PACKAGE-ON-PACKAGE USING THROUGH-HOLE VIA DIE ON SAW
STREETS Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a through-hole via (THV)
stackable semiconductor device. Background of the Invention In a growing

trend, semiconductor manufacturers have increasingly adopted
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devices. Three-dimensional interconnects give advantages such as size
reduction, reduced interconnect length and integration of devices with

different functionality Witpineq crles(p]_gcéiﬁ% pf::l\(rz%%%i%ne of the various ways

of implementing 3D interconnects involves the tse of THV technology. THVs

can be located either within a sem'iconductor deviqe, or die, or outside the
die along alsawsteestguide 1eowe s, EarréfEPHVtetlnisiagy poSes

semseveral imitatigns, A via lggated yithin a.semicardustor deyice, restricts then 1 e
freedom of having additional circuitry within the semiconductor device. As
viacdf B appreci4etl] & réspectiveleeatien 88H T+ forecloses the placement
of circuitry at that location. As a result, the functionality of the semiconductor
device, and therefore, a device making use of the semjconductor device, is

limited. A via located BREREF Mk Rt ohBEcthPUEREE ., along the saw

street guide, necessitates a wider saw street to 1 accommodate the creation
of a through-hole. As a result, yields for semiconductor devices per wafer are

reduced. Stimn&y P IfveRtion 117 figHSIfE foregolR tHe aibrhe have

incpkese€lhgly adopted three-dimensional (3D) interconnects and
packaging for semiconductor devices. Three-dimensional
interconnects give advantages such as size reduction, reduced
interconnect length and integration of devices with different
functionality within a respective package.

One of the various ways of implementing 3D
interconnects involves the use of THV technology. THVs can be
located either within a semiconductor device, or die, or
outside the die along a saw street guide.

However, current THV technology poses several
limitations. A via located within a semiconductor device
restricts the freedom of having additional circuitry within the
semiconductor device. As can be appreciated, a respective
location of a THV forecloses the placement of circuitry at that
location. As a result, the functionality of the semiconductor
device, and therefore, a device making use of the semiconductor
device, 1is limited.

A via located outside the semiconductor device, i.e.,

along the saw street guide, necessitates a wider saw street to



invention is to provide a THV stackable semiconductor device without having
any of the accompanying limitations previously described. The devices can
be incorporated into a variety of package-on-package (PoP) topologies as
will be described. Accordingly, in one embodiment, the present invention is a
semiconductor PoP device comgising a first die incorporating a THV

2CCHIEpRsEd SlohyS péfipterarsittace Hfithe it Bie! fre fifst die diSposed

yieQVRS asubsikate obiraditame ifuchye, adirstaeniconductorpackage
electrically connected to the THV of the first die, or electrically connected to
the substrate or leadframe structure, and an encapsulant formed over a
portion of the first die asdkeatist sS€EMdondontasnpdeage. In another
embodiment, the present invention is a method of forming a semiconductor
device comprising the steps of providing a second, bumped die which is
disposed overa ditst di€ incorparatinga hHY disposedralong @hperiphesaint

i nviifface of the frst die, providing a bum, dispased over;the, THY, providing ..
an encapsuﬁatlon Eoverlng a ?op portion of the Vv andthe umped die,

witwhile ekpasing agportiort of the bumpmaad aiboitohi pormnicfithe firstdiets Ly

aesENSle 2 et pRckads of 8 pluraliy.ofpacksges. and stagkina ne it ¢
paékage and a second package o#o the p?uraﬁ of packages %y connectmé

pacthedsump of e firse pd€kade tocthe IV ©f thes secdAd package:2iiped .

another embodiment, the presept invepfion;is . method offomminga ; vent s on

semiconductor device comprising the steps of providing a first die
is mcéﬁs@i@m@aqw d%p%sé@%kﬂfg@%@l@?@i@l%@faﬁé?pf@%ﬂiﬁg a bump
incdispesed oyer & toprpugace oL the firstdie, or dispesed pyer Be Ve of thne

providing
first die, the first die disposed over a substrate or leadframe
structure, a first semiconductor package electrically connected
to the THV of the first die, or electrically connected to the
substrate or leadframe structure, and an encapsulant formed
over a portion of the first die and the first semiconductor
package.

In another embodiment, the present invention is a
method of forming a semiconductor device comprising the steps
of providing a second, bumped die which is disposed over a
first die incorporating a THV disposed along a peripheral
surface of the first die, providing a bump disposed over the
THV, providing an encapsulation covering a top portion of the
THV and the bumped die, while exposing a portion of the bump
and a bottom portion of the first die to constitute a first
package of a plurality of packages, and stacking the first
package and a second package of the plurality of packages by
connecting the bump of the first package to the THV of the

second package.



an encapsulation covering a portion of the first die and the bump, exposing
the bump by removing a portion of the encapsulation, and stacking a second
die or a first package onto the exposed bump. In another embodiment, the
present invention is a method of forming a semiconductor device comprising
the steps of providing a first die incorporating a THV disposed along a
peripheralSurfatet e TERRQShHER T by AmetaFf58s to 3V6ord padts @

me t BiSROSIAG Brintergonnect pad avenadep sudace of dbgdirstdiegoromidingap s
encapsulation covering a portion of the THV, metal trace, and bond pad,

. P
of White t%p8SIng a'pdrfibn Ot She TiBFESMMBEL P&d and A bsttoih SBfdcé oPiife 2
perfirshdies andustagking aosecondidie ar adirsibpackagesenio the intarcoapect
ad. Brieg D scrigtion é)ft e Drawings FIG. 1 illustrates %%exglmplar}é rio&,
Surgﬁl AetRod of marihg 'a wafer 1&Vel ShipPSETE patkage: HFIGE 2A dhid R 9119
an Hustsatewdl first embodimentof aa TtV stackable semiconddctoridevieadn ahe

top and side vieV)é,h re%)ectiv%lg; FIGs. 3A and 3B illgésltrate afﬁrghsetep ina
u

bumiiljr’st 65 ?nsp:gl1 méthod ofma fggfrﬁ?il‘ﬁbrfﬁearwgtacﬂgbl% semiconductor

encdevice as shownandIGsa2Aangl 2B seaside dnd top viev,irespectavehg &
FIC‘%% 4A and 4BO{II strate a second step in a first exemplary method of
t : . . .
o r%anu?ac?ﬁiﬁnogst?‘le HV'stackable semiconductor device as shown in FIGs.
2A and 2B in asigeand d¢opvibwaespedtivelyp FGsn5A andsSE ilostrate a

met WG &P 1,2 first exernplary. iethied of manytacturing, the; THY Stagkable
of providing a first die incorporating a THV disposed along a
peripheral surface, the THV connected by a metal trace to a
bond pad, disposing an interconnect pad over a top surface of
the first die, providing an encapsulation covering a portion of
the THV, metal trace, and bond pad, while exposing a portion of
the interconnect pad and a bottom surface of the first die, and
stacking a second die or a first package onto the interconnect

pad.
Brief Description of the Drawings

FIG. 1 illustrates an exemplary prior art method of
making a wafer level chip scale package;

FIGs. 2A and 2B illustrate a first embodiment of a
THV stackable semiconductor device in a top and side view,
respectively;

FIGs. 3A and 3B illustrate a first step in a first
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and

top view, respectively;



semiconductor device as shown in FIGs. 2A and 2B in a side and top view,
respectively; FIGs. 6A and 6B illustrate a fourth step in a first exemplary
method of manufacturing the THV stackable semiconductor device as shown
in FIGs. 2A and 2B in a side and top view, respectively; FIGs. 7A and 7B
illustrate a fifth step in a first exemplary method of manufacturing the THV

stackable ¥ S€iicontudr déVice B sHowii i BIGRE 2ASh P 585N side HhdSt
exctRprvdey, respeetively; m&s. 8Aand-8Bdllustrate awsiddh step i a first
exemplary method of manufacturing the THV stackable semiconductor

SeMYERBE" 38 SPowna FiBs2SAHNYSB fiasideand o View, FesPectivalyle and

topFKas A ard 9Bdlusteate a seventh step in a first exemplary method of
manufacturinGg the THV s(%azg]glbjl% semiconductor device as shown in FéGs.
op View,

2A and 2B I8 side and’ Yagpédiveny? FresIToA Al 10B Mustratet
exeam eighth steghiod difstrexentplatumethpd-ofenanufastiainigathe IHV

stackaple  semiconductor device as shown in FIGs, 2A B in a_side and
ol R ol 10 e St i o
topa vV stackabie semiconductor device incorporating a plurality of complete

THVS, as shown in 2 top andside Yiew. fespectively; 451Gs, 1gAaNd.128 |
illustrate a third'step in a second exemplary method of manu?a%turlng the
exeTHVestackabié csbmitonductbpdevice as shownlinFISsa2Aante?2B in a side

sen@ 1QR VIS TeSREHvely: FIRS, 134 and k3B illystrate A faurfystep N 8. ang
top view, respectively;

