SEMICONDUCTOR DEVICE AND METHOD OF FORMING THROUGH HOLE VIAS IN DIE EXTENSION
REGION AROUND PERIPHERY OF DIE Field of the Invention The present invention relates in
general to semiconductor devices and, more particularly, to a semiconductor device having through hole
vias formed in a die extension region around a periphery of the die. Background of the Invention
Semiconductor devices are found in many products in the fields of entertainment, communications,
networks, computers, and household markets. Semiconductor devices are also found in military, aviation,
automotive, industrial controllers, and office equipment. The semiconductor devices perform a variety of
electrical functisEITRESsaTY O DEAQITE! RN eMEMAOIAtN SFORMINGI M RGUGHaghLE of sesniconductor
devices involves formatidh DI B BARENSRON] REGDON tAROUND. PESRIBBBERY0OIFUMTE die contains hundreds
or thousands of transistors and other active and passive devices performing a variety of electrical
functions. For a given wafer, each die from the wafer typically performs the same electrical function.
Front-end manufacturing generally refers to

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a
semiconductor device having through hole vias formed in a die

extension region around a periphery of the die.

Background of the Invention

Semiconductor devices are found in many products in
the fields of entertainment, communications, networks,
computers, and household markets. Semiconductor devices are
also found in military, aviation, automotive, industrial
controllers, and office equipment. The semiconductor devices
perform a variety of electrical functions necessary for each
of these applications.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of
transistors and other active and passive devices performing a
variety of electrical functions. For a given wafer, each die
from the wafer typically performs the same electrical

function. Front-end manufacturing generally refers to



formation of the semiconductor devices on the wafer. The finished wafer has an active side containing the
transistors and other active and passive components. 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. One goal of semiconductor manufacturing is to produce a package

suitable for faster, reliable, smaller..and higher-density.integrated cirguits, (1C), at lower cost. Flip chip
packages or wafer level packages (WLP) are ideally suited for ICs demanding high speed, high density,

and greater pit coBReFINRERD {5 packading snvoides Frotnitinyg-fife SEfve sife°dftherdie facedown
toward a chipsearrierisetbstrate o€ phinteg ek euit doasth(BLE)t Ihe electticahand mechanical interconnect
between the Ianca:}il\{l% <gjjg\t/ilg:relsnon }heefgire arg% CQQQ %ion (grracsklsnoql Ehaeccarriecrhseubts}r@t% ise gchieved through
a solder bump structure com%rlsmg aﬁarge number of conductive solder bumps orlbaﬂls. The solder
bumps are formeerby: atrefloeprocess appliedtossolder faeariakdépasitedl 6hcontgctipads which are

disposed on the-semicondugtorsubstrate. Iheisoldeehumps;are thensoldered to the carrier substrate.
The flip chip semiconductor package provides a short electrical conduction path from the active devices

on the die to the carrier sUbtraf€in orderS I redUiee Sighal Propaation” idWer apdcitance, and achieve
overall betterwirgiitperfommaneeie suitdhlmanyapplications rtisidesirgblerte Mesticallynstack

semiconducty, die for greater devige infegration;and, migimize interconpect royting. The;electrical
interconnection between stacked semiconductor die has been done with through hole vias which traverse
from front sideteRhedsackEite BF tHedrRE THE throlgR ok viad'are) forrfed B¢ @tillihgbtht666h the active

area of the dieger threugl samastreetsiom thewader prigr te any:digincaperation: Jheprocess of drilling
through hole vias in the_active area of the die or in saw streets on the wafer can cause damage to the
wafer and/or @it F lr?eé:(?‘ eRistd o htBrEoHmact Stadked SemidBhdlicts dis WithSit difiling through
hole vias in the @etivé aréa of tke tie edavsawcstrestsorethieowaderr Summapy of e lmvention

printed circuit board (PCB). The electrical and mechanical

interconnect between the active devices on the die and

conduction tracks on the carrier substrate is achieved through

a solder bump structure comprising a large number of

conductive solder bumps or balls. The solder bumps are formed

by a reflow process applied to solder material deposited on

contact pads which are disposed on the semiconductor

substrate. The solder bumps are then soldered to the carrier

substrate. The flip chip semiconductor package provides a

short electrical conduction path from the active devices on

the die to the carrier substrate in order to reduce signal

propagation, lower capacitance, and achieve overall better

circuit performance.

In many applications, it is desirable to vertically

stack semiconductor die for greater device integration and

minimize interconnect routing. The electrical interconnection

between stacked semiconductor die has been done with through

hole vias which traverse from front side to the backside of

the die. The through hole vias are formed by drilling through

the active area of the die or through saw streets on the wafer



In one embodiment, the present invention is a semiconductor device comprising a semiconductor die and
die extension region including a polymer material formed around a periphery of the semiconductor die. A
plurality of conductive vias is formed through the die extension region. A first conductive layer is formed

between contact pads over an active surface of the semiconductor die and the conductive vias. A second

conductive layet s farmed.gver; a hack surface, of the semiconductar die, gppesitg the active surface,

electrically connected to thé conductive vias. A first interconnect structure is formed over the back surface
of the semicdrtfcts dieeiBcificafly tonnettedtd tie §666n¢ EohbbcivE I&fer:™ 52 In another
embodiment,dheqaresephinveationis a semicongiistoragderjee comprising sesemiconduciordie and die
extension region includingﬂﬁ%érés Iat}i{qg&ategia%_%qﬂr&ecdo%%% d ghceagﬁméc%nedl{cctg%gieé&glurality of
conductive vias is formed throug the die extension region. A first cond%ctiverTayer is formed over an
active surfac€ of thié semitonductbr die elecericdllyhedrnected tdthé lrondeketive viass A sécond

conductive laygk issfarmed oversapagksurface of the-semiconductor die, opposite the active surface,
electrically connected to the conductive vias. In another embodiment, the present invention is a

semiconductor device comprising a semiconductor die and die extension region including an insulating
material formed around the semicondsctonatiy. & Hliiaditylofeartdgstive vias is formed through the die
extension region. A first conductive layer is formed over an active surface of the semiconductor die
electrically connected to the conductive vias. In another embodiment, the present invention is a
semiconductor device compriSing £8erfidsiTdtictor e WitREaie éxtBRsior redién dncluding an insulating

material formegraresngtbessenisenductangie : Aiplyrality of cepductive viasiis fapmeditbrough the die

extension region. A first conductive,lagirﬂif, formed over an active surface of thg semiconductor die

electrically connectad 8 the Sordustive Vias! Brief e ption of the Drawings” % °""IFfG. 1 is a flip

chip semicongerctardevice Wwitthsolden barmps:provididgeslectical inteficornnect betwdentarvactive area of
the die and a.ghip cagriel sybsirate; o ugn tnd 188 28:28 dllustrate a,process;of forming THVs in a die
extension region around a periphery of the die using a transfer molding compound; _

conductive layer 1s formed between contact pads over an active

surface of the semiconductor die and the conductive vias. A

second conductive layer is formed over a back surface of the

semiconductor die, opposite the active surface, electrically

connected to the conductive vias. A first interconnect

structure is formed over the back surface of the semiconductor

die electrically connected to the second conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and die
extension region including an insulating material formed
around the semiconductor die. A plurality of conductive vias
is formed through the die extension region. A first
conductive layer is formed over an active surface of the
semiconductor die electrically connected to the conductive
vias. A second conductive layer is formed over a back surface
of the semiconductor die, opposite the active surface,
electrically connected to the conductive vias.

