels of doping and
applicatidit6fary eieéuic fidil orhadB curent tHE ?rjaﬁsis&ﬂfb%%i/ broifofessrestitts the flow of
electricalderrent ,assivenstrugtirasy including resistors; capaeiterssand inductarsaereate a relationship

f electrical functions. The passive and active
&l Rt

between voltage and current necessary to perfarm a variet
structures ]a?éj% c?rfc%?l?%%ﬁﬁgé’teﬁcfg f(%r%ﬁ‘ %i‘f&f’lfs?gvh%hg B8 the eMicH “evice to perform

high-speée calcalations ahcwatheri usefukfunctidng of entSemisondigctor, devices are generally

manufactg&engn ggi{] a{[\évgocognpleé quréanuf%ctg(rein% é%cessggwi.e.kfrontée%d Lrlncanrufacttt_irrilglg, and back-end
manufacturing, eac mvoR/lﬁg Botenﬁal?y Rundreds of sfleps. Front‘end’ nﬁnu?acf’dring involves the

formationcofna phuzality ob diecors the Serfacecofba semicaheluctor svafer Eealchadié asitygicatbly identical and
contains cirtiui s formed bi/.ele tricaIISy connecting active Elnd assive corr&poncents.lBack-end
manufac’%?ﬁinéttlr(‘il\ﬁ}/lvé‘jéD ginéﬁ%%ﬁa?ndivi%\ﬂéﬁ ié%?o’m he ﬁégﬁé Wafer and pgél?aging the die to provide

structuraksupportladesd enviegrmental iselationipment . One goal of semiconductor manufacturing is to

produce smaller semicggg‘lﬂgglr1 gggigg;}. %@gﬂ%rege\g%ygjccayx gog%@gﬁ%sa@ower, have higher

performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller footprat Witch isfdesimableofol satatier Bad products. A Bhraller dieisize rraychelaehiebfed by

improvenents in the, frontend pracess resulting in;die with. smaller, higher density, active anglpassive
components. Back-end processes may result in semiconductor device packages with"a smaller footprint

by improveméRtalin efstthival i@ reotneEaon Al patkaging raterias. field qhetdlsarien

interconnegtion bgtween the sgrpicepductar, packpge,caniaining;semicepductor devicgs opamultiple levels
(3-D device integration) and an external printed circuit board (PCB) or substrate is typically accomplished

with wire HORHS CIHOGIP RoRARES EPHVY, OritRfdtigH - STicondfias ERNAE Wiré BBnds require additional

package ageriia-formithe henddndhe leadse Faupaks-elestrical interconnect using THVs or ISVs, a
temporary carrier is bonded to the package substrate for structural support while forming the THVs and

ISVs. For thin wafers, &.g5 984S A S50 mictBinEtErs(ph) 2eXe3ie anding dani8ad %o breakage and
slippage chhea-temporaryeartier adds mamdactueng eostst The bondingimaterial forghe ar and

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

Semiconductor devices are generally manufactured using

two complex manufacturing processes, i.e., front-end

2



temporary carrier limits processing temperatures to about 200C. Summary of the Invention In one
embodiment, the present invention is a semiconductor device comprising a substrate and via extending
through the substrate. A first insulating layer is disposed on sidewalls of the via. An electrically conductive
material is disposed in the via over the first insulating layer to form a conductive TSV. A first interconnect
structure is disposed over a first side of the substrate. A semiconductor die or a component is mounted to

the first ifte et StHiGtureé Kh ERCHpsTItht 19 8ishBSed buErtheFRSsHintetéGect Structure and
semiconglgiendie OF CHMMaNens s Seeond kterconpecisiruchens disposed ovaythensecondsside of the
substrate. The second jnterconnect structure is electrically connected to the TSV. In another
embodiment, th8PPedert inventidnts Bsehiténdctor-Gevife tBMprding L Suliirate and a via disposed
through tbesubstiatec Adrelectrieally condictive enateriakis tisposediin ¢he vies farm a conductive via. A
first interconnect structure is.dispgsed over a first side of the substrate. A semicondyctor die or a
component i mblifited -t tHe firstintereohnett § S&EF&%? Ncapiiiigittid Bepasited Svetthe first
interconneet sttueturerapd semicondugtarkdie o6 component. Wrsecpndnintercennect structure isydisposed
over the s%%f).nd%dg ff it]{"ne S rs(;[rat%h'(léh secosrhd ié]terg?gr%e%t r%lructucrﬁails elgctrjcck?gy gogn%%ted to the
conductive via, T~ i Still another em E‘)ar}nenet, the present invEntion is a Semiconductor device
comprising asudstraterand axcahductiveoria dispbsedthroughethe substrateaAifirst interconnect structure
is disposed over a firstosrildee ofotahf supsgrgt%&)% miccé)g]gu%torlgkeagq:%%r?gegnelgt i%no%n(;[ glt%the first
interconnect structure. An er?capsu antis 1r((1)|spose<1:ll over the first interconnect structure and the
semiconductorldie ocroonpon@nttor devices. Smaller devices typically

consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in
the front-end process resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

The electrical interconnection between the
semiconductor package containing semiconductor devices on
multiple levels (3-D device integration) and an external printed
circuit board (PCB) or substrate is typically accomplished with
wire bonds, through hole vias (THV), or through silicon vias
(TSV). Wire bonds require additional package area to form the
bend in the leads. To make electrical interconnect using THVs
or TSVs, a temporary carrier 1is bonded to the package substrate
for structural support while forming the THVs and TSVs. For
thin wafers, e.g., less than 250 micrometers (um), excessive
handling can lead to breakage and slippage. The temporary

carrier adds manufacturing costs. The bonding material for the
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In yet another embodiment, the present invention is a semiconductor device comprising a substrate and a
conductive via disposed through the substrate. A first interconnect structure is disposed over a first side of
the substrate. A semiconductor component is mounted to the first interconnect structure. An encapsulant
is disposed over the first interconnect structure and the semiconductor component. Brief Description of
the Drawings FIG. 1 illustrates a PCB with different types of packages mounted to its surface;

FIGs. 22 2 IGstrat fistheér detait oF theSreprésentativesseriftBRAGUDF packayedbintedto the PCB;

FIGs. 3a-3h illustrate a method of forming an interconnect structure with TSV for 3-D devices using an

encapsulant for structural support; ansd FIGs. 4a-4d illustrate a method of forming an interconnect
structure with TSV and backside RDE FFRBYd R tcdd Fsifg EREHRBsulant for structural support.
Detailed Description of the Drawings The present invention is described in one or more

embodiments in the following descgptio,n with reference to the figures, in which, like numerals represent
the same or similar In ohe embodiment, the present “invention is a

semiconductor device comprising a substrate and via extending
through the substrate. A first insulating layer is disposed on
sidewalls of the via. An electrically conductive material is
disposed in the via over the first insulating layer to form a
conductive TSV. A first interconnect structure is disposed over
a first side of the substrate. A semiconductor die or a
component is mounted to the first interconnect structure. An
encapsulant is disposed over the first interconnect structure
and semiconductor die or component. A second interconnect
structure is disposed over the second side of the substrate.
The second interconnect structure is electrically connected to
the TSV.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and a via disposed
through the substrate. An electrically conductive material is
disposed in the via to form a conductive via. A first
interconnect structure is disposed over a first side of the
substrate. A semiconductor die or a component is mounted to the
first interconnect structure. An encapsulant is deposited over
the first interconnect structure and semiconductor die or
component. A second interconnect structure is disposed over the
second side of the substrate. The second interconnect structure
is electrically connected to the conductive via.

