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 vies formed in a die extension region around a periphery
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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-



packages or wafer level packages (WLP) are ideally suited for ICs
demanding high speed, high density, and greater pin count. Flip chip style
packaging involves mounting the active side of the die facedown toward a
chip carrier substrate or printed circuit board (PCB). The electrical and
mechanical interconnect between the active devices on the die and
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from the active devices on the die to the carrier substrate in order to reduce

SighAT propagation ioWe capatitahce and d8hfdve ovirail batter Cireuit
perferimance Inimarnc applicatiorsy¢eis dasirable e vérticalty stackre die
senieondueterdienfar-greates deviee dategration.sre- 4pinimize dptereonnect
royting, The electrical interconnection between stacked semicondiictor die
has been done with through hole vias which traverse from front side to the
back&idie"of tie Hie “Thethrotight hBie vitrs afé fonmed by PUiifiihg tirough the
activerareéacof the dié or throvgh sawr Streeéts orsthie svafereiorto any dicing

opergtien.- The, precessaf drilling.thretgh-hole viasinithe active area of the

die. g1, sau sircets an Ihe waler.gan cayse, dampge [0, th wafer andiey de
A neeél exists to Interconnect stacked semlcon&lu&or drle WIﬁ'IOUt rlﬁng

throtigh" Rotiasin i@ alctivecared ot thé 1 i ofin S Sree-6A the wafer.

2 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 wvias 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 prior to any dicing operation. The
process 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 die.

A need exists to interconnect stacked semiconductor die
without drilling through hole vias in the active area of the

die or in saw streets on the wafer.



Summary of the Invention In one embodiment, the present invention is a
method of making a semiconductor device comprising the steps of providing
a wafer having a plurality of semiconductor die, dicing the semiconductor
wafer to separate the semiconductor die, transferring the semiconductor die
onto a carrier, forming a polymer die extension region around a periphery of

the semiconductor die orsthggayriek karmoyigthe &arrier, forming a plurality
of through hole vies (THV) in the polymer die extension region, depositing

conductive material in the THVs, forming a first intermediate conduction
layer betweerr ¢otitaet paris-on @ frantssideof thee Seaticont LR Bieanfthe
TH\s, ifamingea seconc-intermediate condtictionlayer an<a backside of the

semigonductor die in electrical contact with, the THYS, forming an ynder
bump metallization on the backside of the semiconductor die in electrical

contactWith the" SBLoR itbetiate cohdUditit &y er: foritiihg & pltirafity of
soldier buimpsséathengnder bismpanedaliizatiohl ard: singulating ¢through the
polysmer die extensian region-ta sepasate the -semieondustee digrHin-gnother
embodiment. the present.inventionis a method  of making a semiconductor
device comprising the steps of providing a wafer having a plurality of

serrficBnatictordie; 2 didingthetSemiednbtittor witer 16 Sepdraté theo L ymer
semiieorduetor dier trainsierrirg theé semiconductordietocacartierpfoiming a
diergx@nﬁeen{ﬁgioe @rpmd @n@%ﬁﬁ@@ﬂé&i tlslsn&@&ﬁiﬁ&mdl_té@@f %%%H%e _
cairier, [emoving e carrier,, forming 2 phurally,of THS in tng.die extension
region, éepgsmng conductive material in the ﬁ%/s,r}ormmg a first
intéfMedidter EoReugtivPCIayer Between torftace padston a ot side df the
sepucenduetarrdicnandsthie-d s tandsingitating cthrotugh the: die extension

regﬂ%?%%%%Paﬁﬂ¥hQH% an under bump metallization on the backside
of the semiconductor die in electrical contact with the
second intermediate conduction layer, forming a plurality of
solder bumps on the under bump metallization, and singulating
through the polymer die extension region to separate the
semiconductor die.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a wafer having a plurality of semiconductor die,
dicing the semiconductor wafer to separate the semiconductor
die, transferring the semiconductor die to a carrier, forming
a die extension region around a periphery of the
semiconductor die on the carrier, removing the carrier,
forming a plurality of THVs in the die extension region,
depositing conductive material in the THVs, forming a first
intermediate conduction layer between contact pads on a front
side of the semiconductor die and the THVs, and singulating
through the die extension region to separate the

semiconductor die.



semiconductor die. 3 In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
disposing a plurality of semiconductor die on a carrier, forming a die
extension region around a periphery of the semiconductor die on the carrier,
removing the carrier, forming a plurality of THVs in the die extension region,

depositing.conduetive dmaterialinthe 1HVs celegtrically, copnecting centact
pads on e semiconductor die to the, THYs, and singulating through the die
extension region 1o separate the semiconductor die: In another embodiment,
thelpresent Ve ition #s- &t Semicttithrctor deviee Eomprising & $éfificonductor
diet anpolymendie extensiosnregiondioraied afouncka perpkhens of the

semigondystor die, and a,plyrality. of 1HVs formed,in the polymer die

extension region. The THVs are filled with conductive material. A first

elebtfiar oAnBElioh'is thatle Betve&n 'Cohtatt patis™8R 'S frdrit%ige  of the
seneonductor diencrnd te THVS: BriefiDesctiptiors of the Drawmgs FIG. 1 is
a flip chip semgiconductordemcelwthessalder cbHmps providingelectricaly s,
interconnect between.an aetive, area,of the die and a chip carrier substrate;
FIGs. 2a-2¢ illustrate a process of forming THVs in a die extension region
ardditd SPenphety ofthétdie using a transfer molding compound; FIGs.
3a-3f illustnaterformatiensidfHy/g in ahdiecexdensiomyegiorraroand a