In another embodiment, the present invention is a

semiconductor device comprising a semiconductor die and die



FIGs. 3a-3f illustrate formation of THVs in a die extension region around a periphery of the die using a die
sinking on epoxy adhesive sheet; FIGs. 4a-4f illustrate formation of THVs in a die extension
region around a periphery of the die using diced wafer expansion and lamination; FIGs. 5a-5f
illustrate formation of THVs in a die extension region around a periphery of the die using diced wafer

expansion, ket filling, andlamipation.rlGs 8a-0¢ ilustrated sgmicendycter package with through hole

half vias formed in a die extension region around a periphery of the die; FIGs. 7a-7b illustrate a
semiconductér fAEkadE RithtRtGagR Hole haff Hhd full Ras¥orhiéd asloffttowstiia dieféxtension
region around & geriphkerytofitbedqierhe dieFKx%.3a-8brllustratera semiearductor package with through
hole full vias formed In 8 dig extension region.around a periphery of e dies o the

semiconductor die electrically connected to the conductive

vias.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die with a die
extension region including an insulating material formed
around the semiconductor die. A plurality of conductive vias
is formed through the die extension region. A first
conductive layer is formed over an active surface of the

semiconductor die electrically connected to the conductive

vias.
Brief Description of the Drawings

FIG. 1 is a flip chip semiconductor device with
solder bumps providing electrical interconnect between an
active area of the die and a chip carrier substrate;

FIGs. 2a-2e illustrate a process of forming THVs in
a die extension region around a periphery of the die using a
transfer molding compound;

FIGs. 3a-3f illustrate formation of THVs in a die
extension region around a periphery of the die using a die
sinking on epoxy adhesive sheet;

FIGs. 4a-4f illustrate formation of THVs in a die
extension region around a periphery of the die using diced
wafer expansion and lamination;

FIGs. 5a-5f illustrate formation of THVs in a die
extension region around a periphery of the die using diced
wafer expansion, kerf filling, and lamination;

FIGs. 6a-6c illustrate a semiconductor package with



FIGs. 9a-9b illustrate a semiconductor package with through hole full vias formed as offset rows in a die
extension region around a periphery of the die; FIG. 10 illustrates a semiconductor package with
multiple semiconductor die having THVs formed in a die extension region around a periphery of the die;
FIG. 11 illustrates a semiconductor package with THVs formed in a die extension region around a

periphery of the. die and,UBMS farsqlder bemps. formed, digectiy under THYS, and,n aroubIF: 12

illustrates a semiconductor packa?m? with THVs formed in a die extension region around a periphery of the
die and backside &I Bumpmetalization. Detailed Description of the Drawings The present
invention is described in oneger.moge Bmhadimantsir the fellowingdescsiptionanily seference to the

Figures, in which like numerals represent the same or similar.elements. While the invention is described
i Torme of he HELt oS 1or SAuoVE e L entan < UACHEs M EE aborSciatod b ose skiled in
the art that it icintended ta eover akematives, arodifitations; andeqdivalents as may be included within

the spirit and scope of theginyentian agidefingdsby the appepded slaims andheir equivalents as

supported by the following disclosure and drawings., _ , _
through hole full vias formed in a die extension region around

a periphery of the die;

FIGs. 9a-9b illustrate a semiconductor package with
through hole full vias formed as offset rows in a die
extension region around a periphery of the die;

FIG. 10 illustrates a semiconductor package with
multiple semiconductor die having THVs formed in a die
extension region around a periphery of the die;

FIG. 11 illustrates a semiconductor package with
THVs formed in a die extension region around a periphery of
the die and UBMs for solder bumps formed directly under THVs;
and

FIG. 12 illustrates a semiconductor package with
THVs formed in a die extension region around a periphery of

the die and backside under bump metallization.

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

defined by the appended claims and their equivalents as



The manufacture of semiconductor devices Involves formation of a wafer having a plurality of die. Each
die contains hundreds or thousands of transistors and other active and passive devices performing one or
more electrical functions. For a given wafer, each die from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to formation of the semiconductor devices on the
wafer. The finished wafer has.an active side.confaining the transistgrs and other active and passive
components. Back-end manufacturing refers to cutting or singulating the finished wafer into the individual
die and then packaging thefie foF StracittaFsidpott Ahar ermifdniietaf fsolatishl ves A
semiconductawaterigenerally Ineladesran-active: syrface hayving semieanductendeyiees disposed
thereon, and 2 hackside surface formed.yith bull semiconductor maferial, & gy, gilicon, The active side
surface contains a 51urallty of semiconductor die. The active surface is forme %y a variety of
semiconductenpraresseseinéiuding saysiie patterningg, dopingrand heat treatrhent. In the layering
process, semicepAUCIQL materals.are; grown, 9k deposited anithersulistrate hystechniques involving
thermal oxidation, nitridation, chemical vapor deposition, evaporation, and sputtering. Photolithography
Involves the MARkiHY O aRsas GF AR diiface Bfid etering &@ay Uhaesirel materfil to $8fn specific
structures. Thedoping processdnjects toncertrations of dopaat material by¢hermal diffusion or ion
implantation. ..., ; - .Flip, chin semiconductor packages.and wafer Jevel packages (W1.P).are,commonly
used with integrated circuits (ICs) demanding high speed, high density, and greater pin count. Flip chip
style semicorfdiictdedéviee TS bhAting arSacthver ared 12 OF e 13FacEdodftoward a chip
carrier substrate o peintechsisauit board {BEB)kG asshowninH Gy 1- Active areactZ eontains active and
passive devices, condugtive Ia?yetrs, and djelﬁcgic layers ac%ordi%% tQ tfcl{e electrical ddesi n of the die. The
electrical and fethaRital intercdntiect 1€ Achisved thrdugh a solter bUmp sfrtidturd 20 E8ifprising a large
number of indivichuabeohductive sbldetbrunips os balls 22 Athesselder bummes are formed on bump pads or
Interconnect sites 24, which are disposed.on active area 12. The bump pads 24 connect to the active
circuits by conduction tracks in active area 12. The solder bumps 22 are electrically and mechanically
connected to contact pad$*of ffteFCSHHECt Site¥ P6°6n EarfidPsubstiate 166y £8older t&ffow process. The
flip chip semiganductor weviceypeaides adcshart electricalcondustionquatbieamdhe activezdevices on die
14 to conduction tracks on_carrier substrate 16 in order to reduce signal propagation, lower capacitance,
and achieve SeSIAT e A T paaanga T DLk AER S R Lt forming through
hole vias (TH¥s) on & petiphery of aesemicorelueiciedieun agafardevelickipsdale patkage (WLCSP)
using a transfer maelding compound; the TH\G are farmed;through & neneceRductivespassivation or

polymer die extension region, as described hereinafter. _ , _
variety of semiconductor processes, including layering,

patterning, doping, and heat treatment. In the layering
process, semiconductor materials are grown or deposited on the
substrate by techniques involving thermal oxidation,
nitridation, chemical vapor deposition, evaporation, and
sputtering. Photolithography involves the masking of areas of
the surface and etching away undesired material to form
specific structures. The doping process injects
concentrations of dopant material by thermal diffusion or ion
implantation.

Flip chip semiconductor packages and wafer level
packages (WLP) are commonly used with integrated circuits
(ICs) demanding high speed, high density, and greater pin

count. Flip chip style semiconductor device 10 involves



To start the process, the semiconductor die are formed on a semiconductor wafer using conventional
Integrated circuit processes, as described above. The semiconductor wafer is diced to separate the
semiconductor die into individual units. The semiconductor die are then transferred onto a temporary chip
carrier. In one embodiment, FIG. 2a shows coverlay tape 30 disposed between ends of chip carrier 32.

Semiconductor dig 36 ds transferred and.affixed o coyerlay tape 3Q.with.its, active;suiface and contact
pads 38 oriented face down onto the tape. Likewise, semiconductor die 42 is transferred and affixed to
coverlay tape"36 Wifh itS 'defive utface ard ebRthct pads'44 Briehted fade) ddwn Ghtothe'tape, and
semiconductandier4s isi transteried:and affixed to coveray fapea 36 usiag ghe attach material with its
active surface, and. contact pads 48,oriented face down, on (ne.tape- Semiganduclor die, 36, 42, and 46
can also be mounted to coverilay tape 0 {jsmg{ post wafer saw tape transfer. n %ICE. 2b, a transfer

polymer moldihg cohsgdurid 50 ideeposited droandieperiphernedsemicondurtor die 36, 42, and 46 down

to coverlay tape-3@.1he polymet melding-campoundsQ forms-g.nan-gonduciive diggxtension region
around a periphery of semiconductor die 36, 42, and 46. The coverlay tape is then peeled away to expose

the contact pads End a&tive froATSHESaf SerficomMtdR ol diB6, 42, Hi- 26731 In FIG. 2¢, the
semiconductondi¢uareinyeretidstchothap the cohtact patts.andactive front sidenpf semiconductor die 36,

