SEMICONDUCTOR DEVICE AND METHOD OF FORMING 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 patrticularly, to a semiconductor device
and method of forming an interconnect structure with a through silicon via using an encapsulant for
structural support. Badﬁﬁ%und of the Invention Semiconductor devices are commonly found in

modern electroft RO TSB RE Tt e WEEHRRy G tieORtHNE: 4Ny BERWBME ical
components. SHEUeTEBEMLHGUERY fEPiRS JANRAIR ISR PETF EltArtal Cohffdhent, e.g.,

light emitting diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MQS &Téént rated semiconductor devices typically contain
hundreds to millions of electrical compohenfs. aﬁg?eslgﬁﬁfb%’rgféd semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs). Semiconductor devmgféoert_g)éT %Wlde. rarrl]%e of fgrictéons such as high-speed

. s e Hresent 1qv%n n ates 1n eqFr P . .
calculations, transmitting and receiving electromagnetic Slgnals, controliing electronic devices,

transformirg suntight ¢o etecircityc and @negtingovisualprojectidns for televisionsdisplays dSemiconductor
devices afg found I the fidde 8" epreriainmen). samanicalions. RReReoIRTREm Reforke

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) .

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

communications, power conversion, networks, computers, and



consumer products. Semiconductor devices are also found in military applications, aviation, automotive,
industrial controllers, and office equipment. Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or through the process of doping.
Doping Introduces impurities into the semiconductor material to manipulate and control the conductivity of
the semiCSHRICRST AR @AUCES - AO88MicondtElor tediRB ontaifs actve and pagsivé Rlectrical

structureg.iAGtiversirugtirescielusting bipelasanstfield effegbiransistors, ¢eptrel the flow of electrical

current. By varyin
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levels of doping%and application of an electric field or base current, the transistor either
tical CUHERT Passive structures, including resistors, capacitors, and

inductors, create a relagionshipriaiween voiage and<cupent peeessasy éaperferm a variety of electrical

functions. Theé:)
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assive anlgd active structures are electricﬁlg connected to form circuits, which gnable the
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Semicondeeator devices are genenally marufactared: usiag ¢wo coazplex manufacturing pracdsses, i.e.,

front-end manufacturing, and back-end manufacturing, each involving potentially hundreds of steps.
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olves ormation of a plurality ‘of die on the surface of a semiconductor

wafer. Eadhedip1i typically ideticahand containgycitcuitsddrmed byrabectritallyscannecting active and
passive components, %%crk-%% manu{actt%rirr}%hnivol\ﬁes sein%lﬁlgtiré%rilr%di\g@%lhdeie from the finished wafer
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conductivity of the semiconductor device.

A semiconductor device contains active and passive

electrical structures. Active structures, including bipolar and

field effect transistors, control the flow of electrical

current.

By varying levels of doping and application of an

electric field or base current, the transistor either promotes

or restricts the flow of electrical current. Passive

structures, including resistors, capacitors, and inductors,

create a relationship between voltage and current necessary to

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
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One goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be produced more efficiently. In
addition, smaller semiconductor devices have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in the front-end process resulting in die
with smaller, higher density active and passive components. Back-end processes may result in
semicondIIrd&vice paEkated witht Bl e FOotp Rt By isroveémehtLiedléEtical interconnection and
packaging materials. one gdhe electgealintereRnnastionbhetween the semicondycior pagkage
containing semiconductor devices on multiple levels 53-D device integration) and an external printed
circuit boalf (PEB) 5F LUttt & §hiciy Heesmpli with Wife B6ids, tHRdLGR Hole vias (THV), or
through silicosvias (ESY). Wire bpnds vequitesadditipeal package area teifaramthedenddadbe deads. To
make electrical inferconnect using THVs or ISVs, a temporary carrier is bgnded to %Fe package substrate
for structlifal Support White forming the aﬁi{}stér%l Isvé cﬁret%ins\ﬁ%?gne.ﬁ.?Teos% thad 250 micrometers
(pm), excessiweahandling canfead to-breakage arid slippage.i Hhaé lemporarns earries addadnanufacturing
costs. The b%gdir%gsmat%rial forlt{le te(rﬂ)orar. carrier Iir%i:s gr%:essing tgmperatures to ahout 20000.
Summar)]%lp elnvention °" S one em Zo%irhngﬁt, e prceséﬁ%f%vent\{onllfépé:?nve?ﬁlg& o?m%ﬁiing a
semiconductorfdevice- conhprisingdhe stepsidftproviding & sabstirate, amd foraring aigaér a first side of the
substrate, The.via extends partially through the substrate. The method further includes the steps of
forming & ok MU Tager g U BB0GE o MIECtcall CondUAvE e A (18 i to form
TSV, formingud first intersohnecstricturedever the fiestisidecof the Substrates Meuntihga serhitonductor
die or compongnt o, the firstinterconnect structiire, depositing an encapstlant over the first interconnect
structure and semiconductor die or component, removing a portion of a second sideof the substrate,
opposite Tiee-fitst gible-of the substrate, to reduce its thickness and expose the TSV, and forming a second
interconnect structure gyer the second side; of the substrate; The,second intefconnect structure is
electrically connected to the TSV. In another embodiment, the present invention is a method of
making aSsetiiceRdUCbPdevies Eafprishiftherstegs sFproviting astbstatel §6rtifg a via in a first side
of the substrate ,depositing an elegtrically condugtive;material jn theyvia o form a,condyetive wWa, forming
a first interconnect structure over the first side of the substrate, mounting a semiconductor die or

component ¥ theHfirsPintercdRféet structiteSdépdsiting ah BneapsliEnfarethe firdt fatertonmect

structure.and-sespisarduactar-diear component.srepaing aportion ef.aisesand side of the substrate,
opposite the first side of the substrate, to reduce its thickness and expose the conductive via, and forming

a second ihteféonndtt Fubire dveFthdidetonddide 8 the RbsHats THeededondfiftefedritiect structure

is electrigadly conneeted todhe sonductivieara. <1 ect Hi@otherembediment, the jprgseantiavention is a
method of makirpl{g a semiconductor device comprising the steps of providing a substrate, forming a

conductivd via tKfough 4 firle Siderot the stibStrate fdrRfiNg a first ihtdrc Fefustdpstrate

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

temporary carrier limits processing temperatures to about 200°C.
Summary of the Invention