pedphery of thediesusing-adigo sinking an £paxy. adhesive sheet; FIGs. 4a-4f

llustrate formation of THYs inadlie. extensionegian around apcrighepy of
the die using dice
semiconductor die, and a plurality of THVs formed in the
polymer die extension region. The THVs are filled with
conductive material. A first electrical connection is made
between contact pads on a front side of the semiconductor die

and the THVs.
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



wafer expansion and lamination; FIGs. 5a-5f illustrate formation of THVs in a
die 4 extension region around a periphery of the die using diced wafer
expansion, kerf filling, and lamination; FIGs. 6a-6c illustrate a semiconductor
package with through hole half vias formed in a die extension region around
a periphery of the die; FIGs. 7a-7b illustrate a semiconductor package with

thr@%%@@lﬁahégg%@l full vias farmed s affsetraws in; a digiextensien region
arouqf::i a peri ipher ?le FIGs 8a 8%|I![ustrate a semlconductor package
with througit Role lﬂ[was ormed inH die extension region around a
periphery of thefdies FI®s.°0aidd iistrate a semicorductorpacikdge with
threugh hale-fulhvias tormed as effsetrows imaddiei €xdension segioryaseund

a periphery.of the dgugrgl(gf 10, lllustrates a semiconductor package with

multiple semiconductor die having THVs formed in a die extension region

around a peripHeryof the die: lI'—lI]G1 119liGsftated S 88MIC5REURTST package
withi THVsforated id a dicléxtersionlregionsarountd periphésy ofr the die
and WBMs feesolder bumps fermpeddisestly under THVshand F)G. 12
illustrates a serglfgndLg:tog}QackﬁgsecwnEh THYs formed in & d|e qg%nsmn

semicon

region around a perl%rery of the die and back5|de under bump metallization.
Detaitéd DeseApti6A of the' brawirigs THE préent fridetioRTis tésciiféd in
onemrumbre embodiments inlthedddowing description with reference to the

Figures, in whichrlike numeralsirepresent thessame ahsimilaelemeats.
VVQ%%}P%%@%%GEOQJ(Q%ﬁﬁqb%q;gt§glﬁgd 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
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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 5 the invention as defined by the appended claims and their
equivalents as supported by the following disclosure and drawings. The

manifacturs, of semiconducton deviees inyplves. Jormation of @ wafer-having

a plurality of die. Each die cogt%ins hungr%qs or thogsanlds of trans&stors and
equivalents ,as supporte: W t%e ollowin 1sC oiurF.aﬁ
othef" active and passﬁ% devices performing one or moreé electrica

furfétishs'For a given wafer, each die from the wafer typically performs the
same electricalsfunciion d=ront-erd i manutacturingvgeneraty sefess to

formation of the- semicendyctor devices.on the wafer, {he fipished wafer has

an active side containing the transistors and other active and passive

coMPUHents. BRER-EHY Manifatithng fers 18°¢GHHG of Einghlikiing the
finished'wafef irosthie’ ndividiurals dieaid thew packagingathe dieeforrsiactural
suppedtandior emdronmental isptatione Acsemieonductenwafer generally
includes an 93&’% surface haying semiconductor devices dispased thereon,

and'a backside surface formed with bulk semiconductor material, e.g.,

siliBBRY THE BELVE SigRSarfake cdritains @ pRirafity %f SénfiGnductor die. The

active swrface i fodmeddsy aowvarietyveffsemicGhducioriprecesses rinchsding

layefing, - patterning (daping.:and heattreatiment. In the layedng. process,

e e

defBSiticl, eFaporationand spateting PRoGIfRbGrapRY AvolvES Tigual

maSiéngref aeas packaging the die for structural support and/or
environmental isolation.

A semiconductor wafer generally includes an active
surface having semiconductor devices disposed thereon, and a
backside surface formed with bulk semiconductor material,
e.g., silicon. The active side surface contains a plurality
of semiconductor die. The active surface is formed by a
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



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 6 count. Flip chip

style semicandyctor, deviee 10 invalvessmeunting.an actiye; area J&of die 14
facedown toward a.chip carrier substrale or,prnted circuit board (PGE) 16,
as'shown m FIGT 1. Activé area”12 contains active and passive devic S,
coRAuEtive |ayBrs rand dielecttictayers Heeordhing td e @lectricat HesighTof
theidiez TEhe electricaland rmedhanicat intercannect isachiewed-through a

solglerump Structure 20 compasing, a large number of individual . g 5 g

conductive solder bumps or balls 22. The solder bumE)s are, formed on bump

pad8 oriRtErSEHRecSitds 24 Which Bre Cdisposetf on'&6(ivé Gea™ts. The
burs pacisc24 corimecrtothie activelcheuis by corduction trecksimactive
area 1Z:thhe soldespumps.22areselectrically.and maeehanically connected
to contact.nads orjinterqannect sites 26,09 carrier substrate 16 by @ solder
reflow process. The flip chip semiconductor device provides a short electrical
condtitionPatttonTiRe attive dévicescsh die "4 t¢ tortitictibittracks on
cadierrsubstrateat inoraderdoledudé signalpropagationclower to the

capacitance: and: achigve-overall beiter cirguit performance, £IGs: 2a-2.
ComiCDRALEIoF ol & water ioval o ocalo packade (WLESH) bonga
trahSferriciaing sCompound STRETTHYS &té t6rmed throtight & nonetridicive
passivation ep potymerdiewextension regior, asigestrilpedemiconductor
device provides a short electrical conduction path from the
active devices on die 14 to conduction tracks on carrier
substrate 16 in order to reduce signal propagation, lower
capacitance, and achieve overall better circuit performance.

