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 functisEITRaEssaTY O DEAQitE! RNs eMEMAEOIAtN SFORMING! M RGUGHaghLEe of sesniconductor
devices involves formatidh DI B BARENSRON] REGDON tAROUND. PERIBBBRRY0OIFUMTE 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 highgr=depsiLinieqrated cirguits, (I),at lower cost. Flip chip

packages or wafer level packages (WLP) are ideally suited for ICs demanding high speed, high density,

and greater pirn coBREFINFERD {5 packading Snvoides Frotmitiny e SEfve srieSdftherdie facedown
toward a chipsearrierisetbstrate o€ phinteg ek euit boasth(BEH): Fhe eleetricahand mechanical interconnect

between the active gg\t/llgzes on }heefglre and CQQQ ction tracks on Ehaeccarrlecrhseubgtrate is gchleved through

a solder bump structure éérrﬁ%rlsmg aﬁartgoe Aumber of conductive solder bumpslor}lbsa{h%. The solder
bumps are formeerby: atrefloeprocess appliedtossolder faeariakdépesitedl 6hcontgctigads 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 sUbEraf83n order’fUretEYSiGRAl Fropabtion” idtWer-éapécitance, and achieve
overall betterwirgiitperfommaneeie suitdhlmanyapplications rtisidesirgblerte Mesticallynstack

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

area of the dieger threugla samastreetsiom thewader prigr te any:digingaperation: Jheprocess of drilling
through hole vias in the active Er.ea of thf die or in saw streets on the wafer can cause damage to the

wafer and/or @8 T ¥ ATedd eRists 1o intBrionhect Stacked semiconductdidie WithGtt diiiling through

hole vias in the @etivé aréa of tke tie edavsawcstrestsorrthieowader: Sumisiapy 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 is.farmed.gver; a hack surfage, of the semiconductar die, gppesitg the active surface,

electrically connected to the conductive vias. A first interconnect structure is formed over the back surface
of the semicdrdfets die eigcificaily connettedto tfe 8866n& Eohbicive I&fer™™ S2 In another
embodiment,dheqaresephinveationis a semicondietorgevjee comprsing fesemicongtciardie and die
extension region |nclud|ng%ﬁn insulatin 1_[nsatt%lall1r‘]()crénrecdofal%ou d tshcea(s:%méc%nductg%gle.&Plurallty of

. N . nee %Xl ec de eITI\lC ( UfC
conductive vias is formed through the die extension region. A first conductive layer 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. & Hliiaditylofeartdestive 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 £8eRfdsTdLctof e WitR%Edie éxtBnsior redién dncluding an insulating

material formegraresngtbessemisonductangie : Aiplyrality of cepductive viasiis fapmeditbrough the die

extension regeig){@.e A Sfirstn c%rédli%tiveilagirl ;ifi];?rmaed 0\{erm %n an%i\t/e syrfac&%f H{[QS saerrgié:r?nductor die
electrically connectad 18 the TorauttiVe Vias Brieftesdliptioh of the Drawings FIG. 1is a flip

chip semicongerctarrdevice Wwiththsoldemn baempsiprovididigeslectical inteficorinect betwdentarvactive area of
the diel and a\ﬁr'gg cg,gri%%jﬁ%gra&tg'rough th‘gl% @%gﬁl%;@tg@ggg}ges%ofgggg@g 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, kerf filling, and lamipation - rlGs8a-8¢ lustratea ssmicendycier 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 RiththtGagR hole haff Hhd full iasForhtéd aSloffttBws i dieféxtension
region around & peripherywofitbedqlierthe diecFKx$.Ba-8brillustratera semiearductor package with through
hole full vias formed In a dig extension gegion around a periphery ot e-dies ¢ 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 thg.dig and,YBMs faresolder bemps formed digecty updee THYVS, andn 2 rouflS. 12

illustrates a semiconductor packagg with THVs formed in a die extension region around a periphery of the
die and backSide eI Bumpmetallization. Detailed Description of the Drawings The present
invention is described in onexr.mose Bmbadiments e the fellowingdescsiptioadnith seference to the