In still another embodiment, the present invention is
a semiconductor device comprising a substrate and a conductive

via disposed through the substrate. A first interconnect
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elements. While the invention is described in terms of the best mode for achieving the invention's
objectives, it will be appreciated by those skilled in the art that it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the following disclosure and drawings.
Semiconductor devices are generally manufactured using two complex manufacturing processes:

front-endShaHGfaRffing artt 5RAEERd MAHUfActifing FFrohtend matiFastthAg iVdives the formation of

a plurality; ehdieamithersirfaceofa-semvigopdustor wafelo acb i enthe waferseontains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active eléQtica CoMsHents SUchHstrandidtof Ae GibtRR Chave the®aifity o CohfroFthe flow of
electrical current. iPassive-alestriicakeempenerisasuch as capaditossdodyetors) vesistors, and
transformers, create a relationship between voltage and current necessary to perform electrical circuit
functions® “MPC e Phssive and active components are formed over the surface of the semiconductor
wafer by a series of pracesgssteps tnctuding dbpitndepesitior, photelihagraphy netchingi and
planarizagggl.. Igogiélgcintrod%%es.im%)u(giti%s }ntg .tple sgmgcggndyrctqcremgteéial b)é (t)encci;yniqcu.es suchaas ion
implantation Srthermal diffusion. The @ nglpr%)cgss modities the elsctrical con ulcltclwtlyvgf semiconductor
material ihiagtive @evidesptrghsforminguthe tsemtieonductdrimateriab into @mninsulatos Lconducter, or
dynamically eianging.the semicgngydiar malefial spndyclivityn response tg an.gletic figld or base
current. Transisiors contain regions of varying types and degrees of doping arrangegl as necessary to
enable thectrargistor tolprontote tordestrict the flowr ef elestricat currenttupohrthetapplicatidmof the electric
field or bage cutent, . ;5 Aftye and passivegompanents are formed by layets,of tpatedals with
different electrical properties. The layers can be formed by a variety of deposition techniques determined
in part byethe type of At beirigdegositedn EoF example, thin film deposition may involve chemical
vapor deposition (CVD), physical vapor deposition (PVD), electrolytic plating, and electroless plating
processes. Each layer is generally patterned to form portions of active components, passive components,
or electrical connections betweBhi®@MmBafsEdption ofdhgeRreaiBgPatterned 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‘stibjected to- Higtit'is F&oded G8inYd SolPért: 8%F84ing Yortiorslof the underlying

layer to bespatteraed nHhe, rarpainder ekthe photeresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are ﬁatterned by directly depositing the material into the areas or

voids formed by a previdi&degssitisn/étthbibeedLuding tdiqiidsducds ERRtroless and electrolytic
plating. reprefRepositingaa thim {ilke of materalQver agaxisting-pastern canrexaggerate the underlying
pattern and create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and
more densely packed &ctiVe ‘antfpassive: ¢orhpbAtHts *PISHEN2ALSH 4 DB USdB remove material from
the surface ot theowater angpraduce a uniformiyflat surfage DPlasatizationiigvalyes polishing the surface
of the wafer with a polishigg Ipad. An abrasive material and cgrrosive chemical are

encapsulant structural support; an

FIGs. 4a-4d illustrate a method of forming an
interconnect structure with TSV and backside RDL for 3-D devices

using an encapsulant for structural support.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the

figures, in which like numerals represent the same or similar
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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 environmental isolation. To singulate the die, the wafer is
scored and broken along non-functional regions of the wafer called saw streets or scribes. The wafer is

singulate@ L ’&Ng  Taser Buttiry todfor-84w Bl After Shfutatiit tHe intRAidial e BREndfted to a

package sybstratethatichkides pins.er contast-pads for yigeconneetign withpther system components.
Contact pads formed over the semiconductor die are then connected to contact pads within the package.
The elecfieBF ESTrEcHignS ¥ah BRRads Withosbidér Biifips dtud Bampst cofdddtiversiite, 6t wirebonds.
An encapstiait of Dthermaeltingsmaierial S depasites, overdhe gackage-to-proxlerdfzRysical support and
electrical isolation. The finished package is then Inserted into_an electirical system and the_functjonality of
the semiddHEERT HIca o ads aVAIIbIE toTie GUHEP SySiem CompBIERb o =° RIS Tilstrates
electronitdevine SOduaatinged chipdarsies sdbstrate or RLB b2 1with: a phurabityref semidonductorepackages

mounted PgliisoaurgacedlEéecitgoSnLilq: de\ggg 5<9er%¥ ha\S{e one type of semiconductor package, or multiple
types of semiconductor pagkages, %epending on the application. The different types of semiconductor

packages are shown irs EiG.cb forypurposesofiiltestration. gener a Electromicdevice 56danays bhe@

stand-alone system fke@(t yses the Semiconductor packages fo QI(%]@‘(_)rerp1 Qne or maore electrical functions.

. LWO ?omp % urlbg'p E an?
Alternatively, electronic device 50 may a'subcomponent of a larger system. For exam%le, electronic
device 5 ardytsand graphits card; hetivorkfinterface cardicarothertsignalprooessing eatdithat can be

inserted iPEQ:%&E’%Wt%%TQ‘Zp iggrilq tg%p@q@ggnca{higclylglgfrgig_éo%rgcgssors, memories,

application specific integrated circuits (ASICs), logic circuits, analog circuits, RF circuits, discrete devices,
or other sesniconddeiort die aradledtricaFcompshienton the wWafRG. 39PCB52 provides agjeheral

substrate, ot sttyetusal suppo andeleelrical plercqanedt of the sewisopdugtor packagesmoynted on the

PCB. Conductive signal traces 54 are formed over a surface or within layers of PCB 52 using

evaporatioh, ERetolyfit platiie? electfdssislatng Seredrt printidy: of Gthér stftablecmétal deposition

process. Signal traces S4Rrexnidgdor eleglrical communicationdeiwegn.gach;of the semigonductor
packages, mounted components, and other external system components. Traces 54 also provide power

and grouR8bhRAecticH toledth Tt thé JehticsitfuctorfatkagesPassive electrical

components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

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

doping arranged as necessary to enable the transistor to promote
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In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to an intermediate carrier.
Second level packaging involves mechanically and electrically attaching the intermediate carrier to the
PCB. In other embodiments, a semiconductor device may only have the first level packaging where the
die is mechanically and electrically mounted directly to the PCB. For the purpose of illustration,
several tyfes 6FFirstiebelBekag g, fclfdifg WireBond paciciye 58°8Rd fiicipB8L afé-4R8wn on PCB

52. Additiphafy.sevesaliypes ef sacongldevelfeackagings including ball grid array (BGA) 60, bump chip
carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68,
quad flat non-leaded patkage’(GER) 76 °and GuaSTREPEKaYe™ 2 a8 ShEWnMouritéd'oh PEB 52.

Dependingupen fiessystem regaifements, any conikinatign-ebsemicenducton packagess ceafigured with
any combinatjon of gst and second level E:Cka inqégt, les, as well.as other electronic components, can

be connedted {5 PEB 52 IR sdfe-&mbodim&itse Shic eVt 50 rciidesH Singfe attathed

semiconguctar package, white otifernemeadiments: calbfaf epultipleddtercanne ctedh padkagesh By

combiningiolnnelz of mogei%emiconduct{)rrlggfl%geshover a ﬁingle substrate, m%qtéfacéﬂé%l)can incorporate
cto

pre-made compoﬁgﬁts into eleCtronic devices and- érﬂ/lsféams. B&Cause the semicon packages

include spphisticatéed fapctionadityo electronic (@8iides edrebé nednufacturdchising cheager components

and a strgﬁrgg@erdo manuffaclturln% rocess. The resul%ré%ge\fces are less I|kg| at9fa'| and less expensive

t .
to manufacture resu?tlsnsg in"a lower Cost for consumers. Y HiGs. 2d2¢ show é/xemplary
semiconductorepackages. Elg 2aoflustiates furthercdetait of DR 649nsunted msREB 52. Semiconductor

die 74 includes an active fegign coptajning apajag.ordigital Gireujts implemented as active devices,

passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconnected accordifigeo the elcetical desighadfihe disl Fo? exaniphe,the tirkaiv prslinelude one or

more trangistos, digdes, inductors scapacitors, resjstors And ather cirqujt elements formed within the
active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,

such as &tmiTUR ALY, copper (CHS tih IBAY, nickdPENDAGSIEAGY or siiver(Bgirand are electrically

connected,tg the circuit elemgnts foimedwithin semicgrdueigr dieci4 Luring;assembly of DIP 64,

semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a

polishing pad. An abrasive material and corrosive chemical are
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silicon eutectic layer or adhesive material such as thermal epoxy. The package body Includes an
insulative packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electrical Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the
package for environmental protection by preventing moisture and particles from entering the package and
contaminating die 74 or wire bonds 82. FIG. 2b lllustrates further detail of BCC 62 mounted on
PCB 52. 3&ficorductdrdig 888 toutited dvel eaftfer 907Uy BA LhtBHMr epbX§-resin adhesive