FIGs. 2a-2e illustrate a process of forming through hole
vias (THVs) on a periphery of a semiconductor die in a wafer
level chip scale package (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 i1is 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



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

Sh%\él§e%@\é%f|§¥<éép§o%9 @ﬁ@@?@g&%%genﬁ%q%%@{ é%b,ip%ﬂ:i@(gngg@tor )
Semiconductor die 36 is transferred an ixed to coverlay tape 30 with its
2cTNS SUhface B PR a8 38 B anten 1368 i SR, 0 (Ao,
LikewiseS serricandiicor adié 42n5aransfetied ard &ifiked tbacoveray tape 30
withn its ackve stifaceanceantactpads 44 eriehted facend@amr @ntonthe

tapes ﬂ%@é%@&%@%& die 46 is transferred and. affixed o gaverlay tape 30
using die attach material with its active surface and contact pads 48 oriented

face" dofit Oh tRE'tAPE” SEMICORGAGordid®36° 42" 1t 46 ¢aMaIs8 e "
mourttetirtercoveraytapei80usingepest wader szt tapeatramster.dm FIG. 2b,
a transfes palymermolding epmpoundis iscdeprsited atgundgeperiphery of
semiconductor die 36, 42, and 46 down to coverlay tape 30. The polymer
molding compound 50 forms a non-conductive die extension region around a

periphery'8f E&fnicORUUTLEF Oie 36, 42 'aRE 46" THe Covariay “idpe’ s tiien
peelat away te exposertiye coritact patssand cactivetfrontiside3of 42, and

semicanductor die,36;: 42, and 46 In FiG. 26, the semiconductondie areso
inverted such that the contact pads and active front side of semiconductor
die Srén 45, and 46 tace upwarg. Tf—ﬁ%s 5Y'are formed in the die extension
redibh befvden setpfcorddetordie?3s, 42; afer 466y “Stchingelassredrifing or
by @meknewmeonyventionalwaethodsxpose 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.



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

semicanductor,die, 36, 42; and, 46. RRLs 34 Ganshe madeg;with Al, glustinum
copper alloy @gig:,ut)],C i%ue, or.Cu allog. RDLs Sfft%%reat as arynterrpe,diate

conduction 1ayer to route alectiica Jéllglr?éjlg between THVS 52'ahd contact

pad8138, 22 4t 48N pissivation layer BecRAorATed DVEIIRDL L B4 E6Atact
pads 38,44 nhand48,and.semiconductor die 36, 42, and 46 for structural

support and electrical isolations §.Rassivation layer,56 can,be made.with

silicon dioxide (SiO2), silicon oxynitride (SION), silicon nitride (SixNy), .
polyithid&" (B benzotyisBatere (BEB) Poibehizkazole (PBOY or dthier
instfating materdall 1n Figt2d RDes58 hre dormed 6Fsa backsidé ofthe
semigondugteredie;, 1oppasite the active frontsideofthe die,uans-elactrically

coptact the backsideof, THYs 52- RBLs 24, can,be made with Al, AiCu, Cu,
or Cu alloy. An under bump metallization (UBM) 60 is deposited and

paftéfiiéd 162 tlectricaliyContdet RBLs 58. M ond"8ribadiment YBME 66t ay
includé awettingtayes, barder |ayer and adhesivetayedhRDIizs 58 pperate
aS@LW@E”I%H@L%@%Q%UQ&@M@&@&@%&!@QH&QJ&@Q?& betwegn THVS
52 300 UBMS 60, A Rassivalion ayer 62 s formedyver,RDLs 88 and
transfer mo ing gompoun 50 for structura?support and electrical isolation.
PaB3iAtiGH iayer62<Cart beltdde Hith Sie2, "IN ésikdy FP1"BESB, PBO, or
otherlinswdatingmmaterialo A electricallyreandugtive tsalder snaterialdsl

de99§ﬂggion. Passivation layer 62 can be made with Si02, SiON,
SixNy, PI, BCB, 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 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 tool

completely severs the die extension region to separate the



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 b S 66. In some applications, so d{jr b S 66 are
eflowed B CEoaRd T BT SIS S A 10 DRI B0 BaMS 60
and suldér brifp366 tepréseftbRestypie 6FIRtErdoreCstPuciitesr area

Sesnticonducior. die 36, 42rand4mhatesingulated along ithe-diei extension
regigps 1016 dia extension regionis.cubby, aqutting, tapl sych as a,5aw at

laser. The cutting toal completely severs the die extension region to separate
the'8'ie” FIGI DR il istr &S’ sefticBRTULEEF die 36%%aifotwing "SifGiilation 8f the

dieséxtensiontiegioAthrough a center area of THVs 52. Each semiconductor
die has arsimilarfinalr configiradion. LLontact-pads 38.plectisatly.gonnect

Chowm A H1G. 56, Fics 53 INACrate an hermais enbosiraent of forming

THYS O a Periphiéryof a sétiicofidtctordieind WLESPP i thidCase (Sing

a diessinkingionran epoxy adhesiversheetlilreBlGndas ¢he waferciscdicedeand

semigondyiciordiey 72..76,-and:80 are transferred.tocauierdape. 70 with

oM PRI o 2 g daun el e e s .
tape.

