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

of the:gieoRBekesRUBFACE iRV eRHaBD orSPBRGeRE USiRbEENIGRIL.Ar¢IRYN
in many pranuadsenekeeisitsvokeatetawoem, earyPEERYAHENSIBEtWOrKS,
computers, and household markets. Semiconductor devices are also found in
military, aviation, automotive, industrial controllers, and office equipment. The
semiconductor devices perfoshd aofatisty dDhedetitioal 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 heeieds JF toldands OFthaRsistors BRtPdthet active and
passivecdedicespefforiming avarietyof electrcal funictioris For a given
wafer; each gie fromcthe-wafet typicallyperfornsthe same eleatrical fuaction.

covben o e water The fmahed watay hus an Sete-side contaiming e
transistors and other active and passive components. Back-end
manufacturing refers toBegftimcpongirdulEimd tivefinisired wafer into the
individual die and then packaging the die for structural support and
eanonn@g%@LEgg%gggi devices are found in many products in the
fields of entertainment, communications, networks, computers,
and household markets. Semiconductor devices are also found
in military, aviation, automotive, industrial controllers,
and office equipment. The semiconductor devices perform a
variety of electrical functions necessary for each of these
applications.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of
transistors and other active and passive devices performing a
variety of electrical functions. For a given wafer, each die
from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to
formation of the semiconductor devices on the wafer. The
finished wafer has an active side containing the transistors
and other active and passive components. Back-end
manufacturing refers to cutting or singulating the finished
wafer into the individual die and then packaging the die for
structural support and environmental isolation.

One goal of semiconductor manufacturing is to produce a

package suitable for faster, reliable, smaller, and higher-



One goal of semiconductor manufacturing is to produce a package suitable
for faster, reliable, smaller, and higher- density integrated circuits (IC) at
lower cost. Flip chip 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 ghip carrier;substrate or printed circuit baard(REB). The
electriggl ggdorpemgy%nric?lein&rcgrgggcte betQ/V\q/eg)n ghre agg\e/e qh()e{vigest%g t?erdie
anBCondUCtion tFacks on the cArrier Substrate is acehieveajt ouéh a solder
buAti® streietire eompaSing adarge rilimberoftconduétive Slder btimps or
balls.hhe saldes birmpssare forneddoy aoreftow precess.applieddnesolder

material depogited-on, contact pads which are dispesad on, the semiconductor
substrate. The solder bumps are then soldered to the carrier substrate. The

flip"ERip &8 MicShduittor package providash Shor electtical tohductivh path
frone the wictive deviceonsthe dis 1o the idariet substeatelirrorder tdeedice
signal prepagation, lewerncapacitancea and-acbieve oyerall bettericiveuit

pe UQ%@%%C% so1ifLMany. applications, iLis desirable fovertically stack . .

semiconductor die for greater device integration and minimize interconnect

routiy U The Eledtricarintereohiéction betwedit stacked semfiftoridictor die
hag been! donewithf througle hete vies Whichtvaveise framtfeont side to the
bag@i@!@i@ta&t;%hldi%glhgcﬁrgggﬁl ngtecﬂiea&ar@i@g@%t;wrﬂﬂeg throu%h the
active area of the die or through saw streets on the wafer prior to any dicing
opSran THhe BhoCuLs of Aing UGt Pl tiAE in The aeile AL af the
die“8r i 3at Stredts DY fivé Wafer darT catise darmagetohe water and/or die.
A need &xistsrtorintescannect stacked semiconductor die without deilinge

through,hole.vies.in the active;area of the die.oLin saussireets on the wafer.
Summary of the Invention , , ,
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.



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
on the carrier, removing thg.satieb Forming & e adity 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 8ide'6f thesEmeBndiCradiesand thevEAVS Totmifgne seedne’
intermediate eendustiondayery acbacksigei ef the semiconduetor die in
elegtrical,cantact with the THV:s forming,an under.bymp metallization on the

backside of the semiconductor die in electrical contact with the second
intérmietiate’CoRgULHioN Ay er féiMitly A pIEFRRE GF sbitfer SUps ShtHE
undéee burmpnmetaliization) ardsinguldting thréug rthe polyaeridie  extension
regiopnionseparaleythe- semicondictor die<gi o anather erpbodiment, te
Presentinyention is 8 method of making & semicondyictor device comprising
the steps of prowdlg\%fa warfer having a plurality of semiconductor die, dicing
the" SEFHiEBndUCtSr Wafk¥ 16 separatdthosemicandytior die! thansfetling the
semiieorductoridie teaicarrielsforminga disexterisionegionaaround lae
periphery of thersemieanductar-dieen the-cauigr sempvingthe garkiebn
forming_a plurality of THVs in the die extension region, depositing conductive
T e R b it ot Kt
contatt pdds BHd floftsite of thé SEfictiTd et Hie ‘ard tRESFHYS, and
singutatingdhsaughdhe=die-extension regionrto=separateathe-semiconductor
dlethe_ I'ﬁk/%r,‘o%‘%fm%m;b%%""%%B_Ez_th&ﬁ[@wta'ﬂ@{%'@fb@ @W@ﬂi@ogﬁﬁy?é%ng
a semiconductor device comprising the steps of dlstosmg aplurahty of
ot the semigonductor dle an~electrical contact¥with the
semiconductor die on‘a Carrier, forning a die ‘extension region arotnd a
pefipheny of thergemicsrdaetsivdieion thevearri€o Temovingethe eatrier, ot
formj'm_@eg phurality of 'Ehlé/s;:fmthe mihagexﬁe_ﬂsm regia,, depasiing;conductive
ma}ﬁﬂéﬁgk the THYS, glectrically conoegfing.contact pads onthe .
semiconductor die to the THVs, and singulating through the die extension
redioh (0" 86B4Hte He semiconductor die.  In another embodiment, the
present ilventiohlisa sehticoneluctor device sompfisireg aisemicoaduetdrodie,
a polymeridie extensioptegienfosmed areund:-a pariphery otthe or
semiconductor die, and a plurality of THV's formed. in the polymer gie
viding . a wadfer_Naving rality of semlconductor Jdle,

extension region. The THVs are iifed with conductive matenial. A first

elettficaPcoNRetidhsMidde betvben EonfactPAds dra fr6ht SfiE!of the
semieonduetortdie-rand thie=Thvs cBnief Bescrptonofdtheabrawningsorming

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.