42, and 46 faggrqpev&a% Tﬂl%% Slga%rg f<9£mler§iti£‘rt!}8nc§{'8 Cegtgrﬁigg rggioqﬂggt%e%r} gemiconductor die 36,

42, and 46 by etching, laser drilling or by any known conventional methods. An electrically conductive

material is deposieddn THV3E S2Lusingatevaporatioh, Rietralyae platinge whectfoless pidting, or screen

printing process: fhe eanrdugtive materdalcan bealuminum (M), Loppet (Guhdin (Sn), nickel (Ni), gold
(Au), or silver gﬁd%? A rf)edlstnb%lon IayerlgRDL), 54 is formed bet\gegriwc'lz_jlg;{s 52 and the respective contact

pads 38, 44, 3RU48 of SeMicSHAGtST die 36742 °and 48" ROIES B4 car be made With Af aldminum

copper alloy (At cCupad Cralloy. tRDLs5operdteas an intermediateconductioatiayénto route

electrical signajs betwegn, THVs 52,and contact pagds-38,44, and 48, 4 passivation Jayer 56 is formed
over RDLs 54, contact pads 38, 44, and 48, and semiconductor die 36, 42, and 46 for structural support

and electricafi28ltonP PH<6iTatiaN T8 56 C5A e frat e RitA SRicodidxide (SP02): Bficon oxynitride
(SION), siliconcitride (SixNyd spelyiraite (RI),deenzocyctohidene {BEE), polybhenzoxazole (P30), or other
insulating mag%%aslt at 1dkn Ii:IGbgg,eI]?DtLos 586315%@@@9% on a bgclésidg.lofnthe semirconductor die,
opposite the active front side of the ie, and eﬁectrlcally contactthe'backside 6f +I9Ws 52. RDLs 54 can be
made with AICAIGE,ICaner Clralfoye Ari avidep banyd netallization (UBM) 6045 deposited and patterned to

electrically contact RDLs $8.dp ong embodiment, WBMs, 60 may daclyde @ wetting layes barrier layer, and
adhesive layer. RDLs 58 operate as an intermediate conduction layer to route electrical signals between

THVs 52 and’ UBM< 66°A JabsiVatidh RyRT 62°850/med Gt BDESEE 44 TrahsferMofding compound
50 for structuvalfsuppartand@iectrisakisolatiortkage (WLCSP) using a transfer

molding compound. The THVs are formed through a non-
conductive passivation or polymer die extension region, as
described hereinafter.

To start the process, the semiconductor die are
formed on a semiconductor wafer using conventional integrated
circuit processes, as described above. The semiconductor
wafer is diced to separate the semiconductor die into
individual units. The semiconductor die are then transferred
onto a temporary chip carrier. In one embodiment, FIG. 2a
shows coverlay tape 30 disposed between ends of chip carrier
32. Semiconductor die 36 is transferred and affixed to

coverlay tape 30 with its active surface and contact pads 38



Passivation layer 62 can be made with S102, SION, SixNy, PI, BCE, PBO, or other insulating material.

An electrically conductive solder material is deposited over UBMs 60 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, bismuthinite (BI) and alloys thereof. In

one embodimgnt, thie. Soleler mafgrial 15,63 percentyeight of ,Sn,and 37 parcent weight ofPb. The solder

material is reflowed by heating the conductive material above its melting point to form spherical balls or

bumps 66. In“Somé aptiRafi6hs SsblBBFbakfs66 are reffdREdY séébird fithe'td impiove electrical
contact to UBMs 60 UBMs6Q: andsoldenrhumps66 represent anedype ©f intereonrnact structure.
Semiconductor die 36hé2 and 46 %ruec%iir)]gulda.ltgd@éoqg tr%%grilef%trernsion r%gig%Theddi_%gxtension region

. d ; ;
is cut by a cufting fool such as a saw or laser. The cutting tool completely Severs the die extension region

to separate thedigilay tapI& 2esiflostrates serhivonducterdie 36'fdllbwing siegulation of the die

extension regign tarQuahha cepterareaRiiEHYs 32 ikach semicendugciar die bas acsipilar final
configuration. Contact pads 38 electrically connect through RDLs 54, THVs 52, RDLs 58, and UBMs 60 to

solder bumps 8B 58 SABWPI ERS. 28 427 2TEIGY 3231 MUSHals aRaterfdte"@mbodiment of forming
THVs on a peripkery=of & semiconductordiginta WEESR;dr thispeaserasiagear die sinking on an epoxy

adhesive sheet. In FIG. 36},nthgf/&a}fe£kgs dgceglfggg §gg1igg@%g§pr%elgghg%&g o%%gr%gansferred to

carrier tape 70 with contact pads 74, 78, and 82 facing down toward the carrier tape. In FIG. 3b, a

lamination or'ghcpRefdtictfnoidingtompeunaBais ddposietcariifea petiphery of émiconductor die

72, 76, and 89rand cured:nT he malding compepad -84 formsaglie gxtansion degignareuwnddhe periphery
of semicond 6orfdie 72, 76, and 80. The encapsulation molding comgound 84 can be made with epoxy

acrylate or other palyiier material The“carfier tape 7018 Femaved; 9o around
periphery of semiconductor die 36, 42, and 46. The coverlay
tape is then peeled away to expose the contact pads and active
front side of semiconductor die 36, 42, and 46.

In FIG. 2c¢, the semiconductor die are inverted such
that the contact pads and active front side of semiconductor
die 36, 42, and 46 face upward. THVs 52 are formed in the die
extension region between semiconductor die 36, 42, and 46 by
etching, laser drilling or by any known conventional methods.
An electrically conductive material is deposited in THVs 52
using an evaporation, electrolytic plating, electroless
plating, or screen printing process. The conductive material
can be aluminum (Al), copper (Cu), tin (Sn), nickel (Ni), gold
(Au), or silver (Ag). A redistribution layer (RDL) 54 is
formed between THVs 52 and the respective contact pads 38, 44,
and 48 of semiconductor die 36, 42, and 46. RDLs 54 can be
made with Al, aluminum copper alloy (AlCu), Cu, or Cu alloy.
RDLs 54 operate as an intermediate conduction layer to route
electrical signals between THVs 52 and contact pads 38, 44,
and 48. A passivation layer 56 is formed over RDLs 54,
contact pads 38, 44, and 48, and semiconductor die 36, 42, and

46 for structural support and electrical isolation.



In FIG. 3c, THVs 86 are formed in the die extension region around a periphery of semiconductor die 72,
76, and 80. An electrically conductive material is deposited in THVs 86 using an evaporation, electrolytic
plating, electroless plating, or screen printing process. The conductive material can be Al, Cu, Sn, Ni, Au,
or Ag. In FIG. 3d, the semiconductor die are inverted such that the contact pads and active front

side of semiconductor.dig {2, 76, angd:80Q.face, upyard. RBLS 88 are formed betfween iH3Ys 86 and the

respective contact pads 74, 78, and 82 of semiconductor die 72, 76, and 80. RDLs 88 can be made with
Al, AICu, Cu,Dr'iCG Mo *RDLs 88 Dpkratd'ds aflintetfiediale” tondictisNYayePolrotite @fectrical signals
between THV®86 ans:eentagt pads 7 & 8(mrwl) 82 A passivationzdayer 9989 formed ovee RDLS 88,

contact pads;rﬁégﬁa@nd 82, %réqéegmconductor die 72, 76, and 80 for structural support and electrical

isolation. Passivation I%lrf/%r@f) can be made with Si02, SiON, SixNy, PIl, BCE, PBO, or other insulating
material. In FIG. 3énRDI%-92 dre foimed drra atksitkecofthessemidondietorfdiehepposite the

active front sigle, and-electrically contagiibeshackside of. TH\S 86 ,RPLs:92 can he,made.with Al, AICu,
Cu, or Cu alloy. A UBM 94 is deposited and patterned to electricalqal‘l)écontact RDLs 92. In one

embodiment, UBMs-6% may clddé A vattind fayeP 54t faydr, Al adtesive dyer’ ROIE92 operate as

an intermediate contiuctionHager, terdaute electrical signalslbetweem Tk 86andoUBMs 94. A passivation

layer 98 is formed over RDLS 9 @Fj eggaggu@éigggy%d&ngggn%%oc%dfgé Jor structural support and
electrical isolation. Passivation layer 98 can be made with Si02, SION, SixNy, Pl, BCE, PBO, or other

insulating matefaltr 1callancsiaegicallff donduttive Soldermateiral igelepositetf vvet UBMs 94 through

an evaporatiam&laetolytigplating; electelessilating, hall degp, Hisciaen pritingRrecess. The solder

material can 9% any5r§1etal or %Iectricall CPI?QUCHV m%terial,ne.g.,tsln, Pb, Ni,rAl%, Ag, Cu, Bi and alloys
thereof. The So1der MateRal & reffowed by heating the condudtive material Aboveits Melting point to form

spherical ballslgrdiumps 109, Jn soméapptieatiGis] solderbdmpesMEO® are réflowed avsecaond time to
improve electfical coptact to HBMs 94, rprSemiconductordie-L2. 76, and,§0 atgsingyated along the

die extension region. The die extension region is cut by a cutting tool such as a saw or laser. The cutting
tool completely séfersSthe dieéxténsiorFiegion 16! sepafdtet cat isolation.