In one embodiment, the present invention is a method
of making a semiconductor device comprising the steps of

providing a substrate, and forming a via in a first side of the

—3-



over the first side of the substrate, mounting a semiconductor die or component to the first interconnect
structure, depositing an encapsulant over the first interconnect structure and semiconductor die or
component, and removing a portion of a second side of the substrate, opposite the first side of the
substrate, to reduce its thickness and expose the conductive via. In another embodiment, the
present invention is a semiconductor device comprising a substrate and conductive via formed through a

first side B < fstrate. TR first e FEONARECSRTCLIredis ¥rmided BvEe Nkl s3i8E bf fiesubstrate. A
semicondugciondieras companest isimeuntestodhe fisstdptereannest struefute. An-eRcapsulant is
deposited over the first interconnect structure and semiconductor die_ or component. The encapsulant
supports tHe B&micdhiutiof tevice white X portiditors S6¢Od §ideof e Sub5ttE, opposite the first
side of thessubstrate;ds rermeveadito reducrdtsthickness aneh expase/thereanductive vial Assecond
interconnect structure is formed over the second side of the substrate. Tg\eﬁsecogld interconnect structure

is electricallly TohRBERE to e CoRAGGIVBXTA. Brist Desctiption Of the DFAWIngE S - 4 F1G. 1 illustrates
a PCB witlv diffetent typesof packagesanodnteddo itssustacent to tRESSE 2as2c illustrate further detail
of the rep.re%%r%_tgg\r/l%g%micsonlgllljg;iolg gckg%esomounted to thg %%Béulant glf%% ac -éh ' Iustsr te a
method o]frformlng AhinterSonnect sfruéture With TSV for3-0-dévices using an encapsulanﬁor structural
support; and er conn@&tGs s4a-ddtilustraied methodaofdorming aniiaterconnmegt stracture with TSV and
backside, R fqr.3; D devices uging an.encapsyiant ff SUCYralSURROIL - ste, opposite

the first side of the substrate, to reduce its thickness and

expose the TSV, and forming a second interconnect structure 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

method of making a semiconductor device comprising the steps of

providing a substrate, forming a via in a first side of the

substrate, depositing an electrically conductive material in the

via to form a conductive via, forming a first interconnect

structure over the first side of the substrate, mounting a

semiconductor die or component to the first interconnect

structure, depositing an encapsulant over the first interconnect

structure and semiconductor die or component, removing a portion

of a second side of the substrate, opposite the first side of

the substrate, to reduce its thickness and expose the conductive

via, and forming a second interconnect structure over the second

side of the substrate. The second interconnect structure is

electrically connected to the conductive via.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of

providing a substrate, forming a conductive via through a first

side of the substrate, forming a first interconnect structure
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Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention
as definediyF theSppehiel cidiftfs ad thefr sthivientsas SipportedhyPtheFBRGwRGHiSAdsure and
drawingsgie or Semjicenrductardlevicesraregeneraly-mantiacturedusingtwg complaximanyfacturing
processes: front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the
formatiorP5f & PRARIRY bF die &Y He Sifade 6f4 seMicondtiit Wafer BHChdiE off fhe wafer contains
active andpassivecelectricalicampenerds,pshich aye glectricallyxcongesteddotfonn futctipnal electrical
circuits. Active electrical components, such as transistors and djodes, have the ability to.control the flow
of electric SaRAnt. Fissie GBSEAT G BoRENE PRI 4 cApicitold, TATCtors, Fasistdrs, and
transformarpsereateca relatiership detween vdltage-and eurieatnecessanetoquertarnteleetrical circuit
functions. . Passive and active components are formed over the surface of the semiconductor
Viad.. . . . . . .
wafer by a series of process steps including doping, deposition, photolithography, etching, and
planarization. Doping introducesniapuzities dntoghé semheonduetarmatenatby technigues such as ion
implantation,or.thermal difusion, The doping;progess maglfias the.elecirioal gendutiyly of semiconductor
material in active devices, transf(l)rming the semicanductor material into an insu ator, con(yuctor, or
dynamicdllyreirm gty thecsemicondsdtos idteria cohduetivitytim aésponsg t6 Zansglectric field or base
current. Trapsistors contain regions, ot varying types and degrees of.doping ayanged gsnecessary to
enable the transistor to promote or restrict the flow of electrical current upon the application of the electric
field or baseostirents - A saAriiveadd passive conyporerind areformed molapsrcofimatehials with
different electrical properties, Jhe layers can e formedy.a varjety of depositiondechniques determined

in part by the type of material being deposited. For example, thin film deposition may involve chemical

vapor depositién {CVDI pIR/sical Vapér dépokition (PVDY! efettrohricplating, ahtfeleétroless plating
processes Eash layer is generally. pattemed-todonp porions-of actiye companents, passive components,

or electrical connections between components. The layers can be patterned using

photolithdgrapRy 2wRieh frivdlvesthe dsisositionddrhe Sefsifive Hiiérate g. Husteresist td\rer the layer

to be patterned. A pattegrisdransierred framea phataraasiciothe photoresist usingdight xihesportion of
the photoresist pattern subjected to light is removed using a solvent, exposing portions of the underlying

layer to b&PatfefRed STHe FerhiamdBrbfthe phictoresist fREFEAOVED TEaVing BERihd S patteEs layer.

Alternatively, semetypes of materialsasapattemed by directly depasiting. thermatesiat bita the areas or
voids formed by a previous deposition/etch process using techniques such as electroless and
interconnect structure 1s electrically connected to the

conductive via.
Brief Description of the Drawings

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

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

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

encapsulant for structural support; and
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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
added to the surface of tHéSwaféed diiring poishiRg - Fhé cBRbiet MechanBaractih of the abrasive and

corrosiveiagtionefihe ehemical semeyes any irregulantopegeapiye eesultingrira gniforady flaksurface.
Back-end manufacturing refers_to cutting or singulating the finished wafer into the individual die and then
packaging th8 dié'for SR A SUbporCand ERvirdrthértalisBRitibh. To singulate the die, the wafer is
scored and broken along non-functional regions of the wafer called saw streets or scribes. The wafer is
singulated using a laser cuttiﬁgéoollorga%v blade. After sin?ulgﬂonbthe individual die are mounted to a
package substrate that includes Si:hs%r coﬁtsa%fb}gé% T5r iRtercornection with other system components.
Contact pads formed over the semiconductor die are then connected to contact pads within the package.
The electrical connectiohs candecmade mithrsalder bumps,sstud baithps, conductivenpaste, or wirebonds.
An encapsulant or other molding material is deposited aver the package to_provide sical support and
electricalelé%ﬁgtcl%ﬁ?el%tesﬁrﬁghg paggzlgieoigjtﬁ n ?f\esse?féﬁ%tloogn gfé%%ﬁcré? g)?s].:t%rrlncaeﬁ? gc uenctionality of
the semidorgluctar, devicevis imade available¢o thesothepsystemtcahporents. BIG. slitludteates electronic
device 50 haying,a.chip carrier substrale, 268,52 with A plutality of seicondugier pagkages mounted
on its surface. Electronic device 50 may have one type of semiconductor package, or multiple types of
semicondwrtier gackages deperulindon the application. Phe <liffareattypes of sémidonductor packages
are showgyJp FiG 1 daepyposes oL Ilugalon: 1, «nElerlionic devige S9dmaybe aslani:glone system
that uses the semiconductor packages to perform one or more electrical functions. Alternatively,
electroni€ @&¢ite HOTREY deld’ Sshcamrpdriart df adaryer 3)Stepil Fofakaniple 2adlet@oni@eevice 50 may
be a graphics, cardy netwark Interface card,.or atherssignal precessing gaud that can be Jnseredsinto a

computer. The semiconductor package can Include microprocessors, memories, application specific

IntegrateB tirelits ERSFES) SR gt Giclits 2aRal6§ TirEuits] RFY gikeuitsS distréterieicesd oPBthere

semiconduetargie Qs electrigal CORPONENTS - awingl FIG. 1, PCB 52 provides a general substrate for
structural support and electrical Interconnect of the semiconductor packages mounted on the PCB.