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 areung:aperiphen.of fhe die using.a die sinking.en£paxy adhesive
sheet; . FIGs.,4a—Ag illustrate formation of THVs ina die extension
Q maqug a semlﬁon u?%ﬂr evice C%ﬁ?ﬁiSlﬁ% the Ste%s o)
region arou da peripnery or the die using diced warter expansion and
larfination: Pl Gs PSArSHLillustiate SO 6F THYSINCA die €%EhRSion region
araunch anpetiphesy ofthesdienusing diced waker£xpansion; kerf fitling, and
lamination; uceor FHIGSHB2EEC Ulystrate asemiconducior package with
through hole half vies formed in a die extension region around a periphery of
faﬁglng a plurality of THVs in the die exXtension region,
the die,
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.
In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die, a
polymer die extension region formed around a periphery of the
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



FIGs. 7a-7b illustrate a semiconductor package with through hole half and full
vies formed as offset rows in a die extension region around a periphery of the
die; FIGs. 8a-8b illustrate a semiconductor package with through
hole full vies formed in a die extension region around a periphery of the die;
FIGs. 9a-9b illustrate a semiconductor package with through hole full vies

formed as; offset sowss in.a.dig extension segiosr argungdsa periphery: ot the die;
FIG. 10 iIIustra£§§ a segéi%_mgylc{% acgggel\évrintlhnrantulltigl_e semiconductor die
ha@/f’hg THVETormed in‘a’die extension region arouncf)a’periphery of the die;
FIG. 11 illustratBs% sehdicohductor patkage With THS f6Aheehirkatfie
extensionHegion arounchalgerphery of the die and 14BMs ok soldercbumps

formed directly under THYs; and 4, .,  FIG. 12 illustrates a semiconductor
package with THVs formed in a die extension region around a periphery of

the die and back&ithe uhdlerbump fetalifzdticir DetAied Dés&fistieAof the

Dramﬁmgghrough hole half and full vias formed as offset rows in
a die extension region around a periphery of the die;

FIGs. 8a-8b illustrate a semiconductor package
with 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
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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,
fT;OrQr{'lﬁC_@HQQl%t@&Q %C‘Ialia@éd@!%&%%ym@yebgﬂﬁghﬁ{é@d H\iiéhgﬁs:l%gpi{ﬂe%?d scope
of the.invention as define the appen claims and their equivalents as
SO By e IBHRG A e ani rER, L T AE e dacture of
sefffiégndaetor devices Involves formation of a wafer having a plurality of die.
Each die montains: hundredsaar thousands of draasisierssangvethessactive and
passive.devices:performing,ane or more glectrical functions ;For a given

wafer, each die from the wafer typically performs the same electrical function.
FroftERd MaRtaEiing genSraiRF Eterd (5 aRmation of the seridonductor
devicesvonahe wafer VFhedfinishedrwaferrhasarractive sideccentaining the
transistors and other activeand passjve composentsnBaeck-eader
manufactyring refers to cufting of singulating thedinished wafer into the,
individual dieé and then packaging the die for structural support and/or

entitBRMENEI 186110 - 21 1A §ehficonductor Wafer hétierdly Includes an
active swrface having semiconductordevces disposeditiieréors v laes
bagksige: sudfageformed with hulkisericonductor materiak e.g.,.silicon. The
active side swrface contains a plyraity of semiconductor die. The active
surface’is formed by a variety of semiconductor processegs, inciu Ing
lay@tirig, Pattérming? dopingd ahtPhéar tiEdtment IR thetlayeting procéssat
semieonductorematetials are grown of deposited omthe subsgtrate byd/or

techniques.ipyelvingthermal oxidation, nitridation, chemical vapor deposition,
evaporation, and SIE)uttering. Photolithoegrr%g)rl? Involves the maskin% of areas

of the suffae™arid &tehing away undesired material 1o Tori spacific
straetifress THe Hoping pretedscirjecteconeentrationsof dopartimatédabby
thesmalsdiffusian Rrdentisrplantation. bulk kg chip semiconditetor pgckages
and wafer leyel packages (WLF) ate cormanlyused with Integrated.cifcuits
(ICs) demanding figh speed. Righ density, and greater BN eq by
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 mounting an active
area 12 of die 14 facedown toward a chip carrier substrate or printed circuit
board (PCB) 16, as shown in FIG. 1. Active area 12 contains active and
passive devices, conductive layers, and dielectric layers according to the
electrical design of the die. The electrical and mechanical Interconnect is

achieyed threugh a-selder bump.structire.20,comprising @ large, pumber of
individuia} conductive solder bupps or balls 22, The. solder.bumps are formed
on%l}mp pgds or Interconnect sites , which are oﬁsposed on active area
12 cThelBunfpaas 28 conRéértc the sictivetcir€aits by EBhdbetiohstratRs in
active mrea 12. Therselderdeumps 22rarei electreally and npeehanically
conpected to contact pads, qr Intercannest sites; 26 on carrier substrate 16 by