Passivation layer 62 can be made with Si02, SiON, SixNy, PI,
BCB, PBO, or other insulating material.

An electrically conductive solder material 1is
deposited over UBMs 60 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The solder material can be any metal or electrically
conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu,
bismuthinite (Bi) and alloys thereof. In one embodiment, the
solder material is 63 percent weight of Sn and 37 percent
weight of Pb. The solder material is reflowed by heating the
conductive material above its melting point to form spherical
balls or bumps 66. In some applications, solder bumps 66 are
reflowed a second time to improve electrical contact to UBMs
60. UBMs 60 and solder bumps 66 represent one type of
interconnect structure.

Semiconductor die 36, 42, and 46 are singulated
along the die extension region. The die extension region is

cut by a cutting tool such as a saw or laser. The cutting



the die. FIG. 3f Illlustrates semiconductor die 72 following singulation of the die extension region
through a center area of THVs 86. Each semiconductor die has a similar final configuration. Contact pads
74 electrically connect through RDLs 88, THVs 86, RDLs 92, and UBMs 94 to solder bumps 100, as
shown in FIG. 3f. In another embodiment, UBMs 94 is formed directly under THVs 86, which eliminates

RDLS 92. _E&ﬁé\-}é@éf llustratean aliemate gmbadiment of fprming, TER(S, 0g.a periphery of a

semiconductor die in a WLCSP, in this case using diced wafer expansion and lamination. In FIG. 4a, the
wafer is diced3Rd%sémiconductor die 112, 116, and 120 are transferred to carrier tape 110 with contact
pads 114, 118, and 122 facing downi towarcrthecarseniapeductor laidG @bt dhe cairier tape 110 is
expanded by a forc lied to the longitudinal axis of the tape tp.create a greater physical separation
between the aﬁer?%‘liaara’ngﬁ%%oﬁgorpegneca?gs%Iaetélic?ne %Soﬁafhgrc?oqrﬁ%%ugﬁrfzﬁﬁ eﬁgé}%:e%aﬁoruen% a periphery of
semiconducterdigfiVE2 5216, dird-l20<anid-emrie: The dncapaulation mdltding Eémpbund 124 forms a die

extension regign arqund & peripheryefsemicondustordie 12 Ji16, and,12Q - the encapsulation molding
compound 124 can be made with epoxy or other polymer material. The carrier tape 110 is removed.

In FIG. 4c, THVESL28 ard fofned in tHE Gie ExtenBdn ot Aréind & S&TpHaRsT micdhiductor die

112, 116, ancA20n Aimelectrically conductive material is deposited in THVs 126 using an evaporation,
electrolytic plating, electrojgss_platings or s¢reen printing praogess. The canductive material can be Al, Cu,

Sn, Ni, Au, or Ag. In FIG. 4d, the semiconductor die are inverted such that the contact pads and
active front sigler8r.$emiconduetorrdiesEREre] dtid £26 $8c€ eptriFiCRDLS128 atefbfmEd between

THVs 126 anditherespestive gontact pagdsel t4.nkl8,andh122 ofsemicendustordie 1d2: 116, and 120.
RDLs 128 can be made with Al, AICgﬁg,egu, or Cu alloy. I§DLS 128 %Berate as.an in7t rmediate conduction

layer to route dlectrical Signals Betiveen THVS 195 and Contakt pads f14 118, and 122°A passivation
layer 130 is fermed @ver RDLs128¢ coathct packsrtli4rl I rand 022 ahd semiieonduetds die 112, 116,

and 120 for stryctural syppod and electrical isolation. Rassivatign layer 130 can be made with S102,
SION, SixNy, PI, BCE, PBO, or other insulating material.

In FIG. 3b, a lamination or encapsulation molding
compound 84 is deposited around a periphery of semiconductor
die 72, 76, and 80 and cured. The molding compound 84 forms a
die extension region around the periphery of semiconductor die
72, 76, and 80. The encapsulation molding compound 84 can be
made with epoxy acrylate or other polymer material. The
carrier tape 70 is removed.

In FIG. 3c, THVs 86 are formed in the die extension
region around a periphery of semiconductor die 72, 76, and 80.
An electrically conductive material is deposited in THVs 86
using an evaporation, electrolytic plating, electroless
plating, or screen printing process. The conductive material
can be Al, Cu, Sn, Ni, Au, or Ag.

In FIG. 3d, the semiconductor die are inverted such
that the contact pads and active front side of semiconductor
die 72, 76, and 80 face upward. RDLs 88 are formed between
THVs 86 and the respective contact pads 74, 78, and 82 of
semiconductor die 72, 76, and 80. RDLs 88 can be made with

Al, AlCu, Cu, or Cu alloy. RDLs 88 operate as an intermediate
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In FIG. 4e, RDLs 132 are formed on a backside of the semiconductor die, opposite the active front side,
and electrically contact the backside of THVs 126. RDLs 132 can be made with Al, AlCu, Cu, or Cu alloy.
A UBM 134 is deposited and patterned to electrically contact RDLs 132. In one embodiment, UBMs 134
may include a wetting layer, barrier layer, and adhesive layer. RDLs 132 operate as an intermediate

conduction laygy, ko reute electrical signals between fHYS 126;and UBMs 134, A pagsivation layer 136 is

formed over RDLs 132 and encapsulation molding compound 124 for structural support and electrical
isolation. Passivatioiiayer 136°Gan be made With 3102, S1ONE BixXRy; Pt BEESPBO, 6F other insulating
material. forAdcelectriicallyicongleictive :sodder material4s deppsited aver WBMs 134 through an

evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process, The solder
material can ngalniloﬁ%c%agltgrrelgéﬁii 9;7)%nﬁu%%§e gr?atfsorle,segaﬁ%ﬁl,rlgg, Rllll,p%é),r g,a 8%, Si and alloys
thereof. The sdlder natetial ioreflowstd by Preatingatheconductive Haterial abovedss melting point to form

spherical balls oy burapsd.38; inspme applieationss solder bumps 138 are refloyved @-second time to
improve electrical contact to UBMs 134. Semiconductor die 112, 116, and 120 are singulated

along the die extension regior. The di eXtehiSiott rédién i€ EUEBy A 'cittiRg 1661 &Gt bs d'§aw or laser.
The cutting tearcomplétely seveis thedigextensioreregionte sepanatesthéedieand FIG. 4f illustrates

semiconductan die 112 fallawipg, singulatipn of the die extension region. The expansion of the die

extension region provides greater area to form multiple offset rows of full vias and singulate through a
portion of thedigsexténsiohlregiort AwayfromtthelTAY5CEach’séfitéondutfordfie tiast&Similar final

configuration, GontactRads-414 eleatdeally cannect-threugh RDLs 128, THVs 426, RDLs 132, and UBMs
134 to solder b mps 138t, asUthow%B FIG. 4f. IT acpother e{‘:nb,odiment, UBI\/llos 134 is formed directly
under THVs T36 WhItH sliminatss RDIS 1327114 B BS54 ififidtrate B8R AiteFhate embodiment of
forming THVS anea pesipiendbfaisemitonductorkiié in aANVUSSR L this ease wsingnditedtwafer

expansion, kerf filing and lamination, In £IG. 52, the wafer is.diced ,and,semicondygar die 142, 146, and
150 are transferred to carrier tazi)e 140 with contact pads 144, 148, and 152 facm% down toward the
cankwtape.a“d UBMs 94. passivation layer 98 is formed over RDLs 92

and encapsulation molding compound 84 for structural support
and electrical isolation. Passivation layer 98 can be made
with Si02, SiON, SixNy, PI, BCB, PBO, or other insulating
material.