Conductive signal trace§ 54 H8FOVATEF o6V SGifade 6r WitARNayers SIPEB 321siTg eViaddidtion,

electrolytic.platingyLlestreless platingr sergep Printing < :other siitable; metal depasitionprogass. Signal
traces 54 provide for electrical communication between each of the semiconductor packages, mounted

components Gt GthBR BXERTH &yt cofpoREAR FrAtHE A 558 prBvide hower shdgtdund

connectignste-eachnofdhe sepiicenducter packageson the I semeembeadiments, a semiconductor
device has two packaging levels. First leve| packaging is a technique for mechanically and electrically

q
attaching A8 SeRNEs T duttordi 36 an iifErfediate RRrriat S SEEANT 16vRIBAKAYiIRT Invofed™d

passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps

including doping, deposition, photolithography, etching, and
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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 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 paktkage o) 642 Tand g andy {LEAY BB fiult-ERIpTbdAER (MBI 68Squad flat non-leaded

package (N} 70q and sriad flat pagkags, 72 canershovesmeustedhen PSGB S2pDepending vipen the
system requirements, any combination of semiconductor packages, configured with any combination of
first and SECTHEAEVETACkAG MY ‘stylEBCas' ARHHE Sther&latuBRid cohfponehts, Thhte dditected to PCB
52. In somerembaedinenys,efecitanic device ofrineludes sasingle attached sesiconrductor package, while
other embodiments call for multiple interconnected packages, By combining one or more semiconductor
packaged 684 SHAE Subiae TARGASTERS CAI iHobrgbrat b MRde EBSEehts into electronic
devices anshsystems, Becausentheisemitonductappackages inelnde sophisticated dtireticmality, electronic
devices can t()je mcanuf%ctured usin%cheapecr comporlent% and afstr%a Iinedbmanufacturinrgcprocess. The
resulting devices are tess Iﬁ(rélyrt%s i1'and less g%péens?vce fo hanufac urgrresﬁfciﬁg i a’iower cost for
consumerg.ansist&Gsc2ai2eishove gxemplary semcondyctonpackages.ddée Qadllusirates further
detail of QIF, 04 ounjed o0 PCE 52, Semigondyctor die, 7dIngludes an.aciive feaion canigiping analog
or digital circuits mpﬁeme%ted as active gewcé/s, passive devices, conductive layers, and dielectric layers
formed withircthetdie andtdre efdctrically infercdnmiectéd aocording tarthe &lectricabdesigt opthe die. For
example, fhegircuit may: include .qne,or moye 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 condbétivie’materibl PachiasalopiinremeALy, coppef PCuRdingBn) anieke (N, gold (Au),
or silver (hg)-and ate glectrically sopneted i ine ket elemanis farmed wilhin sepeanugior die 74.
During assembly of DIP 64, semiconductor die 74 is mounted to an intermediate carrier 78 using a
gold-silicef etifsttiedaydt ot ddhiesRievmateriaPBach a3 therhfiteposy: SFhelpackal sty Micludes an
insulativepagkaging material sugh %ngo%@@@ig&g@q@g{Ieaglggoé?;ggn\@gﬁg bopgs 82 provide
electrical Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the
package for'@hvitorfental Brotettion By PrEte it moisturéar paitiers fior 'enténifly the package and
contamingting die, 745 yire brdss82.ion (PG, 2billustrates further detaihef, BG&s62 mounted on
PCB 52. Semiconductor die 88 is mounted over carrier 90 using an underfill or epoxy-resin adhesive

material §2.A%rEDTHS FA-Frotite MEPESEFSacking fftErcbANBE: HetwdBR ToRtadt pads 96 and 98.

Molding gorapeundar encapstiantdP0iis wlepeosited-everssaerieppductor die38andaire bonds 94 to
provide physical support and electrical isolation for the device. Contact pads 102 are formed over a

surface of PEB B3 sfig & Suftabie thetaf de oSS 5aaR 8IERGbIGiE pIGMP S EBEFoless plating to
prevent oxidation. Contact padsdO2 arerelectrigaltyreannestacstonene-apmere canducipvessignal traces 54

In PCB 52, Bumps 104 are formed between contact pads 98 of BCS 62.and contact pads 102 of PCB 52.

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
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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.
Semicon8détor 858 iscelBéficaPand mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically andhmechanigally eannected to BEB:52 smith-a B&A stylerseconsklemel packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 throudhbimps 1907 siohaPifes*tfa, Hia Biips iiié.nﬂ MBIty Corftp6urtd 6FEfcapsufaht 116 is
deposited pvebsemiconduetos diers8 and carnierils-te1proyivesphysiced suppert and elecircal ésolation
for the device, The fgﬁ cgii%p semiconductor gevice rovide%a hort electrical conduction path from the
active deViced Briseimiaonddctor die 8 B Esttiictisntacks OnPCE &2 MStdBF & retftice signal
propagatiosrglistasce slowep tapacitarce] and daprave avetdll ciscuitperfermance: 1 anathen
embodiment, the semiconductor die 58 can be mechanically and electrically connected_directly to PCB 52
i fip 1 STe e Gt P itk PPt e Tghy LA R e et
process &flfermingzart interconnectstrsiciuré vithia gontectivendia dor 3D dévdcemtisingwainténcapsulant
for structyre) supRqtl I G- 3, asemieonaudian wafel L8, coniains 8 substraje made wilh g base
material SUCh as smgoﬁ, polymer, polymer composite, metal, ceramic, gﬁass, glass epoxy, beryllium oxide,
or other suitabie Lowidost, igid aratedd fohstructdrat sdpportdAlterhatively,gthe Siisstrate can be a
semicondugforbase material such as germanivim, galium arsenjde.indium, phasphide, .o, siligon carbide.
A plurality of semiconductor die can be formed on the substrate using semiconductor manufacturing
processesisuchascdestiibed aboveVEack s¥micorrivieiordid inehatestdry activesteliom ¢20 eopAtaining
analog or,digital Gircyits jmplemented as active devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected according to the electrical design and function
of the die. For examplé&3aRé& ciedit Rryihelade Dheorifdrr fansistors; diddess and other circuit elements
formed within,aative;sutfacecl 20 tosimplemgnt-haseband analog giquits@rdigital cirgyits.«such as digital
signal processor (DSP), ASIC, memory, or other signal processing circuit. The semiconductor die may
also contaftfintehrated s siiecddvice SUPBY, Siteliefors CxpaRitIrst aRdF8sidtors, for radio

frequency {Rk) sigpal progessindqulate the IRDS coptained withinisenicgpductanwafer idd provide
the electrical characteristics needed for high frequency applications, such as resonators, high-pass filters,