FIGs. 7A and 7B illustrate a fifth step in a first
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 8A and 8B illustrate a sixth step in a first
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 9A and 9B illustrate a seventh step in a first
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 10A and 10B illustrate an eighth step in a
first exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 11A and 11B illustrate a second embodiment of a
THV stackable semiconductor device incorporating a plurality of

complete THVs, as shown in a top and side view, respectively;
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second exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and top view,
respectively; FIGs. 14A and 14B illustrate a fifth step in a second exemplary
method of manufacturing the THV stackable semiconductor device as shown
in FIGs. 2A and 2B in a side and top view, respectively; FIGs. 15A and 15B

illustrate & Sixthstepin a'kkcbAll éxemipiahy hietRod Bf Ffandifddturiiy thesecond

exehbYastackahle csemiconductor deviee ag ShownTinFIGsa 2Ra00k2B in a side
and tap view, respectively; FIGs. 16A and 16B illustrate a seventh step in a

S e SBHU EHEtpIaR) MthatP of maHtifatturing the THv 3tstckable ™ & side and

t opsemiepnduetop deviceasyshown in FIGs. 2A and 2B in a side and top view,
respectively; FIGs, 17A and 17B illustrate an eighth step in a second
exemplary %r%fho& %1A m%ﬁéjf;lc%&rir% %Sfﬁets?a&a%?éf) Toehigdductsr @

secdevice asshoamindGso2A@hdhi2B it a stderand; top&ietmrespectively e

FIGs. i:11118,0,C%nd 8B .iIIustratekga%}inth stepgr} sec%{d aeﬁgr‘g;&lariynmetho.d of

semlcon I SV S wWIn 1n S a e and
manu ac?urlng e THV stackable semicondictor device as shownin 1385.

top2&aed, 2B #sasidelard top view, respectively; FIGs. 19A and 19B illustrate
a tenth step jn.a S?g%ndanegema% gthod.of m%”%%%%‘“gégﬁ Va3 s geond
in a side an

stackable” semiconductor device as shown in I?lGS. and
exeBtdp viewnesspettivélynFIG.L20 Hlustrate stanthirthekesplaeémbodiment of

send cBHY Stackable semiconductor device, shown utilizing a dig-tordie stagking, 4
configuration in a side view;
top view, respectively;

FIGs. 15A and 15B illustrate a sixth step in a second
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 16A and 16B illustrate a seventh step in a
second exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 17A and 17B illustrate an eighth step in a
second exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 18A and 18B illustrate a ninth step in a second
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively;

FIGs. 19A and 19B illustrate a tenth step in a second
exemplary method of manufacturing the THV stackable

semiconductor device as shown in FIGs. 2A and 2B in a side and
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FIG. 21 illustrates a fourth exemplary embodiment of a THV stackable
semiconductor device, shown utilizing a die-to- die stacking configuration
which incorporates solder paste, again in a side view; FIG. 22 illustrates a
fifth exemplary embodiment of a THV stackable semiconductor device,
having multiple rows of bond pads and multiple rows of via holes as shown
LoPingfpy vicwH6E 238SHistrates a sixth exemplary embodiment of a THV
stackable semiconductardevics; dacarperating aravnpfl Half-cutviaihalest of a
coupled to a row of bond pads on gpposing sides of a die as shown in a to
THV il RG24 ilRSHAY S BaV&Hth ExErriptary BHBSHitheht of HPHY d+e~to-
diestackaie sgmicorrdugtor-demvce, incorperadingdimmy via holes on opposing
sides as shown in a top.view; FIG. 25 illustrates an ei hT exemplary
embodiméricor & THv Sk B erfcondicir FVIEE TREpOTARL "ot OF
a TdumMahsviaaholes oara singteuside asahoivtein atopawiew): FIG z26 dlustrates—t o-—
a n{':né[h exemp(lz%rx gmbodiment 0‘1:0 a .‘(I;Ik-llvisrgackable S micosng#ggorr device

diedesplct(fr]fglpv@o stac églélrea}st hﬁﬁzing the dum%%}: ViaTolés as shown iﬁﬁé%.’

aga24 and 25 teidennectw;top die with a wire-bonding process; FIG. 27A
llustrates ap exemplapempadimentof A THY dispeqmorating a series of oc
redistribution layers (JR Lss) and associated interconnectio pads as shown
THVinsd topeviewe FHEMm2 7R jiflistrates the Vi didrshiown imEFIG 1224 irr awside £
bon}éﬂ%é’a‘ﬁiéh apatiached die.coupled fo-they RDLs and 6 intereonnection, pads;
~ FIG. 28A illustrates a first step in the exemplary method of fabricating a

vViepdckage-on-package (Pop) configuration

FIG. 23 illustrates a sixth exemplary embodiment of a
THV stackable semiconductor device, incorporating a row of
half-cut via holes coupled to a row of bond pads on opposing
sides of a die as shown in a top view;

FIG. 24 illustrates a seventh exemplary embodiment of
a THV stackable semiconductor device, incorporating dummy via
holes on opposing sides as shown in a top view;

FIG. 25 illustrates an eighth exemplary embodiment of
a THV stackable semiconductor device, incorporating dummy via
holes on a single side as shown in a top view;

FIG. 26 illustrates a ninth exemplary embodiment of a
THV stackable semiconductor device, depicting two stacked dies
utilizing the dummy via holes as shown in FIGs. 24 and 25 to
connect a top die with a wire-bonding process;

FIG. 27A illustrates an exemplary embodiment of a THV
die incorporating a series of redistribution layers (RDLs) and
associated interconnection pads as shown in a top-view;

FIG. 27B illustrates the THV die shown in FIG. 27A in

a side view with an attached die coupled to the RDLs and
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incorporating an encapsulant and package stacking techniques; FIG. 28B
illustrates a second step in the exemplary method begun with FIG. 28A; FIG.
28C illustrates a third step in the exemplary method begun with FIG. 28A,;
FIG. 28D illustrates a fourth step in the exemplary method begun with FIG.

~ 28A; FIGs. 29A and 29B illustrate a first step in an additional exemplary

It et 6 fabAtatiftfd Semiconductor device using an exposed ball and die

on packagertechpigeior paekage-en pagkage: cofiguration ina kst apdary
second option, respectively; FIGs. 30A and 30B illustrate a second step in

metfrad a8 itionArexetpia, Metifst 6RaBARaY & $8fiddriuktsroRévigsT 2t ton
incusipganexppsed bafl anslsdie antpackagpdechnigue oa package enHpackage ;

configuration in ?[grst ag%second ogtion, resr,g;e tive:%/; FIGs. %A and 31?

illustrate & third $t8p in the” AdHfional Sxeinmplaly metisd of fabricaffiig a2y
me tsemicoaduetor idevicerasing @m;exposed ball and die on package technique

or packa np ga onfiguration in a first and second gption

respectively: FIGL: 32A A 328 ICStAS & oSt Siep im'the KadiisHaT -2
me téxemplagy methad of fabricatdg a semiconductor device using an exposed

ball and die.on pagka chnigue or packa n package configuration in_a
first and s%e%c%rid %%@o%ﬁ%s%%gﬁ\?é?; IG%%%%angf §§Bgl|ﬁlus%t%f% a ieréntpsisgﬁ): Y
metincah Yeadditionadllexentplarydhethod of fabricating a semiconductor device

using a fap+ip package-op-packaae {TEeR) CaNigWralion step in an
additional exemplary method of fabricating a semiconductor
device using an exposed ball and die on package technique or
package on package configuration in a first and second option,
respectively;

FIGs. 30A and 30B illustrate a second step in the
additional exemplary method of fabricating a semiconductor
device using an exposed ball and die on package technique or
package on package configuration in a first and second option,
respectively;

FIGs. 31A and 31B illustrate a third step in the
additional exemplary method of fabricating a semiconductor
device using an exposed ball and die on package technique or
package on package configuration in a first and second option,
respectively;

FIGs. 32A and 32B illustrate a fourth step in the
additional exemplary method of fabricating a semiconductor
device using an exposed ball and die on package technique or
package on package configuration in a first and second option,
respectively;

FIGs. 33A and 33B illustrate a first step in an
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in a first and second option, respectively; FIGs. 34A and 34B illustrate a
second step in the additional exemplary method of fabricating a
semiconductor device using a Fi-PoP configuration in a first and second
option, respectively; FIGs. 35A and 35B illustrate a third step in the
additional exemplary method of fabricating a semiconductor device using a

addgitpgP TbnhigGration Ty atisCaT SécditPoptieh, respectirdly; Fedsgtor
devillustrates asfourthsten in theadditional -examplasy methadhoffabheatingi@at ion

. semiconductor device using a Fi-PoP configuration; FIG. 37 illustrates an

in aydmplary 8RbodifieR ofPE: PoP ESiiftratiorféorporating a THV die
disposed pversan javertedipackageldewes; J16. 38 diustiatesar exemptary
embodiment of a Fi- PoP cq fig rat[%on incorporating a THV die disposed