An electrically conductive solder material is
deposited over UBMs 94 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The solder material can be any metal or electrically
conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and
alloys thereof. The solder material is reflowed by heating
the conductive material above its melting point to form
spherical balls or bumps 100. In some applications, solder
bumps 100 are reflowed a second time to improve electrical
contact to UBMs 94.

Semiconductor die 72, 76, and 80 are singulated
along the die extension region. The die extension region is
cut by a cutting tool such as a saw or laser. The cutting

tool completely severs the die extension region to separate
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In FIG. 5b, the carrier tape 140 is expanded by a force applied to the longitudinal axis of the tape to
create a greater physical separation between the die. A kerf filing process is used to form a die extension
region 154 by depositing epoxy resin, passivation, stencil printed paste, or other polymer material in the
area around a periphery of semiconductor die 142, 146, and 150. The backside of the die is laminated
with an epoxy adhgsive sheet coating 156. The carrier tape 140 is removed. In FIG. Sc, THVs 158
are formed in die extension region 154 around a periphery of semiconductor die 142, 146, and 150. An
electrically conductive material is’ Hepbsited it THVS $B8USHY ahcvapstation f eletfBiyti plating,
electroless platingy 0k sergernprintirg precess: dihei conductivenmatealgarnbe Al €4, Srs i, Au, or Ag.
In FIG. 5d, the iconductor die are inverted such that the contact pads and.active side of
sermicondUcts i Las CEA6, S50 TACE Lotir s RELS 180 e R ottt THVS 158 and the
respective coptadtipad 1440148 Cand 452 slseEmitoreiretdrrdiealld?; 146 etk 150 -RDI 160 can be

made with AlrAIGUeGU, or{y alloy.RPLsJB0 aperaieas an intermgdiate conguction dayersto route
electrical signals between THVs 158 and contact pads 144, 148, and 152, A passivation layer 162 is

formed over RBU'E160, dortact fads 12421948 5hd 8% HHFSEmicONGuctor did TA2™E46, and 150 for
structural suppiort andselecttical isolaticin Pagsivation layend62scabbe made with 5102, SION, SixNy, PI,

BCE, PBO, or other insulating.maferial, , ,,.[nEIG. ¢, RDLs 164 are formad onthe backside of the

semiconductor die, opposite the active front side, and electrically contact the backside of THVs 158.
RDLs 164 cahBé"aste With AR AICBECHRBP0OU affloy: AYIBNPTEE i-8&p6sited And pPtterRed to

electrically contaehRDLs:164 . dnione embodiment  UBMs 466Jnay includs amwetting layes, barrier layer,
and adhesive Ia%/er. RDLs 164 ogerate as an ir&termgdiate,con%ction Iager to rqute %ctrical signals
T 1

el
between THVs 158 &id UBME 166 A'passivation 15yer 168 18 formed over RDLS'164 ahd epoxy adhesive

sheet coatinga186 f@0strueturalesupport addtelecteical olatiore Pdssivation fayer 468 cardibe made with
5102, SION, SixNy, 1Rk BGE4PBO, or.other insulating material. .. AN elegtrically conductive solder

material is deposited over UBMs 166 through an evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing In FIG. 4b, the carrier tape 110 is expanded by a

force applied to the longitudinal axis of the tape to create a
greater physical separation between the die. A lamination or
encapsulation molding compound 124 is deposited around a
periphery of semiconductor die 112, 116, and 120 and cured.
The encapsulation molding compound 124 forms a die extension

region around a periphery of semiconductor die 112, 116, and

120. The encapsulation molding compound 124 can be made with
epoxy or other polymer material. The carrier tape 110 is
removed.

In FIG. 4c, THVs 126 are formed in the die extension
region around a periphery of semiconductor die 112, 116, and
120. An electrically conductive material is deposited in THVs
126 using an evaporation, electrolytic plating, electroless
plating, or screen printing process. The conductive material
can be Al, Cu, Sn, Ni, Au, or Ag.

In FIG. 4d, the semiconductor die are inverted such
that the contact pads and active front side of semiconductor

die 112, 116, and 120 face upward. RDLs 128 are formed
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process. The solder material can be any metal or electrically conductive material, e.g., Sn, Pb, Ni, Au, Ag,
Cu, Si and alloys thereof. The solder material is reflowed by heating the conductive material above its
melting point to form spherical balls or bumps 170. In some applications, solder bumps 170 are reflowed
a second time to improve electrical contact to UBMs 166. Semiconductor die 142, 146, and 150

are singulateg along the dig, extension region, Thedie gxtensjon fegian.is.cytiby a cujting tool such as a
saw or laser. The cutting tool completely severs the die extension region to separate the die. FIG.
5f illustrates Semicondictorair S filldiiRg ‘sitgulatibn ttHe tid extéitdicn tedioRhd TheSexpansion of the
die extensionegion ptovides greater area tofoun raultiple offset.eows of fidkviasandsiagulate through a
portion of theidigeerxntlggslig Je i%n away Ofromg}hnglng.roEggh S rgicongéj_%grsdie ha a similar final
configuration. Contact pads 1 i e?ectrlcaﬁy connect t%rough RD sci%]@, s 188°RDLs 164, and UBMs
166 to solderdsuirips1707és showahe FIGRERAR arfsther émbodifentidBMs’ 1664s formed directly

under THVs 138,.which:elimnates RDks 164¢ormeq H.eaCREMbadiment ofGs. 25asthe top and

bottom of the WLCSP are interconnected by THVs and RDLs so that device integration can occur by
stacking the sericonductrdie’ The TAYsSARYOPMRE N0t drilling hoté in tHE'adtie &R%a of the die or
in saw streets of the wadér. Rather tthenbHYsaarercreaied by farming.a neasednductive die extension

region, .., molding compaund,or epoxy resin 59,84, 124, 0r 134, around the periphery of the die. The

THVs are drilled through the die extension region and filled with conductive material to interconnect the
top and bottoft RIJLS ARb-GthéF eoRdieive fayers of the semiconductor die. Further detail of the

die interconnect through the TiHVs issshowprip RI&S. 12 rlrhzs. Ha-6bpsertcenrdugstor die 180 has
contact pads 182, forméed on its active surface 192, RDLs 184 e%ectricall ,8onnect contact pads 182 to
THVs 186. D&pENGMY O tie efglc%’icé)ﬁlﬁ?esrlc%%ngcfe of t?]%lggtivergi?guif)s/l, £0mé&'8f the contact pads 182
are electricallylisolated frohy acjacerttTHYs 186;k.e1d%0 configgting RDL iRfgrmed A passivation layer

188 is formed, over semigandygtor dig-180-8DLs, 184, and gontact pags 482 THVs 186 are formed in

molding compound 190 which operates as the die extension region as described in FIGs. 2-5. The portion
of molding cotipeand 19070 the backsite dfsemitontitictor die ABY-€ar bR etndvied, i.et the backside
of the die carvhe expoesetnénplurality ©f semicapduetor ¢ie canwhe stackedanrd inteeconnected through
THVs 186, aﬁgggwn in I:C{Gaid%césive layer.

r, an RDLs 132 operate as an
intermediate conduction layer to route electrical signals
between THVs 126 and UBMs 134. A passivation layer 136 is
formed over RDLs 132 and encapsulation molding compound 124
for structural support and electrical isolation. Passivation
layer 136 can be made with Si0O2, SiON, SixNy, PI, BCB, PBO, or
other insulating material.