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 conduction layer to route electrical signals
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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 indhe die %Eﬁ@ﬁ’@aé@%@&@r@wdﬂ Jperiphery. of gemiconductor

die 72, 76, and 810' An %Igctric%lllé cogductive mate%%al is deéoosited in TMVS
passivation laver 1S med, over RDL , contact pads

86'using an evapor?ﬁ‘flon, electro(fytlc plating, ePec?ro esSs pTatlng, br sereeh

prinfingprocess. ke ToNdiRE Fvatetial ¢an & AlRTL,88nE NG, Au, or Ag. In
FIGt 3d; the semiggnductordielare inverted stich that. thecontact pads and

actjve fronfeside.of semigonductordisy 72, 46, and.§Q face upwardsRPLS, 88
are formed between THVs 86 and the respective contact pads 74, 78, and
82 B SEmICEHAaELI A 757 78] and 80. RDLs 88 can be made with Al,

AJCu, CU,"0F Ce-alley. RDiss 88 eperateascanintefmetiateecohduttion layer
to reutecelectdeal signgls ) betweemd Hs 86 anebeentactyads 4, 78, and
82,4\ passivaton layer 90 i formed over RDLs,88, contact pads, 74, 7§,.and
82, and semiconductor die 72, 76, and 80 for structural support and electrical
isof&tiGn "PEsiVation Clayerao tan-Bedhade with Si)27 SioN SNy 71,
BCB,dPBQ ferretherdnsidating naterialotn #1G RBesRDIL.s 9haredormed on a
backside: atthe semicondugtor die,erpasite theactive frontside; and
electrically co tag the backside of HVs §9 RDLs 92 can be made with Al,
. ayif, angd a e51xé ?%%f . Ls (fpeﬁite as an .

AICu; Cu, or Cu alloy. A Ut 4 is deposited ‘and patterned to electrically
CORtIAROLE02. YoHE embotiifentt UBRIE 94y inctade & Wetting layer,
bakigiveen THVs 86 and UBMs 94. A 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 Si0O2, 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 the

die.
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layer, and adhesive layer. RDLs 92 operate as an intermediate conduction
layer to route electrical signals between THVs 86 and UBMs 94. A
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 SiO2, SiON, SixNy, Pl, BCB, PBO, or other insulating

material. An; elegtrically conductive saldes matgrialiis d@p@%ii@c@lw%@r UBMs
94 throuqh an evajporation, electrolytic Elatiggg, ele%trole S glatin%, ball drop,
singulatign oi the die_exterfgsioh re n throu center area
or creen printing process. é‘l’he solder mat ial can e gmy meial or
electricdlly é6nduétive riaterane gtosndPo, " RE AusAl: G4, Bizmd alloys
thereont.ifhe=salder materiakis reflowed ky heating: ithe conductivermaterial
abgye it meltipg.paint taform sphericakballs orbumps, 100, I, some,

applications, solder bumps 100 are reflowed a second time to improve

eletiriGAPEbntact IS UBMs 9" SEESAIGERSI aiE™72; 76° 4hd 80'are
singriatet dlowgtthe dielexténSior? fegiont The Hieextensidiv regith is cut by
a cutting taeksueh asraisawrlaseral he evtting toelhcompletely severs the
die.extensionedion to separgte the die. 11, FIG, 3f lllustrates semiconductor
die 72 following singulation of thé die extension region through a center area

of TE?S 86- EaCh Serfiftonducidrtieay & smitaPfinal Configuration.
Cohtacthpadsnz4 electicallyieonneet thricugh sROlcs @83 TTH Ve 86 o0 RDIcs 92,
anddBMs 94t solder bumps 400, .asrshown inFIG - 3f.hn anpthern o
embaqdiment, UBMs 94 is. for directly under THVs 86, which eliminates
L oo o SR i ek o R el v
a petiphéry 6f&°semiconductor die in a

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 between
THVs 126 and the respective contact pads 114, 118, and 122 of

12



WLCSP, in this case using diced wafer expansion and lamination. In FIG.
4a, the wafer is diced and semiconductor die 112, 116, and 120 are
transferred to carrier tape 110 with contact pads 114, 118, and 122 facing
down toward the carrier tape. In FIG. 4b, the carrier tape 110 is expanded by
a force applied to the longitudinal axis of the tape to create a greater

ph)é%lﬁ@&&@cﬂ%@&@”d@%%@@[‘ thesdie, |§Qﬂﬂati§BL%r ﬁ_gc%ulggi%gg)lding
coquluerL(% 12A41|CS degosned %lrlo%qq a perlgggr)ﬂ% semiconductor die 112,

116, and 120 and cured. “The encaﬁ%ﬁlaﬂ%n moldlnﬁ%eorrﬁﬁce)u%% 124 forms a

dielexfisiOna tegioti arctinera pefighéry 6Psemitonetictordie 19721116, and
12B8=The-encapsulation moldingcompound 124 can,bemade2awithaepoxy or

otfgqsequmemqgeg@- The carrertape 1J0.is;pemaqued. In FIG. 4¢, .THVs
12 t

are formed in the die extension region around a errifhery of

semicondbitordie 112, 13% asr?allfﬁﬁ?lﬁ%t&e&ﬁ%aﬁ%/%o d§etivé material is
depesitetdincTHVYS E2@rsingan evaporation eleetrolyitic: plathvg,s electrofess
platingsoriscreem pratingiprecess.sfbe, consuctivematerial cassberAb Cu,
Snbyib%érorig\guin FIG, 4d thelggniconductor die are inverted such that

ating mater ] R .
the contact pads and active front side of semiconductor die 112, 116, and

120 face tpwartt. RDLESEDB are forfied BEfWesR TH?E 126 and e
respectiverdontact pads Th$o18¢ arice122tofvd X senticeondkuctendie 112,

116; apd-120: RPLs 128 canbeynade; with Al AICWL €U, ainey alloy RDLs
128 operate a intermediate conduction layer tq r ctrical signals
bet%/eegﬁ H‘\JllsSC ?%ién [é%ouﬁt:%:%ba%rs Lﬁfﬂl]lc% an 182%qe E%a%givation layer
13098 F8ed Bver ROES 28, E6ntdePpadsaiiy, 998 5id 122 drid-  I»
semieonductomeie: 112814 6. Fanehds?20include a wetting layer, barrier

layer, and adhesive layer. 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.