29dber A Stardard packdgs Wi aé:jq‘? onal Rtacking: Fic 234 fillsGaee st or

devexemplaty gmbodimentrofekit RpP-deviee incorporating @ BV die disposed

oorovera to -sid%tuPVQ'T-thp die; FIG. 40 illustrates an exemplary embodiment

P6fa Fi- Pol device |n87drporating an inverted package device disposed over

a THV dief Fi6.. 43 fiustrates3a@® exémplary embodirnent-of & EedPal deviee

addNEQROIAtin "é‘f(% IEIROSEL SiTugture. dispgsed é"’%é%‘ THy die %_;’,‘é'tzgd%%g st
stacking; Fl iMustrates an exemplary embodiment of a Fi- PoP device

devincerpotating a THV dig-disposedyon aniinveried 8 package;and second
option, respectively;

FIG. 36 illustrates a fourth step in the additional
exemplary method of fabricating a semiconductor device using a
Fi-PoP configuration;

FIG. 37 illustrates an exemplary embodiment of a Fi-
PoP configuration incorporating a THV die disposed over an
inverted package device;

FIG. 38 illustrates an exemplary embodiment of a Fi-
PoP configuration incorporating a THV die disposed over a
standard package with additional stacking;

FIG. 39 illustrates an exemplary embodiment of a Fi-
PoP device incorporating a THV die disposed over a top-side up
flip-chip die;

FIG. 40 illustrates an exemplary embodiment of a Fi-
PoP device incorporating an inverted package device disposed
over a THV die;

FIG. 41 illustrates an exemplary embodiment of a Fi-
PoP device incorporating an interposer structure disposed over
a THV die with further stacking;

FIG. 42 illustrates an exemplary embodiment of a Fi-

PoP device incorporating a THV die disposed on an inverted
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FIG. 43 illustrates an exemplary embodiment of a Fi- PoP package
incorporating a THV die disposed over an inverted package with further
stacking; FIG. 44 illustrates an exemplary embodiment of a Fi- PoP package
incorporating a THV die with exposed bumps; FIG. 45 illustrates an
exemplary embodiment of a Fi- PoP package incorporating a THV with
Pacggsssed bumps in a Pop configuration; and FIG. 46 illustrates an exemplary

embodiment®f asBi- PoPpackagedneerperatingia FiVedie Qi alk pen cayity: i —
substrate receiving a flip chip die. Detailed Description of the Drawings The

POP L RIENEMTentio iSodestlibd i onl or Mdre efbodiifteitéGn the fotfowitd =<

pacaesgsiptionwithureference te thet fdgures, in which like numerals represent
the same or simiyﬁ% ellf engs. While the inventign is des ribgd in terms_of thg,
best modé fof ‘achieving the hd&tors objectives: itwii be apprétiaid by &+~
Poprthoselskilledin the ardthatihis intenidedda ecover lalternatived, madifications,
and equivg?gts s malylbe incIjElded within the spirit anqn%%%pe of Lpeof 4 Fi

invention as definedlby fﬁseté:pape%%e%nclﬁ%esmgnaa ﬁ?éireequwaﬁgﬁt% as

PoPsuypportegeby theofotlowmngidigclesdigvand. dtavdngs: drdhétollowing: a PoP

Congelsqp ggrﬂ(%ld cl%lgws, the terms "comprise" and "include," along with their

erivatives, méy%e used and are intended as synonyms for each other. In
addition, Mlthe féRowihgudescription and clams | thevteembddonpled” @hda Fi-

por. GoRRgECted. "along with their detivatives, may be used, 3 rConnadted may. ¢ o
be used to indicate that two or more elements are in direct physical or

recelegtrical eorfthéwith each bther. "Coupled” may mean that two or more
elements are in direct

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the
best mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as
defined by the appended claims and their equivalents as
supported by the following disclosure and drawings.

In the following description and claims, the terms
“comprise” and “include,” along with their derivatives, may be
used and are intended as synonyms for each other. 1In addition,
in the following description and claims, the terms “coupled”

and “connected,” along with their derivatives, may be used.



physical or electrical contact. However, "coupled” may also mean that two or
more elements are not in direct contact with each other, but yet still
co-operate or interact with each other. For example, "coupled” may mean
that two or more elements do not contact each other but are indirectly joined
together via another element or intermediate elements. Finally, the terms
“CompecigiRrly gy & BVer may beUsah tHerfolloWmg dedtriplioff apdents
areClaims 't "qveylyinga1ang- "eveyc May-be used te ndigate thaldwe Ather .
.._more elements are in direct physical contact with each other. However,
CoMREPImayHisB Tadar il n)gH Or AorBWiEmenta e ribt 3 Birdet Coitact®
phywith £achothare For examples nevert mayHmeandhat cneelement isapoyeso
another element but not contact each other and may have another element

Meagy Seftenty'ih BEEBhThE Wl BlemeRtsS FIS 1 filistratesdn x&hplaky W1 t0
eacpriartare methaod 106 tofsnakingeowafesdexal chip dcale package. tnplusality

o th01‘r sen%condéjgta% eé/ice,sclouz Tee dc;ut n1{‘1rom aevgl%fejé %?[cf}[ sgmi%orgrgoucéor
dévice 102 hasa Blurélity of)pPo ruding Sc\fng}ng pac]ils 04 [ocated on the
e leactivessutfacedadf thedewice. Thelpluralityroflsemiearzductoridevidelsy1 02 areed

disposed on the t surfa% of a retractable film 106. The rletract ble film
tog R e By B Ame TOR e et 108 BT by AT 110 and
Fingetractablé filn 4064s displdceto vaalworioplatferm 110vand theastletchethd in

the ! 28 platiorm 112.can mave yp wlative, to;fture 144, ‘The walenis cHLby a,

cutter into thé plurality of semiconductor devices 102 as shown, which have
“oviggen reticapsulatsinte semitopaitetor ipatkages amnd teresadshyiitsctey 1n

airil8 Ashaftdd4 moyes,weward to lftplatiorm d12 relatiye o fixtuig L0 oy
also mean that two or more elements are not in direct contact
with each other. For example, “over” may mean that one element
is above another element but not contact each other and may
have another element or elements in between the two elements.

FIG. 1 illustrates an exemplary prior art method 100
of making a wafer level chip scale package. A plurality of
semiconductor devices 102 are cut from a wafer. Each
semiconductor device 102 has a plurality of protruding bonding
pads 104 located on the active surface of the device.

The plurality of semiconductor devices 102 are
disposed on the top surface of a retractable film 106. The
retractable film 106 is secured by a frame 108. The frame 108
is fixed by a fixture 110 and retractable film 106 is displaced
on a work platform 112 and then stretched.

The platform 112 can move up relative to fixture 110.
The wafer is cut by a cutter into the plurality of
semiconductor devices 102 as shown, which have been

encapsulated into semiconductor packages and then sawn by
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The present invention improves upon the exemplary prior art method 100 of
manufacture to render a THV semiconductor device which is, in some
embodiments, stacked together for specific applications and
implementations. FIGs. 2A and 2B illustrate a first embodiment of a THV
stackable semiconductor device 200, in a top and side view, respectively.

cutpagice 200 hds & ficorgoratdPdie 202 Hevice™ 206 inlulés hlptirality ot

relbend pads 204 xwhich are @deposited on an active side of semiconductor die
202. Bonding pads 204 can be deposited on the electrode terminals of die

202 by a biatingT5cEs, Bt Bierwide. T mifetial 6 dniting Pats 1254

priean bemade from a condufctivernnetat,tsuch alamiruaéAl) a Bomding pads
204 can be 'oinﬁd to a susttr te by a solderin pro%es A series of megl

. |
sem £ ORSH6% Shechals SoUPE Dort pat Z047T5 JiE BoR L AE hawn i 196ed

tog2Bhwia 226rexierds fedticaty froma thebaetive, dop sprface-212 of dies202 and
surroundi aterial 210 to.a bottom surface of the die and . surroundjng
material 2 RhicHis SRt WL THIF desiat The iy, o @

THVmateriaf 22 0 whighiis ofod patposescofithe reSentinventions refedreditdasview,

re o2 c@0anic material, | is depgsited.around peripheral syiface 214.0f die 208 .,
s shown. The organic materia E‘fo IS an |mpr01?/ement and a departure from
200than of théeprior avt, @sawillthe fafthepddseriogsl. 70é organicmatesiafegpsited

on Dglude such materials-as panzagyglohuiene, {BCH) polyinide (ED). g%ﬁig‘"ﬁézl

material. As shown, vias 226 are formed in organic material 210 an
canpfenikricaccording to tlowvse hetherm@seitambodihtern 2001 ¢ias P26carea

p1aformeddn Jdeach side of grgapic matertal 219, €.4-,sides 246,304 218, $Qas
204 can be made from a conductive metal, such aluminum (Al).

Bonding pads 204 can be joined to a substrate by a soldering

process.

A series of metal traces 206 electrically couple bond
pads 204 to via 226. As shown in FIG. 2B, via 226 extends
vertically from the active, top surface 212 of die 202 and
surrounding material 210 to a bottom surface of the die and
surrounding material 210, which is consistent with a THV
design.