material 32nliredonas Sdprovide firstleyel packing Iniercopneet between contact pads O6and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bands 94 to
provide phsicAFs SOl &Ad efeThiAT fsotdtion fof B dévict CBoatPPads 165 At tdtthelover a
surface of PGB bR LigingL a suiakieametal deposition such electrolytic plating or electroless plating to
prevent oxidation. Contact pads 102 are electrically connected to one or more conductive signal traces 54
in PCB 52. Bumps 104418 Yormed Batiéérr t8nthpads 68 of BCC B2 aHdcdtitact pads 102 of PCB 52.
In FIG. 2e,isemitanducior die 58 isimbuntedHace domncotntermediate caerier 406 withia fligeahip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
plemeas A At ey oo PEGEIVE et SandE ety o G HE ayers forme
according tothetelectricalldesigm ot fhetdiet Ror exampleh¢heveifeuit may ducludel oaedrimmorectransistors,
diodes, Inductors, capacitors,.resistors, and other circuit elements within gctive region 108.
ERN Froh et Sl el A M s S S A

BGA 60 is®fedtreally aiitemeghamnically eomrcted tol PCBLB2 withla BSA stytd-secbriddevelqackaging
using bumps 112, Semicanduciordig 58is elegtrically. connepter fo.conduictive signal traces 84, in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposite@ overcsaticondbetor diec58 Aad canderuGstapravidephyitat stippard and @fectrical isolation
for the devige, The flie chip-semiconductor device pravides . shart electrisglconductign path from the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal
propagatio?rdiStanes Slower apasitaiives ARl dnpfove Gvetalt Breuicpereriatte: M aRdthert
embodiment, the semiconductordie 58.can ke mechapically and electdcallyconnegted directlydo PCB 52

using flip chip style first level packaging without intermediate carrier 106. FIGs. 3a-3h illustrate a
process dFfbfming & tintéreBRfect St titB Wity a COREUCHVERARa FGS3-By d&Vicds tisiRg hSencapsulant

for structural sHpREUINFIG. 32, 8sentcapductorgvaier 418 containg asybstrate made with-a base
material such as silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide,

or other SAHEHRIEOWLORE HGid fdtBHA F6P LtrtaR SpAor. At&Ratively the Subsiratehcan be a
semicondugtorrhasesmatertd suelyas germasium galliws arsenide sindiine phesphide serssiicon carbide.
A plurality of semiconductor die can be formed on the substrate usigdg semiconductor manufacturing
processeS ¥lch'ss deleribsdiboveYESE EBMICHHULCHIGE Iitfudss At Sctive F&YiSh 120 containing
analog ougligitalcincslits implemented asagiivertevigesopassive devices, conductive layers, and dielectric
layers formed within thsIdég a?dieﬁc&g%q}Q/tlgger%qréncetcg%% ailgc%rg{]nlgctg t|§8 %L%c‘}rll%% daes%ni%nd function

carrier substrate or PCB 52 with a plurality of semiconductor

packages mounted on its surface. Electronic device 50 may have

one type of semiconductor package, or multiple types of

semiconductor packages, depending on the application. The

different types of semiconductor packages are shown in FIG. 1

for purposes of illustration.

Electronic device 50 may be a stand-alone system that

uses the semiconductor packages to perform one or more

electrical functions. Alternatively, electronic device 50 may
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of the die. For example, the circuit may include one or more transistors, diodes, and other circuit elements
formed within active surface 120 to implement baseband analog circuits or digital circuits, such as digital
signal processor (DSP), ASIC, memory, or other signal processing circuit. The semiconductor die may
also contain integrated passive devices (IPD), such as inductors, capacitors, and resistors, for radio
frequency (RF) signal processing. The IPDs contained within semiconductor wafer 118 provide

the electfiéal TharHtETEtiRE HiReded f6r RighFrIquBREY FPplicatiohs SEGEHPas reSotatdrsCRigh-pass filters,
low-passditers: band-pass filters, syrupatrieHicQresonantiansfarmers.rmatching-aetwarks, and tuning
capacitors. The IPDs can be used as front-end wireless RF components, which can be positioned

between e Ghtefhdhd ParsteRet "Phé Hdlicidttan e a i-g BAth & dn<fofief: or coil, operating up

to 100 Gigahetiz dn some applcationsdmutiple palkkws pse fermedhen askame substrate, allowing
multi-band,ocperation. For example, two, or more baluns are used in a quad-band for mopile phones or
other gloBAi€y2tEm 65 3bite (ESM contmuRidBtions eheh BT ﬁéféaﬁerblt%?ﬁaﬁee ency band of
operatiorcafrtbe iguad{badtdevica.od typicdl R systemereguires criultipled PP srand-athen high, frequency
circuits in one or g]eorg eseriné%osndug}or oL cggge% 1%0 JBeggqlrp: tk(\)er ngcessary ghegtr%cﬂ (f:uarlctions. A
plurality c?f Vias is formed i serhiconductor water 1 using laser ciLrﬁIing or etcﬁmg process, such as deep
reactive ionmgtching {BRIE). An insulating layer 121 is formed to line the sidewalls and bottom of the vias.
The insulating layer 12ianaEnIl&e one aog orgéa)éers ofgiligon dioxide % iO% ggigon nitriggr(Si3N4), silicon

oxynitride (SiON), tantalum pentoxide (1a205), aluminum o%dg%&%ro , polyimi g,t%enzocyclobutene

(B_CB), p@lyb@mmble@(]@B@_)t OI_aotheeEJsﬁitabiéqjiélect_tnibematemilaﬁd#]edﬁsml]gﬁng Iay_er 121 is_ forr_ned
using PVQe&M%m%fJ@%UEa%%%%O&s mount &0 gfcticallyeonduciiye matefial. 124 i3 deposited in the

vias over insulating layer 121 using PVD, CVD, sputtering, electrolytic plating, electroless plating process,
or other suitabfsmetal depositiongtocess: Conduttive matarial 122icanlbe ohe or mdteRayers of Al, Cu,

Sn, Ni, Ay-AgWa polyssilicqn, pr ather suitable elecically ggndugtivematerial. Gandugtie material 122
in the vias functions as conductive TSV.

screen printing, or other suitable metal deposition process.

Signal traces 54 provide for electrical communication between

each of the semiconductor packages, mounted components, and

other external system components. Traces 54 also provide power

and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
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In FIG. 3Db, an electrically conductive layer 124 is formed over ISVs 122 and semiconductor wafer 118
using PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 124 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 124 can be electrically
common or electrically isolated depending on the function of the semiconductor device. An

insulating*6F pdssivatioh 189er 196 isifofied JRCBhtictiVE 1Ay eP 424 Arractive surfaie 12pd
semiconguciqrawafer dd) The jnsukatingulayer 126 caa beenre gpmoke layers ahoidusiaig, SION,
Ta205, Al203, or other material having similar insulating properties. The insulating layer 126 is formed
using PV, EVA3, priftfiaS 8pin oating spra§ corting Sinferihg: 6 fHerhal SXidalich 2 Pofioh b
insulatinglayeeh26 isremeved by aneiehing precessioexpese condyctivenlayerntaén of  An
electrically, conductive Ia%/er 128 js formed over conductive Iager 124 an insulatin?%la er 126 using PVD,