, c
low-passFHers Har-FaEsFhters: sy nifgtricHi-O resoRarit s friers Smatehirt RéorkS and tuning

capacitorsc ThedBDs candedsed-as fopt-epd wirelessuBFcomponests; Wwhieh cap beqgasitioned
between the antenna and transceiver. The inductor can be a hi-Q balun, transformer, or coil, operating up

to 100 GigaHeftz I somé bpfifcatibhd hultipté baltin§ ar8 foret’8rt assmé shb&iratatfiowiRg
multi-bang eperatior: Fanexample, woser moed bakisswre ysed it arquackbanditor faabile phones or
other global system for mobile &%%M) communications, each balun dedicated for a fre%ency band of

operationlcrfft t Ecqou%r(ﬂ?bcatnloo device: A%/tpf%é%é-i F?Iﬁ/%&s?t@mcfje%%%%ﬁﬂple PBs%nd ther
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made

available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
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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 (Si02), silicon
nitride (Si3N4), silicon oxynitride (SiON%, tantalum pentoxide (1a205), aluminum oxide (Al203), polyimide,
benzocyd8BEtERE (BERI -paYBer20Xazbles{PBE Gt dtherditable Aieletdic AfRENA “Phe insulating
layer 1215 dauned usingri\éR, €N D; ©f therpral exidatione ot r on i An@lecteeallyconiictive material 122
is deposited in the vias over insulating layer 121 using PVD, CVD, sputtering, electrolytic plating,
electroleSS Flatifg ProdesiSBr 6P Shitable &t deposifion BrockRs SChriGctiveimaterial 122 can be
one or meeanlayersiaicAle Eup Sk AlicAy, AgpAnpelycsilicon; e othas Suidablesiectricakly conductive
material.gcliogfﬂuctive material 122 in the vias functions as conductive TSYV. In FIG. 3b, an

0

electrical feilictiVe YR 124is fShed OVati5VE I AP SEmondtictor Warér 118 usihg PVD, CVD,

sputtering celeetralptic pkating, eletirelesa plating process, or other suitable metal deposition process.
Conductive layer 124 b%one or mdor‘efzilac)éergé)f Al, C% Sn, Ni, Au _Agb or other swtablteheall%ctrlcally

conductive material. The ?n%l\ﬁgﬁlécportelons of condUictive ?ay%r le?lr%:%n leogleectsr?ésa ﬁr&ommon or

electricallysiselatédedependiog dnthe functiokagf ¢lse semicontluctoraeyicer more An insulating or
passivatign layer 126.s formed gy condugtive, layer; 124 and agtive syutface 120 of sercqndyctor
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASICs), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

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

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to

an intermediate carrier. Second level packaging involves
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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, sputtering, electrolytic

plating, SREEFOIESSHatig protess Sortather stiatté metardépdditionproeess Canductiveidyer 128 can

be one ok morg dayers of Ak CusSis:NieAdoAgmenetber suitable eledtrically.conguetive maerial. The
individual portions of conductive layer 128 can be electrically common or electrically isolated depending

on the fufittioh 8Fthe Sefficdndiittor §&iide P2k a9 A9 inglfth g dr passivation layer 130 is formed on
conductive:layen128 and iasidatinglayer $26.1 Thenthsutatingdayerck30,can be iomeraranore layers of 5i02,
Si3N4, SION, Ta205, Al203, %r other material ﬁz\l@g similar insulatingyrop rties. The insulating layer 130

is formed using PVD, CVD, pfiting 'spit Sodt P/ EGatihg” sintering: Br thefRtal oxidation. A portion
of insulatingrlayen £3@ is remaovedibyyplasmal archemigat-etchingjproeess:tpeeXxjrosercontiuctive layer 128.

Conductive pill or posts 132 are for over conductive la 128. Conductjve pillars 132 can be Cu,
N AR B B A oA rera L ORa 3 e v
pillars 132scarrive Cerand foamieddoiyrnay plating Jorddess. Pathickdayer afrptrotoresist s dépositedmover

insulating_layer 130 and co ive layer,128. The photoresist can b iquid-gr a dry film with a
thicknes% %??LS%%E%beﬁrm. vevgt)la%e?’s ) % ?)tolrf-:}sigtl r%%y aecggﬁi%d%tgfagzﬂi%v%’thg%é%irga Thickness. In
one embedinant,(Eéifductive pillais havd atheigistof2- 120 Hin. dhe photdreSist is patterheddssing

photolithography, Cy is.deposited in the patterned,areas of the photoresist using electrolvtic plafing. The

photoresist is stripped away leaving behind individual conductive pillars 132. In another embodiment,
solder baflS®r stud bideipseanse fapvedidver epAdectivedayerE2g:nts, amh ipgulating tor passivation

layer 1342 fagned arpund canductiye pillars 132.Hhe insylafinaaver,1 34,63 e 006, prgpore lavers of
S102, SI3N4, SION, Ta205, Al203, or other material having similar insulating properties. The insulating

layer 134fis%6imed dsingTVB, CVTE brintifg 2spin ¢oating, Spray: Eoditing, siritefifid: St thermal oxidation.
A portionofdnsulatinglaysr, 134 is, removed, by, an elching precess tp@xpgse conductivedillar 132.
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.
FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within

the die and are electrically interconnected according to the
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In FIG. 3c, an electrically conductive layer 136 is 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 18/EF CFhe G8hesiGA tfer i fdritfed ovier cohblictivePMtart32 BRd cah BelTi, Btdhium nitride

(TIN), titanhamntbagsias (EWV)adMeorehramivmdCs). Thedriper layetistorped @yver the-adhgsion layer
and can be made of Ni, nickel vanadium (NIV), platinum (Pt), palladium (Pd), TIW, or chromium copper
(CrCu). THe gattier Ryer Hhilsiis Re diffd<ion of BLARITthe dctivBaled 'OfHE did Sricdeetflayer can be
Cu, Ni, NPéAurorAl. $be seeddayeards fermediaver the basriar layersants acts@scarkintermediate
conductive Ia%//er begveen conductive pillar 132 and subsequen burr,%%s or ?t er Interconnect structure.