The surrounding material 210, which is, for purposes
of the present invention, referred to as an “organic material,”
is deposited around peripheral surface 214 of die 202 as shown.
The organic material 210 is an improvement and a departure from
that of the prior art, as will be further described. The
organic material can include such materials as benzocyclobutene
(BCB), polyimide (PI), or similar material. As shown, vias 226
are formed in organic material 210 and organized according to

rows. In the present embodiment 200, vias 226 are formed in
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as to completely surround the periphery of die 202. Each of the plurality of
bond pads 204 is electrically coupled to each of the plurality of vias 226. As
will be shown, THV 226 can be formed in various configurations, for
example, along multiple rows. Further, half-cut vias as shown in the instant
figure or complete, uncut vias can be formed in various embodiments to suit

cachartittfar GmplérentatioRs e 8émicohdutd? devitk 00 &dif be 3bstkeld® s S©
as @obceupled withadditionad dies 202in- variety.of canfigueations. FIGS.3A of
and 3B illustrate a first step in a first exemplary method of manufacturing the

therRitgiadkdble GeritBRdEaor dévice 48 shbWn'ih Fis BAHHE2S th A%ide P

of amd tppwiew,iregpectivelys A series of bond pads 204 are formed on an
active surface of wafer 30% as shown. T,% wafer is designated with a saw
street guide 392 TFICE 4R &4 4B fflist % acsaeréjﬂa step N the'fitst’ 2+ +°0°

conéxemplary method of manafacturjng:thenbHMstacdkable semiconductamher,

evice as shown in FIGs. 2A and 2B in a side and top view, respectively.

a1 00 R Gl o Henied Peseh a0 R St SRS 555, ureut

viaGutting Sorirde 402 canninchudecar sawrdrdasersutting-took Rriorgerticular

imp0AWIRNOD. waler 303 placed on.adicing tags 404 whieheensing, ooy cq
various segments 400 in place during the smguYatlon process. Subsequent

or toothelsingulatidn Pprdddassyasseriesof gaps 406 is formmeadbetween

con@f&ﬁ%@‘@i Segments 400 as shown. FIGs. 5A and 5B illustrate a third step in
theirst exemplary method of manufacturing the THV stackable

semicondtiéto? deviteazshown ihFISs: 2hcarnd 2BY4Bfa sideand2e first

exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively. A series of bond pads 204 are formed
on an active surface of wafer 300 as shown. The wafer is
designated with a saw street guide 302.

FIGs. 4A and 4B illustrate a second step in the first
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively. Wafer 300 is singulated into depicted
pieces 400 by a cutting source 402. Cutting source 402 can
include a saw or laser cutting tool.

Prior to singulation, wafer 300 is placed on a dicing
tape 404, which keeps the various segments 400 in place during
the singulation process. Subsequent to the singulation
process, a series of gaps 406 is formed between respective
segments 400 as shown.

FIGs. 5A and 5B illustrate a third step in the first
exemplary method of manufacturing the THV stackable

semiconductor device as shown in FIGs. 2A and 2B in a side and
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top view, respectively. Wafer 300, in the depicted respective segments,
undergoes an expansion process. The dicing tape 404 can be stretched by
using an expansion table to render a series of gaps 502 having
predetermined distances 504. The depicted arrows 506 indicate the various
expansion directions undergone by the wafer expansion process. As a next

COPstehCEIGS, B G BESiHtstratd Bl fotirthOStep ift thé first @Réfriptaty rhethda of Ve

segmanufactuingthecBdV astagkable sesricenduciersdevige, as shewndn £6s. 404
2A and 2B in a side and top view, respectively. The various gaps 502 shown

canpbR SEIEA GRE BB ey WtR tiE BRVOUR, dédttbelCorgadhite materifi = + €S

of 602 A planenGO4 eorrespansing toiatep Susfase ©f filled segments GRYiscted
subst r&ti lly coplanar with a plane 606 corresponding to a top surface of

e atdhid WO T oryARRIHAIT A 805 MBI e b pRRORREA™S

by hysuct methedsas spinmcqatinge aeedle dispensing, or similar application.

FIGs. 7A and 7B illustrate a fifth step in the firs mplary method of
manufactl%?ngathréeﬁzvss%&ab ;E (%gemié%n unc(%or evlllfc'):tcgil La}/g 5 é\]/av% in Fﬁ@g.r th
steAandt2B infa side anckripp view mespectively. Segufents 700nundengo aHV
sta,%?g%ﬁse toslfeorﬁﬁnc8‘@%@%‘8&%‘@%{‘Q'eesaéozswo%rgaﬁ‘%%’ 'PgE?sf al ?QZ e 4
e via holes can be formed in various processes, including a laser via
s idgrilingl progess ioran etelingprovessy As iSishowany igach ofdhe viddRolesdsn 1n

rrcEoNfigured in erganic.material §0g 10, correspond (o £ S%H‘?Ftﬁg Hump,pad

204 to which the via hole will be associated. Turning to FIGs. 8A and 8B, a
or gsinthcstep e tHeafirst ekemplaiymethodldf rmanufaereingithe THYV stackable

sur$S/PICORAUCIDE device agRoWD Kl GSs 2. 2847 21Side 8881 anar with a
plane 606 corresponding to a top surface of organic material
602.

The organic material 602 application can be performed
by such methods as spin-coating, needle dispensing, or similar
application.

FIGs. 7A and 7B illustrate a fifth step in the first
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively. Segments 700 undergo a process to form
a plurality of via holes 702 in organic material 602 as shown.
The via holes can be formed in various processes, including a
laser via drilling process or an etching process. As is shown,
each of the via holes is configured in organic material 602 to
correspond to respective bump pad 204 to which the wvia hole
will be associated.

Turning to FIGs. 8A and 8B, a sixth step in the first
exemplary method of manufacturing the THV stackable

semiconductor device as shown in FIGs. 2A and 2B in a side and
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13 top view, respectively, is shown. FIGs. 8A and 8B illustrate a metal
patterning process, which connects a series of metal traces 206 from bond
pads 204 to via holes 702. Metal traces 206 electrically connect the bond
pads to each of via holes 702 locations as shown. FIGs. 9A and 9B illustrate

a seventh step in the first exemplary method of manufacturing the THV
LoPstatRAble T SeHROhAYUEDY device Ha¥Hbwn MEIEs. 2A aif2BBAVE HElerate @

me t ety Leposiion proeessds Periormed to assembly 90Q ta- deposit metal
conductive material into each of via holes 702, forming_a series of metal vias

Lragss e coidiitibe Makndcan be Matetaid Sdéad Af, coppeF feu)-races

2 0 6tusgsten-(Wy comhinationcef metalalloyspecany: othes eanductiveamatal.es 702

1 A%ain, metal vias 902 are formed in organic material 602. A variety of
°“fhetridtis and €cHRiques can be used to form the metal vias, such as a

plating or piLgging process . OBIGsL 10Atand 20B ilkustrate: an eighth step incthe

. first exemplary meth %ofm ufacturi he THV tckg@% semiconduyctor
SR s et Ll e A R g
semsinguldted: for adsecond tinse by @cuttmgitock402 o fonth gaps 904.viihe hole
met 10U 8S 202 shown. INLEIGS. 104, 0B, andiihe preceding exemplary
igures representasmal?er portlorIiD 0 atotaﬁtyo semiconductor devices,
depwhich areryielded romna particulariwafer 30hAs fsochs follolng e, forming
a sEQnElusian of the second siggulation step. & maiarity of dies.202.are. ., 1,
rendered to be like the embodiment shown in FIGs. 2A and 2B, where
matgrghdicmatetial 23 0&bmpletele sufounds thepetisteralisurfacenéfidie on of

met@1d THVS,902 gre %gfi%%rﬁgﬂnég‘f‘{ﬁéé‘ﬂ%%a%%@? surface of the,dieas v ; 4
previously represented.

902 are formed in organic material 602. A variety of methods

and techniques can be used to form the metal vias, such as a

plating or plugging process.

FIGs. 10A and 10B illustrate an eighth step in the
first exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B. Wafer
assembly 300, and 900 is singulated for a second time by a
cutting tool 402 to form gaps 904. The various dies 202 shown
in FIGs. 10A, 10B, and the preceding exemplary figures
represent a smaller portion of a totality of semiconductor
devices, which are yielded from a particular wafer 300. As
such, following the conclusion of the second singulation step,
a majority of dies 202 are rendered to be like the embodiment
shown in FIGs. 2A and 2B, where organic material 210 completely
surrounds the peripheral surface of die 202, and THVs 902 are
configured in rows along each side surface of the die as

previously represented.