An electrically conductive solder material is
deposited over UBMs 134 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The solder material can be any metal or electrically
conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and
alloys thereof. The solder material is reflowed by heating
the conductive material above its melting point to form
spherical balls or bumps 138. 1In some applications, solder
bumps 138 are reflowed a second time to improve electrical

contact to UBMs 134.
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In FIGs. 7a-7b, semiconductor die 180 is shown with THVs (half vias) 186 and THVs (full vias) 194
formed in offset rows. RDLs 184 electrically connect contact pads 182 to THVs 186. RDLs 198 electrically
connect contact pads 196 to THVs 194. Depending on the electrical Interconnect of the active circuits,
some of the contact pads 182 and 196 are electrically isolated from adjacent THVs 186 and 194, i.e., no
connecting RDL is formeds A passivation Jayer 188 is formed ayer sempiconductor die 180; RDLs 184 and
198, and contact pads 182 and 196. THVs 186 and 194 are formed in molding compound 190 which
operates as theUi€ xtEnsioR r_yidiTas destrBeéain FIERS 295 °TR& portiorr Bf AToldiny dompound 190 on
the backside of semicanduetoi gie 1801canuba remaveskieqrthedacksiderabthasdieiean be exposed. A
plurality of se&iggngigctoiedciee can be 2@9‘%@@%‘1 iGntgrq%)nne{:g%d tréroy(%} |5|Vsse186r aajgld 194. In
FIGs. 8a-8b, semiconductor dig 200 has contac padsi )2 formed 61 1t active surface 218. RDLs 204
electrically corrrect tontact pads 202 to THVs (full vias) 206. Depending on the electrical interconnect of

the active circuits, some of the coptact pagis,202 are electrisall-isolateddram adiacent, THYS 206, i.e., no
connecting RDL is formed. A passivation layer 208 is formed over semiconductor die 200, RDLs 204, and

contact pads 207 TH\d 206 dre formetfinThbidifg Comsttd 210 Which Bietated a8 thé e extension
region as destribeskinehRl&Gn2-be THMs 206 eleetricglty sonneettoaRDL sF21 2 wihithiinitarn electrically

connect throygh UBMS 214 to.sqlder bymps 216, éi@?&é'i‘éaéieonc@%%%oésgg%%r‘P”otPe backside of

semiconductor die 200. In FIGs. 9a-9b, semiconductor die 200"has contact pads 202 formed on its
active surfacé 2187 SerfibRabEt die 200is3towrt With TRV SIHUYIF viasy 206 and 222 formed in offset

rows. RDLs 204nelestricallyconnecticontactpads 202 to JHVs 206:and- 222- Pepeneing en the electrical

interconnect of the eiuitjlve Eirc%its,, some of the cogtq: adshzclg\% are lG.i%ctricalzlgl isoé%ted f]rj%m adjacent
THVs 206 and 222, €., ﬁoec%n%le%ﬁngyRﬁﬁr}g?c?rme ) Rup%ssivaltl%n layér 2283%s Jforn‘leg over

semiconductdrdie 200, RBlls 204 aivd eontéet padsr202L. 3HVs 206hamd 222 &eForrhed in molding
compound 223, which perates as:the die extgusion,region as descrbed ip F)Gs, 25,5 fif\s 206 and 222

electrically connect to RDLs 224, which in turn electrically connect through UBMs 226 to solder bumps
228. A passivation Ayer229lidTorasa dmteSbackside of semiconductor die 200. FIG. 10
illustrates a multi-die configucatiors ef the WLGSP: Semiconductormie 230-has coatactqads 232 formed
on its active %rg%%e. Lilﬁ\gisseCb gegnicggc{u%tor di% §34 haesmcontagt Eegg 236 for%nea(lj g@ g't%gactive surface.
RDLs 238 electrlcaﬁ)?connect contatt pags 273% and 238 to]ﬁg\r}s% ulivias) 240 and . RDLs 238 also
electrically coriheet tdntactpausin32 dd contatt Fadss2X3e.nDependingrdn flid efebtrieald Interconnect of

the active cirguits,,some of the: contact pads 232 apd236 ate glectricallylsolated fromadjacent THVs 240
and 242, i.e., no connecting RDL is formed. A passivation layer 248 is formed over semiconductor die 230

and 234, RDE< 2387 and ‘comaétipads 232 dnd 238 STRVSS40 AandP247 Gfe féifTed i nfoidihg compound
250 which opesatescas theidiel@xtensioh regidn Bs2describey oG s A+br I HVs 240anick242 electrically
connect to RRLs 252, which in turn electrically connect through UBMs 254 to solder bumps 256. A

passivation layer 258 is formed on the backside of semiconductor die 230 and 234 and RDLs 252.
In FIG. 5b, the carrier tape 140 is expanded by a

force applied to the longitudinal axis of the tape to create a
greater physical separation between the die. A kerf filing
process 1s used to form a die extension region 154 by
depositing epoxy resin, passivation, stencil printed paste, or
other polymer material in the area around a periphery of
semiconductor die 142, 146, and 150. The backside of the die
is laminated with an epoxy adhesive sheet coating 156. The
carrier tape 140 is removed.

In FIG. 5c¢, THVs 158 are formed in die extension

region 154 around a periphery of semiconductor die 142, 14o,
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In FIG. 11, semiconductor die 270 has contact pads 272 formed on its active surface. RDLs 274

electrically connect contact pads 272 to THVs (half vias) 276. Depending on the electrical interconnect of
the active circuits, some of the contact pads 272 are electrically Isolated from adjacent THVs 276, i.e., no
connecting RDL is formed. A passivation layer 278 is formed over semiconductor die 270, RDLs 274, and

contact pads 272. Vs 276 areformed.inmolding compaung, 280 which.opergtes; as the die extension
region as described in FIGs. 2-5. THVs 276 electrically connect to UBMs 282, which in turn electrically

connect to sold&rbdmpsPeAUBMESISR Af-<GiBer BURTIS 284 até tBrrAéd threctly under THVs 276.
In FIG. 12, sesnicondbictersdie1290 has contacipads 292 dermed oroits astive sneface. RDLs 294
electrically connect contact rJi)?a%des 29% to, ;'5“% (;Aallf V'@S) 399 [%F:per}gdng on E@e electrical interconnect of

the active circuits, some of the contact pads 292 afe e?éctrlcélly [Solated from gdjacent THVs 300, i.e., no

connecting RDL is formed! WBMS 298 are fornesdionROLS 294 fbF addittonal statkidg sSAdFassivation
layer 298 is feped Qyer semigendugtor die, 290-RRLs 294.and comtacipads-292. fkys 300 are formed

in molding compound 302 Which%gerates as the die extension region as described in FIGs. 2-5. THVs

300 electrically tonhéér to'RBLE>304, AfiichaH 3G eldtticall ofitéct thrdtigh BEME 306 to solder
bumps 308. Apassivatioarldyehdl104s fermed endbetzacksidelof sémicandyctendiel2900f While

one or more gg}@g%@gg&g@thﬁg@@l} _iq\@%ntioa(hga\i% @genﬁgg%treitéeg igaqletgg, mgd%killed artisan will

appreciate that modifications and adaptations fo those embodiments may be made without departing from
the scope of tHe présentiiehtidriias St forttd il the folRWiAg tdinfP eCHims Wt is claimed:

intermediate conduction layer to route electrical signals
between THVs 158 and contact pads 144, 148, and 152. A
passivation layer 162 is formed over RDLs 160, contact pads
144, 148, and 152, and semiconductor die 142, 146, and 150 for
structural support and electrical isolation. Passivation
layer 162 can be made with Si02, SiON, SixNy, PI, BCB, PBO, or
other insulating material.

In FIG. 5e, RDLs 164 are formed on the backside of
the semiconductor die, opposite the active front side, and
electrically contact the backside of THVs 158. RDLs 164 can
be made with Al, AlCu, Cu, or Cu alloy. A UBM 166 is
deposited and patterned to electrically contact RDLs 164. 1In
one embodiment, UBMs 166 may include a wetting layer, barrier
layer, and adhesive layer. RDLs 164 operate as an
intermediate conduction layer to route electrical signals
between THVs 158 and UBMs 166. A passivation layer 168 is
formed over RDLs 164 and epoxy adhesive sheet coating 156 for
structural support and electrical isolation. Passivation
layer 168 can be made with Si02, SiON, SixNy, PI, BCB, PBO, or
other insulating material.