UBM 136 provides s 10w Fssistive itefconiett to cSiduttive pillar 132" 4s Wel'ds & Bahfer to solder
diffusion aad seediayetdan soldecwettahility) , goldAnrelectricallysconductivegatedabisaeposited over

UBM 136 ysing an evaporation, electrolytic plating, electraless plating, ball drop, or screen printing
process. ﬁ%%c(?ornﬁﬁ% ive m%?élrlflaﬁ %e%a% et/il pggne I%,llfﬁ ,uﬁ%, ﬁ%egf‘@ﬁ , :go(féénrggng %:%krﬁbrllnations thereof,
with an optionaldhunateriatl For ékampbeyrthe coadaetivelmateriad can beé, eutecticSnARLy; thigh-lead
solder, or;lead-free, 50'%8{1I1Th§8§0{19UC“V%H{aete%%ﬂﬁQQQded to UBM ;}.§6uusslré%aaswt%lilg_attachment or

bonding process. In one embo |ment,atIF1e conductive material is reflowed by ting the material above

its meltin_g pbim_cto f@mtsphe@call dafs opbumPsel38rdn @@m@ra;mdlicaﬂ@hs,mmﬁﬁlmé_re reflowed a
second time g improye electrical,coptagt to UBM,436. The bymps gan also be,compression bonded to

UBM 136. Bumps 138 represent one type of Interconnect structure that can be formed over UBM 136.
The interseiusact struetiued can dbksol use boad wirtsasarductivephstd, stud bamp, dicrnump, or other

electrical jnterconnest. 5, . Semiconductor die 140 gach have contagt pads 142 metallurgically and

electrically connected to bumps 138. Each semiconductor die 140 includes a substrate with an active

region corfalnimg ahEée br ditftal’dircis IRfpleméntediasadtivie devices? passiderievicesdconductive
layers, and,dielegtric @8@5&”@&%@?{(}{@%1@}@@%‘%@'%FJF@QMM@FP%‘;E‘%%@@MQQ to the
electrical design and function of the die. The
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.
FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
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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 duriné%l formation of additional Interconnect structures. FIG. 3d shows an encapsulant or

molding ¢Smpdtnd 156 tepsited bvérthe Srubturd desérbéd it SSVdsing ApHste pHifting,
compresgive mejding. transfer molding iguid @acapsulantimelding 1f otharsuitable-applicator.
Encapsulant 150 can be epoxy.resin, epoxy acrylate, polymer, or polymer composite material.
EncapsuRht 158 i€ ﬁoﬁ-%%h&ﬁ&thfel&r?dléﬁﬁrdﬁ?ﬁéﬁfﬁﬁ?%?&e@t% tﬁgﬁéﬁﬁccﬁjﬁdﬁcﬁrs’device from external
elementspangkearfagurdniss, condindtGr3e] seaiconductornafee t18 iscinverted anddacksurface
152 is reduced in thickness E mechanical iin ing, CMP, wet etching, dry etchin%, Iajima etching, or
another tRINAHY progess. Si %e ﬁﬁggn]tfﬁ% orware? 118 s E6\Verdd With évcaps B0, thestructure
is sufficiently tohustria yeducel sidestrate thicknessdo dessthantaspmd iroare embodiiment; $he thickness
of the sut%strate i (r)q:dsuced et(s) .1SOE%(% pm. éA 'E?m@%rag %arrigr or ta ei%enr(l)it_ Qeed%%hbec%%%e egcapsulant
150 prowdae%afﬁé support 6 Maintain the &ruc?ura?lnteglrﬁy%% e device, even with the reduced substrate
thicknesscegion 10 FIG. Skmandnsulatingor passivationslayéets4 iscloimedaver back surface 152 and

e A s ags o o g T e SO SN S, ez Lo

printing, BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

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,
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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,
r other suitable electrically conductive material. Conductive layer 156 is a UBM in electrical

Ni, Au, Ag, o
contact V\%%helﬁkbfff ate can,lpgca3§eqi erietialy coRadivehaterat isSdéposited over UBM 156

using an gy¥aparation, elgstrolytie platingn elestroless platings bafl o, orsserean peating process. The
conductive material can be_Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an

optional fiR¢IAtSTal, Porexinie Ctheondittive HidtE s can'te Edtechie ShBBHighedd*Solder, or

lead-freesoiderrhe capductivesmatesialiischendeeiodsBivk 156 Hgingreosuitadie aaeimmeast or bonding
process.EI;n one embodiment, the conductive material is reflgv,ved ,bly?;ieaéinsg the material above its melting
point to fOmT SpAEfcal HANY O buRips 158 T SoR-Sppiications, BUmps T58 abe fstoad a second time
to Improve=eléctiicabcontaettta B Mol 56: Ahesbumps Can adsio e compressiomn bended talUBM 156.

Bumps 158 re%resgnt one gype of Intercor(ljpect structure trg;lt can be fPrmed over UBM 156. The
actiyve evice assive evices caonductive cers, 4an
Interconnec% stracture ¢an alsduse bond wires, Sorfductive pastle, stuaagump, micro bump, or other

electricaldnterearinect. layer dnfRIGn3H, semicondubtor avaferrdB isliaverted again and singulated into

semicondluncéor devices %30 which are met%llur%:allg fnd electri%algl connected.to ont%cit (pnads 166 on

a d ) ju d
PCB 168 u&r?drgar%%%cl % Sae(rjrﬁggndll?c?or 8|e 14% ano?ﬁaésll\?(-sfl evf:g Jﬁﬂ 32 we Iuarllscpasswe and

active devices!ie adtive redionr 128 aleciicaly:eommiect to POB 168 tlrbugh bunspso138iand 158, UBMs

136 and 156, TSV 122, conductive pillars 132, bonds 146,;and conductive dayers 124.and.128.

The encapsulation process makes the substrate or watfer structurally robust during formation of additional
interconmeet stractarest Tpe encapsalahtpérmitsbadisideogrinding aé stbstantidlytredeite its thickness.

The electsicglconnection o PEB 168 mads;on thebacksideiouhs walepwith sSs 1224bus reducing

the silicon area and package size and increasing device performance. The encapsulant eliminates the
need for BERGIRY & BE-LORAMY & erp&apFeaTier JowersShahufactiing e8stCrstices Dreakage and

slip, simplifies hapdling, andenables higher pracegsingdemperaturas. dhe @leefrical.connegtion to the
PCB on the backside of the substrate reduces silicon area and corresé{qonding package size and
ﬂnd«ms§nductors, capacitors, and resistors, for radio frequency (RF)

signal processing.

The IPDs contained within semiconductor wafer 118
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 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 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
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Another embodiment of forming an interconnect structure for 3-D devices using the process flow of FIGs.
3a-3d. At this point, ISVs 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,

semicondUcir waft 1985 irfverted dmtl BackCaifate T55 R’ rRalce@ it tHidkiesE By ReaTarfical
grinding, £MP owet etehings ey etching plasima etching, oF anether thinning process. Since
semiconductor wafer 118 is covered with encapsulant 150, the structure is sufficiently robust to reduce
substrate thickness to fesR tH&A 360 finoriSehBodRTER thethRRAESS BEtHe SUbstAlETs reduced to
10-50 p. ¥stemperary earier ar tapeiisfod heeded begause eaeapsuanitl Sspraviges the support to
maintain the structural integritg of the device, even with the ;educed s]l..ubstrate Eglizcknes

a

) An
insulating 67 passivatior layer 176'% f Hiéd over BAcK BiHACE 185 ahd'i&¥s 1 .;Fﬁegﬁglﬂgt?hg layer
170 can he ohéros more layersvef Si62,a5i3Ndo StON, $a205,AR03 sor othee materidl daving similar