In one embodiment, following the singulation step
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In one embodiment, following the singulation step 14 depicted in FIGs. 10A
and 10B, individual dies 202 are removed by a die pick and place process to
remove each die 202 from dicing tape 404. FIGs. 11A and 11B illustrate a
second embodiment of a THV stackable semiconductor device 906
incorporatingFa plurality of complete THVs, as shown in a top and side view,
depfeshettively "Fievaridlls athré8 Showhdn tHe previdtis figafes dreSsHowrt ved
by Wchugingdiex2Q dopdnads2Qd: apd raetal drasirgss ydickiate formed:ain
_ the active surface 212 of die 202. In the instant embodiment 906, the
AL EMETAYS 908 are complete, in lieu of being half-cut as shown in the
previous embedinert. Eheldepisted carsplete §HYsR0Hean bevtesmedy ar a
THVparEiCl%?r Cﬁnfi%uration of saw stre§t guide §0026as shown in FtIGs. 3A and
3B AWider Saw SHestdlids 902 Mfosbrganic Mat8AR&IBTY to e 2ut as
plushawn,retainingrepdempletervda hate 30 WHIGsn12A amd E2Blillsistiatevd ew,

resfirdsiep in a seqend exemplary.mefhod.of manufacturing e THY . o .o
tackable ~Semiconducior device as shown in FIGSs. 2A and 2BA @' side and

figtopadewrrespectively.iThel secorg mhethctDaf, manufacturé as2déscribetl metal

cra 313G e frstiwg stens, 2. proyiding.a wafer, and singylationigto, ¢ o ¢
resp%ctlve segments upon (Tlcmg tape 04, as the first exemplary metho
20 2previoushhdescrivedn edditidhneatioddfeatires suehsdiorndepdds/204 08

aredIEA9AI0 shown, As;a Rext-step; warer segments 530 g6 picked from

dicing tape 404 and placed onto a wafer support system 405 as shown. The
prewafersuppbadystnt can Togicalhinelude scoauvkelt diciy tpel405:an be
forHQWeM§ﬂéh%%@@?&ﬂ%&%”%%ﬁ%%&&?@éﬂ%ﬁbe saw street guide 302 as
shown in FIGs. 3A and 3B. A wider saw street guide 302 allows
organic material 602 to be cut as shown, retaining a complete
via hole 908.

FIGs. 12A and 12B illustrate a third step in a second
exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively. The second method of manufacture as
described shares the first two steps, i.e., providing a wafer
and singulation into respective segments upon dicing tape 404,
as the first exemplary method previously described. 1In
addition, various features such as bond pads 204 are again
shown.

As a next step, wafer segments 550 are picked from
dicing tape 404 and placed onto a wafer support system 405 as
shown. The wafer support system can logically include a second
dicing tape 405. However, the wafer support system can also be
a temporary wafer support system, such as glass, ceramic,

laminate, or silicon (Si) substrate. In one embodiment, sawn
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a temporary wafer support system, such as glass, ceramic, laminate, or
silicon (Si) substrate. In one embodiment, sawn 15 dies 202 are picked from
dicing tape 404 and placed onto wafer support system 405 using pick and
place machines. The pick and place process renders a gap 406 having a
predetermined width or distance 412 between respective segments 550.

dieg P4 3 and 13BS USRS atobrtR St tthd O GOl &Xetfifian Miethdtf £ e
supplbnandfastingidhe TV stackable semigandustardevice-as shawa ipick and
FIGs. 2A and 2B. The organic material 602 is again applied to segments 650
PL3{1% BT Sshin Toafing, redtie dispnEiny 8P othel Niatiner d8 prediotisy " ©F

distescribed] Plane-o42 af segipentsithd issybstandially coplanar with plane
654 of organic material %%%.lr%min o FIGs. 14A and 14B, a figth ste%intgle
second e e%‘ﬁﬁlary{ ROt of manUfactiting the THY SeEdKkanie P * ©

secsenicondnetos device it sHown im&ElGs a2A and2B. thhe regvateda weder1 300

is trangfer{ed ogg)v% second nger sujt_)l[?o%l%/stera 408. The secand wafer

semlcon C r ce .as wn S e and e organic
sUpport system can again indiude glass, Si SUbstrate Materials, ceramic: and

matlamindteahaterialsa FiGs. 5k Anddl 5Boillastyaterdr sixttbSteprin ¢hes isecond

.e&%naglé\%method mapufacturing the THV stackable nsneglrIC%%dUCtOI’

Spl&ewce ass bw%elﬁ és?lﬁpaenras %1’ aOS|rde and top view, respe&ﬁ/ee]]yl. ?ﬁl sty
desastépe?s0, sihiaetocthat sfowr dndiiGs. ZAGnds7 B ué plurality of Via koled anar

wit?lOijligrtl%m%eéjélinogr%%maée%%llgggitglcoéwQe with bond pads 204. FIGs.
16A and 16B illustrate a seventh step 850 in the second exemplary method
of manufabtingthetTHV Stackabi® senficdridictar devideras shswitin the

secbiRs- Zeand 2Bjnaside ande lop yiews, respectivelynatepRpQis.again, )

similar to that shown in FIGs. 8A and 8B of metal patterning of metal traces
semiconductor device is shown in FIGs. 2A and 2B. The recoated
wafer 300 is transferred onto a second wafer support system
408. The second wafer support system can again include glass,
Si substrate materials, ceramic, and laminate materials.

FIGs. 15A and 15B illustrate a sixth step in the
second exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively. In a step 750, similar to that shown
in FIGs. 7A and 7B, a plurality of via holes 702, is formed in
organic material 602 to coincide with bond pads 204.

FIGs. 16A and 16B illustrate a seventh step 850 in
the second exemplary method of manufacturing the THV stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and
top view, respectively. Step 850 is again similar to that
shown in FIGs. 8A and 8B of metal patterning of metal traces
206 to electrically couple bond pad 204 locations to via 702

locations.

FIGs. 17A and 17B illustrate an eighth step 950 in
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206 to electrically couple bond pad 204 locations to via 702 locations. FIGs.
17A and 17B illustrate an eighth step 950 in 16 the second exemplary
method of manufacturing the THV stackable semiconductor device as shown
in FIGs. 2A and 2B. Vias 702 are plugged, plated or otherwise deposited
with a conductive material to fill via holes 702 and render metal vias 902 as

Ehes RS ol ARE e thetdl Ve 902 forfratibhiprotesd Yid old Water gt sl Le
semifarsfetred onteian aslditionak dising taper4&Q asshowndnHGs, $18Aanto2 are
18B, which illustrates the depicted ninth step. FIGs. 19A and 19B illustrate a

P LUgHRT steplii e BeonbExetrpigry i RBHOU S AN GfRcfurngtHE THY ©

ma tstackable osemicondueton device As2shovd indrlés: 2Acand 2B Acuitiry 4eol
402 is again used to singulate via hole wafer 960 into the depicted segments

Sho@f”?o, resulting in gaps 904. As a final step, following the second singulation
process, a dielpiek agd tlacenenachine eand be utilized ta agaipremave, eacha

device 200 o .diciQ tagefb410. EIG.HZCO iIIustratgglatthird %emplar

hOlgm odiment of TAV stackable semiconductor a‘aéwcesléjlrba,1 shg\}v%lu%(ﬁzi%%pf

410dies te-Urewstacking Tonfigurddion nalalside vielwl #hseriesueft deviees 206 can
be stacked as shown to suit a particular application. Each of the metal vias

depégf?:g?n %ler%s?ﬁeattggéther as shown by union 912 using a direct via metal
bonding prdéess. 1Ky aumbéPsf dévices 200 ean besstatkettay showhte

secGAfZe 2. fesied implementation, FlG 21 dlystrates g fourth,exemplary, , o
embodiment of THV stackable semiconductor devices, shown utilizing a

semdigapductor device as shown in FIGs. 2A and 2B. A cutting
tool 402 is again used to singulate via hole wafer 960 into the
depicted segments 970, resulting in gaps 904. As a final step,
following the second singulation process, a die pick and place
machine can be utilized to again remove each device 200 from
dicing tape 410.

FIG. 20 illustrates a third exemplary embodiment of
THV stackable semiconductor devices 910, shown utilizing a die-
to-die stacking configuration in a side view. A series of
devices 200 can be stacked as shown to suit a particular
application. Each of the metal vias 902 can be joined together
as shown by union 912 using a direct via metal bonding process.
Any number of devices 200 can be stacked as shown to realize a
desired implementation.

FIG. 21 illustrates a fourth exemplary embodiment of
THV stackable semiconductor devices, shown utilizing a die-to-
die stacking configuration, which incorporates solder paste
916, again in a side view. Solder paste 916 includes a mix of
small solder particles and flux. A variety of solder pastes of

various materials can be incorporated. Solder paste 916 can be
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die stacking configuration, which incorporates solder paste 916, again in a
side view. Solder paste 916 includes a mix of small solder particles and flux.
A variety of solder pastes of various materials can be incorporated. Solder
paste 916 can be 17 applied using a reflow soldering method to create a
strong metallurgical bond between each of stacked devices 914. A fifth

APPey&ifiplaty BRbbdiiért st &5 PHY staeikabie [SetrlicbRdGcir d&vite 918989

me tShowR &% EKG. 22 ddhejpresest, esrhadimentingludes mukipleseowsiof bond
pads 204 and multiple rows of via holes 902 as shown in a top view, which

are apprdpriatély CoRfEERYWith FEPATrHEHYs 206. Edch'ofthé Vid'hofes
sem902 amdisposed in ekganicsmateriah 602 asshove. Any numberofesent
bcgéﬁi urations fdées 202 haying multiple ro §?1Of ond ad%ﬁ 4ar§d 1
IO Fowd 5F VidHoI 88 902 RaR be°THipRMered: IhHddition tothe pradénttLe
rowembodimentr9d B sartdibemembodimenitcan heokealized whichi conrects the
depicted. half-cut outer vias 902 to bond pads 204 which, are not_Jocated _on
DD e A S S T o A bAs a0 e of “Ene
viaadditiesal die 202 ©r @isawirere asra specific ampiermentation ¢equiress Aown .

sixth %xempl ry emj:bo%iment .Of aSTI5|¥ S&?%‘%abi% .%néiconduct%rlgevige 920

Any numbet, 0L Jc at 1o ng e rows
Yis'shown in FIG. 23. Device 920 Tllustrates an ad |t|ongllco%f|guratllo% of ~°"

of b_@mrsﬂpadglsoap %rg@eg g@@;am@_ heseriesa)fmlf@m viasl@@zﬁ/@lﬁ_ckrare b_e
1mpd18RRS&A.QN opposing sides, af dig 202. The dies, 902 are formed inprganic

material 602, which is disposed on each peripheral side of die 202 as shown.
anolphg yarativriofithe tdepicted cernbodinterd 9201 alvonfigortion dandnclagected

na1¢opplete vias,902; Asexenth exgmplary embodiment of g THV. stagkabig st eq
semiconductor device 922 is depicted in FIG. 24. Device 922

on the active surface of die 202, but on an additional surface,

such as an additional die 202 or elsewhere as a specific

implementation requires.