a solder reflow process. The flip chip semiconductor device provides a short
electriEAFconatictioh patitfrof the a&ivé tevicd§ ot ifE 146 Contitiction
tracks'om earrier sbbstratect6 in order toredude sigrial propatsatidniower
capaeitance: and achieviesoverall hettey eireuit peyformancedual FIGS. 2a-2e
llustrate 4 pracess of farming throygh;hole,vias,(THYs) on 3 periphery of a
semiconductor die in a wafer level chip scale package (WLCSP) using a
trahSFEIEtSIaing EBripaana” THE THVEHietforied throudht S RoftEonductive
passivatiorrioppolyinerdierextelision Tegidnnasmescrided drerematfier.the To
Staét:ﬂl%@@@%&%@? iseniconductor C_’d'%a;%ﬁ@sfoifm%@@iﬂz@ %%@C_Q@ducﬁ@fe
wafer, ysing, conventional Intearatted gircuit progesses, as,described abgve.
The semiconductor wafer is diced to separate the semiconductor die into
individtelt uitifs. PrHE semictriductordie arethiert tratisferied ehtd @ empotary
chipscarrier. dnlore embodimentcEYG. 2arshowsi covetlaystaps-30adispased
betweenends of chip carrier32, semiconductin die 38.istanstergd.and

affixed to coverla tadpe 30 wit£1 its active surface and contact Ead,s 38
oriénifed Faf& SWh Shto the tape Likewise, samiconductor die42 5
trafsksrredtand affiredaeccoverlagiape 30 With i agtve siiface it contact
padsgk otienied face dewrtoato thedape,ana: semicontuctor die dbnis: .

transferred and affixed 1q 99&/@!@&/&%%&%%%9i%@k%%ﬁ%m@ﬁvm its

active surface and contact pads 48 oriented face down on the tape.
SehiconbUts? dié 36,42, ' &RG"46 Ranalsg he MBUmted td'covéridy tape 30
usihgrpostivafer sale tapekransferl.CSPInUEIE92b, arransfer polames molding
comping S0 isrdepositechatound a-periphary:of-semicenductoridie 36, 42,
and 46 down ta coverlay tape 30. The palymer malding compound 3 forms a
non-conguctlve die extension region around a periphery of semiconductor die
36142 5 46 The coverlay tape is then peeled away to expose the contact
pads andTactive frontrsiderot-semiconeustor die:36; 42, and 46:e folmB4G.

2¢ othe, seppiconduictor dig are.inyerted sughdhat dheicantact pads;and active
front side of semiconductor ngSBG,AZ, and 46 face upward. THVs 52 are

formed in the die extension reglc():rrl Jbbeet\?veaer? %%mic%}h% uctor die %tﬁ , and 46
by ‘&tERING, JaSef HtilliRg Gy Ay kABwWiTEoRVeRtioral rAethcdsCAn
electricaly conductive matesial ds depasited in JiHVsrs2 tisingan evaporation,
elegtrolytic lang. electoless plating, orScreen priniing.precess The,

conductive material can be aluminum CgAl), copper (Cu), tin qu,n), nickel (Ni),
shows coverlay tape 30 disposed bétween ends of chip carrier

32. Semiconductor die 36 is transferred and affixed to

coverlay tape 30 with its active surface and contact pads 38



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
(AICu), 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 passivatigndayer R4 is formedevenRDLs 54, sontact pads. 38444, and 48,
and semicandyctor die, 30,42, and, 40 for structural support and electrical
isolation. Passivation f?iyer 56 can be made with Silicoh dioxide (Sléﬁsl,
siliébh Geyititde (STON), SifcerHitride PSBANYY. polyfnide (Pae down
benzeecyelobutepe, (BEB)s polybenzoxazole éPBOY, orcatherfinstiating d
matetial. .y «,INFIG. 2d, RDIs 58 are formed ona backside of the, ; ¢,

semiconductor die, opposite the active front side of the die, and electrically

cortatt e BEcRSE"6F THVs B2 RBIs B4 tan b8 matie"With® AT ARG, &, or
Cutakoy2An-underbermpunetallizatiorP(UBM) 60ds depasited sndbpatterned

to alectdeally cantast RIS 58 In®ne embedinent-UBMs./60 4pay Include a
wefting layer, barrier layer, and adhesive layer. RDIs 58 operate as an
intermediate conduction layer to route electrical signals between THVs 52

and UBMS'60! A paBsivatior 15/&r 6295 Bt over RSB Afd arsfer

molding compeundrs0 dopstructeral suppertiard@lectical isolatiori2, and
Passivation layel.62.can be.made withQi02, SHN, SbiNYR1B&BuRBGoor
other insulating material, . An_elegtrically conductive solder material is
deposited over UBMSs 56 througﬁ an evaporation(fI e(iectrofytlc p?ating,

eleetrole8s Plafihgs BAIFArEY. 6P 5cfeén Printiity pteEess . ThE SofdetmEtErial
candeany metal oe€lectrically conduptive materiaheigt, Sadieadd{Pb), Ni,

Au, Ag,feUs Pismuthinite, (S and alloysdthereof. nsongembpdiment, the
solder material is 63 percent we,ight of Sn and 37 percent weigdht of Pb. The

solder materialis réfiowed by heating the Conditictive mafefial above its ™"

meltifg oiRrt 6 fernssphériear bafisferbunfis®e62in somecagplicatiofss
solgler buemps66 arereeflowedaa second time tadenprove-elentrieakcantact to

UBNS 6Q.;YBMs 8Q and. sglder humps, 66 1&RIesent one type af jpterconnect

structure. Semiconductor die 36, 42, and 46 are singulated along the die
extergioNTegi6iSThe diet éXteréioR reédidn'i it 63?%"88%&%1?&0%63%%% a
sawnoreleserr Tde cuttirg dook completelyisevers thwer die exdensidiivegion to
separate the digiporation, 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.