insulatinglgrogrerqezsl Tge in?ulatin%laaler 170 is Eormed usilgg P.VlD, CVDd{i)gntin S 'gﬁig(}a}ting, Spray

coating, S|nPér|ng, 6 thermal oxidatiorr. A IBSﬁl%n éafyir%tﬁat?ng Féﬁ/e%i% is removed y an’et¢hing process

to expose iISVs422n1trideAn &ledidgallysconductive bayer 172 dsfoffedhover 18Ws 4 P2rand insulating

layer 170 usin% PVD, CYD SR tteri glectrolytic.pclatin ﬂ%%troless Rlating Rrocess, or other suitable
metal de gé}ﬁoﬁi[l)roece?ssééonla’lﬁctﬁ{/‘%aﬁgru 2'¢an be glrgle or n%érepI%ygrlsmof Al’ Cu, Sn, Ni, Au, Ag, or

other _suiﬁa@@elemﬁbawmn@ucﬁﬁv@%ate@i%mm?@4dy@$ 171213_@_hrredistr<im}t©n layer (RDL) in
electrical gonfagt with|5Vs.122. RD, 142 ,.extends elgctricaleannectivity 9t 18V 122.;

formed using PVD, CVD, or thermal oxidation.

An electrically conductive material 122 is deposited
in the vias over insulating layer 121 using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive material
122 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, W,
poly-silicon, or other suitable electrically conductive
material. Conductive material 122 in the vias functions as
conductive TSV.

In FIG. 3b, an electrically conductive layer 124 is
formed over TSVs 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 or passivation layer 126 is formed on

conductive layer 124 and active surface 120 of semiconductor
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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

insulating’R§8F 174 Yising 9D B, Hptitdring Y&t cttéI9tic plating, 8RRtrBles8 Pr&tintpidtsss, or other

suitable rpetat depositen prgcessofonduotive, layenddg car berone-ormees layersiafAh&u, Sn, Ni, Au,
Ag, or other suitable, electrically conductive material. Conductive layer 176 is a UBM in electrical contact

with RDLE72L3T  11SY EfE T4 RIPEIBEHitERy coldiictivB SHatehiald depbsited o0er OBM 176 using
an evapofatiens €leciralyficoplating,vaectraless: plating shalhdreps ot sereesgrniingqrecess, The
conductive material can be A%Sn, Nrk Au,,%ga Pb, B1, Cu, solder, and ombina%cig\s thereof, with an
optional X TaterXl’ FoFexahipia the CoRHULHvE matéridl Cah B8 ettectic SAPY, High-féadSolder, or
lead-free lsoéders Therconddctive matesiat isibandeciodldBM b7 6 upingaa suitabhe attaehmentar bonding
process. ne 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 cantaetlteddBNMcEZGL v hechumps car alsoybe coapressidio borded teedBM 176.

Bumps 178 yepresent.one (ype qfJatercennact sirueie that an b formed oyes LBM dig, The
Interconnect structure can also use bond wires, conductive p%tste, stud bump, micro’bump, or other
electricaldptertommiect., electnd @Gt 4d, sémiconductot wafeolEs s Inveited againcarsds singulated into

semiconductar devices 180, which are mefallurgically, and electrically connegted to.contact pads 186 on

PCB 188 using bumps 178. Semiconductor die 140 and passive device 144, as well as passive and
active deviteésdaactive ratforp1200alectriedly eotectto PGB 188 thidughdumpwo13®and 158, RDL

gé TSV6122,UBMs 36 and 136 conductive pillass, 134 konds 146, and congductiye layess, 124 and

portions of conductive layer 128 can be electrically common or
electrically isolated depending on the function of the
semiconductor device.

An insulating or passivation layer 130 is formed on
conductive layer 128 and insulating layer 126. The insulating
layer 130 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having similar insulating properties.
The insulating layer 130 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering, or thermal oxidation. A
portion of insulating layer 130 is removed by plasma or chemical
etching process to expose conductive layer 128.

Conductive pillars or posts 132 are formed over
conductive layer 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
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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 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, simpiifies hah8ling AndfenabléCnibREr processigtemiperattire < The8leéiriRal &shniettion to the
PCB on therbasksiderof the substraterneduersssilicon aresnandersespieing packagersize and
thickness. . While one or more embodiments of the present invention have been illustrated in
detail, th& Skifl8d ariarcwin dppteditethat moditications fﬂﬁ IAPERTONE 16 thdse BMbbaM& s may be
made withetihdeparting froom the-seope.of the presentiavention asnsetterth it therfolawingeeclaims.
Claims What is claimed: 1. A method of making a semiconductor device, comprisjng: providing a
substrate?” CRSiTRG BREE ra Frdt S IoFthe SubShile: tnd A eASnding Bareily thFotghithe

substrate] forming afirst insulkating dayietdn thenviagd individual conductive pillars
132. 1In another embodiment, solder balls or stud bumps can be
formed over conductive layer 128.

An insulating or passivation layer 134 is formed
around conductive pillars 132. The insulating layer 134 can be
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1l203, 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
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depositing an electrically conductive material in the via to form a conductive through silicon via (TSV);
forming a first interconnect structure over the first side of the substrate; mounting a semiconductor die
or a component to the first interconnect structure; depositing an encapsulant over the first
interconnect structure and semiconductor die or component; removing a portion of a second side of
the substrate, opposite the first side of the substrate, to reduce its thickness and expose the TSV; and

forming Secdidl iftetconnétt sfififire BVErtheeddfdSide Bf-thetSubstrte, tRE sééond Mtérconnect
structure heiny elegtrically cepnaeiad to the THY. L& rhe-methogeef making & semigonductor device

according to claim 1, wherein forming the first interconnect structure includes:, formin%a first conductive
Iayerove?ﬂﬂ??@ﬁélate 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
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 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
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forming a second insulating layer over the first conductive layer and substrate; removing a portion of
the second insulating layer to expose the first conductive layer; forming a second conductive layer
over the first conductive Layer; forming a third insulating layer over the second conductive layer and
second insulating layer; and removing a portion of the third insulating layer to expose the second

conductive layer. 3. The method of making a semiconductor device according to claim 2, wherein forming
the first ifteTedrrREEStrGcturE furfRdY irthitfess O tormidd & condutfiveSpiflardveétthe $8ERd conductive

Layer; 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
an encapsulant or molding compound 150 deposited over the
structure described in FIG. 3c using a paste printing,
compressive molding, transfer molding, liquid 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.
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forming a fourth insulating layer around the conductive pillar; forming a third conductive layer over the
conductive pillar; and electrically connecting the semiconductor die or component to the third
conductive layer. 4. The method of making a semiconductor device according to claim 1, further including
mounting the semiconductor device to a printed circuit board through the second interconnect structure.
5. The method of making a semiconductor device according to claim 1, wherein forming the second

interconnE_E striGrEintitides2Y S Hotmihg s sEEEME thsufating 15Yet ovel the BECSHH-8Gface of the
substratesgnch TSYa t i nkgMeying @ pestien of thessecandiingylaing layer te expeseithei baV; and

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
electrically conductive material. Conductive layer 156 is a UBM
in electrical contact with TSVs 122.