Semiconductor die 112, 116, and 120 are singulated along

the die extension region. The die extension region is cut by

13



for structural support and electrical isolation. Passivation layer 130 can be
made with SiO2, SiON, SixNy, PI, BCB, PBO, or other insulating material. 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, AiCu, Cu, or Cu alloy. A UBM 134 is
deposited:and patterned tq glectically.contact RDhs.132¢ 411,9N€001
embodipen& UBMs 134 may.include a W%tr;tinrgelayer, barrieer La%:eer, Ea}peol

adhes eeitaey r ROLS™13 %pdelr%tgxa{:seréﬁl|nterrr?el§|lét1ezocosnc§>&ctlon layer to

routécelectrical signals between THVs 126 and UBMs 134. A passivation
layer 136risc fornediaver RBEs 13 anchencapsutation moldingeeampound

124 for struetyral supporg and. electrical isolation. Passivation. layer 136 can
be made with SiO2, SiON, SixNy, Pl, BCB, PBO, or other insulating material.

An‘ERcrEally cohtdtive dolde P malenarf id Bepoditet GverUBNE 134
throughtanevdpordtiorreleetrolytié platingarelectroless platingoballl drop, or
screen peinting precess. dHhe selder matesial can, berany metalorselectdeally

condyetive material, €.9,,.8n, P, Ni, AucAg, Cu, Brand alloys thereaf, The
solder material is reflowed by heating the conductive material above its

méltifig pdint to F6rh Sphietica B of Butnps £38°51n $dmé Applications,
Solgigrs bupaps 438 @rEyeflowved sssédenddimestol iipreve €leetrical tomtact
to WBMs1k34,Semiconductordie, 1121163 ands120.a1essingulated along-the
dieT§§tSeqszjgp rwq%igg. él’pe ggeagége%igsn rl%%ipn iscutby 13 a cut.ting tool _
such as a’sgw or laser. The cutting tool completely severs the die extension

region to%%?fara?éTﬁé 'H]ré_ustrate an alternate embodiment of
forming THVs on a periphery of a semiconductor die in a

WLCSP, in this case using diced wafer expansion, kerf filing,
and lamination. In FIG. 5a, the wafer is diced and
semiconductor die 142, 146, and 150 are transferred to
carrier tape 140 with contact pads 144, 148, and 152 facing
down toward the carrier tape.

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, 146, and
150. An electrically conductive material is deposited in
THVs 158 using an evaporation, electrolytic plating,

electroless plating, or screen printing process. The

14



FIG. 4f illustrates semiconductor die 112 following singulation of the die
extension region. The expansion of the die extension region provides greater
area to form multiple offset rows of full vies and singulate through a portion
of the die extension region away from the THVs. Each semiconductor die
has a similar final configuration. Contact pads 114 electrically connect

through,ROLS 128, PHYs 128, RDLs 132, and UBMs\ 13440 sglder bumps
138, as shown in F 9 4f.eln another embodFiisgent, UBMs 134 is forrﬁegFa
us ra%e

directly under TH s’lztél, Wﬁ%ﬁ%ﬂﬂ%}ﬁ%@é fsaf§2.l PGS, a—?fécl
an diferaeité Erhborfimetittor $6imng THeVafon A periphety BT & semitonductor
dielitva WHCSR, inthiswgase aisinguiced avatereexpansiomkerd dilinggvand

lamination; In.E1G. 2g. thewafeyisdicedand; semicondugtar gie 142, 146,

and 150 are transferred to_carrier tape 140 with contact pads 144, 148, and

155F8Li1G 46w tdWard the chrfiertape’ 1R FIGTSE, the carflel taPpé 40 is
expahtetilby 4l forceC applied to the dongitbidhirallaxiscorthe tape tétreate a
greates physieaksepasation petween the diewfekerffiling cpnocass is bsed to
form g die extensionregign 134 by, depositing epgxy resin.passivation,
stenclil printed paste, or other polymer material in the area around a

pefphgy B SBmicdrduttor die 142°°t16 ahd 156. THE b&ERSIHE oP e die
is lafinatéd withcan epoxanddbesive stieet coatireg 156. THeé, carrertedpe 140
is V%Bg}lggu&@le@- éfQ,p-'g;BNS HESY @fL%i@ﬂﬁ@glinig@l§¥§%?§i0nﬂ££?ﬂaﬂ%ﬁ
arqund a ipcéery 0 s%mécoq ctor die 142, 14 K: 0. e ically
cond cﬁvggr%ateﬁafg% 3egosﬁe%%ngoﬁog</s%f§§ 'us%;%ﬁ e{i/%a(po'BAr%\}%i'oflP ,CE%'
elettrdiytie platifigl2éleetraléss plating, or screen printing process. The 14

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 Si0O2, 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 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
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conductive material can be Al, Cu, Sn, Ni, Au, or Ag. In FIG. 5d, the
semiconductor die are inverted such that the contact pads and active side of
semiconductor die 142, 146, and 150 face upward. RDLs 160 are formed
between THVs 158 and the respective contact pads 144, 148, and 152 of
semiconductor die 142, 146, and 150. RDLs 160 can be made with Al, AJCu,

Cus Lyl alloy, RPLs,160 gperateras an, intgrmediate-conductionjayer to
route elec{q'%alasignaeli lge%gzegn Et‘é{? 1?18mgnd colntac('g yea%% e14tf"fildé , and
15 %\pspasswaﬁonﬁayervi is formed over RDLs T%]f), contact pads 144,
148°aheE52° ard’serfieonductor die 142, 146, and 150 for structural
support andhelectticat isolationt Passivatioandayen 162-can e made withng