FIG. 2e illustrates semiconductor die 36 following singulation of the die

extension region through a center area of THVs 52. Each semiconductor die
has a similar final configuration. Contact pads 38 electrically connect through
RDIs 54, THVs 52, RDLs 58, and UBMs 60 to solder bumps 66, as shown in
FIG. 2e. FIGs. 3a-3f illustrate an alternate embodiment of forming THVs

0”%9%@@&9&%&%@%%%}9@ digdn %éW§C§r?i BMP&%%E@@(?E@Q? die
sinking on an epoxy adhesive sheet, In FIG. 3a, the wafer is diced and
R Rt S S g R N e
contot pads 725 78, cand B2 fAEIRE dowmn thward the Cariertape. °F JREIG.
3b,adaminatiomer encapsulation molding compound 84 is deposited around

a peripheyy ofsemicondpctorsdie, (2, £6,.and 80 and cured; The molding

compound 84 forms a die extension region around the periphery of

semiConalctsTale 7257674 80° THE e%%tajp‘é%lgﬁ B8R matdin g oﬁ?ﬁo&ﬁa '84
canbe fadé with epoxypacrylaté or dterpolyntér firaterial.- Thebearrier tape
70dsrepovede with FG. 3a,cTHVS: 86care-formed,in thendigextension

region around a periphery of semiconduetor die 72, 76, and,8p. An
electrically conductive material is deposited in TH€/S 86 using an evaporation,
electIVhic PatingS electroleds platihg, drsCréerPrititintg procBEYsThHe may
conduttive matetialcanlpe A, CunrSneNilAgor Agd adir G, 3dythe
S%W@f@”éQCE@fe%i@céf%édn\é%f;@Htgﬁ%&fﬂsaEHﬁ%&%ﬁaﬁd@ﬁld&%@g;e@i\é%ffwg
side of semiconductor die 72, 7 ace . .RDIs 88 are forme
PotLSCETHYS B the B bt e U, afd 62 of
seRie6AdaEIOT i 72! 767 arid B0 RDIS 88 c&R'lse niadewithaRE ICu, Cu, or
Curalloy nRDisr88 operate as antintermediateuppnduction layettoiroute

electrigal signalshefween iIHVs.86 and contaglpadsr4,: (8, ang825hoy,
passivation layer 90 is formed over RDIs 88, contacg@ggls 74, 78, and 82,

and 'Smiconductor die 72, 76, ahd 80 1O StrlicturalSUpport and electrical

isolation.’Passivatioickyer 90edirbe inatiel dith SiG2rSIONL SiM?PEBCB,

PBQcor other ssuwatioggmaterial.aporation, 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



In FIG. 3e, RDIs 92 are formed on a backside of the semiconductor die,
opposite the active front side, and electrically contact the backside of THVs
86. RDIs 92 can be made with Al, AlICu, Cu, or Cu alloy. A UBM 94 is
deposited and patterned to electrically contact RDIs 92. In one embodiment,
UBMs 94 may Include a wetting layer, barrier layer, and adhesive layer. RDIs
92 pperate as an intermediate conduction layer to route electrical signals
between FTII-|VS286 loI UPME, 94. Ampasgi atié)nrla er %% i%f?rlmed over RDIs
92 and encapsuFatllon Lrlr?ol‘?]‘illnaScosr%p%)(ffh 821or structura gup%ﬁ] and
elettfigdl BolatioAf PAssiFatiofi1ager 98 caAve matewith 5102 StONr e
SixNy TRV,sBEE, PBLchokethepinsulatingimatedal.a siAnielectrieally
condyetive,salder, material is.depgsited quer UBMs 94 throughan . ugn

evaporation, electrolytic plating, electroless plating, ball drop, or screen
priﬁﬁ}ia process! SThé soldsr rr%t’er?éldcéjr? B2 SRy Ret'SraiddmRaNg® s
condiaetivermatériake.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and alloys thereof. The
solder matetial isseflowed by-heatingthe eenductivermaieriahabove its

melting point 10 form spheriea] balls gr bumps 100, [n.5gme. applications,

solder bumps 100 are reflowed a'second time to improve electrical contact to
UBMS®4. 17 "Seémicandutiordie 721 76 ‘diid 80 Sre Iinglrkiédalonty e die
extension regioAIThe3die extensioerregioniisscutepy aseutting tooitsuch as a
saw.Qr Faes,ﬁragm sutting EQQ#@F@%Q'@@GWOS%\@E&S}G Qe&%@xt@nﬁf@”% region to
separate the die. FIG. 3f 1 rates.semiconductor die 72 followin
SELLEOn U 4 oxtinin ouoh hIBUGr s G arehof TS5,
EatfPSemiconductor die has a similar final configuration. Contact pads 74
electricallyncemnecsthroughRDEs 88y THVsr86pRDIst92pand1dBMs 94 to

SO'Q&RM‘M’%J}OQS a§e§J&9W{lei@ ElG. 3 In 9@9%%?9118@(1@%&09&1\4%&4 is
formed directly under THVs 86, which eliminates RDIs 92. FIGs. 4a-4f

lllusStraté4n alterdate emBodiment of forming THAVE of Apetiphery 6Fa™
semicdndatterndieoih a9WATSE dATtHis easesusiprrdicett wite exphitsion and
lanaination. Inek-1Gndag the watercisdiceciandsemicendyctangienhd2g116,

and 120 arg rangterred to.carrier fape 110 with.contact pads, 114, 118, and

122 facing down toward the carrier tape. In FIG. 4b, the carrier tape 110

is expandetty dfdtte dpplied W ongitudinal axis of the tape to create a
greater physicdl sepraratidrsbetween thediel Adanhtination erxencapsulation

malding sompaundsl 24 is gepgsited araupdna periphen:of semicpnguctor die
112,116, and 120 and cluyrecddn'@e encapsulation m.oldgle%ggr@pegund 124 .