In FIG. 3g, an electrically conductive material is
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
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forming a first conductive layer over the TSV. 6. The method of making a semiconductor device
according to claim 1, wherein forming the second interconnect structure includes: forming a second
insulating layer over the second surface of the substrate and TSV, removing a portion of the second
insulating layer to expose the TSV; forming a first conductive layer over the TSV to extend the
conductivity of the TSV; forming a third insulating layer over the second insulating layer and first

conductivdlayer 1 feldving Sp8kidn of the thifdihsGREHG taferdd expdde aRikeEsndictive layer;
and faeingaa second-conghictive layes overthefirgt condugtivedayebs 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
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
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7. The method of making a semiconductor device according to claim 1, wherein the encapsulant provides
structural support while removing the portion of the second side of the substrate. 8. A method of making a
semiconductor device, comprising: providing a substrate; forming a via in a first side of the substrate;
depositing an electrically conductive material in the via to form a conductive via; forming a first
interconnect structure over the first side of the substrate; mounting a semiconductor die or a

componert I e R Pintdre8nné&tSsttictute - 1T e depositint'an' 8Rcapsutaitbver e fiktiftérconnect
structure angssenicenductek diesy campenentiihan 300 um. 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 Si0O2, Si3N4, SiON, Ta205, Al1l203, or other
material having similar insulating properties. The insulating
layer 170 is formed using PVD, CVD, printing, spin coating,
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 is
formed over insulating layer 170 and RDLs 172. The insulating
layer 174 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
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
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removing a portion of a second side of the substrate, opposite the first side of the substrate, to reduce its
thickness and expose the conductive via; and forming a second interconnect structure over the
second side of the substrate, the second interconnect structure being electrically connected to the
conductive via. 9. The method of making a semiconductor device according to claim 8, wherein forming
the first interconnect structure includes: forming a first conductive layer over the conductive via; forming

a first instiidtifg tdyerdvér the first tondudtRiéqayer 'dnd* SubstrdtdL  F¥FmingRsécont Sonductive layer

over the first gerductived ayest i ndormaing @secongdnsulating ayer evesthe sacopdreonductive layer
and first insulating layer; forming a conductive pillar over the second conductive Layer; forming a

third insufdtingRByér ArobAd thE BBRducHRAR pilgeess-  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
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 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.
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forming a third conductive layer over the conductive pillar; and electrically connecting the
semiconductor die or component to the third conductive layer. 10. The method of making a
semiconductor device according to claim 8, further including mounting the semiconductor device to a
printed circuit board through the second interconnect structure. 11. The method of making a
semiconductor device according to claim 8, wherein forming the second interconnect structure includes:

forming a first insulating 18y & 6vr T 86d6HY Birfssst therebstraf aYPeEsAdtGiveVidafforming a
first condyetive-layek over thercondugtive ¥ig. 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
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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12. The method of making a semiconductor device according to claim 8, wherein forming the second
interconnect structure includes: forming a first insulating layer over the substrate; forming a first
conductive layer over the conductive via to extend the conductivity of the conductive via, forming a

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

forming a second

conductive layer over the first conductive Layer. 13. The method of making a semiconductor device
according to claim 8, wherein the encapsulant pr&}réég‘ﬁructural support while removing the portion of
the secong sideiqf the suhstrate. 14. A method of making a semiconductor device, comprising: providing
a substrate; forming a conductive via through a first side of the substrate; forming a first

interconnect structure over the first side of the substrate;

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

providing a substrate;

forming a via in a first side of the substrate, the via

extending partially through the substrate;

forming a first insulating layer in the via;

depositing an electrically conductive material in the via

to form a conductive through silicon via (TSV);

forming a first interconnect structure over the first side

of the substrate;

mounting a semiconductor die or a component to the first

interconnect structure;

depositing an encapsulant over the first interconnect

structure and semiconductor die or component;

removing a portion of a second side of the substrate,

opposite the first side of the substrate, to reduce its

thickness and expose the TSV; and

forming a second interconnect structure over the second

side of the substrate, the second interconnect structure being

electrically connected to the TSV.

2. The method of making a semiconductor device according to

claim 1, wherein forming the first interconnect structure
includes:

forming a first conductive layer over the TSV;

forming a second insulating layer over the first conductive

layer and substrate;
removing a portion of the second insulating layer to

the first conductive layer;
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mounting a semiconductor die or a component to the first interconnect structure; depositing an
encapsulant over the first interconnect structure and semiconductor die or component; and removing
a portion of a second side of the substrate, opposite the first side of the substrate, to reduce its thickness
and expose the conductive via. 15. The method of making a semiconductor device according to claim 14,
further including forming a second interconnect structure over the second side of the substrate, the
second interconhBEFStiCtre 5ERG I&RRERHy Cormet Bt tRE Tonblictiveviat 18°FAB Théthdd of
making aisgpaiepnductor device according to claim 15, further including mounting the semiconductor
device to a printed circuit board through the second interconnect structure. 17. The method of making a

semiconductor d&ViCE B8catding o tlaift 18 AbhErEin fofing Hig sedbndSifiter8shricdt SHGELYE includes:
forming aLfirgt insuladingdayercover the secenry surfaas; oithe substrate; and

removing a portion of the third insulating layer to expose

the second conductive layer.

3. The method of making a semiconductor device according to
claim 2, wherein forming the first interconnect structure
further includes:

forming a conductive pillar over the second conductive
layer;

forming a fourth insulating layer around the conductive
pillar;

forming a third conductive layer over the conductive
pillar; and

electrically connecting the semiconductor die or component

to the third conductive layer.

4. The method of making a semiconductor device according to
claim 1, further including mounting the semiconductor device to
a printed circuit board through the second interconnect

structure.

5. The method of making a semiconductor device according to
claim 1, wherein forming the second interconnect structure
includes:

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

removing a portion of the second insulating layer to expose

the TSV; and
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forming a first conductive layer over the conductive via. 18. The method of making a semiconductor
device according to claim 15, wherein forming the second interconnect structure includes: forming a
first insulating layer over the second surface of the substrate; forming a first conductive layer over the
conductive via to extend the conductivity of the conductive via; forming a second insulating layer over
the first insulating layer and first conductive layer; and forming a second conductive layer over the first
conductive Layef%g?r]f@?Wearnéﬂ%ﬂtofqﬁgﬂﬁﬁélé’eemi%@ﬁ&ﬁctBF’SéviE‘é‘%cEér\éing to claim 14, wherein
forming the first interconnect structure includes: forming a first conductive layer over the conductive via,

forming a first insulating layer over the first conductive layer and substrate; ,
6. The meéthod of making a semiconductor device according to

claim 1, wherein forming the second interconnect structure
includes:

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

removing a portion of the second insulating layer to expose
the TSV;

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

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

removing a portion of the third insulating layer to expose
the first conductive layer; and

forming a second conductive layer over the first conductive

layer.