An electrically conductive solder material 1is
deposited over UBMs 166 through an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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1. A semiconductor device, comprising: a semiconductor die; a die extension region including a
polymer material formed around a periphery of the semiconductor die with a back surface of the
semiconductor die exposed from the polymer material; a plurality of conductive vias formed through
the die extension region including singulated surfaces of the conductive vias exposed at an edge of the

semiconductor.device;  -adirst.onductive ayer formed, between, contacs pads.over;an acfive surface of

the semiconductor die and the conductive vias; a second conductive layer formed over the back
surface of thé SBRHEOHATctBR B ‘Bhposite%he attiveTsurfatie, di¥ctritdtly ConnBétetld the conductive
vias; and  afirsy intereonnect structuredosmedmverthelback suifacs:ofithe seeueanductor die
electrically cocr}lneecteg1 o the sec%g? cgfgycg%%xlfaeyelrt SZ.m'Q%% fggni%%q%l%ctgg dg\)/ircrg of claim 1, wherein

the polymer material IN¢ ﬁaéé’% mo &ng compound or epoxy.

spherical balls or bumps 170. In some applications, solder
bumps 170 are reflowed a second time to improve electrical
contact to UBMs 166.

Semiconductor die 142, 146, and 150 are singulated
along the die extension region. The die extension region is
cut by a cutting tool such as a saw or laser. The cutting
tool completely severs the die extension region to separate
the die.

FIG. 5f illustrates semiconductor die 142 following
singulation of the die extension region. The expansion of the
die extension region provides greater area to form multiple
offset rows of full vias and singulate through a portion of
the die extension region away from the THVs. Each
semiconductor die has a similar final configuration. Contact
pads 144 electrically connect through RDLs 160, THVs 158, RDLs
164, and UBMs 166 to solder bumps 170, as shown in FIG. 5f.

In another embodiment, UBMs 166 is formed directly under THVs
158, which eliminates RDLs 164.

In each embodiment of FIGs. 2-5, the top and bottom
of the WLCSP are interconnected by THVs and RDLs so that
device integration can occur by stacking the semiconductor
die. The THVs are formed without drilling holes in the active
area of the die or in saw streets of the wafer. Rather, the
THVs are created by forming a non-conductive die extension
region, e.g., molding compound or epoxy resin 50, 84, 124, or
154, around the periphery of the die. The THVs are drilled
through the die extension region and filled with conductive
material to interconnect the top and bottom RDLs and other

conductive layers of the semiconductor die.
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3. The semiconductor device of claim 1, further including a second interconnect structure formed over the
active surface of the semiconductor die electrically connected to the first conductive layer. 4. The
semiconductor device of claim 3, wherein the second interconnect structure includes: an insulating
layer formed over the first conductive layer; and an under bump metallization (UBM) formed over the

first conductive layer. 5. Fhe semicopducter devicg of claim 1, wherein the first interconnect structure

includes: an insulating layer formed over the second conductive layer; an under bump

metallization {OBM) forfietGverthelSetorft éonducdtive 1ayer; &fg 6, semiconductor

die 180 has contact pads 182 formed on its active surface 192.
RDLs 184 electrically connect contact pads 182 to THVs 186.
Depending on the electrical interconnect of the active
circuits, some of the contact pads 182 are electrically
isolated from adjacent THVs 186, i.e., no connecting RDL 1is
formed. A passivation layer 188 is formed over semiconductor
die 180, RDLs 184, and contact pads 182. THVs 186 are formed
in molding compound 190 which operates as the die extension
region as described in FIGs. 2-5. The portion of molding
compound 190 on the backside of semiconductor die 180 can be
removed, i.e., the backside of the die can be exposed. A
plurality of semiconductor die can be stacked and
interconnected through THVs 186, as shown in FIG. 6cC.

In FIGs. 7a-7b, semiconductor die 180 is shown with
THVs (half vias) 186 and THVs (full wvias) 194 formed in offset
rows. RDLs 184 electrically connect contact pads 182 to THVs
186. RDLs 198 electrically connect contact pads 196 to THVs
194. Depending on the electrical interconnect of the active
circuits, some of the contact pads 182 and 196 are
electrically isolated from adjacent THVs 186 and 194, i.e., no
connecting RDL is formed. A passivation layer 188 is formed
over semiconductor die 180, RDLs 184 and 198, and contact pads
182 and 196. THVs 186 and 194 are formed in molding compound
190 which operates as the die extension region as described in
FIGs. 2-5. The portion of molding compound 190 on the
backside of semiconductor die 180 can be removed, i.e., the
backside of the die can be exposed. A plurality of
semiconductor die can be stacked and interconnected through
THVs 186 and 194.

In FIGs. 8a-8b, semiconductor die 200 has contact

pads 202 formed on its active surface 218. RDLs 204
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a bump formed over the UBM. 6. The semiconductor device of claim 1, further including first and second
offset rows of conductive vias formed in the die extension region. 7. A semiconductor device, comprising:
a semiconductor die; a die extension region including an insulating material formed around the

semiconductor die; a plurality of conductive vias formed through the die extension region including an

exposed singujated,suriace; oSt copdpgtive jayer fopned Ovesan a¢tive sydace of the

semiconductor die electrically connected to the conductive vias; and a second conductive layer
formed over & BRERSUMACE of the Serficontittor diecbppoERE the ctillé surfat’S electrically connected
to the conductiveviaSs, some of the contact pads 202 are electrically

isolated from adjacent THVs 206, i.e., no connecting RDL 1is
formed. A passivation layer 208 is formed over semiconductor
die 200, RDLs 204, and contact pads 202. THVs 206 are formed
in molding compound 210 which operates as the die extension
region as described in FIGs. 2-5. THVs 206 electrically
connect to RDLs 212, which in turn electrically connect
through UBMs 214 to solder bumps 216. A passivation layer 220
is formed on the backside of semiconductor die 200.

In FIGs. 9a-9b, semiconductor die 200 has contact
pads 202 formed on its active surface 218. Semiconductor die
200 is shown with THVs (full wvias) 206 and 222 formed in
offset rows. RDLs 204 electrically connect contact pads 202
to THVs 206 and 222. Depending on the electrical interconnect
of the active circuits, some of the contact pads 202 are
electrically isolated from adjacent THVs 206 and 222, i.e., no
connecting RDL is formed. A passivation layer 225 is formed
over semiconductor die 200, RDLs 204, and contact pads 202.
THVs 206 and 222 are formed in molding compound 223 which
operates as the die extension region as described in FIGs. 2-
5. THVs 206 and 222 electrically connect to RDLs 224, which
in turn electrically connect through UBMs 226 to solder bumps
228. A passivation layer 229 is formed on the backside of
semiconductor die 200.

FIG. 10 illustrates a multi-die configuration of the
WLCSP. Semiconductor die 230 has contact pads 232 formed on
its active surface. Likewise, semiconductor die 234 has
contact pads 236 formed on its active surface. RDLs 238
electrically connect contact pads 232 and 236 to THVs (full
vias) 240 and 242. RDLs 238 also electrically connect contact
pads 232 to contact pads 236. Depending on the electrical
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8. The semiconductor device of claim 7, further including an interconnect structure formed over the back
surface of the semiconductor die electrically connected to the second conductive layer. 9. The
semiconductor device of claim 8, wherein the interconnect structure includes: an insulating layer
formed over the second conductive layer; an under bump metallization (UBM) formed over the second

conductive layer.and gumpderped over he UBM. ,1Q..The semicendyctor device of.claim 7, further

including an interconnect structure formed over the active surface of the semiconductor die electrically
connected totRé fsfeondudive 1ay8F T 11 ThesemifcbRbttorddvics of Eflim T61\Fhéféin the
interconnect stiuctede jncglugdes: no connecting RDL is formed. A passivation

layer 248 is formed over semiconductor die 230 and 234, RDLs
238, and contact pads 232 and 236. THVs 240 and 242 are
formed in molding compound 250 which operates as the die
extension region as described in FIGs. 2-5. THVs 240 and 242
electrically connect to RDLs 252, which in turn electrically
connect through UBMs 254 to solder bumps 256. A passivation
layer 258 is formed on the backside of semiconductor die 230
and 234 and RDLs 252.