CVD, splttéfifig Bl8ctrSiyicd Platiig SeleBRGISS bisting procéss, BF ofifer sutibR"Mefal deposition
process. €onductive layeod28 canthe, one or more tayess oAl €U, FSR Ni2Au, Ag, eoatber suitable

electrically conductive materjal. The individual.portipns of conductive layer 128 can be electrically
common T R R Heol St Se e 60 B fupition of B Somicomiittor Seve s

insulatingsempassivationdayert3t ssformed bn condectieelayei 128 anddasddlatiog layer 1261 Ehe

insulatingilﬁal,é/grrégo can.be one o more Iayﬁ}%s of 51%2 SI3N4, SION Tazog, AIZIQB ar 8@g£(gr£aterial

having similar |nsu?ar%ien%tper%pgﬁlesé%ﬁes ins zi/tincgolrz?lyé,ﬁ1 130 isof%?mgﬁ urglonrg P@% ]CVS printing, spin

coating, spray coating,wintesing LocthermalexXidation. Anpontibaofunstiatingplayent80 soremticved by
plasma of chemical etching pracess 19 expase conductive Jayer128. .,y 5., Gonductive pillars or posts
132 are formed over conductive layer 128. Conductive pillars 132 can be Cu, Al, W, Au, solder, or other
suitable électicaky cheduttive prar@ral: iF ope erdstsiment theleondmttivetpikasa32 can be Cu and

formed by a plating, progess. A thick layer of photaresist.is, deposited over insulating layer 130 and

conductive layer 128. The photoresist can be a liquid or a dry film with a thickness of 15 to 130 pm. Two
layers of phefiresistraly reapiliednd athfdvethe desiedthiekAesst i bRE dratsstiment, cbdluctive

pillars have & heightofRs320.0m. the phateresistds pattgmeg;using photolithagraphys Greisideposited in
the patterned areas of the photoresist using electrolytic plating. The photoresist is stripped away leaving
behind inBRAdda CoRaGctiveSHilarsREB 2L Th andtiér entbotim&AE sofie? WaRs dr stud bumps can be

formed over conductive tayer 128-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor

die 74 is mounted to an intermediate carrier 78 using a gold-
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An insulating or passivation layer 134 is formed around conductive pillars 132. The insulating layer 134
can be one or more layers of 5102, SI3N4, SION, Ta205, Al203, or other material having similar insulating
properties. The insulating layer 134 is formed using PVD, CVD, printing, spin coating, spray coating,
sintering, or thermal oxidation. A portion of insulating layer 134 is removed by an etching process to
expose conductive pillar 132. In FIG. 3c, an electrically conductive layer 136 is formed over
conductive-pillERM S GSRG PVDBAETD, Spufteiiig Bréctitftic flating ElBcticle S BIiAG process, or
other suitabls:metal deposhionprecess: onsuctive layeh 136 Sanhei ore prmaig layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 136 is an under bump
metallizalion FOBR iff Rittical 1%891%{3?ﬁ/itﬂrcoﬂ%ﬁéﬂ\?ecpillapff?i%§Wlé@ 841 beh Aitti-metal stack
with adhesier layerdearder layet; and seesbarweting layerr tbawdbesioadayerrs formed over
conductive pillar 132 and ca%ge 'I;ill titanium nitriglg (TIN), titaniurgturtlgst n (TIW), Al, or chromium (Cr).
The barrief TayeP 18 Maa GVer the' adhision tayef andEandse hade of Ni, AickSI VARG (NIV),
platinum ¢R§ rpaltadiyra {Rdy; el 1\, orehvdmivimeappér (@rCud.cthe batsier tayerdnhibitsythe diffusion of

Cuinto theoggtj'cver%regno the rdjcei.(;I'Peesseferdolayerrl can b% Cud I\(lei, Nl\é Aau Or a{A\nIdThe seed layer is formed
over the Elarnerﬁlayer and acts as anintermediate conéu&ivehlaygrabéth%en conductive pillar 132 and

subsequentrijumps et other dntercohnect stiuctuteo BM 8236 provides a low resistive Interconnect to
conductive pillar 132, e}sl\g(.ell as a lialglrig][v;:oa%olgerfglig%%i%)pl ;‘gedt%eﬁd Ig}zeépé sggjenr] gx{legtcaebgity.

An electrically conductive maferial is eposneg over using an evaporation, electrolytic plating,
electrolessn pratihg; ball déep)ior sereart printihigeprdgess. Thimiedrductive materialiean BE Al, Sn, Ni, Au,

Ag, Pb, Bl G, solder,and f?ﬁ‘?i’baéioé‘éég‘i@?éé’ﬂﬁ‘ an peuenal fixmatelial. for exgmple, the

conductive material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The conductive material
is bonded e UBM 4 381&inifa shitalsie attaichment ok boadihg rocess1 o bneermissdiment, the

conductive. material s ieflopedubyheating thematerialahas s meling palpL o torm spferical bals or

bumps 138. In someé applications, bumps 138 are reflowed a second time to Improve electrical contact to

UBM 136ihRIiRes ek alstehd e6rpredsion BoRdEFIFUBM 136, BamPS 138 représedt 6A6 type of

Interconnggt structure that Gan beformed over UBM 136; 1he dnterconnegtstiuciyre.can also use bond
wires, conductive paste, stud bump, micro bump, or other electrical Interconnect.
Contact pads 102 are formed over a surface of PCB 52 using a

suitable metal deposition such electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and

mechanically connected to carrier 106 through bumps 110.
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Semiconductor die 140 each have contact pads 142 metallurgically and electrically connected to bumps
138. Each semiconductor die 140 Includes a substrate with an active region containing analog or digital
circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers formed
within the die and electrically Interconnected according to the electrical design and function of the die.
The semiconductor die may also contain IPD for RF signal processing. A passive device or component
144 is structurally and BfEetéally ToRhEERBIE UBM P uSiRG BBRAS 146Y SERICS fduetor'die 140 and
passive deyicesb44;incombination itk the R formaekin active4egien 1290: provideas3-D12 .
semiconductor structure. . The semiconductor device is encapsulated to protect the device and
provide ro6USt SRIHITAPSUSboTt diring formatibh bf addifioRarMEsTt6ind@ sHURiiES #6. 3d shows an
encapsulanyeamotdiag eempound IBOleppstiad Ov¥ghtheugtpictureodescrigedin FiGe3c using a paste

printing, compressive molding, transfer molding, liquid encapsulant mcidin , or ather suitable applicator.
Encapsu BB 150N b Aoy v L35, SRR B e PerBAmEP LothBts materia.
Encapsulaap 450 i don~conddetiviecand envicanmertalyg peotdctsdhe semicarductordeviceitsom external
elements ndsc%nt minantg. ¢ an lgféth']?e S mico gtctoor w 85:1%%235 Ié}ver.tgg andﬁ%Ck surface
152 is refiuced inthickness Ey mec%amca?griﬁglng, CRMP, et etc ing, dry etcﬁi‘ﬁb, plasma etching, or
another thihning-processnSince demiicandietorarafer €8 dseoveret avith edcapsulart 150, the structure
is sufficiecn(tjlx égt():l%slt lo red%%e bstratt% thickr]Cess etoéee%si_tcr@g 300 pm. I.ncgg% gg&bordirg(legt, %@e thickness

of the substrate is reduced to 10-50 pm.%\ 'Ealecmﬁgrary carrier or ?anpesigr?llot nee because encapsulant

150 providesthaduppadrtto hraeiain the stktral integrity of tHeodevide,ceveniwiti the reduced substrate

thickness, ., 42 F1G 3% AR asulayng, of passivationlayer 154 s f?ﬂg@@&é’eé%%ﬂfface 152 and
ISVs 122. The insulating layer 154 can be one or more layers of 5102, SI3N4, SION, Ta205, Al203, or

other materiaf having sirafariasgiating progeraés.cTheeinsarhiing tayertlss isdormed dsiagRVD, CVD,
pﬂn“ng’die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-3h illustrate a process of forming an
interconnect structure with a conductive via for 3-D devices
using an encapsulant for structural support. In FIG. 3a, a
semiconductor wafer 118 contains a substrate made with a base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low—cost, rigid material for structural support. Alternatively,
the substrate can be a semiconductor base material such as
germanium, gallium arsenide, indium phosphide, or silicon
carbide. A plurality of semiconductor die can be formed on the
substrate using semiconductor manufacturing processes such as
described above. Each semiconductor die includes an active
region 120 containing analog or digital circuits implemented as
active devices, passive devices, conductive layers, and

dielectric layers formed within the die and electrically

interconnected according to the electrical design and function
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spin coating, spray coating, sintering, or thermal oxidation. A portion of insulating layer 154 is removed by
an etching process to expose ISVs 122. An electrically conductive layer 156 is formed over ISVs
122 and insulating layer 154 using PVD, CVD, sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layer 156 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 156 is a UBM in electrical
contact with ISV& 9% - FoT |5¥E@P3§, art BRectically tonlidtive matetial R GepUsittd Sver UBM 156
using an evaperadeBrelectiolytie platingd eleetioless phatings ball eifep,tqr seseerkArintinghprocess. The
conductive material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an
optional Wﬁ‘é?er?a?.rl'f@rc&ajrﬁ&e,tﬁemﬁ% MARERAITAN E8UfREHE ShP, HighJead solder, or
lead-freecspideraThe Conduetive matetiah is kangdeckto UBh1E56 ysingeassuitable attachmentor bonding
process. In one embodiment, the condyctive material is reflowed by heating the materjal above its melting
point to fOfm SpHérical b%ﬁE%F bﬁﬂr?p%%é?ﬁﬁ%%ﬁm%%ﬁpﬁééﬁ&ﬁsﬁ%Umélfssg%%l Fecffbé&é%tgléecond time
to ImproveielectticabdantacttotddBM 156 ddeshunipg €an also be conpsessiom bpndedto 8M 156.