én elécCtrical uctive material 1S & %y
forms a die extension region around a perlphery of semiconductor die 112,

118° ahf £202THe’ 8Reapstitatioi Hibiding cdmpolitid 124 EaRBE Made with
epoxy omatherpelyneen nraterial n§ herocarrier- tape 4 1isiremovedvaterial
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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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 suchythatdhe cantagtads and agtive-fsont side; of semiconductor die
112, 116, atn,d 129 facre ggvv,ardf RDI% 128 are formgéj betvxgen THVds 1;53
anaatﬁsel?feaépleoé}ivea%%ntact pl)gdsofff, 1787 and 122 of sémiconduttor die 112,
1188 ane?262 RBR1 28"dar B fitade With X; AlCu, ©d, 8f Calloy. RDIs
128woperateas anpinte rmeciatel eonduction kyertooiouteralectrieal signals
between Vs, 126.and confact pads,114; 148, and 122, A passivation layer
130 is formed over RDIs 128, contact pads 114, 118, and 122, and
seMiCEhdURESY die™ 112™11%, dd 120 for structural support and electrical
isolation. Passivatior |aR/&rs1 36 carebéamerie withh SIOZXSION,SixNy, P,
BCR.PBO ok otheninsulatipgsmateriab. actvEI&:4e, RDIs, 132are formed
on 3 backside of the semicondugtor, die, opRosite, the active,fron side, apd
electrically contact the backside of THVs 126. RDIs 132 can be made with Al,
AIGGEU 3Crtallby CA'UBM 134 78 deposited AndFPattérmédtererettfically
contattriRDis 482! Incorésembodiment; UBMs 184Lmai2Includecasvetting
laysfrbarren layemand adhesive Jayer RDIsd32 operate as.an.intermediate
congugtrionejggeg o route Iec‘gical sg%egl% etwerer%THa\és 126 and UBMs
13&. A passivation Fayer 136°iS formed over RBIs 132 and encapsulation
moldirity EBMp6ana 24 $6¢ Struktiifal Sitpporand El6Etrical iséltivh.s
Passivation 1ayer 886-can emade with 5102 vStAM, SixNy, PE BEE, PBC,
or etheripsulatingonaterial4 ARglectrcally, conductiye.-slder.maierial is
deposited over UBMs 134 tho%ghtan evgp,ora{iq:n,, electrolytic Qlati,n ,
electroless Plating. bl drop, oF screen printing process. The softer material
cardeanyimetal be elecricallicsdnlactiveNatériaNe.of ISnBFh, REAUCAg,
CusBicand adloystthereef- Fheasalder material is reflowed by heating the

conductive, materigl abgve itéomﬁ!%@%oigg E‘&é?r%%%@%ggaﬁ Qaﬂépqéfslzlegaos

138. In some applications, solder bumps 138 are reflowed a second time to

ImpoVve ElEtcal CHiitadt t6 UBKE 1325 0" SEMiGOhTtEtor did 112" %116, and
126 aretsintrdated atong theadie extension regiean Theldiel extensionsegion
is auiby &t gutting teel such as s-saw.onlaser. Jhe-cutting taehcompletely
severs the die extension region to separate the die. ¢y, Bi ana
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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FIG. 4f lllustrates 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 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 114 electrically connect through RDIs

128, THVisr 4263 RRIs 132, and UBMs-134,10:solderdbumps,138, as;shown in
FIG. 4f. In another embodiment, UBMs 134 is formed dir?ctly under THVs

126 Which elifinates RDIs 183" Fl4 8455 Tistrate an aftsriate -~
enfoditYentéf formiry THVS G A etipRery bt 3efieontiuctordie in a
WLCSR dtrthis €ase usig:dicedaafes expansions keyf fiinge andclamination.
In Bl 5 thewafeyis diced gnd semigandustor die. 142, 146, and 150 are
transferred to carrier tape 140 with contact pads 144, 148, and 152 facing

dofth tWWEFd the Chirier tape™™ 2 i BIG. BB e E4rier Fﬁﬁe 1401
expanded by eeforte apphedidiheSlongitudinat aiis of the tapestd éreate a
greater physical separation.betweensthe. die.-Akesf fitingprecess is used to
form, 3 die extension region 154 by depositing epoxy resin, passivation,
stencil printed paste, or other polymer material in the area around a periphery
of &micondtictsr di¢ 192, 446 afid 50 “Thebaekside ot die is laminated
withean repoxyn adhesive Sheket, coating 456, ThedGarsierdapest40dsremoved.

In EiG. 5., THVs, 1agareformeddndieextension region 154 areundna
periphery of semicondu die 142, 146 150. An electrically conductive
el L ISR OSEh TES 158 uaing s ot At e S ah b Hating
eletirdléss plakifig, or screen printing process. The conductive material can

be Al, Cui:Sm,INi, Au, oriAg.carrlrFIGiad, the semiepnddctobdie:arerce
inverted sychthatdhecontactnads apd agtiverside of.semiconductar die 142,
146, and 150 face upward. RDIs 160 are formed between THVs 158 and the
respective cbntact pad3“T44 148" and 152 of Sémiconductor die' 1425148,
an@150sRBASIPE0 takt bedneade it AL 2ZAICE, SR s Cefaloy RDIB 160
operatecasan stesmediate consuction layer to pQutenelectricahsignalsd .

between, THVS,158,and confact pads 144, 148, and 152, A passivationayer
162 is formed over RDIs 160, contact pads 144, 148, and 152, and

seffiéoRauctsraie 1425148 Aid A50° B sttlidtial support Bid féctridat

isolation. Passivation fayer 262rcan ey ntade with 5132 cSION; Sbdy "RPEh

BCERBConother lisulatinginaderial.. 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



In FIG. 5e, RDIs 164 are formed on the backside of the semiconductor die,
opposite the active front side, and electrically contact the backside of THVs
158. RDIs 164 can be made with Al, AICu, Cu, or Cu alloy. A UBM 166 is
deposited and patterned to electrically contact RDIs 164. In one embodiment,
UBMs 166 may Include a wetting layer, barrier layer, and adhesive layer.