SiQg, SIPN. 3Ny B, BGBRBOQr gtherdpsulating matgrial. 10 FIG. 56,
RDLs 164 are formed on the backside of the semiconductor die, opposite the

acfivé Hont'Side> ahd "SR cliically Tontact the backide Bt THVS 158" RDLs
164can <be adevwith AhAICE, Ext orsCanaligiAUBM 166 s idepdsited
andipatterned to electrically contact RDLs 164. In one embodiment, UBMs

166 may include.a wetting layer, barrier. layer, and adhesive jayer. RDLs 164
operate as an intermediate conduction layer to route electrical signals

befiweEH THVE 1588 &fd IBMS 168 A Passivation layer 1887 Tormetf over
RDits 164candtepexyadiresive sheeat.deating<kb€forrstructurabsupport and

elegtricalisolalion. Passivation clayer,168 cam be;made with Si02,:SION,
Sidby,ELOCR. 80, orhertslalng matee. n gt ol condgihe
elettrolgREPISHAY, ‘erRcttleds PIAKGT balPdrofs °8r $ekeer binting préeess.
Thessoldet matertakcan be arynmetal onslectricallysconductivesmaterial, e.g.,
SnRBﬂ% Nb4euaﬁ@’6%MsBi@@C£o 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.

Further detail of the die interconnect through the THVs
is shown in FIGs. 6-12. In FIGs. 6a-6b, 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
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alloys thereof. The solder material is reflowed by heating the conductive
material above its melting point to form 15 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 cuitingitog] such-as @ saw orlaser. The cuttingtool gempletelysevers the
die,ex?]er%seignfrg%i]onc}o separate the die. FIG. 5f illustrates semiconductor die

14270 8W|ng smgﬁlaﬂi%%?gf the die 1e8>(<j%én%si'oen' feﬁl%nc.qigﬁg cetxlﬁl%é%l% of the
diefexteatsionreti6Aprovides greater fea toToFRt MmanislessiseLrews Giull
viesiand singelate thweugina portiar ofithesdiesextension reggioaaway-frem

the, THVs (Eagh. igenductar,die;has, a similar_final copfiguration, Gontact
pads 144 electrically connect through RDLs 160, THVsS 158f RDLs 164, and
UBNE'186 15 S6I6F bummps 17058 showin iNEIG 5/ arothdr a9
embodinvendt, UBMs 1668 isformeddirdctheoderd THYs 158, whiclralinvinates

RDlsd 644 Ineach ernbogdinest of RGsh2-5%iithe-top aad-hptesa of the
WLGSP are interconnected by THYs and RDLS $q thaf,deyice integration

can occur by stacking the semiconductor die. The THVs are formed without

drifing"hOREE T e active dred Bf Sthé Bie ot ifi"$aW stheétsof fiie wafer.
Rather, the THVs.areCreatedrby formirigpa Kon-dotductivé die extension s
regign; &g« 9)0ldig campeund@rnepoxy-resind0,:84md 44 Or k54 around
the periphery of die. The THYVs are drilled through the die extensi
p: et ok SRSl ek ot i U ot c 7l N

RDLE andR6itier Corfthictive fayers G6PtHE Semifedintitictbftie 176 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 electrically
connect contact pads 202 to THVs (full vias) 206. Depending
on the electrical interconnect of the active 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
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Further detail of the die interconnect through the THVs is shown in FIGs.
6-12. In FIGs. 6a-6b, 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 16 circuits,
some of the contact pads 182 are electrically isolated from adjacent THVs

186,161,130 COMNeCting RDLs - forrped. A passivation layer, 18845 formed
over semicogdéjctor ,%iee d180, RDLs 8%, an(% contg&) pealds 182éaleVs 186

reglion a escrl in FIG -5, . THVS ectrical .
are formed”in mol%flng compound319 which operates as the die extension

redieRrgs deseribed it 16726 The portioR sirmotdmg eaimpiestiid 190 on
thecbacksiderafisemiconductoscie 8@ carmbe remeovedyve.; dhelbaekside of

the,die cande exposed, A plurality of semicondygtordie can be stacked and
interconnected through THVs 186, as shown in FIG. 6¢. In FIGs. 7a-7b,

semiconductor die 180 18 showii With 11105 (HaIFids) 186 RGPV il
vias} 4 9% fordedninicffset roves. ROl ¢ 8418lectieally eotindctcontact Pads
18240shbiMs «186. Riblss 168 electrieally wonnecteontastpads 4 96 ta diHVs
194, Depending op the, electrical injerconnect of the active, circyits, sqme. of
the contact pads 182 and 196 are "electrically isolated from adjacent THVs

186%nd1943%., AGETHHEGNG RDE S formed %A padsivatibhiayer 184t
forawed overisemiconductor die 186, RDLscdB84amd 298, mmd contact pads

18@ and 196, 1THVss é@@_t%lad f]i%_%a f Qém&d ﬁv@%@j@gaﬁgnmu ng 190
Whrll%h ggergt S as Etbebd‘l% e%<ten5| n r& ion as dgic,crlb?d in FL?g:. 2-5. The

portion of mo dllﬂa compoun%rfs on ackside of sermiconductor die 180

can Be'Yermogeds Fa ctHe' haekside of 18 ditPean B expedet K 2plurafifif of
semicondustor diescande staeked andheinterconnected throughd H\/S 186

angﬂu%%'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 interconnect of the active circuits, some of the
contact pads 232 and 236 are electrically isolated from
adjacent THVs 240 and 242, i.e., 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
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In FIGs. 8a-8b, semiconductor die 200 has contact pads 202 formed on its
active surface 218. RDLs 204 electrically connect contact pads 202 to THVs
(full vias) 206. Depending on the electrical interconnect of the active 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

oversemisopductor, dig 200, RRLs 204 rand contachpads 202 JHVs 206

are formed in.17 molding compound 210 wég’ h operates as the di tension
oo A AT I e B B THOR 08 Slettican SomiEt L o
21P2@hiEh ihT0rA BleEtrically: eonnERE B UG UBIISS2£4 téfsolder bumps
216cAipassivation tayer 220 isiformedon the backside of semiconductor die