Figures, in which like numerals represent the same or similar.elements. While the invention is described
in terms of thgrﬁfeosl%%olég %r ac Elgvﬁﬁ%o{;hgeui?nge\ﬁﬁSﬁ'sgoqrﬁggﬁlvgssf it \?Vﬁﬁ%lg a]E)%VI:’eSCi%l?eC? b§ hose skilled in
the art that it icirtended to eover akematives, arodifitations; andreqdivalents 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 wafgr has.an.a¢tive side.containing the transistgrs gnd other active and passive
components. Back-end manufacturing refers to cutting or singulating the finished wafer into the individual
die and then packaging th&tfie f8F straciutaFsidpott Aharorerifdnmentdf fsolatisnl ves A
semiconductaowaferigenerally Ineladesan aetive: synfaea having semieanductiendeyiees disposed
thereon, and g backside surface Jormed.yith bulksemicanductor material, ¢... glicon, The active side
surface contains a &urallty of semiconductor die. The activé surface is forme %y a variety of
semiconductenpraressescinéiuding saysiie patterningg, dopingrand heat treatrhent. In the layering
process, semicepAUCIQL materals.are; grown, 9F deposited anithersulistrate hystechniques involving
thermal oxidation, nitridation, chemical vapor deposition, evaporation, and sputtering. Photolithography

Involves the fmA3kiHY oF alsHsT6Fthe Sifacs Bfid BteEfing &iay Undesired maleridl to $8fn specific
structures. Thedoping processdnjects toncertrations of dopaat material by ¢hermal diffusion or ion

implantation. ; ..; - Glip, Chip seconductar packages and wafer Javel packages (WL F).are, commonly

used with integrated circuits (ICs) demanding high speed, high density, and greater pin count. Flip chip
style semicorfdiictdfdévice TPTHoes MbhAtihg Arcactier ared 12 Of e 13FacB8o#rtoward a chip

carrier substrate of pEinteshgcuit board §REB)kG: asshowndn HGy 1- Active areaclZ egntains active and
passive devices, condetive I%yetrs, and djelﬁcgic layers ac%ordi%% to tlgje electrigal Oldesigc;ln O?f the die. The
electrical and fhethaRical intefcontiect 18 Achisved through a solder bUmp sfrtidturé 20 &8imprising a large
number of indiicluabeohductive sbldetbumps os balls 22 ahes solder bummes are formed on bump pads or
Interconnect gites 24, high are dispased.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 ffterESHHECt Site¥ P6°6n EarfidPsubistiate 166y £ 8older t&ffow process. The
flip chip semiganductor weviceypeaides adcshars electrical condustionquatbiearmdhe activezdevices on die

14 to conducggg ]Eracclfs on c§rrier S%Jbrsr'%reaée ‘}Ptilg %rglfﬁto reduce giLIgCnCa(I) Pro%%%artil%rl, lower capacitance,

and achieve overa?llbeettéc’ru(ﬁrc%(fteper ormance. IGs. Za-2¢ IMustrate a proces$ of forming through

hole vias (TH¥s) on & petiphery of aesamicorelueiciedieun agafardevelickipsdale patkage (WLCSP)

using a transfgr melding cempound; ithe TH\(s are farmed, through asnenpcaRdugtive,passivation 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 36ds transferred and.affixed je coverlay tape 3Q.withiits active,surface and contact

pads 38 oriented face down onto the tape. Likewise, semiconductor die 42 is transferred and affixed to
coverlay tape”30 Wift itS Jefive Stfface afd BoRthct pads44 Brdhted fice) ddWn dhitothe'tape, and
semiconductandier4f isi transteriec-and affixed to coveray tapea 30 usiag ghe attash material with its
active surface, and contact pads 48,oriented face doyn on (hetape. Semicanduclor gie, 36, 42, and 46
can also be mounted to cover}lay tape 6 %smg’ post wafer saw tape transfer. n %ICE. 2b, a transfer
polymer moldihg cohspdurid- 80 ideeposited droandieperipheryedsemicondurtor die 36, 42, and 46 down
to coverlay tape-3Q.,the polymer melding.carapoundRQ forms-a.nan-gorductive diggxtension region
around a periphery of semiconductor die 36, 42, and 46. The coverlay tape is then peeled away to expose