R@@%%%&ﬂ%@é@ 3c§Lé—nliDgi@”%@éiiat&@()ggblCtioﬁdﬁye;[ 19 rﬁ%ﬂekﬁigg%%?' g
signals between THVs 158 and UBMs 166. A passivation layer 168 is forme
ovéqrl ﬁbf\sll(ﬁﬁelgﬁd ecﬁldxf Tléd 1ésall\}BéL%Pﬁ'eetR(]:DOLaStir?g g1§éD %ra gteryu%furaari support
andreleenTcalase s P assivativit fayer 168 Can e htade with BEIZ, SION,
SixNyRPénBCE sPBLG, anotheninstdatingsmaterial.1s, Amndelectrically
conductive solder materialjs:depasited over, UBMs 166 throughan .4

evaporation, electralytic plating, electroless plating, ball drop, or screen
printilg protedt THA SoldaF mAtBH AT EH b Al mElarof LlecEaly”
cofiductiveimnateral, eigresh, iy NivAlr Agg Cu sBiandballoys thekeet TFne
soldeydnaterakisrefloweddy heating the conductivermaterialzabgveits,
melting,paint Egsfgﬁrgt%gegg%pgggor burr_lps 17(_). In some app_llcatlons,
solder bumps 170 are reflowed a second time to improve electrical contact to
UBMs 1667 ¥ Seftficonduttdr die 1225 46 ‘and 150 aréSingufdtedslong
thesdie extensiorrregion. diye slie extensiort tegiolr isicut byea catting tool

sueh as-a;sawgr |@&${albec%ttﬁw:f@£ﬁ%0mﬁ3|ﬁﬁ}¥ sexers mgiga extension
region to separate the di FIG. 5f lllustrates semiconductor die 142
ol B AR of S e SeShsian Foioh: The Sbabion o the die
ex{ERi6h TeGi6RDrovides Gieater 4164 16 form tnulfiple ofset réws’ 6f fulf Vias
andsingulateithwoughuarportion ofthe die exensien region away from:rther
TH\, Each semigendyctor.die-has @ similas final configuration. Contact pads
144 electrically connect through RDIs 160, THVs 158, RDIs 164, and UBMs
166%6€§6‘l(a%1r%:§m%%“f?6,té%“sﬁ&%%rintfilé?%‘ﬁeln%ﬁ%?ﬁérc%%nﬁé&f%ﬁéﬁt, UBMs
166495 formetitireclly undePTTHVs A58, Whicts elimirbtes RDIS 164, 1s In
eachembogimentofsFIGSs. 2nb, the tepwnd bettom 1ofithe WhESRare24

Interconnected by, THYS apd RD) Shesi% that; deyice, integrafion can oceur by,

stacking the semiconductor die. The THVs are formed without drilling holes in
the' 8¢fibe ‘area or the di8 BT ik saw stPéets’of the WatsH Rdther“the THiVs are

createdtlyy forming a-non-cenductve die extension region, e.g., molding
compoung 0k epexy; resinyd Q,.84.124v or khdcaround the periphery of the

e, The T4V ave ciled throush te die extension reglon and flec with

conductive material to Interconnect the top and bottom RDIs an

cofidfictive 1ayérs bt thesemicdndactor die. S©* Fetrthet etadl dFthecdie
Interconnedtthnoughr the TdHYsks showndnEIGs. 61E2:in E4Gsy 6a-6b,
semicanduetar die- 180-has contact pads;182.formed g its active suface
192, RDIS 184 electrically connect contact pads 182 tp 15 186, Depending
on the é’lec rical Interconnect of the active
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
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circuits, some of the contact pads 182 are electrically isolated from adjacent
THVs 186, i.e., no connecting RDL is formed. A passivation layer 188 is
formed over semiconductor die 180, RDIs 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
19Q onthe hackside of semicandugtordie;, 180 camhe removed.dd: the
backIsnide (gf Ehe die can 1t:)e eﬁp])osed.t%%ualgy of sgngiconductor di%hcan be
s.ta%:(f@pdl and I¥1t3reéfoenr?ect}éed lr%ueg s ,galé) Shown ih FIG 66, ¢ In
FIGse7a-7b, semiconductor die 180 is shown with THVs (half vies) 186 and
THVs (fulf vies) 1941formed tr oftset rewsiuRbPds 184 electrically-eanpect
contact pads 182,to THVs 186, RDIs:198 elgctrically conpegt contact pads

196 to THVs 194. Depending on the electrical Interconnect of the active
cirélifts *46mE of tié Cortadt Pady 18295 d 496 & dletirically Edtated from
adjacentoTH & 186tand 104 5. 4 ho connettihgs RDIL is ferrmed Wpassivation
layes: 188 is farmed over sendsenshicter die 180, RPIs 184 anthi98, ang-n
contact ads 182 and 196, THYs 186 and, 194 are formed in molding, . ..
compound 190 which operates as the die extension region as described in
FIB892-5 1 The'56itiorT df tHofiRGCOmMpPuuid 1 9860 thelhalkiitie' 6f
seRitondaetorrdie 180scan be remoMid, ireiptle dcksidesbhtihve die tan.be
expesed: A phyality: of sesicpndyctosdie can be stacked anglnterconnected
thrgH\gsh '[%Vs 86 gnd 194, InéZDIEESs.l 3—8b, semiconductor die 200 has