200. In FiGs9g:9h, semicopducior die 200 bag gontact pads 202 fogmed on

its active surface 218. Semiconductor die 200 _is shown with THVs (full vias)

206 BAF 277 formiedh 'offsEt ToWE RDLE 202 ‘elettiicafly Cohneci CoItact
pads20Z to VY s2 206-anéiy22 (IDEgendimy oA the elewtricdl imtepcorihect of
the- 1active eircuits; some afdhescontact-pads 202 are elegtrically isplated from
ad@&rgcné[_c-Evadgog ﬁngrzezze’llé%tran(iqr%n%%%rllgt%gl‘f!éomra 'cént THVs
passivation %yer 225 is formed over semiconductor die 200, RDLs 204, and

contstt pads ' 2602. THVE 206 anth222%arefdiifed ift Midtding Eompdarnd223
whict? operatesas thedie extensidrrcregionias descriided i "FIGsn@-5. THVS

206 and 222 slectrically cennectip RRLS 2244 whichdndturp elestically
co%gcgvmrqyg)h UBMs 226 tghgoéder bumps 228. A&assivatiggslgyﬁge%gg is

formed on {he t?gcrﬁgi%se SF semlcoln%ueiff(g?e Tc’el %rbor.el:l](;@.nlssillustrates a

mutfi-diéonfigaratioi 6 thé® VWLESP 1 Sehicoifductor die 238 has’éontact
padsi232 farmethor 1istactiel surfacenddkewise psemicondpctandie 234vhas

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 FIGs. 2-
5. THVs 300 electrically connect to RDLs 304, which 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
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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 interconnect of the active circuits, some of the contact pads 232
and 236 are electrically isolated from adjacent THVs 240 and 242, i.e., no
connecting RDL is\farmed,, A passivationjaygr 248 isformed pvarsims .
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 18 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
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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
FlGsa2m®- THVS 300 electrically connect to RDLs 304, which 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
mdfecémbodintefis’sf the present invention have been illustrated in detail,
the skilled artisan will appreciate that modifications and adaptations to those

empodimenismay ke made without departing rom the scope, of 19.the, .

present invention as set forth in the following claims. 20 Claims What is
claimed: 2° X Hiethdd of faking 4 SEmichddétor deviteS ebmphaing:°~

proViding a wafer having a plurality of semiconductor die; dicing the
semiconductor yvafer te-separate-the: semicondustgrdig; dransferring the
semiconductor. die Qolo a carrier; forming a polymer die extension region
around a periphery of the semiconductor die on the carrier; removing the
carrier; forming & PIarAity 6F tHBugPPABIE Ve S PHYR the"HdlyRter die
extensiorf region depositingrconduetivenmateriak i thhe at4Vsg ferming a first
intgunegiate,conrdugtionlayes PRIWREBN die on the carrier;

removing the carrier;

forming a plurality of through hole vias (THV) in the
polymer die extension region;

depositing conductive material in the THVs;

forming a first intermediate conduction layer between
contact pads on a front side of the semiconductor die and the
THVS;

forming a second intermediate conduction layer on a
backside of the semiconductor die in electrical contact with
the THVs;

forming an under bump metallization on the backside of
the semiconductor die in electrical contact with the second
intermediate conduction layer;

forming a plurality of solder bumps on the under bump
metallization; and

singulating through the polymer die extension region to

separate the semiconductor die.

2. The method of claim 1, further including forming the

polymer die extension region with a molding compound.
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contact pads on a front side of the semiconductor die and the THVs; forming
a second intermediate conduction layer on a backside of the semiconductor
die in electrical contact with the THVs; forming an under bump metallization
on the backside of the semiconductor die in electrical contact with the
second intermediate conduction layer; forming a plurality of solder bumps on

thesunder-hump - mefallization;,and singulating through she polymer die

exterﬁ;on region to sggarate the semiicqln%uctor die. 2. The method of claim

1, further inc ﬁaineéi?grmfnoéitﬁggﬁgﬁﬁé dié extension region with a molding

compound. 21 3. The method of claim 1, further including forming the
polymer diecextensiondegion with arr epoea: 4.nthedethedofclany LHurther

including expgnding the carriet fq ingrease an,area of the nolymer die
extensjon region between the semiconductor die. 5. The method of claim 1,

furtiSr HEIGETE iy Airdt aRe 88E8hd Bffset rows of THVS in the polymer

die extension region. 6. A method of making a semiconductor device,
comprisi_mgie previdinga w;af@ﬁha\;ing@w@mlﬂy@f@m@ca@eu@m ﬂie_;sdicing
the gemicondyctor. wafey 1o separgic the S&@'Cﬁ&dy%%n%t?fcﬁi!%? wansferring the

semiconductor die to a carrier; forming a die extension region around a
pefipA&ry of the semiconductor die on the carrier; removing the carrier;

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

providing a wafer having a plurality of semiconductor
die;

dicing the semiconductor wafer to separate the
semiconductor die;

transferring the semiconductor die to a carrier;

forming a die extension region around a periphery of the
semiconductor die on the carrier;

removing the carrier;

forming a plurality of through hole vias (THV) in the
die extension region;

depositing conductive material in the THVs;

forming a first intermediate conduction layer between
contact pads on a front side of the semiconductor die and the
THVs; and

singulating through the die extension region to separate

the semiconductor die.