Bumps 158 represent one tg/é)cei(%folgtercon%?c} strucéyre thatgan be f eg over UBM 1?@ The
S

rm
inductors ca S n es1sSLor.s O r (9 reguen F
Interconriect Structure can also use bond wireS, conductivé paste, Stid bump; micro bump, dr other

electricaldntgnednnect.cessindn FIG. 3h, semiconductor wafer 118 is Inverted again and singulated into
semiconductor devicesnlgo,];%lﬂich are @e.talluc[gicaJCI% §nd electricalguccqtnnected 1o confact pads 166 on

. ! il .
PCB 168 using bumps 1 8. Semiconductor die 140 an&lpgsesr?\}ecagwce 1%121, as well as passive and

active devices i@acﬁ@r@wl?@,@éc@haﬁwc@m@@té P@Bl@@@@hﬂro_ﬁgh Buhybs £38and158, UBMs
136 and 136,13V 122, conqygtive pillars 132, bands 146, and,condyctive layers 124 and.128.

The encapsulation process makes the substrate or wafer structurally robust during formation of additional
Interconrfett sRucturé=s Thetarcapsulant permity baeckside gHnadidgte sehstntially reduce its thickness.

Theeﬂecg@gygyggﬁggg, matching networks, and tuning capacitors. The
IPDs can be used as front—-end wireless RF components, which can
be positioned between the antenna and transceiver. The inductor
can be a hi-Q balun, transformer, or coil, operating up to 100
Gigahertz. 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 global system for mobile (GSM) communications, each balun
dedicated for a frequency band of operation of the quad-band
device. A typical RF system requires multiple IPDs and other
high frequency circuits in one or more semiconductor packages to
perform the necessary electrical functions.

A plurality of vias is formed in semiconductor wafer
118 using laser drilling or etching process, such as deep
reactive ion etching (DRIE). An insulating layer 121 is formed
to line the sidewalls and bottom of the vias. The insulating
layer 121 can be one or more layers of silicon dioxide (Si0O2),
silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum

pentoxide (Ta205), aluminum oxide (A1203), polyimide,
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to PCB 168 is made on the backside of the wafer with ISVs 122 thus reducing the silicon area and
package size and increasing device performance. The encapsulant eliminates the need for bonding &
de-bonding to a temporary carrier, lowers manufacturing cost, reduces breakage and slip, simplifies
handling, and enables higher processing temperatures. The electrical connection to the PCB on the
backside of the substrate reduces silicon area and corresponding package size and thickness.

Another &RBGAREN OF ForAtiRg SRGRtercatiegsitactire for<3iD d&iites ¥&ing tprocess flow of FIGs.
3a-3d. Atdhiscpaint 19Ys 122+ eardugiivedayears 12#4randi h28, UBMh136, spadugtive pillars 132, bumps
138, semiconductor dje 140, passive device 144, bonds 146, and insulating layers 126, 130, and 134
have beehfoRfad o' sEmicdRduét8Pwaler 118 ERtapSHanttse b deposited over the structure 122-146
for structural support during feratationsafiadditionah Hierconneekstiuctures? is delosiG a,
semiconductor wafer 118 is inverted and back surface S%Yis reduced in thickness by mechanical
grinding, €MP et étthing’ Gy é&%\ﬂgﬁ tpjréls%z%%(cerﬁné?o ahothst thihRing process. Since
semiconduysatarwafer d,184ds eoveretywitlt eptapsidant 150; the stracturepisasufficie pthorobsist to reduce
substrateotpickgﬁg§: tqs Iesg ;ﬂ@ﬁ% 30(@) pm. IQ onoese@boglimq:ng,c @gsthickggss of tche %ubsérateﬁ\: isarfduced to
10-50 pm.'A fjemporar)}1 carner or l{nape is not neaded bechuse encapsu aﬁdI% 6r‘6violréstiﬁe %upport to
maintain 13 stractuiat integrityrofrthe eevicesegern with the Ceduced, sibstrateithiékness, An
insulating or, passivation layer 170 is formed over back surface 152 and ISVs 122 The insulating layer
170 can %g %) e%lr\in%gr%qéyéjrg of ic?f, §§ﬁ5a§%Ne I‘/}gf(%,l,&iﬁgéyorcgt é\jz{}l r%%a%é\-frleal having similar
insulatingnpiopertids. Thedndulating tayes 1F0is foried using Py D, iG¥DE printing; spirksoating, spray
coating, sintering, ot thepal oxidation. A portion of insulating layer 170 is removed by an etching process
to expose ISVs 122. An electrically conductive layer 172 is formed over ISVs 122 and insulating
layer 170 using PVD, GVDF $gutteting, @lectrobaicrplating, elestroless-plating precess28r ther suitable

metal deposition; pragess Gondyctive Jayer.172 can he ane,or,more layers of Al, Cup$R, NixAu, Ag, or

other suitable electrically conductive material. Conductive layer 172 is a redistribution layer (RDL) in

electrical TOREAE WithIS\BLEZL RBY 172 éxteridsdlecRitarsamectisinpopIS\Vig1 22 0cess,

or other suitable metal deposition process. Conductive layer
124 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 124 can be electrically common or
electrically isolated depending on the function of the
semiconductor device.

An insulating or passivation layer 126 is formed on
conductive layer 124 and active surface 120 of semiconductor
wafer 118. The insulating layer 126 can be one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, or other material having
similar insulating properties. The insulating layer 126 is
formed using PVD, CVD, printing, spin coating, spray coating,
sintering, or thermal oxidation. A portion of insulating layer
126 is removed by an etching process to expose conductive layer
124.

An electrically conductive layer 128 is formed over

conductive layer 124 and insulating layer 126 using PVD, CVD,
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In FIG. 4Db, an insulating or passivation layer 174 is formed over insulating layer 170 and RDLs 172. The
insulating layer 174 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating properties. The insulating layer 174 is formed using PVD, CVD, printing, spin
coating, spray coating, sintering, or thermal oxidation. A portion of insulating layer 174 is removed by an
etching process to expose RDLs 172. An electrically conductive layer 176 is formed over RDLs

172 and PRUIRY 1ayer FALGSRG PV, VB §ptterirfyt efdctroliie ikt BIEctRIeSESiating process,
or other suitablenmetal depgsitionmprecasss &oneluetive layer 446 £an he-err et mase laygss of Al, Cu, Sn,
Ni, Au, Ag, ar other suitable electrically conductive material. Conductive layer 176 is a UBM in electrical
contact V\%I%SRBEQ 192, One O | MefS A& R die&ifichily cSituctiVe materiais dépositéd over UBM 176
using an evaperasionebectolytie ptatinga efegtrotessplatings bal ©kep,-0r screere prinking /pmeess. The
conductive material can be Al, Sn, Ni, Ay, Ag, Ph, B1, Cu, sglder and comb'rLations thereof, with an
optional X ataHal ForeXamisis the <L,jo Ltive matehial Gan s Sitettic Py Righ-fead solder, or
lead-freessbdderr The tonpductivesmateriat jsshended tonUBNel o tsingjansuitabiéattachment or bonding
process. éréggg errlncﬁlo irgent @Ehelggnductive material is reflowed by heating the material above its melting
point to form spﬁenc:ﬂ afls or%ump’s 178. In some applications, bumps 178 are reflowed a second time
to improve electrical cantadtrte WBMilits. Thedsurmpy ean atsollbey eompréssion homdeditoodBM 176.