, 1 t . :
contact pads 202 formed on its active surface 218. RDIs 204 electrically

connect ¢aftact Pady 2024E  THAIS (Rl 916<9)206 SDEpetdifig dn the electrical
interconnectraf the activesciroliks ysome: of ¢he contact padsi 202rare
elegtrcally 1%0@}@9_ fE‘a@EaQLQ%UhIIEE\éS @Q@J-%xﬁ%@%ﬂ?cﬂggﬁﬁl—l iS\g,
form%d.lA“Pas%lvatlon I%er 208 is forr}qed over semlg,onductogdle 200, RDIs
204" ant Contict Pads 207 THVE 206 are formed Sn‘modiding @ompound 210
which operates as the dig extélSiorrregion’as e scrived snFEIGE.2-5. THVS
206 Llecticalhpeonnect t0rRPhs:212, whichindurn adectically connecty
thrgugh 9%?012%&0&@9%@!983216- A passivation layer 220 is formed

on the backside of semiconductor die 200. In FIGs. 9a-9b

semiconductor tie 200 His E8htactpads 202 forried GRS Active SUITACE
218rSemitormdudteor die2004ds shoverr witlh THYs (falbvias) 206sard222
forgied i offsetyows. REY-s 204-glectrcally connectcontactfpads 202.tp
THVs 206 and 222, Decpequing on the electrical Interconnect, o the active
. proCess 1s Tsed t orm¥a, dle eXtenslion reglion )

circuits, some of the contact pads 202 are ef’ectncaﬁy Isolated from adjacent
THVR 206 ane 2222V e X 570 Cortfecting RDL is fofried: &padsiationiayer
2251s dommedovense micondudtor die 200, rRD s 204] angbeontaet pads 202.
TH\ s, 206.a0d222 are formed i maldinggompaund, 223, wihich operatgs as
theidielgxg%g%igg region as eolescril?a(:) ig ﬂgss.hze-Sﬁ 'I'Clglglsi%OG 1 d 22T .
elec?ricaﬁ‘y conneéﬁohRfﬂ_s 5o wﬁlc?l In turn eleectrlcaﬁy connect through
UBME226 t6 Buidef bukips2®8 A -passivation layer 229 is formed on the
backside of micamductmﬂimzoere 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
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FIG. 10 lllustrates 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
pads236.cDepending;qn the electrgal lnterconnect ohthe active circuits,
some of thr? %onta%t Qpag% 232 gnd 236 are e&ectricglly,lsolqﬁtted dfrom }f}idﬁ'gc%nt
THVs 240 and %'42, I’e., no connec mécﬁfﬁ_ |sl?orarln§d.li\vﬁas§|vast|%cn Iayear
248'1s fePmetrbver Semicdmdictor die Z30 antP2349 RDES238, and Contact
pads 32 and 286 dddVs240 and 2d2sanes formedrin-malding eompound 250
which ogerates as.the dig extension region.as described in FIGs. 2:5. THVs
240 and 242 electrically connect to RDLs 252, which in turn electrically

coRRBEE AU UBMSE 264't0' 6106t Bumps 2567 & pa&Siviation faJér 258 is
formiéd onlthé backside ofsémicanductoridies230 P23z andsRBLs 252.

In FHse dils SEMICONGUETST idie 249 has 60ntactpads A2 farmedy@nits active
surface. RDLg%74 slecirically conpect gontact pads 272 fo,EHVs (half vias)
276. Depending on the electrical Interconnect of the active circuits, some of

the8ohtdct pads 272 aréelethridaly folatéd ffotcadfdtertorHvs 278 5e.,
no tohnécting RDL1isXoraed sApassivationdayes 278 is forimedrovero

semicondugtan.die 240, RPLs2/ capndcantact pads 272, THYSs216aren
formed in mglding compound 280 which operates as the die nsign region
s SO I FICE BT 2y Sec sty Sometid URNE 285 which
in Wrn°éleetridaly tohtetttdSoltet bumps 284. UBMs 282 and solder bumps
284 are formet:direetlyrinden ¥HMs 2 Amrmed IndFlGel2asemicondtctor die

29Q has contactpads292 fopned-opts activesurifage. RDLs 294 electrically
connect contact pads 292 to THVs g(half viasg ?%%0 Depending on the

electiical nterconnect df thé Betive Girclits Some of the contact pads 292 are
eleetridally |96lated from adjaéent TH\S 300 4e., nd E6HnéefingsRDL is
formed.sWBMs296 @retformed on RI2ks 294 faradditional stacking4A 1n

passivation,layer 298 s farmed guer semicenductor die 290, RPLs,294, and
contact pads 292. THVs 300 are formed in molding compound 302 which
operates a& e diRExtEnsicr Teyioh & deStriBee i BIGS. 2% 5. THVs 300
elettiieathy corrre ctaodRBLi9 804 wehichoin-turkeekettrically cbmiectahsough
UBMs.306 teselder bumpsi308. Adpassivationslayeri310 is farmeskondhe
backside .of semicond r die 290, hile one or more embodiments of
e i e R R L L A ek
appréciate that AMeEiIfications ahaadaptitions 16 those efmbotiifernts’ may be
madey withowt departingdrsnmthenscope, ofsthaipresent inventiasas sebforth in

th%EOHQ/M'l%}Q Ql@sim%ting 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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Claims What is claimed: 1. 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 onto a carrier; forming a polymer die
extension region around a periphery of the semiconductor die on the carrier;

rergoning the Gartier: o Jarping-a plurality afthioughhole vies (EHY).in the
po%ﬁ%%EdY%SD%§QS¥g¥ %%ggna 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.

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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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

diein-electucal coptact with the,second.intermediate copductiomlayer;
forrining a ur&li&x %fds,%lgerqtb%rlr{‘lgg %gheiunderrl?urg rrqgtallizatilgn' ainsd
singslﬁaﬁng hrougha tenter area of eaéh of the plcfjra |Py 6f THVs onithe
polymeedie ext@AsSIY Pégioh tosepatife e Semicbridigétor HiecoPTREOT
methedieiclarnLi, fisriherincluding dorming the Jpolymesdies extersion-region

VV"953£BQH¥HQ QQHM%RHQP'19O 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. 6c.