A sixth exemplary embodiment of a THV stackable
semiconductor device 920 is shown in FIG. 23. Device 920
illustrates an additional configuration of bond pads 204,
traces 206, and a series of half-cut vias 902, which are
disposed on opposing sides of die 202. The dies 902 are formed
in organic material 602, which is disposed on each peripheral
side of die 202 as shown. In a variation of the depicted
embodiment 920, a configuration can include complete vias 902.

A seventh exemplary embodiment of a THV stackable
semiconductor device 922 is depicted in FIG. 24. Device 922
includes a series of dummy via holes 924, which are disposed on
opposing sides of die 202 as shown. Vias 902 are disposed on
the left and right hand side as shown. Dummy via holes 924 can
provide for electrical connectivity through device 922 for

specific applications. Dummy via holes 924 can be used to
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includes a series of dummy via holes 924, which are disposed on opposing
sides of die 202 as shown. Vias 902 are disposed on the left and right hand
side as shown. Dummy via holes 924 can provide for electrical connectivity
through device 922 for specific applications. Dummy via holes 924 can be
used to 18 connect an additional device 922 or package using a wire-

CONBGATinG ProcESst PAaditioR HAiEs 924 cah det a8 3GrodRd st &s Y dohduit
bonf@l ipUtiestRE{1/O) signads DUy holes 824 gan bercondigured, asgithind or
vias 902, in a variety of implementations. For example, multiple rows, or full

2S G FAREHfolE8 B24 AR eoilﬁﬁéigﬁeﬁgoﬁ? FI& 984l Gstrates one such
embodimentnofip deviess 926,awbish ineludes &y efihalksutldwmnmyivas 902,

. 924 on the left side ofgie 202, and a row of THVs 902, on the gght ide of

In Gie's02 Agkin” HispaRea s OfGHmC Risteridl 602" EIEP26 il BatetPd Rirtl? ™S

or eéxdamplary embbpdimentaflae I H\ stackablecssemiconductoedevice 828, 25

. . ,depicting two stacked. dies 202 and 203 utilizing dummy via holes 902 as
LG i FIGS. 24 Al 7516 Conekt a p i 203 with 4 e Bonding | ©°°
a rprpcess.hA sériesiof Bonthpads 20592 disposett@nlafactaedsudacel obdie0 2,

203. Wire-btonfig\/zm oiwnectb d pad h204 to .via l90 .Adj Igctric .
andin%ul%%%g o bond|Sn99r‘:%aferl%lll1 Zggels di potse%lt?eetwéen%hee 2%§ ahd‘die 203
d1i steopreviderstructdral supporfordevife/package 928. Semiconductor

devices, sueh asdevige gQQ Jnearporating a geres oL THYS 26 I 802630 of 4

provide a variety of functionality and flexibility in various applications. Use of
THVorgfanidmbleriat 210 edlods Place rdentiofvias. 826 damsidd idig 202 owhichcked

a1 callows for additional eirguitty within,die, 202 and enhansing the functignality

of device 200. In addition, by
FIGs. 24 and 25 to connect a top die 203 with a wire-bonding
process. A series of bond pads 205 is disposed on an active
surface of die 203. Wire-bonds 207 connect bond pads 204 to
vias 902. A dielectric, insulating or bonding material 209 is
disposed between die 202 and die 203 to provide structural
support for device/package 928.

Semiconductor devices, such as device 200
incorporating a series of THVs 226 or 902 can provide a variety
of functionality and flexibility in various applications. Use
of organic material 210 allows placement of vias 226 outside
die 202, which allows for additional circuitry within die 202
and enhancing the functionality of device 200. In addition, by
using organic material 210 instead of wafer 300 material, the
respective yield per wafer is increased. The organic material
can be configured to be as thick as needed to accommodate a
variety of vias 226 in any number of applications.

Device 200 can be incorporated into a variety of PoP

configurations, which make use of THV 226. Such a device can
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using organic material 210 instead of wafer 300 material, the respective yield
per wafer is increased. The organic material can be configured to be as thick
as needed to accommodate a variety of vias 226 in any number of
applications. Device 200 can be incorporated into a variety of Pop
configurations, which make use of THV 226. Such a device can 19 include a

incdfifcondietor dARIRG andhtegrat8d THV 226" 566R %4 Sémidondtéfor dieuch

a seal berefesestoasa THY die. Current packagedn-packageifRiP) current
ackaging techniques make use of wire and/or bump interconnections to

PaChRN e SlebficaPSigndls  baien died ifiterfESers TaRd phtkayes® Thafe 611 ©

andgewingngemand ta-pravide: mene relustrefiiciest and space:-savis@gnals
interconnections. The use of THV st uctur%s like 226,,@2d the,reb\é, THYV dies

PeLHSSvideSSich ifterESisctions B8R provida dndre robtist effiSiedt AHa"d
demspatetsaving interconneetionsbl sthing fa FtG c27A aantentp @xemygdaryng

i negTPodiment.of 8 THy stackable semigondyctor device 2905 shoun. TH
device incltides dIle 2023°An organic material is disposed ™ afoun
thepefipherabsurtaices 214 ofrdie 202. $helordartie rmateriat isidisposecthalongvide

sides 218.and , for example, of _die 202. Bond pad.204 is formed. over a
o o IR aE e Nop Saao8 &Y S B i 204 o -

connected thﬁHIVQZZBD,_il’E Micfﬁﬁhondu@ﬂﬂ@tma@@htsl@Iitspo@ed@w@]lbf of
= THetaliraces,206. Aseries of RRLs apd inierconnection pads are disposed. ; -

under bumps 222 in the configuration shown above or integrated into the top
2.2 0sirfeceuolfe dief262. Zthe- RDAS andimtéreonaéstiorepads! frovidledfoprosed

arcgiggtrical. oansction terminals fop addiienalidies fo be stacked guer; THV die
device 220. FIG. 27B illustrates a side-view representation of
material is disposed along sides 218 and 216, for example, of
die 202. Bond pad 204 is formed over a top surface or
integrated into a top surface of die 202. Bond pad 204 is
connected to THV 226, in which a conductive material is
disposed by way of metal traces 206. A series of RDLs and
interconnection pads are disposed under bumps 222 in the
configuration shown above or integrated into the top surface of
die 202. The RDLS and interconnection pads provide for
electrical connection terminals for additional dies to be
stacked over THV die device 220.

FIG. 27B illustrates a side-view representation of
the THV die configuration 220, including a second semiconductor
die 224, which is stacked above THV die 220. The
RDLS/interconnect pads are coupled to a series of bumps 222 to
electrically connect die 224. THV die 220 incorporates THV
structure 226 previously described, which is integrated into
organic material 210 disposed around peripheral surfaces of die

202 as shown. A series of bond pads 204 and metal traces 206
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the THV die configuration 220, including a second semiconductor die 224,
which is stacked above THV die 220. The RDLS/interconnect pads are
coupled to a series of bumps 222 to electrically connect die 224. THV die
220 incorporates THV structure 226 previously described, which is
integrated into organic material 210 disposed around peripheral surfaces of