Bumps 178 JepresenLons yne fjgtelsannisct sucife thal sap b formegove LUBM 176, The
interconnect structure can aiso use bond wires, conductive p%/aste, stud bump, mlcro%ump, of other
electricallntepconnet.can be |niGoddrsericbadactor waferi DB isSavéirted 8ga&iN,antesifgulated into

semiconduclerdevices 180, whych aye Qletﬁ'MQi?%”% and electically,connected tg cantact pads 186 on

PCB 188 using bumps 178. Semiconductor die 140 and passive device 144. as well as passive and
active deVices im agtive fetfion 426 reléélically éommst tot PORY 188 through bumips 138 and 158, RDL

172, TSV, 12, UBMS:135 an 156, condustive pllays 132 bpnds. 146, aadconduetive yers 124 and

. The encapsulation process makes the substrate or wafer structurally robust during formation
of additiop@arintereoRfectsHutfiré8 ITHe Bfcapstifaritperrms batkSide Ryt meity rsubstahtiadly reduce

its thickngss.piheelgetricakeonnection to PCB, 188 is madeon, the hackside of the wafer with ISVs 122
thus reducing the silicon area and package size and increasing device performance. The encapsulant

eliminates the need folBdYtiAG &V Ge-Bonditgto AteRtiorary carrier fowersiRanafatturing cost, reduces
meakag%@a@§@%£$@pmg¥ér 128. Conductive pillars 132 can be Cu, Al, W,

Au, solder, or other suitable electrically conductive material.
In one embodiment, the conductive pillars 132 can be Cu and
formed by a plating process. A thick layer of photoresist is
deposited over insulating layer 130 and conductive layer 128.
The photoresist can be a liquid or a dry film with a thickness
of 15 to 130 pm. Two layers of photoresist may be applied to
achieve the desired thickness. In one embodiment, conductive
pillars have a height of 2-120 pm. The photoresist is patterned
using photolithography. Cu is deposited in the patterned areas
of the photoresist using electrolytic plating. The photoresist
is stripped away leaving behind individual conductive pillars
132. In another embodiment, solder balls or stud bumps can be
formed over conductive layer 128.

An insulating or passivation layer 134 is formed
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handling, and enables higher processing temperatures. The electrical connection to the PCB on the
backside of the substrate reduces silicon area and corresponding package size and thickness.

While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing
from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A

semicondictdr de\iCe Eortpriing:  sistrate % viaTéktendiny throtigH thé KGbsthats; can be

one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating properties. The insulating
layer 134 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering, or thermal oxidation. A portion of
insulating layer 134 is removed by an etching process to expose
conductive pillar 132.

In FIG. 3c, an electrically conductive layer 136 1is
formed over conductive pillars 132 using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 136 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 136 is an
under bump metallization (UBM) in electrical contact with
conductive pillar 132. UBM 136 can be a multi-metal stack with
adhesion layer, barrier layer, and seed or wetting layer. The
adhesion layer is formed over conductive pillar 132 and can be
Ti, titanium nitride (TiN), titanium tungsten (TiW), Al, or
chromium (Cr). The barrier layer is formed over the adhesion
layer and can be made of Ni, nickel wvanadium (NiV), platinum
(Pt), palladium (Pd), TiW, or chromium copper (CrCu). The
barrier layer inhibits the diffusion of Cu into the active area
of the die. The seed layer can be Cu, Ni, NiV, Au, or Al. The
seed layer is formed over the barrier layer and acts as an
intermediate conductive layer between conductive pillar 132 and
subsequent bumps or other interconnect structure. UBM 136
provides a low resistive interconnect to conductive pillar 132,
as well as a barrier to solder diffusion and seed layer for
solder wettability.

An electrically conductive material is deposited over

UBM 136 using an evaporation, electrolytic plating, electroless

~16—



a first insulating layer disposed on sidewalls of the via; an electrically conductive material disposed in the
via over the first insulating layer to form a through silicon via (TSV); a first interconnect structure
disposed over a first side of the substrate; a semiconductor die or a component mounted to the first
interconnect structure; an encapsulant disposed over the first interconnect structure and
semiconductor die or component; and a second interconnect structure disposed over the second side

of the substfdté the fetbhdihtereoriect StrEliré beingelectiEaARFSTimectétPtothRES\EI % The
semicongugter-device ghclpin A1 wherginthe first jnteeconmect stryctare, ingbidesr, and

combinations thereof, with an optional flux material. For
example, the conductive material can be eutectic Sn/Pb, high-
lead solder, or lead-free solder. The conductive material is
bonded to UBM 136 using a suitable attachment or bonding
process. In one embodiment, the conductive material is reflowed
by heating the material above its melting point to form
spherical balls or bumps 138. In some applications, bumps 138
are reflowed a second time to improve electrical contact to UBM
136. The bumps can also be compression bonded to UBM 136.

Bumps 138 represent one type of interconnect structure that can
be formed over UBM 136. The interconnect structure can also use
bond wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

Semiconductor die 140 each have contact pads 142
metallurgically and electrically connected to bumps 138. Each
semiconductor die 140 includes a substrate with an active region
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. The
semiconductor die may also contain IPD for RF signal processing.
A passive device or component 144 is structurally and
electrically connected to UBM 136 using bonds 146.

Semiconductor die 140 and passive device 144, in combination
with the IPD formed in active region 120, provide a 3-D
semiconductor structure.

The semiconductor device is encapsulated to protect
the device and provide robust structural support during

formation of additional interconnect structures. FIG. 3d shows
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a first conductive layer disposed over the TSV, a second insulating layer disposed over the first

conductive layer and substrate; a second conductive layer disposed over the first conductive layer;
and a third insulating layer disposed over the second conductive layer and second insulating layer.
3. The semiconductor device of claim 2, wherein the first interconnect structure further includes: a

conductive pillar disposed over the second conductive Layer; a fourth insulatin% layer disposed
m@undﬂﬂ?uﬁﬂﬁﬁﬁ§8{ﬁﬁﬁ-éﬁd“wldlng compound 150 deposited over the

structure described in FIG. 3c using a paste printing,
compressive molding, transfer molding, ligquid encapsulant
molding, or other suitable applicator. Encapsulant 150 can be
epoxy resin, epoxy acrylate, polymer, or polymer composite
material. Encapsulant 150 is non-conductive and environmentally
protects the semiconductor device from external elements and
contaminants.

In FIG. 3e, semiconductor wafer 118 is inverted and
back surface 152 is reduced in thickness by mechanical grinding,
CMP, wet etching, dry etching, plasma etching, or another
thinning process. Since semiconductor wafer 118 is covered with
encapsulant 150, the structure is sufficiently robust to reduce
substrate thickness to less than 300 pm. In one embodiment, the
thickness of the substrate is reduced to 10-50 pm. A temporary
carrier or tape is not needed because encapsulant 150 provides
the support to maintain the structural integrity of the device,
even with the reduced substrate thickness.

In FIG. 3f, an insulating or passivation layer 154 1is
formed over back surface 152 and TSVs 122. The insulating layer
154 can be one or more layers of Si02, Si3N4, SiON, Taz05,
Al1203, or other material having similar insulating properties.
The insulating layer 154 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering, or thermal oxidation. A
portion of insulating layer 154 is removed by an etching process
to expose TSVs 122.