the contact pals End active’ r6RTSkE o Serfliconddictor iiBSds, 42, Hit 4691921 In FIG. 2¢, the
semiconductondi¢uareinyeretidstchothap the cohtact patts.and active front sidenpf semiconductor die 36,
42, and 46 fage Upward, Tﬂl%% Slga%rg formed in the die extension region hetween semiconductor die 36,
42, and 46 by etching, laser drilling or by any known conventional methods. An electrically conductive
material is depoBireddf THV3E S2Lusingat evaporatioh, Rietralyae plating whectfoless pidting, or screen
printing process: ithe eqnrdugctive matedalcan bealuminug (M), soppee (Guhdin (Sn), Tiekel (Ni), gold
(Au), or silver g%@ %edistrib%ion IayerlgRDL), 541i§ formed bet\geen Tl-é\{s 52 and tr%e respective contact
pads 38, 44, 3RU48 of SemicSHdGEter ie 3642 °and 48" ROIS B4t be made With AT aldminum
copper alloy (ACwy cCupad CwralloytRDEsBoperateeas an intermediateconductiontayento route

electrical signals betwegn. THYs B2,and contact pads-33,44, and 48. ARassivatin jayer 56 is formed
over RDLs 54, contact pads 38, 44, and 48, and semiconductor die 36, 42, and 46 for structural support

and electricaFiSBltonP T PH<EiTatIaN T 56 C5h e fat e RitA SRicoi didxide S102) 8ficon oxynitride
(SION), siliconcitrde (SixNyd spelyiraite (RI),deenzocyctohidene {BEE), polyhenzoxazole (P30), or other
insulating mag%%aslt at 1dkn Ii:IGbgg,eI]?DtLos 58@(%%@@@9% ona 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 evidep banyd netallization (UBM) 604s 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"9BMY 66°A passiVatih fayRr 62850l et RDES B8 &h§ Trafsferolding compound
50 for structuvalfsuppartand@iectrisakisolatiotkage (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, iie. Solgler aterial 5,63 percentyeight of 9n,and 37 percent weight ofPb. The solder

material is reflowed by heating the conductive material above its melting point to form spherical balls or
bumps 66. In“omé apiRafi6AS SSoIBBFRbaASEE are reffdREdS séébird tihe'td impidve electrical

contact to UBMs 6= UBNMs=0: andsoldenrhumpskt represent anedype ©f intereonrnact strusture.
Semiconductor die 36hé2 and 46 %(lec%ingu@tedgéoqg tr%er die §>e(trensciion r%gig9fTheop[g§xtension region

is cut by a cutt?r?gefooal such as a ‘saw or laser. The cutting {oor comrp?ete?f Severs the die extension region

to separate tiedigilay tapI&0 2esiflostrates serhivonducterdie 36'idllbwing siegulation of the die

extension regign tarQuahha cepterareaRiiEHYs 32 ikach semicndugciar 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 2EIGY 3231 MUSHals aRaterfdte"@mbodiment of forming
THVs on a peripkery=of & semicanductordiginta WEESR;dn thisceaserasiagear 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'ghcpRefdtictnoidingtompeunaBais ddposietcartifea petiphery of émiconductor die