Progisd902 s SHOWN ASerid¥dfborfdl patE 204 AAd st haceB0g 20 226 and

to previde-an eleetricat path torrpute sigpals through via 226 and to the top
surface of THV die 220. FIG. 28A illustrates a first step 228 in an exemplary

method of faBricatitly & Pop derictiidaetbr Hevice 16 ustrite RneapSiighitH 2Ty
metanRd package-stackingiechnigues. Revies 228 doelbdes THé diec202, which at e
ag}ain incorporates THV 226 inte rai(e,d into organjc material 210, A se |Ze§ of
enChlimpi D2y Bledtiually CoEcts SscortPiesr FAERAGE 224 5Uct 5e
inchumped T onflip chip dieytd TH\adiei202. 1m one pembodimantybamps 222
are cq%ugolled tqct(gle RDLs and inij[_erccl)gtﬂe(%&o& pa%s as shown ir} FkIDG. 27A.
a

intéegra organlic mater seyryles ump s 2
ngxtsep 2367 the xemplary encapsulation’an pacﬁage sf)acklng Srocess

e 1 eistshowmnlinyFIGo 288¢ Bumps=232 drel tisposedaovier @ctop Stirfase of vies a
226, as shown. As.a next. step.234, sho in FIG. . An.enc ulant 235
£3G,Nex| » SOOI} . AnEhcap
P oateed over Aation o TN/ cie o0 and e 336 A pation of

posed over portions of die 202 an . A portion of bump
embpgZ igenposednas i bottom portioh of THV diec2 G2 NMarious

i e SYRGOmROnents stichias THV. dis 202, bump, 232 dje 224 and bumps 222

are rendered into an integrated circuit package 234 as shown. As a next step
238, showh INCFIG. 28EX, afitSt package 234T9srEKed BVEPa sbesign and

pac&l%%}‘élagﬁ%%% FhipR, sHHace; of expesedbump 32 of segond package 234 is o
coupled to
dispo;éd over a top surface of vias 226 as shown. As a next

step 234, shown in FIG. 28C. An encapsulant 235 is disposed
over portions of THV die 202 and die 224. A portion of bump
232 1s exposed, as is a bottom portion of THV die 202. Various
subcomponents such as THV die 202, bump 232, die 224 and bumps
222 are rendered into an integrated circuit package 234 as
shown.

As a next step 238, shown in FIG. 28D, a first
package 234 is stacked over a second package 234. A top
surface of exposed bump 232 of second package 234 is coupled to
a bottom surface of through hole via 226 of the first package,
and thereby, THV die 202 of the first package. As such, vias
226 of several packages 234 can be connected using a series of
partially exposed bumps 232. An encapsulant 235 is disposed
over portions of THV die 202 and die 224.

FIGs. 29A-32B illustrate a series of steps in an
exemplary method of fabricating a semiconductor device using an

exposed ball and die on a package, or using a PoP
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a bottom surface of through hole via 226 of the first package, and thereby,
THV die 202 of the first package. As such, vias 226 of several packages 234
can be connected using a series of partially exposed bumps 232. An
encapsulant 235 is disposed over portions of THV die 202 and die 224.
FIGs. 29A-32B illustrate a series of steps in an exemplary method of

Confahfidatiig 8 semi€ditiictdrdevicd fising div eXposett Balt and tid8ha T1rst
optRackagen o Hsing:a:Rep Z4candigueation. FiGs.129A,304; B1A, ands32A08,
illustrate first options in the exemplary method. Similarly, FIGs. 29B, 30B,
318318 4hd 358 J‘rlﬁﬂs%‘fé 3bEoritf Gptichs R the exerplary mENOHPERS Y2g)5 thod -
illustratesthe process of previding<ss series of buaps 222 disposert averaTHV
ie 202, In one er%g%diment, bumps 222 can be couglgg to the various RDLs

d
Serisd a¥socidtEdin ORRESBIPads &€ sHoWn i BIG "27A. BlimBa©S222
embprbiittenan eleatiical zannectiongeath bepiveen Tol\tdie 202 andsa secondany

die.or package. FIG. 29B illustrates the additional optio forming bu
a5 R RS KoL E ot e DA b Lo B A CexPatay, Famos
22 230A diustratesha plecess iof aforminghac encap st 236-everra parftionicf 202

THV die 202 and bumps 222. Igasimila step, en ps%ant is formed
and0\(71erS ﬁwceogﬂg r%]f)é/ ir(? the ggnf%%(r:atlao%eés sﬁov?ﬁ in G.lg%lél.s Ip‘f?)tf'tleosn (r)%;n the
addencapsulanticandher befremoved touaxposeZa puriontdfbunyss 222 §sce of

v1ashown in ElGs; 314 for the first option and 31B for the second option, as
denoted by arrows 240. The encapsulant can be removed by a wet etching

process, érsa éhémﬁebl-ﬁfei‘ihan%é@poﬁélﬁqg {ENP) PrECss 2 AT final Stey,
forﬁﬁz‘*ﬁ&oﬁ%d@n%%%%%‘%@dzg%c@\g&z%ﬂz%%@%%d gbovethesexposes ong

bumps, where bumps 222 conduct
bumps 222. 1In a similar step, the encapsulant is formed over

the bumps in the configuration as shown in FIG. 30B.

A portion of the encapsulant can then be removed to
expose a portion of bumps 222 as shown in FIGs. 31A for the
first option and 31B for the second option, as denoted by
arrows 240. The encapsulant can be removed by a wet etching
process, or a chemical-mechanical-polishing (CMP) process.

As a final step, a second die 224 or second package
224 1is stacked above the exposed bumps, where bumps 222 conduct
signals to or from THV die 202 to die or package 224. As shown
in FIG. 32A, die 224 is sized appropriately given the
respective bumps 222 configuration. Similarly, as shown in
FIG. 32B, a larger die or package 224 can be used which extends
to the peripheral edges of THV die 202. Vias 226 can be used
as a ground, or to route I/0 signals to or from die or package
224. The combination of die or package 224, THV die 202,
encapsulant 236, and bumps 222 renders an integrated circuit

package, which can again be stacked in various configurations
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signals to or from THV die 202 to die or package 224. As shown in FIG. 32A,
die 224 is sized appropriately given the respective bumps 222 configuration.
Similarly, as shown in FIG. 32B, a larger die or package 224 can be used
which extends to the peripheral edges of THV die 202. Vias 226 can be used
as a ground, or to route I/O signals to or from die or package 224. The

£o Eothbinatioh bf diRor FEKabe?24, THV die 202, encapsulant 236, and

bumps 222 1epderszan mjegratedseircuite package; whieh 6an agaktbed of
stacked in various configurations 22 to suit particular settings. FIGs. 33A-36

Fabid s Hhotier SAMPIE MEhLa bt fabREAERPBAb toRfigurationS”
impinearporatinga Fi-PoP dmplementatien.dn isosimilar fashion toEIG2B, FIGs.
29A-32B, Flgds.g 4A, and 35A illystrate a first option, wi]\gle FIGs. 33

36 b %

33348 %8B 3 ARSEsBESNd optiGrt T HRing o FIE” 333 Er?—ﬁfdue

348203 sproxited3 h an laptionat embogénent; acgeriesrof bumps 241 can be
depositedFover vias gZGF%%sh%\?{ in Jﬂ&-‘; %BB FI& 34A |IIustr§;% &he Fn an
i0

process o Pormln an encapsulatiori covering a portlon i Of vias meta
opttracesl 2@tand boadtpads 23ras shownblihe sericpsulant 244 deavesia top

oveBortlon ofﬂ—%v d|e 20 ex osed ﬁé)rd% 55) expose R@'z; 24 nd{or Sl Fhe
eft

interconnection pads 4?2 I\I[I’l tion, a ottom surface o
proexpusedt FIGra3dB jlustratesca signilar stepm wi«verelemapsutanrzmragzaﬁn slas

22 6f°rm§9aolve£ Aportion ef the, [HY dig, ye! he Jpterganngetion pads,andor

DLs 242 are left exposed, as is a portion of bumps 241 to provide for
encer@wubanéorirfe‘btm@agsmwdt@@ by arfove 243 FFIGI3SAL #Hudhatesthesed, 1in

ord@&ocﬁés 8&%@&5‘”19&9'92%2 Packaas 234 enio-THYdie 202, whete a geries 1,
addlt;gg?sa bottom surface of THV die 202 is left exposed.
FIG. 34B illustrates a similar step, where encapsulant 244
again is formed over a portion of the THV die, yet the
interconnection pads and/or RDLs 242 are left exposed, as 1is a
portion of bumps 241 to provide for electrical connectivity as
denoted by arrow 243.

FIG. 35A illustrates the process of stacking a die or
package 224 onto THV die 202, where a series of bumps 222
electrically connect package or die 224 to THV die 202 by way
of the interconnection pads and/or RDLs. In a similar example,
a package or die 224 is attached over the embodiment having
bumps 241 as shown in FIG. 35B. Bumps 222 electrically connect
die or package 224 to THV die 202 by way of RDLs or
interconnection pads.