An electrically conductive layer 156 is formed over
TSVs 122 and insulating layer 154 using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 156 can be

one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
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a third conductive layer disposed over the conductive pillar, wherein the third conductive layer is
electrically connected to the semiconductor die or component. 4. The semiconductor device of claim 1,
further including a printed circuit board, the semiconductor device mounted to the printed circuit board
through the second interconnect structure. 5. The semiconductor device of claim 1, wherein the second
interconnect structure includes: a second insulating layer disposed over the second surface of the

substrate®aifF FEVEahdY CaFitsClonttctios fHyet Hisposedver theeT$9¥Ed ihdontactwittthe TSV

through the secend instdatingdayel: +6.wikenhsamiconduetor device of claim 1, wherein the second
interconnect structure includes: a second insulating layer disposed over the second surface of the

substrate and the TSVI™ ¥ first £8ndadtiveiafer disfoded GOSHE TSi? td akiehd e tonductivity of

the TSV;deposited over UBM 156 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The conductive material can be Al, Sn, Ni, Au, Ag, Pb,
Bi, Cu, solder, and combinations thereof, with an optional flux
material. For example, the conductive material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The conductive
material is bonded to UBM 156 using a suitable attachment or
bonding process. In one embodiment, the conductive material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 158. In some applications, bumps 158
are reflowed a second time to improve electrical contact to UBM
156. The bumps can also be compression bonded to UBM 156.
Bumps 158 represent one type of interconnect structure that can
be formed over UBM 156. The interconnect structure can also use
bond wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

In FIG. 3h, semiconductor wafer 118 is inverted again
and singulated into semiconductor devices 160, which are
metallurgically and electrically connected to contact pads 166
on PCB 168 using bumps 158. Semiconductor die 140 and passive
device 144, as well as passive and active devices in active
region 120, electrically connect to PCB 168 through bumps 138
and 158, UBMs 136 and 156, TSV 122, conductive pillars 132,
bonds 146, and conductive layers 124 and 128.

The encapsulation process makes the substrate or wafer
structurally robust during formation of additional interconnect
structures. The encapsulant permits backside grinding to

substantially reduce its thickness. The electrical connection
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a third insulating layer disposed over the second insulating layer and the first conductive layer; and a
second conductive layer dispose over the first conductive Layer. 7. A semiconductor device, comprising:
a substrate; a via disposed through the substrate; an electrically conductive material disposed in the
via to form a conductive via; a first interconnect structure disposed over a first side of the substrate;

to PCB 168 is made on the backside of the wafer with TSVs 122
thus reducing the silicon area and package size and increasing
device performance. The encapsulant eliminates the need for
bonding & de-bonding to a temporary carrier, lowers
manufacturing cost, reduces breakage and slip, simplifies
handling, and enables higher processing temperatures. The
electrical connection to the PCB on the backside of the
substrate reduces silicon area and corresponding package size
and thickness.

Another embodiment of forming an interconnect
structure for 3-D devices using the process flow of FIGs. 3a-3d.
At this point, TSVs 122, conductive layers 124 and 128, UBM 136,
conductive pillars 132, bumps 138, semiconductor die 140,
passive device 144, bonds 146, and insulating layers 126, 130,
and 134 have been formed on semiconductor wafer 118.

Encapsulant 150 is deposited over the structure 122-146 for
structural support during formation of additional interconnect
structures.

In FIG. 4a, semiconductor wafer 118 is inverted and
back surface 152 is reduced in thickness by mechanical grinding,
CMP, wet etching, dry etching, plasma etching, or another
thinning process. Since semiconductor wafer 118 is covered with
encapsulant 150, the structure is sufficiently robust to reduce
substrate thickness to less than 300 pm. In one embodiment, the
thickness of the substrate is reduced to 10-50 pm. A temporary
carrier or tape is not needed because encapsulant 150 provides
the support to maintain the structural integrity of the device,
even with the reduced substrate thickness.

An insulating or passivation layer 170 is formed over
back surface 152 and TSVs 122. The insulating layer 170 can be
one or more layers of Si02, Si3N4, SiON, Ta205, Al1l203, or other
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a semiconductor die or a component mounted to the first interconnect structure; an encapsulant
deposited over the first interconnect structure and semiconductor die or component; and a second
interconnect structure disposed over the second side of the substrate, the second interconnect structure
being electrically connected to the conductive via. 8. The semiconductor device of claim 7, wherein the
first interconnect structure includes:  a first conductive layer disposed over the conductive via; a first

insulating'fAYy8F d’posad bVer theMfirsEconditittive faye? antdubstrafes - A¥econd ebalitéive layer
disposedioumes the first condugtivedayering awecond insulatingdayer, dispased-everithg second

conductive layer and first insulating layer; a conductive pillar disposed over the second conductive
Layer: spray coating, sintering, or thermal oxidation. A portion of
insulating layer 170 is removed by an etching process to expose
TSVs 122.

An electrically conductive layer 172 is formed over
TSVs 122 and insulating layer 170 using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 172 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 172 is a
redistribution layer (RDL) in electrical contact with TSVs 122.
RDL 172 extends electrical connectivity of TSVs 122.

In FIG. 4b, an insulating or passivation layer 174 1is
formed over insulating layer 170 and RDLs 172. The insulating
layer 174 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having similar insulating properties.
The insulating layer 174 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering, or thermal oxidation. A
portion of insulating layer 174 is removed by an etching process
to expose RDLs 172.

An electrically conductive layer 176 is formed over
RDLs 172 and insulating layer 174 using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 176 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 176 is a UBM
in electrical contact with RDLs 172.

In FIG. 4c, an electrically conductive material is
deposited over UBM 176 using an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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a third insulating layer disposed around the conductive pillar; and a third conductive layer disposed
over the conductive pillar and electrically connected to the semiconductor die or component. 9. The
semiconductor device of claim 7, wherein the first interconnect structure includes a conductive bump. 10.
The semiconductor device of claim 7, the second interconnect structure including: a first insulating
layer disposed over the second surface of the substrate and the conductive via; and a first conductive

layer dispdsedsier thd BEndrctieid.Y 11" Fhe Sémicortfuckst delice st clditn 72Whefein thé’second
interconnect sttuGturNghidesand combinations thereof, with an optional flux

material. For example, the conductive material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The conductive
material is bonded to UBM 176 using a suitable attachment or
bonding process. In one embodiment, the conductive material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 178. In some applications, bumps 178
are reflowed a second time to improve electrical contact to UBM
176. The bumps can also be compression bonded to UBM 176.

Bumps 178 represent one type of interconnect structure that can
be formed over UBM 176. The interconnect structure can also use
bond wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

In FIG. 4d, semiconductor wafer 118 is inverted again
and singulated into semiconductor devices 180, which are
metallurgically and electrically connected to contact pads 186
on PCB 188 using bumps 178. Semiconductor die 140 and passive
device 144, as well as passive and active devices in active
region 120, electrically connect to PCB 188 through bumps 138
and 158, RDL 172, TSV 122, UBMs 136 and 156, conductive pillars
132, bonds 146, and conductive layers 124 and 128.

The encapsulation process makes the substrate or wafer
structurally robust during formation of additional interconnect
structures. The encapsulant permits backside grinding to
substantially reduce its thickness. The electrical connection
to PCB 188 is made on the backside of the wafer with TSVs 122
thus reducing the silicon area and package size and increasing
device performance. The encapsulant eliminates the need for
bonding & de-bonding to a temporary carrier, lowers

manufacturing cost, reduces breakage and slip, simplifies
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a first insulating layer disposed over the substrate; a first conductive layer disposed over the conductive
via to extend the conductivity of the conductive via; a second insulating layer disposed over the first
insulating layer and first conductive layer; and a second conductive layer disposed over the first
conductive layer. 12. The semiconductor device of claim 7, wherein a thickness of the substrate is less
than 300 pm.

handling, and enables higher processing temperatures. The
electrical connection to the PCB on the backside of the
substrate reduces silicon area and corresponding package size
and thickness.

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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13. A semiconductor device, comprising: a substrate; a conductive via disposed through the substrate;
a first interconnect structure disposed over a first side of the substrate; a semiconductor die or a
component mounted to the first interconnect structure; and an encapsulant disposed over the first
interconnect structure and the semiconductor die or component. 14. The semiconductor device of claim
13, further including a second interconnect structure disposed over a second side of the substrate, the
second interconnect structure electrically connecfettMfie conductive via.

What is claimed:

1. A semiconductor device, comprising:

a substrate;

a via extending through the substrate;

a first insulating layer disposed on sidewalls of the via;

an electrically conductive material disposed in the via
over the first insulating layer to form a through silicon via
(TSV);

a first interconnect structure disposed over a first side
of the substrate;

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

an encapsulant disposed over the first interconnect
structure and semiconductor die or component; and

a second interconnect structure disposed over the second
side of the substrate, the second interconnect structure being

electrically connected to the TSV.