In FIG. 11, semiconductor die 270 has contact pads
272 formed on its active surface. RDLs 274 electrically
connect contact pads 272 to THVs (half vias) 276. Depending
on the electrical interconnect of the active circuits, some of
the contact pads 272 are electrically isolated from adjacent
THVs 276, i.e., no connecting RDL is formed. A passivation
layer 278 is formed over semiconductor die 270, RDLs 274, and
contact pads 272. THVs 276 are formed in molding compound 280
which operates as the die extension region as described in
FIGs. 2-5. THVs 276 electrically connect to UBMs 282, which
in turn electrically connect to solder bumps 284. UBMs 282
and solder bumps 284 are formed directly under THVs 276.

In FIG. 12, semiconductor die 290 has contact pads
292 formed on its active surface. RDLs 294 electrically
connect contact pads 292 to THVs (half vias) 300. Depending
on the electrical interconnect of the active circuits, some of
the contact pads 292 are electrically isolated from adjacent
THVs 300, i.e., no connecting RDL is formed. UBMs 296 are
formed on RDLs 294 for additional stacking. A passivation
layer 298 is formed over semiconductor die 290, RDLs 294, and
contact pads 292. THVs 300 are formed in molding compound 302

which operates as the die extension region as described in
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an insulating layer formed over the first conductive layer; and an under bump metallization (UBM)
formed over the first conductive layer. 12. The semiconductor device of claim 7, wherein the insulating
material includes a polymer, molding compound, or epoxy. 13. The semiconductor device of claim 7,
further including a plurality of stacked semiconductor devices electrically connected through the

conductive vigs; s 14oAsemicepdustay davice, CQmpRsing: a-semicondusiar digy | .8 dig extension
region including an insulating material formed around the semiconductor die with a back surface of the
semiconductdr'die"éxpGsetfrontthelhstfdtiitfmatérigual UBMs 306 to solder bumps

308. A passivation layer 310 is formed on the backside of
semiconductor die 290.

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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a plurality of conductive vias formed through the die extension region; and a first conductive layer
formed over an active surface of the semiconductor die electrically connected to the conductive vias. 15.
The semiconductor device of claim 14, further including a second conductive layer formed over the back
surface of the semiconductor die, opposite the active surface, electrically connected to the conductive
vias. 16. The semiconductor device of claim 15, fgythgrdincluding an interconnect structure formed over
the back surface of the semiconductor die electrically connected to the second conductive layer. 17. The
semiconductor device of claim 14, further including an interconnect structure formed over the active
surface of thersemicenductomndie: electrically connected to the first conductive layer. 18. The
semiconductor device of claim 14, wherein the insulating material includes a polymer, molding compound,
or epoxy. 19. The semiconductor device of claim 14, further including a plurality of stacked
semiconductar- devites eléctricdly conndetetcthrogghitiie eondective vias.

a semiconductor die;

a die extension region including a polymer material
formed around a periphery of the semiconductor die with a back
surface of the semiconductor die exposed from the polymer
material;

a plurality of conductive vias formed through the die
extension region including singulated surfaces of the
conductive vias exposed at an edge of the semiconductor
device;

a first conductive layer formed between contact pads over
an active surface of the semiconductor die and the conductive
vias;

a second conductive layer formed over the back surface of
the semiconductor die, opposite the active surface,
electrically connected to the conductive vias; and

a first interconnect structure formed over the back
surface of the semiconductor die electrically connected to the

second conductive layer.

2. The semiconductor device of claim 1, wherein the polymer

material includes a molding compound or epoxy.

3. The semiconductor device of claim 1, further including a
second interconnect structure formed over the active surface
of the semiconductor die electrically connected to the first

conductive layer.
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20. The semiconductor device of claim 14, further including first and second offset rows of conductive vias
formed in the die extension region. 21. A semiconductor device, comprising: a semiconductor die with
a die extension region including an insulating material formed around the semiconductor die; a
plurality of conductive vias including singulated surfaces formed through the die extension region; and

a first conductive layer farmed.yer.an actiye surface;of the:semicapdugtar, die elecrically connected to

the conductive vias. 22. The semiconductor device of claim 21, further including a second conductive
layer formed bVeF ATEEIESraceE BF the Serficandifctor die, opposite the active surface, electrically
connected to the conguctive vias.n2313he:semiconductosdeviee of ekaimc22duttherdncluding an
interconnect ﬁtgugtru.reaf%rcqned over the back surface of the semiconductor die electrically connected to the
second conductive fayer.” 24. The semiconductor device of claim 21, further including an interconnect
structure formed oven thedetivé surface tof the semieonduBtor die electriealy cohredtedsto the first

conductive layghduct ive layer.

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

an insulating layer formed over the second conductive
layer;

an under bump metallization (UBM) formed over the second
conductive layer; and

a bump formed over the UBM.

6. The semiconductor device of claim 1, further including
first and second offset rows of conductive vias formed in the

die extension region.

7. A semiconductor device, comprising:

a semiconductor die;

a die extension region including an insulating material
formed around the semiconductor die;

a plurality of conductive vias formed through the die
extension region including an exposed singulated surface;

a first conductive layer formed over an active surface of
the semiconductor die electrically connected to the conductive
vias; and

a second conductive layer formed over a back surface of
the semiconductor die, opposite the active surface,

electrically connected to the conductive vias.
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25. The semiconductor device of claim 21, wherein the insulating material includes a polymer, molding
compound, or epoxy.

8. The semiconductor device of claim 7, further including an
interconnect structure formed over the back surface of the
semiconductor die electrically connected to the second

conductive layer.

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

an insulating layer formed over the second conductive
layer;

an under bump metallization (UBM) formed over the second
conductive layer; and

a bump formed over the UBM.

10. The semiconductor device of claim 7, further including an
interconnect structure formed over the active surface of the
semiconductor die electrically connected to the first

conductive layer.

11. The semiconductor device of claim 10, wherein the
interconnect structure includes:

an insulating layer formed over the first conductive
layer; and

an under bump metallization (UBM) formed over the first

conductive layer.

12. The semiconductor device of claim 7, wherein the

insulating material includes a polymer, molding compound, or

epoxy.

13. The semiconductor device of claim 7, further including a
plurality of stacked semiconductor devices electrically

connected through the conductive vias.
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14. A semiconductor device, comprising:

a semiconductor die;

a die extension region including an insulating material
formed around the semiconductor die with a back surface of the
semiconductor die exposed from the insulating material;

a plurality of conductive vias formed through the die
extension region; and

a first conductive layer formed over an active surface of
the semiconductor die electrically connected to the conductive

vias.

15. The semiconductor device of claim 14, further including a
second conductive layer formed over the back surface of the
semiconductor die, opposite the active surface, electrically

connected to the conductive vias.

16. The semiconductor device of claim 15, further including
an interconnect structure formed over the back surface of the
semiconductor die electrically connected to the second

conductive layer.

17. The semiconductor device of claim 14, further including
an interconnect structure formed over the active surface of
the semiconductor die electrically connected to the first

conductive layer.

18. The semiconductor device of claim 14, wherein the

insulating material includes a polymer, molding compound, or

epoxy.
19. The semiconductor device of claim 14, further including a

plurality of stacked semiconductor devices electrically

connected through the conductive vias.
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20. The semiconductor device of claim 14, further including
first and second offset rows of conductive vias formed in the

die extension region.

21. A semiconductor device, comprising:

a semiconductor die with a die extension region including
an insulating material formed around the semiconductor die;

a plurality of conductive vias including singulated
surfaces formed through the die extension region; and

a first conductive layer formed over an active surface of
the semiconductor die electrically connected to the conductive

vias.

22. The semiconductor device of claim 21, further including a
second conductive layer formed over a back surface of the
semiconductor die, opposite the active surface, electrically

connected to the conductive vias.

23. The semiconductor device of claim 22, further including
an interconnect structure formed over the back surface of the
semiconductor die electrically connected to the second

conductive layer.

24. The semiconductor device of claim 21, further including
an interconnect structure formed over the active surface of
the semiconductor die electrically connected to the first

conductive layer.

25. The semiconductor device of claim 21, wherein the

insulating material includes a polymer, molding compound, or

epoxy.
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