72, 76, and 89rand suted:nl he; maldingicompepad B4, forms=a sie extensien degignigundnifie periphery
of semicond (Ij'orfdie 72, 76, and 80. The encapsulation molding compound 84 can be made with epoxy

acrylate or other palyfier material” The carfier tape 7018 temoved; o0 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 semiconductar.die 72, 76 ansk80 face upward. RDLs 88 are formed between 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'CG Mo *RDLs 88 Dpkratd'ds aninterfiediafe” tondictisN YayeMtolrotite efectrical signals
between THV®86 anskeenrtagt pads t/h, & 8( Brwl) 82 oA passivationdayer 995s formed ovee RDLs 88,

contact padsféﬁ%a@nd 82 %rédr setlniconductor die 72, 76, and 80 for structural support and electrical

isolation. Passivation I%lrf/%rrg% can be made with Si02, SION, SixNy, PI, BCE, PBO, or other insulating
material. In FIG. 3énRDIS-92 dre foimed drra atksitecofthessemivondietorfdiehepposite the

active front sigle, and-electrically contagiibeshackside of TH\S 86,RPLs:92 can he,madewith 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 86andbUBMs 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 1 callanceiaesicallf Conduttive Soldermatéiral igelepositetf vvet UBMs 94 through
an evaporatiam&leetolyticplating; electelesspplating, ball, degp, picsciaan printingRreeess. The solder
material can Qg any5r§1etal or etlectricall c,ongluctiv m%terial, e.g.,tSn, Pb, Ni, Al%, Ag, Cu, Bi and alloys
thereof. The Solder MateRal f& reffowed by heating the conductive material Above its melting point to form
spherical ballslgrdiumps 109. Jn soméappteatiGins] solderbdmpsMO® are réflowed avsecond time to
improve electyical coptact {0 HBMSO4ver _RDL%e@BC%CEQYa%@f@ 78 and 80 arg singyated along the

die extension region. The die extension region is cut by a cuttin%; tool such as a saw or laser. The cutting

tool completely se9&rSthe dieéxensiorPegiort 16! sepafdtet cal 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. o) _E&ﬁ%&é@é@;}"‘é@(z@&a’%ﬁge&a&ee@@QBQ%%”E%U?&Wi%TEE\{a%QQ@epe”phefy of a

semiconductor die in a WLCSP, in this case using diced wafer expansion and lamination. In FIG. 4a, the
wafer is diced 3fd%émiconductor die 112, 116, and 120 are transferred to carrier tape 110 with contact
pads 114, 118, and 122 facing downi towardthecarseniapeiductor oG @b she catrier tape 110 is
expanded by a forc lied to the longitudinal axis of the tape tp.create a greater physical separation
between the aﬁer}%?aara’ngﬁ%%oﬁgorpeﬁnecggs%Iaetzfc}gne %Soﬁafﬁgrggﬁgguggrfﬂ% e&)esﬂtte%aﬁoruen% a periphery of
semiconducterdigfiVe2 5216, dird-20<anic-emrtie: The dncapaulation mdlting Eémpbund 124 forms a die

extension regign arqund & peripheryefsemicondustordie 2 J16, 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 G0t Aréind &S& pHaRsTF micdhiductor die

112, 116, ancA2@n 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 sigler8f.$emiconduetorrdiesrEREre] dtid £26 $8c€ eptriFiCRDLS128 atefbfmEd between

THVs 126 andtherespestive gontact pagdsel t4.nkl8,andh122 ofsemicendustordie 1d2: 116, and 120.
RDLs 128 can be made with Al, AICLIJ,egu, or Cu alloy. 3DLS 128 %Berate as an in]t rmediate conduction

layer to route dlectrical Sighald Betfiween THVS 195 and Contatt pads f14 118, and 122°A passivation
layer 130 is fermed ©ver RDEs 128 coathct pacsrili4rl I8rand 022 1 ahd semieondoetds die 112, 116,

and 120 for siryctural suppod-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. 3¢, 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 laygr, i, Feutgelectrical signals between THY.S 126;ahd UBMs 134, A passivation layer 136 is

formed over RDLs 132 and encapsulation molding compound 124 for structural support and electrical
isolation. PasSivatidi fayel 188°Gan’ e made Hith 8102, SIONE BiXRy, PT, BEESPBO, 6F other insulating
material. forAdcelectriicallyiconglictive :sodder material4s deppsiied aver WBMs 134 through an

evaporation, eleemcircoé%tg:u I@(’giggdleleecl/' Ies]% plaﬂ{‘@’ g)@ll tdorgpsgg screen ErintLil%% gggceassd The solder
material can be any metal or electrically conductive material, €.g., §n, B : N u, Ag, 8u, Si and alloys
thereof. The sdlder natetial Boreflowstd by Preatingatheconductive Haterial abovedss melting point to form