7. The method of making a semiconductor device according to
claim 1, wherein the encapsulant provides structural support

while removing the portion of the second side of the substrate.

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

providing a substrate;

forming a via in a first side of the substrate;

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

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

mounting a semiconductor die or a component to the first

interconnect structure;
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forming a second conductive layer over the first insulating Layer; forming a second insulating layer
over the second conductive layer and first insulating layer; forming a conductive pillar over the second
conductive Layer; forming a third insulating layer around the conductive pillar; forming a third
conductive layer over the conductive pillar; and electrically connecting the semiconductor die or the
component to the third conductive layer. 20. The method of making a semiconductor device according to

claim 14, whereftfieSericapSuint PROEARSSISFEctuRY Shppdit white TemoVifgrthePsitidn of the second
side of thetsulpstrates 21, A method-efinaking assemispnduetor deviee, comprising: providing a substrate;

removing a portion of a second side of the substrate,
opposite the first side of the substrate, to reduce its
thickness and expose the conductive wvia; and

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

electrically connected to the conductive via.

9. The method of making a semiconductor device according to
claim 8, wherein forming the first interconnect structure
includes:

forming a first conductive layer over the conductive via;

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

forming a second conductive layer over the first conductive
layer;

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

forming a conductive pillar over the second conductive
layer;

forming a third insulating layer around the conductive
pillar;

forming a third conductive layer over the conductive
pillar; and

electrically connecting the semiconductor die or component

to the third conductive layer.

10. The method of making a semiconductor device according to

claim 8, further including mounting the semiconductor device to
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forming a conductive via through a first side of the substrate; forming a first interconnect structure
over the first side of the substrate; mounting a semiconductor die or a component to the first
interconnect structure; depositing an encapsulant over the first interconnect structure and
semiconductor die or component; and removing a portion of a second side of the substrate that is
opposite the first side of the substrate to reduce an overall thickness of the second substrate and to
expose the BoARIGRNeS A S22 ETRE Afétn b bP HiFkird & sERFCEHEUtTd devty & ording to claim 21,
further inglugding-feraing a second interconnect structure that is electrically connected to the conductive
via. 23. The method of making a semiconductor device according to claim 22, further including mounting
the semiconductor device to a printed circuit board. 24. The method of making a semiconductor device
according o, claim & 2nwtieteinderming the secerehinterconnectstausturedneludesding to

claim 8, wherein forming the second interconnect structure
includes:

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

forming a first conductive layer over the conductive via.

12. The method of making a semiconductor device according to
claim 8, wherein forming the second interconnect structure
includes:

forming a first insulating layer over the substrate;

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

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

forming a second conductive layer over the first conductive

layer.

13. The method of making a semiconductor device according to
claim 8, wherein the encapsulant provides structural support

while removing the portion of the second side of the substrate.

14. A method of making a semiconductor device, comprising:
providing a substrate;
forming a conductive via through a first side of the
substrate;
forming a first interconnect structure over the first side

of the substrate;
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forming a first insulating layer over the second surface of the substrate; and forming a first conductive
layer over the conductive via. 25. The method of making a semiconductor device according to claim 22,
wherein forming the second interconnect structure includes: forming a first insulating layer over the
second surface of the substrate; forming a first conductive layer over the conductive via; forming a
second insulating layer over the first insulating layer and first conductive layer; and forming a second

conductive layef'8VerthBSirst COMBLERNELETET S5 T metHod eI Rakihg Esémitohdtctor device
according @ elai 2de Whegein fering the first interconnect structure includes:

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

removing a portion of a second side of the substrate,
opposite the first side of the substrate, to reduce its

thickness and expose the conductive via.

15. The method of making a semiconductor device according to
claim 14, further including forming a second interconnect
structure over the second side of the substrate, the second
interconnect structure being electrically connected to the

conductive via.

16. The method of making a semiconductor device according to
claim 15, further including mounting the semiconductor device to
a printed circuit board through the second interconnect

structure.

17. The method of making a semiconductor device according to
claim 15, wherein forming the second interconnect structure
includes:

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

forming a first conductive layer over the conductive via.

18. The method of making a semiconductor device according to
claim 15, wherein forming the second interconnect structure
includes:

forming a first insulating layer over the second surface of

the substrate;
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forming a first conductive layer over the conductive via; forming a first insulating layer over the first
conductive Layer; forming a second conductive layer over the first insulating Layer; and forming a
second insulating layer over the second conductive layer and the first insulating layer. 27. The method of
making a semiconductor device according to claim 26, wherein forming the first interconnect structure
further includes: forming a conductive pillar over the second conductive Layer; forming a third

insulating layer SR5UMt the TohdtEtve flar © L1 ¥simiRy athRd Bbndh&iveaserdvertnd tandGctive

pillar; andxtend the conductivity of the conductive via;
forming a second insulating layer over the first insulating
layer and first conductive layer; and
forming a second conductive layer over the first conductive

layer.

19. The method of making a semiconductor device according to
claim 14, wherein forming the first interconnect structure
includes:

forming a first conductive layer over the conductive via;

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

forming a second conductive layer over the first insulating
layer;

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

forming a conductive pillar over the second conductive
layer;

forming a third insulating layer around the conductive
pillar;

forming a third conductive layer over the conductive
pillar; and

electrically connecting the semiconductor die or the

component to the third conductive layer.
20. The method of making a semiconductor device according to

claim 14, wherein the encapsulant provides structural support

while removing the portion of the second side of the substrate.
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electrically connecting the semiconductor die or the component to the third conductive layer.

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

providing a substrate;

forming a conductive via through a first side of the
substrate;

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

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

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

removing a portion of a second side of the substrate that
is opposite the first side of the substrate to reduce an overall
thickness of the second substrate and to expose the conductive

via.

22. The method of making a semiconductor device according to
claim 21, further including forming a second interconnect

structure that is electrically connected to the conductive via.

23. The method of making a semiconductor device according to
claim 22, further including mounting the semiconductor device to

a printed circuit board.

24. The method of making a semiconductor device according to
claim 22, wherein forming the second interconnect structure
includes:

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

forming a first conductive layer over the conductive via.
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25. The method of making a semiconductor device according to
claim 22, wherein forming the second interconnect structure
includes:

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

forming a first conductive layer over the conductive via;

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

forming a second conductive layer over the first conductive

layer.

26. The method of making a semiconductor device according to
claim 21, wherein forming the first interconnect structure
includes:

forming a first conductive layer over the conductive via;

forming a first insulating layer over the first conductive
layer;

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

forming a second insulating layer over the second

conductive layer and the first insulating layer.

27. The method of making a semiconductor device according to
claim 26, wherein forming the first interconnect structure
further includes:

forming a conductive pillar over the second conductive
layer;

forming a third insulating layer around the conductive
pillar;

forming a third conductive layer over the conductive

pillar; and
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electrically connecting the semiconductor die or the

component to the third conductive layer.
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