2. The semiconductor device of claim 1, wherein the first
interconnect structure includes:

a first conductive layer disposed over the TSV;

a second insulating layer disposed over the first
conductive layer and substrate;

a second conductive layer disposed over the first
conductive layer; and

a third insulating layer disposed over the second

conductive layer and second insulating layer.
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15. The semiconductor device of claim 13, wherein the first interconnect structure includes a bond wire.
16. The semiconductor device of claim 13, wherein the second interconnect structure includes: a first
insulating layer disposed over the second surface of the substrate; and a first conductive layer disposed
over the conductive via. 17. The semiconductor device of claim 13, wherein the second interconnect
structure includes: a first insulating layer disposed over the second surface of the substrate; a first

conductive layer 8p5&8d 698 the N dUeiVE Giatd exténdther coftferctivity 6fthelcbhdtictive via;  a
second insulatingolayer-dispesed-everthe fikstiasulating {ayes and the first conductive layer; and

a conductive pillar disposed over the second conductive
layer;

a fourth insulating layer disposed around the conductive
pillar; and

a third conductive layer disposed over the conductive
pillar, wherein the third conductive layer is electrically

connected to the semiconductor die or component.

4., The semiconductor device of claim 1, further including a
printed circuit board, the semiconductor device mounted to the

printed circuit board through the second interconnect structure.

5. The semiconductor device of claim 1, wherein the second
interconnect structure includes:

a second insulating layer disposed over the second surface
of the substrate and TSV; and

a first conductive layer disposed over the TSV and in

contact with the TSV through the second insulating layer.

6. The semiconductor device of claim 1, wherein the second
interconnect structure includes:

a second insulating layer disposed over the second surface
of the substrate and the TSV;

a first conductive layer disposed over the TSV to extend
the conductivity of the TSV;

a third insulating layer disposed over the second
insulating layer and the first conductive layer; and

a second conductive layer dispose over the first conductive

layer.
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a second conductive layer disposed over the first conductive layer. 18. The semiconductor device of
claim 13, wherein the first interconnect structure includes: a first conductive layer disposed over the
conductive via; a first insulating layer disposed over the first conductive layer and the substrate; a
second conductive layer disposed over the first insulating layer; a second insulating layer disposed
over the second conductive layer and the first insulating layer; a conductive pillar disposed over the
second conductive Layer; a third insulating layer disposed around the conductive pillar; and

7. A semiconductor device, comprising:

a substrate;

a via disposed through the substrate;

an electrically conductive material disposed in the via to
form a conductive via;

a first interconnect structure disposed over a first side
of the substrate;

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

an encapsulant deposited over the first interconnect
structure and semiconductor die or component; and

a second interconnect structure disposed over the second
side of the substrate, the second interconnect structure being

electrically connected to the conductive via.

8. The semiconductor device of claim 7, wherein the first
interconnect structure includes:

a first conductive layer disposed over the conductive via;

a first insulating layer disposed over the first conductive
layer and substrate;

a second conductive layer disposed over the first
conductive layer;

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

a conductive pillar disposed over the second conductive
layer;

a third insulating layer disposed around the conductive

pillar; and
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a third conductive layer disposed over the conductive pillar, the semiconductor die or component
electrically connected to the third conductive layer. 19. The semiconductor device of claim 13, wherein a
thickness of the substrate is in a range of about 10 pm to about 50 pm. 20. A semiconductor device,
comprising: a substrate; a conductive via disposed through the substrate; a first interconnect structure
disposed over a first side of the substrate; a semiconductor component mounted to the first

interconnect stréctbife: Zhd O HHCercdp sttt HispbeBa Bver thecfirst MtercBRAdG stilRture and the

semicongiictarsgompen@itectrically connected to the semiconductor die or

component.

9. The semiconductor device of claim 7, wherein the first

interconnect structure includes a conductive bump.

10. The semiconductor device of claim 7, the second
interconnect structure including:

a first insulating layer disposed over the second surface
of the substrate and the conductive via; and

a first conductive layer disposed over the conductive via.

11. The semiconductor device of claim 7, wherein the second
interconnect structure includes:

a first insulating layer disposed over the substrate;

a first conductive layer disposed over the conductive via
to extend the conductivity of the conductive via;

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

a second conductive layer disposed over the first

conductive layer.

12. The semiconductor device of claim 7, wherein a thickness of

the substrate is less than 300 um.

13. A semiconductor device, comprising:
a substrate;
a conductive via disposed through the substrate;
a first interconnect structure disposed over a first side

of the substrate;
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21. The semiconductor device of claim 20, wherein the first interconnect structure includes a conductive
paste. 22. The semiconductor device of claim 21, wherein the second interconnect structure includes:
forming a first insulating layer over a second side of the substrate; and a first conductive layer disposed
over the conductive via. 23. The semiconductor device of claim 21, wherein the second interconnect
structure includes: a first insulating layer disposed over a second surface of the substrate; a first

conductive layePdi$pOEPBIE thecohttichive FiaSaYReBR ndatHE Ry EdispEsdd 67 the first
insulating layer and the- first eonductive layer; and a second conductive layer disposed over the first
conductive layer. , , ,

an encapsulant disposed over the first interconnect

structure and the semiconductor die or component.

14. The semiconductor device of claim 13, further including a
second interconnect structure disposed over a second side of the
substrate, the second interconnect structure electrically

connected to the conductive via.

15. The semiconductor device of claim 13, wherein the first

interconnect structure includes a bond wire.

16. The semiconductor device of claim 13, wherein the second
interconnect structure includes:

a first insulating layer disposed over the second surface
of the substrate; and

a first conductive layer disposed over the conductive via.

17. The semiconductor device of claim 13, wherein the second
interconnect structure includes:

a first insulating layer disposed over the second surface
of the substrate;

a first conductive layer disposed over the conductive via
to extend the conductivity of the conductive via;

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

a second conductive layer disposed over the first

conductive layer.
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24. The semiconductor device of claim 20, wherein the first interconnect structure includes: a first
conductive layer over the conductive via; a first insulating layer over the first conductive layer; a second
conductive layer over the first insulating layer; and a second insulating layer over the second
conductive layer and the first insulating layer. 25. The semiconductor device of claim 24, wherein the first

interconnect structure further includes: a conductive pillar over the second conductive layer;
18. The semiconductor device of claim 13, wherein the first

interconnect structure includes:

a first conductive layer disposed over the conductive via;

a first insulating layer disposed over the first conductive
layer and the substrate;

a second conductive layer disposed over the first
insulating layer;

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

a conductive pillar disposed over the second conductive
layer;

a third insulating layer disposed around the conductive
pillar; and

a third conductive layer disposed over the conductive
pillar, the semiconductor die or component electrically

connected to the third conductive layer.

19. The semiconductor device of claim 13, wherein a thickness

of the substrate is in a range of about 10 um to about 50 um.

20. A semiconductor device, comprising:

a substrate;

a conductive via disposed through the substrate;

a first interconnect structure disposed over a first side
of the substrate;

a semiconductor component mounted to the first interconnect
structure; and

an encapsulant disposed over the first interconnect

structure and the semiconductor component.
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a third insulating layer around the conductive pillar; and a third conductive layer over the conductive pillar,
the semiconductor component electrically connected to the third conductive layer.

21. The semiconductor device of claim 20, wherein the first

interconnect structure includes a conductive paste.

22. The semiconductor device of claim 21, wherein the second
interconnect structure includes:

forming a first insulating layer over a second side of the
substrate; and

a first conductive layer disposed over the conductive via.

23. The semiconductor device of claim 21, wherein the second
interconnect structure includes:

a first insulating layer disposed over a second surface of
the substrate;

a first conductive layer disposed over the conductive via;

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

a second conductive layer disposed over the first

conductive layer.

24. The semiconductor device of claim 20, wherein the first
interconnect structure includes:

a first conductive layer over the conductive via;

a first insulating layer over the first conductive layer;

a second conductive layer over the first insulating layer;
and

a second insulating layer over the second conductive layer

and the first insulating layer.
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25. The semiconductor device of claim 24, wherein the first
interconnect structure further includes:

a conductive pillar over the second conductive layer;

a third insulating layer around the conductive pillar; and

a third conductive layer over the conductive pillar, the
semiconductor component electrically connected to the third

conductive layer.
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