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 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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3. The method of claim 1, further including forming the polymer die extension
region with an epoxy. 4. The method of claim 1, further including expanding
the carrier to increase an area of the polymer die extension region between
the semiconductor die. 5. A method of making a semiconductor device,
comprising: disposing a plurality of semiconductor die on a catrrier;

?ﬁ&%@ghﬂ%t%@@ﬁigﬁ t@ﬂﬂcg@é%% Q!%a@f%%&f %gi@@tggg.icg}gggg)irbgetween
eSOl e og Ve de oS yn auids
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 vias) 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 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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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. 6. The
method of claim 5, further including forming a first intermediate conduction

laygr between the.contact Q?&%Q&a iEQ@iD'ﬂQ_ez@Et,h%%?@ﬂiC%ngQf die and
theJHVs., 78; Ehe method of claim_ 6, furthgzr IECI%dIchIder %)rmlng2 g_(.-:-coAnd

. ectrical connect throu UBMs. 25 mps
mtermed?ate coﬁducﬁon Iayer on %hbac%g e of the semlcondlu&or e in

eleetficaredntactiwiththe> TH\Ps;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, i1i.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 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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forming an under bump metallization on the backside of the semiconductor
die in electrical contact with the second intermediate conduction layer; and
forming a plurality of solder bumps on the under bump metallization. 8. The
method of claim 5, further including forming the die extension region with a
molding compound. 9. The method of claim 5, further including forming the
die.extensionfegignvithan epoxy: 10-dihe method:of claim 5, fucther
including forming first and second offset rows of THVs in the die extension
region. 11. The method of claim 5, further including: providing a wafer
having a plurality of semiconductor die; and
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dicing the semiconductor wafer to separate the semiconductor die. 12. A
method of making a semiconductor device, comprising: placing a plurality
of semiconductor die onto a carrier, wherein each of the semiconductor die
are separated by a first distance along a longitudinal axis of the carrier;
encapsulating each semiconductor die within a molding compound to create
an eacaRasulation having a die extension region between each semiconductor
die; forming a plurality of through hole vias (THV) within each die
extension region; identifying a portion of the plurality of THVs in each die
ext8ision TegieAtAAt are to be converted into half vies;  selecting a
location within the first distance in response to the identification; and

1. 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 onto a carrier;

forming a polymer 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
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 a center area of each of the
plurality of THVs of 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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singulating each semiconductor die from the encapsulation at the selected
location. 13. The method of Claim 12, wherein placing a plurality of
semiconductor die onto a carrier further comprises stretching the carrier
along the longitudinal axis to increase the first distance. 14. The method of
Claim 13, wherein increasing the first distance facilitates formation of multiple

rows of THYswithinneaehdig;extensigniegion,, 15.qThe method pfglaim 14,
wher§inmiderétif¥ing<a Eorti%n ]Qf thenplurglilty gf THVs in each die extension
regp|8nytoeﬁe converted into halfvies golmprf‘ses.e %)éiﬁtifying none of the
plurality of THVs in each die extension region to be converted into half vies.
164The methed ofLladm 15z wheareimtherselected lacation:eisinguatian

seyers none of the plurality of THYs in each die extensionsegion {g provide
only full vies in each singulated semiconductor die. 17. The method of Claim

14FGHSFEIR TRERER IR A POPISRTSIREpILtafity of THVS in each die extension

region to be converted into half vias comprises identifying one row of the
plusality of THMs:in each-diengxtensiandegionderbesonsriedipio Balqvies.
18. The method _l‘?ﬁgc@'%hll?aﬁ@?r%@_ the selected lacation of singulation. .
severs the |dpent|f|ed row of the plurality of THVs in each die extension region
to providé Fif fie¥ahtFuiiiviessh é4ch'sngakited sémioRduitdrdie.

extension region between the semiconductor die;

forming the 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.

6. The method of claim 5, further including forming a first
intermediate conduction layer between the contact pads on a

front side of the semiconductor die and the THVs.

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;

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

intermediate conduction layer; and
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forming a plurality of solder bumps on the under bump

metallization.

8. The method of claim 5, further including forming the die

extension region with a molding compound.

9. The method of claim 5, further including forming the die

extension region with an epoxy.

10. The method of claim 5, further including forming first

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

11. The method of claim 5, further including:

providing a wafer having a plurality of semiconductor
die; and

dicing the semiconductor wafer to separate the

semiconductor die.

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

placing a plurality of semiconductor die onto a carrier,
wherein each of the semiconductor die are separated by a
first distance along a longitudinal axis of the carrier;

encapsulating each semiconductor die within a molding
compound to create an encapsulation having a die extension
region between each semiconductor diej;

forming a plurality of through hole vias (THV) within
each die extension region;

identifying a portion of the plurality of THVs in each
die extension region that are to be converted into half vias;

selecting a location within the first distance in
response to the identification; and

singulating each semiconductor die from the

encapsulation at the selected location.
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13. The method of Claim 12, wherein placing a plurality of
semiconductor die onto a carrier further comprises stretching
the carrier along the longitudinal axis to increase the first

distance.

14. The method of Claim 13, wherein increasing the first
distance facilitates formation of multiple rows of THVs

within each die extension region.

15. The method of Claim 14, wherein identifying a portion of
the plurality of THVs in each die extension region to be
converted into half vias comprises identifying none of the
plurality of THVs in each die extension region to be

converted into half vias.

16. The method of Claim 15, wherein the selected location of
singulation severs none of the plurality of THVs in each die
extension region to provide only full vias in each singulated

semiconductor die.

17. The method of Claim 14, wherein identifying a portion of
the plurality of THVs in each die extension region to be
converted into half vias comprises identifying one row of the
plurality of THVs in each die extension region to be

converted into half vias.

18. The method of Claim 17, wherein the selected location of
singulation severs the identified row of the plurality of
THVs in each die extension region to provide half vias and

full vias in each singulated semiconductor die.
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