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

along the die extension re§ibr. 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, singylatipn 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'digsexténsiohlregiort AwayfromtthelTAY5CEach’séfitéondutfordiie tast&Similar final

configuration, GontactRads-414 eleatdeally cannect-threugh RDLs 128, THVs 426, RDLs 132, and UBMs
134 to solder bumps 138t, asUthown%quB FIG. 4f. IT another ertnb,odiment, UBI\/}IOs 134 is formed directly
under THVs fﬂ%,owﬁf%%nellmma%s §Ygbnciude B ESTEAY iflGLtrate AR alterhate embodiment of
forming THVS anea petipbepdbfa isemitonductorkiié in aANVLSSR L this ease usingnditedtwafer

expansion, kerf filing. apd laminatian, In KIG. Sa the wafer isdiced-and,semicondygar die 142, 146, and
150 are transferred to carrier tazge 140 with contact pads 144, 148, and 152 facm% down toward the
cankwtape.and 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 1is
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 maferfal is Hepbsiteéd it THVS 1B81EiAY ancévapsration S elettidiyti plating,
electroless platingy 0b sereeroprintirg piecess: dihei conductivenmateralgambeMr €4, SrsdNi, Au, or Ag.
In FIG. 5d, thgfselrmgzonggctoré:ge are irq\{%g%gusgcg th%%'éhegcgn'[gcggggg arndfz%%tg1 e side of
semiconductor die 152, 146, ancﬁSﬁeface upward. RDLs 160 are formed between THVs 158 and the
respective coptadtipads 1440148 Cand 452 slsEmiconediretdrrdiealld?; 146 ek 150 -RDI 160 can be

made with AlrAIGUeGU, on{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 RBT'E160, dortactfads 12421948 5hd 8% HHFSEmicONGuctdr did TA2™E46, and 150 for
structural suppiort andselectical isolaticin Pagsivation layend62scabbe made with 5102, SION, SixNy, PI,

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

semiconductor die, opposite the active front side, and electrically contact the backside of THVs 158.
RDLs 164 cahBé"aiste With AR AICBECHR bR OU afloy AYIBNPTEE iS-8&p6asited And pPtterRed to

electrically contaehRPLs:164 nione emhodiment, UBMs 466Jnay include mwetting layes, barrier layer,
and adhesive |layer. RDLs 164 operate as an intermediate conduction layer to route electrical signals
between THVS %(58 Hhd OBME i%%.rAlﬁaéjsli\(fggllor? Pa%e?%%n%]?r%%%roﬁelrﬁﬂ)g 164 ghd epoxy adhesive
sheet coatinga 186 f@0strueturalesupport addtetectzical solatrore Pdssivation layer 468 cardibe made with
5102, SION, $ixNy, 1Rk BCE4PBO, orather insylating material,. . A} 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 singulated along the die, extension region, The die extensign Jegiqnuis.cutby, 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 SemicONdUCIGCaR M4 filldWiRg Strigulatibn oFitfe Hi extéit¥icn tédion® TheSexpansion of the
die extensionegion provides greater area tofoun multiple offset.rows of filkviasandsingulate through a
portion of theidigeerx%ggslig Je i%n g\évgyofrorp athnglEIVs.r(I)Eggh S rgicong‘%{%grsdie ha a similar final
configuration. Contact pads 1 i e?ectrlcaﬁly connect t%rough RD STG]@, S igﬁ, DLs 164, and UBMs
166 to solderdsuips1707és showahd FIGRERAR arfsther émbodifentidBMs’ 1664s formed directly

under THVs 138,.which:glimnates RDks 164¢ormeq H.e2CREMbAdiment ofHGs. Z25asthe top and

bottom of the WLCSP are interconnected by THVs and RDLs so that device integration can occur by
stacking the sericonductdrdie’ The TAYsSARYOrMRE W0t drilling hoté in tHE'adtiVe &R%a of the die or
in saw streets of the wadér. Rather, tthenbHYs<arercreaied 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 eoRdiéive fayers of the semiconductor die. Further detail of the

die interconnect through the THVs issshowprip RI&S. 12 rl-hes. Ha-6bpsertcenrdugstor die 180 has
contact pads 182, formo?d on its ?active surface 192, RDLs 184 e%ectricall ,8onnect contact pads 182 to
nau 6 ront éé e