7. The method of claim 6, further including:
forming a second intermediate conduction layer on a
backside of the semiconductor die in electrical contact with

the THVs;
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forming a plurality of through hole vies (THV) in the die extension region;
depositing conductive material in the THVs; forming a first intermediate
conduction layer between contact pads on a front side of the semiconductor
die and the THVs; and singulating through the die extension region to
separate the semiconductor die. 7. The method of claim 6, further including:

forming arsecend intermediate cenductionilayer an a, backside of the ¢
semiconductor die . electrical contact with, the THys: 22 forping. an under
bump metallization on the backsidé of the semiconductor die In electrical
CORtACWIRH thESsECORE CintePmEdiate cerffluction layer; and forming a
plurality afseldes bumpsran the widep biknpometallizatior. 8ndée metbod of
claim, 6, further. including forming the die extension region with a molding
compound. 9. The method of claim 6, further including forming the die
extension region with an epoxy. 10. The method of claim 6, further including
expgandinghthencdreierdd inepease art areaof thecdielexterdsioniregiope die
betweendhensemjconductor dienchlihhednatbadaf claim 6, further including
forming first and second offset rows of THVs in the die extension region. 12.
A method of making a semiconductor device, comprising: disposing a
plutality of $efiicdntdutiordiz'®n % carfisheformimy &l die éﬁféﬁéi%n%é%ii%he
arcurtd @speripheryof thet isemicarductor die on the carrier; removing the
carrier;

10. The method of claim 6, further including expanding the
carrier to increase an area of the die extension region

between the semiconductor die.

11. The method of claim 6, further including forming first

and second offset rows of THVs in the die extension region.

12. A method of making a semiconductor device, comprising:
disposing a plurality of semiconductor die on a carrier;
forming a die extension region around a periphery of the
semiconductor die on the carrier;
removing the carrier;
forming a plurality of through hole vias (THV) in the
die extension region;

depositing conductive material in the THVs;

electrically connecting contact pads on the
semiconductor die to the THVs; and

singulating through the die extension region to separate

the semiconductor die.
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forming a plurality of through hole vies (THV) in the die extension region;
depositing conductive material in the THVS; electrically connecting contact
pads on the semiconductor die to the THVs; and singulating through the die
extension region to separate the semiconductor die. 23 13. The method of
claim 12, further including forming a first intermediate conduction layer

between the contact pads. on a front side of the semigondyctor:die and the
THYS. 14, The method of claim 13, further Ingluding: forming a,second .
intermediate conduction Iayeruon a_backside of the semiconducior die in
elettrieal e6Atactifithe thé FHYRM f6ANHY & uRder BiimphmetBlization on the
backside of the semiconductor die in electrical contact with the second

inteymediate gonduction layer; and forming & plurality; of solder bumps on the
under bump metallization. 15. The method of claim 12, further including

forming the™ Ui éxteiSioN fegidrWith a ToldiRg Eompound Y16. The’method
of ekxifre12¢ ftherinclerding fenving thee die extensiorr régiom it ariepoxy.
17dbermethod of claim 12, further including expanding the carrier to

increase an, grea of the die, extensionegion between the, sgmigenduictor die.
18. The method of claim 12, further including forming first and second offset
row§ of TRV R tHe tfe ExtenSich FegioH: 2197 THe Methidd’ of tfaift 12
furtheremmchdding: providingarwatercmavingia plurality of semiconductor die;

and forming a plurality of solder bumps on the under bump

metallization.

15. The method of claim 12, further including forming the

die extension region with a molding compound.

16. The method of claim 12, further including forming the

die extension region with an epoxy.

17. The method of claim 12, further including expanding the
carrier to increase an area of the die extension region

between the semiconductor die.

18. The method of claim 12, further including forming first

and second offset rows of THVs in the die extension region.

19. The method of claim 12, further including:

providing a wafer having a plurality of semiconductor
die; and

dicing the semiconductor wafer to separate the

semiconductor die.

20. A semiconductor device, comprising:
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dicing the semiconductor wafer to separate the semiconductor die. 20. A
semiconductor device, comprising: 24 a semiconductor die; a polymer die
extension region formed around a periphery of the semiconductor die; a
plurality of through hole vies (THV) formed in the polymer die extension
region, the THVs being filled with conductive material; and a first electrical
connection bstween;gentactpads on a front side of the semiconductor die
and the THVs:L 21. The semié:ond,uctor device of claio[n 20, fuc[ther inc,lu%inrgé:
an under bimp Metallization formed on a backside of the ~seniicBrductor die;
a plirdlity sresoleer BLamps forfried on the under bump metallization; and a
second elec¢tricad connectiomondtiie backside of thevsemicoaductor tke

betweenthe,THVs and.the under hump, metallization, 22. \The semiconductor

device of claim 20, wherein the polymer die extension region includes a
mofaiiy Comipoliitc 23 Th&"Semiconductor device of claim 20, wherein the
polymer dieféxtensionregioninchudes ahcepbxyy24n The senticortfuctor 2
devicenef gkaim 26, whereintbenitl\s rake arrangeddn firskand second offset

rows in the polymer die extension region. 25
21. The semiconductor device of claim 20, further including:
an under bump metallization formed on a backside of the
semiconductor die;
a plurality of solder bumps formed on the under bump
metallization; and
a second electrical connection on the backside of the
semiconductor die between the THVs and the under bump

metallization.

22. The semiconductor device of claim 20, wherein the

polymer die extension region includes a molding compound.

23. The semiconductor device of claim 20, wherein the

polymer die extension region includes an epoxy.
24, The semiconductor device of claim 20, wherein the THVs

are arranged in first and second offset rows in the polymer

die extension region.
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