THVs 186. DEFERARG O 1 efecticSRRTEreoRNEat of fhe active Sircuits: Somé of the contact pads 182

are electricallylisolated frohy adjacerttTHYs 186;%.e1,d%0 configeting RDL iRfgrmeld A passivation layer
188 is formed, over semjigondugtor die-180-RDLs, 184, and gontact pags 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 cAHipSaRd 1907 the bagksite dfsemicontilictor'die ABD-E4r bRYetndved, i€l the backside
of the die carvhe expoesednénplurality ©f semicapduetor ¢ie canwhe stackedanrd inteeconnected through
THVs 186, aﬁgggwn in Fd!Gaidquésive 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 passiugtion Jayer 188 is formed aver sempiconductor die480; RDLs 184 and
198, and contact pads 182 and 196. THVs 186 and 194 are formed in molding compound 190 which
operates as theUi€ extension reyidif'as destriBedin FIERS 295 TR portiorr Bf Afoldiy compound 190 on
the backside of semicanductor gie 1801canube remaveshiieqrthedacksiderattha.dieiean be exposed. A
plurality of setr%iggnggctoiedciee can be gtrasckgqeargidl ientgrqgnne{:(g%d tréroygrrl} '];I(—)|Vs§el86r ggd 194. In
FIGs. 8a-8b, semicon Gctor die 200 has contact pads?§ )7 formed O 1ts active surface 218. RDLs 204
electrically correct tontact pads 202 to THVs (full vias) 206. Depending on the electrical interconnect of

the active circuits, some of the coptact pass:202 are lectrisall-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 formetinThbidifg Comsttd 210 Which Bietated a8 thé e extension
region as destribeskinehRl&GnR2-be THMs 206 eleetricglty sonneetrtoaRDL sf21 2y wihithiinitarn electrically

connect throygh UBMS 214 to.sqlder bymps 216, éi@?&éi‘éaéieonc@n}@ﬁ%%oa@sgg%%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 SerfibRabEtst die 200nis3towrt 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 %tjlvee Eircuits,, some of the conta adshZOZ are leg%ctricaﬂggisoé%ted from adjacent
i |

THVs 206 and™222, .e., no%%%%le%ﬁngyRSEr}g?grtmé—‘ . Rup%ss%{vDaIfﬁ)n layér 2253s tormed over

semiconductdrdie 200, RBlls 204 aivd eontéet pads202L. JHVs 206hamd 222 aeForrhed in molding
compound 223 which gperalgs as; the,die extansipg region:3s described in F)Gs, 25 5. T\s 206 and 222

electrically connect to RDLs 224, which In turn electrically connect through UBMs 226 to solder bumps
228. A passivation Byer228%isTormea dritieSbdciéside of semiconductor die 200. FIG. 10
illustrates a multi-die configucatiors ef the WLGSP: Semiconductorie 230has 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 electrlcaﬁl)?connect contatt pags 2732 and 238 to]ﬁg\r}s% uliVias) 240 and . RDLs 238 also
electrically coriheet tontactpausin32 dd contatt padssX3e.nDependingrdn fhie 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 ‘cohaétipads 232 dnd 238 STRVSS40 AantP247 Gfe féifted i nfoidihg compound
250 which opesatescas theldiel@xtensioh regidn Bs2describey oG 2+br I HV's 240ranick242 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 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 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, 140,
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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. 144Vs 26 argformed.inimolding compound, 280 which operates ag the die extension
region as described in FIGs. 2-5. THVs 276 electrically connect to UBMs 282, which in turn electrically

connect to sold&rbdmpsPe4 UBMESISR Arfi-<6i8er BURTIS 284 até tBrirféd threctly under THVs 276.
In FIG. 12, semisontbictarsdie1290 has contactpads 292 fonned oroits: astive sueface. RDLs 294
electrically connect contact aacdesr%%% to, Jr'fl\é (;allf vi@s) 3&(]) q\gperpdng on the electrical interconnect of

S
the active circuits, some of the contact pads 292 ate e}le’ctrlcélly [Solated from gdjacent THVs 300, i.e., no

connecting RDL is formed! WBMS 298 are fornesdion ROLS 294 fbr addittonal statkidg sSAdfassivation
layer 298 is feped Qyer semigendugtor die, 290-RRLs 294.and contacipads-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 toPRBLE>304 fichaH 3G eldtticallofitéct thrdtigh BEME 306 to solder
bumps 308. Apassivatioarldyehd104s fermed endbetzacksidelof sémicanduyctendiel2900f While

one or more %@PP%’E‘&H{:%SBUU%Q%H‘} _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 présentidiehtidriias 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 is
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; a plurality of conductive vias
formed through the die extension region; 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 a back syrface.of thesemiconductordie, opposite, the active surface, electically; connected to the

conductive vias; and  a first interconnect structure formed over the back surface of the semiconductor
die electrically CSHrected td' e §é8dnd ToRductive Iayer. - THe sefficortductdr dévite of claim 1,
wherein the palymes nmateriab ncludes: advoltinrg cempaid 0sepexyowed 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 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. Ehe semiconpducter devicg.of claim 1, wherein the first intgrconnect structure

includes:
metallization

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

OBM) formeddverthe’'Secorfi dénductive [a§er; &g 6P, 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; a first

conductive layer formed, over ap,agtive swiface of the.semiconductor die gleetrically conpigeted to the

conductive vias; and ~ a second conductive layer formed over a back surface of the semiconductor die,
opposite the BER7E Stfdce elettricaiyontictted 16 THE CORAGELIGE vids act+ve

circuits, some of the contact pads 202 are electrically
isolated from adjacent THVs 206, i.e., no connecting RDL is
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 laygr.and gumpplermed aver the UBM.,1Q.sThe semicendyctor device ofclaim 7, further

including an interconnect structure formed over the active surface of the semiconductor die electrically
connected to4Ré f8Ccarductive 1ay8F 11 CTheXseriicbhtttdrddvics of chiith 16 \whérdin the

interconnect sttuctz4e jnaludes: 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 viasc J4. A semigorducigp deyice, comprising: A semicondugipr digs, @ dig.extension
region including an insulating material formed around the semiconductor die;

in turn electrically connect through 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 a 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 theisemicenductomndie: 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
semiconducter-devites Electricaly eonnéetetthrogghiire edbndective vias. 20. The semiconductor device
of qlalm 14, further including first.and segopd offset rows of conductive vias formed in the die extension
region.
g a die extension region including a polymer material
formed around a periphery of the semiconductor die;
a plurality of conductive vias formed through the die
extension region;
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 a 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.

4. The semiconductor device of claim 3, wherein the second
interconnect structure includes:
an insulating layer formed over the first conductive

layer; and
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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 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, 3 sgcond qonduchive layer fiarmed qveng back suiface.of thesemiconductor die,

opposite the active surface, electrically connected to the conductive vias. 23. The semiconductor device
of claim 22, fGRREFfHciding 3 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 f??tgr%%?nf%%%n%ﬁ“%%&? E?%@ﬁ%’eo‘é%r the.agtive surface of the segiconductor die
electrically connected to the tirst conductive layer.
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;

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.

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

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.

14. A semiconductor device, comprising:
a semiconductor die;
a die extension region including an insulating material

formed around the semiconductor die;
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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 a 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.

20. The semiconductor device of claim 14, further including

first and second offset rows of conductive vias formed in the

die extension region.
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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 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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