FIG. 36 illustrates a last step in the second
optional method disclosed in FIGs. 33B, 34B, and 35B. The
integrated circuit package 246 as rendered in FIG. 35B is

stacked with an additional package 246, where vias 226 are
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electrically connect package or die 224 to THV die 202 by way of the
interconnection pads and/or RDLs. In a similar example, a package or die
224 is attached over the embodiment having bumps 241 as shown in FIG.
35B. Bumps 222 electrically connect die or package 224 to THV die 202 by
way of RDLs or interconnection pads. FIG. 36 illustrates a last step in the

&1L eg&dohicP bptionaMEhba HisIdsst MUERss. 33B; 348, dAg 35B% Than result

be titegratatCikGuit packrag 246 asmrenderethindel Gy BbBiisastagked WHBADb £ an
additional package 246, where vias 226 are 23 electrically connected using

OPLhGRpS 241 R Jan 248'25f Tt between the two packages, which can be
alleviated by useref arvpionandpdesfilt material ninseme HOPand bottom
rrangements, both the to%and bottom packages are BGA packages, with

PACHRIGP phickads Stdtket DTS 't bottoh Packiye® The 185 patRage i °t°
thecannected torthieshaeitom Tpackage via thesbumps betweert thestopcandchkottamt om

ackage. These humps eL%cated round the perjpheral of the bottom
D5 R aL 1 PP T o BTN h i BN IRt habfaoe i These
bum@60,axlkich isedrnkecied torthechaseosubsttate 2ia wireshdheavitesmaneackage .

encapsulated by;the malding material and have an exposed middle cayiy.
The exposed cavity area is aBﬁa to receive a secon pagkage. As the

paCéiI@gtrichlikig_nabf@omwhe Cﬂ@pisec@ndrpa@kagle_ tramsmittedovis tescerter via
wir%as".'tyﬁ{saw'ﬁ%g‘ea'%%“oén@%Eﬁ_ﬂ%@&?rggt"&% the Fi-RoP ganbave @ ang

pre-encapsulated package. The Fi-PoP Is attached with an interposer. Wires
havgresaddetPand dnrenddpsulation havingthe middbs edvigpisiexposeddo is able

to FBCEVEA secand.package- £1G.37 ilustrales a fitst exemplary £mhodiment, +he
250 of a Fi-PoP configuration incorporating THV die 202 disposed

top second package is transmitted via the center cavity area

into the bottom package. Alternatively, the Fi-PoP can have a

pre—encapsulated package. The Fi-PoP is attached with an

interposer. Wires are added and an encapsulation having the

middle cavity is exposed to receive a second package.

FIG. 37 illustrates a first exemplary embodiment 250
of a Fi-PoP configuration incorporating THV die 202 disposed
over inverted package 260. THV die 202 is oriented such that
the integrated circuit layers of THV die 202 are facing
upwards. THV die 202 is disposed over circuit carrier
substrate 252, or can also be disposed over a leadframe
material. In the depicted embodiment, substrate 252 includes a
series of bumps 254 to provide electrical connectivity. An
additional die or package 256 is disposed above and
electrically connected to THV die 202. An encapsulant 244 is
disposed over a portion of THV die 202, the inverted package
260, and wire bond 207 coupling THV die 202 to substrate 252.

The encapsulant is formed so as to terminate between via 226
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over inverted package 260. THV die 202 is oriented such that the integrated
circuit layers of THV die 202 are facing upwards. THV die 202 is disposed
over circuit carrier substrate 252, or can also be disposed over a leadframe
material. In the depicted embodiment, substrate 252 includes a series of
bumps 254 to e%jrovide electrical connectivity. An additional die or package

anda B9 AgiBA6sed Ao ERG S IBEHEAN CHeY tP PGB JBt AR traces
206enRcapsant 244s sdisposed-avernseperion of I H\ fie-2@2,the inyerted

. package 260, and wire bond 207 coupling THV die 202 to substrate 252.
IntehL dheapSutantis formfe 855896 termtindi Btwaeh S fa 358 24 arBBhd
intpad204caparoxinatelyrhalhway between metaldeaicesn 206 asrghowrs Yias-e
use\%% can be u,s(ﬁd to_connect to togﬁinte rated circuit or package 256 using

irsS aRAoF Bump thtetéonHections Gh tRE depicted embodiment, bumps
258 are used topgovide the inierconnectarn kdGe 38rilfuistrate ssalsedanent 262

exemplary embodiment 262 of a Fi-PoP configuration, where THV die 202 is
O e E o0 o S AR PR T NG B SGlin ke Shgte 2oV
a stirouita cdrrier skibgtratecor, leadffame jpackgge 2521 THYsdié 202dseagaincuit

directly wire-bonded to substrate 252. An additio ac or die IS
e oy o e PR G200 g Wt Dirine Baa
agaPackbgecortdig 2667 aslshodedn timamypoftiresti<PeP Zembaddintetds t ional

paciesalibsd througheut, canipclude shich devicesasa i ghip bare die, auad 1y
flathonlead (QFN) package;, small outline nonlead (SON) package, quad flat

diepadkagey(QFR) lahd tgritbarrdy §1:GA), ball grid array (BGA), or similar
devices and packaging configyeationsvhers,a knowp geod die is,e ri-pop
incorporated.

embodiments described throughout, can include such devices as a
flip chip bare die, quad flat nonlead (QFN) package, small
outline nonlead (SON) package, gquad flat package (QFP) land
grid array (LGA), ball grid array (BGA), or similar devices and
packaging configurations where a known good die is
incorporated.

FIG. 39 illustrates a third embodiment 266 of a Fi-
PoP implementation where THV die 202 is incorporated and
disposed over a top-side up flip chip die 268. A top die 256
or package 256 is electrically connected to THV die 202 by way
of bumps interconnections 258. Underfill material 270 disposed
under THV die 202 is optional.

FIG. 40 illustrates a fourth embodiment 268 of a Fi-
PoP implementation where THV die 202 is located beneath an
inverted package, which is wire-bonded using wires 207 to wvias
226 as shown. The depicted embodiment further illustrates the
flexibility of implementation of THV die 202.

In a fifth embodiment 270, the THV die can be wire-
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FIG. 39 illustrates a third embodiment 266 of a Fi- POP implementation where
THV die 202 is incorporated and disposed over a top-side up flip chip die
268. A top die 256 or package 256 is electrically connected to THV die 202
by way of bumps interconnections 258. Underfill material 270 disposed

under THV die 202 is optional. FIG. 40 illustrates a fourth embodiment 268 of
Pond et POP iplettétafio Whered THY dié2025is16Cat8d benEaftart inverfétf

intRagkager Whichsisywrerhonded usingavires 200t Viasg226 asisbowse fhenv
. depicted embodiment further illustrates the flexibility of implementation_of .
AL eThVie P022 In 8t EmbSdiRRNE 896, the®THV Hié cait be i35 Bdrided
wirto-aoteposer devee 272 asrshovwt iniRl&: 41adherinterposaracis &smann
Ginte ace to route signals between THV die 202 and a top die or package
256. The interposer 272 is wire-bonded to vias 226 in a similar manner to
that shown i iIKHGh 40mBsixtheambadiment 27 4rof aFeiFPdRimpleserdatiom 1is

.. _is illustrated by EIG, 42, which shows inverted device 276, which i ain, .
SRhls iR bl e ST R S
is leadframei fosecondsdncapsalant 278 tandyer optionallyodispesed Bétveen can

the gap formed between THV.die 202 d encapsulant 244. In th icted

& ) D 4,0 .
o B e L gy neeane (L T le PACtEdn be
optdowawasdsiins proet do efeciically dontast debicer2z. Besintlan efifboditnent2 02

and284 1S:SNOWN, IN FIG, 43, where  addjtional pagkaging L8053 dispased-Oyer 43 o
THV die 202. Here, the wire bonds of package 280 are connected through

is gingP2east THVIdie PORd9K drder toiglectiicalhpomimect packaned280watds in
oraliegratedhcirquitiiayers which face thedop surfasg of device

A similar embodiment 282 is shown in FIG. 43, where
additional packaging 280 is disposed over THV die 202. Here,
the wire bonds of package 280 are connected through vias 226 of
THV die 202 in order to electrically connect package 280 to the
integrated circuit layers which face the top surface of device
276. The die 280 can include flip chip bare dies, QFNs, QFPs,
SONs, LGAs, BGAs, or other implementations which incorporate a
known good die. The flexibility of THV die 202 allows a
variety of such devices to be implemented in combination with
THV die 202 to suit particular applications, conform to certain
performance specifications, or comply with certain dimensional
requirements.

An embodiment 284 of a Fi-PoP illustrates THV die 202
which uses a set of exposed bumps 290 as shown. Bumps 290
connect to leadframe 288 of a package 286, die 286, or similar
device, which can again include the various devices as shown in
device 280, e.g., BGA, LGA, etc. 1In the depicted embodiment,

THV die 202 overhangs package 264. An encapsulant 244 covers a
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276. The die 280 can include flip chip bare dies, QFNs, QFPs, SONSs, LGAs,
BGAs, or other implementations which incorporate a known good die. The
flexibility of THV die 202 allows a variety of such devices to be implemented
in combination with THV die 202 to suit particular applications, conform to
certain performance specifications, or comply with certain dimensional

POTfetfifireftlents! At émbotiime M8 8Fa £ PoPAlldstratEs THY diet20 2 Mikidh'

strusesia set elpmosed bumps 290 as showatnBsinpse2%0 8ONNgELIN in FIG.
leadframe 288 of a package 286, die 286, or similar device, which can again

45/ intiidethé VaribGS Hbvicts B EHOWinm BEvitE 2801 6. ¢ SBERCT A RE IR - 44
is therdepicted embadimest13HdAdig202 eveihangspackagea264: Wnht 244 .

lant 244 26 i f THV die 202, k 264,
encag)su an covers a pO{gon 0 ie ?ﬁiér gac a]é_;fe

I e e ke e el o e D e e S

viaig PIg% 45,die 286 directyimaunied t@ the TdVadiewas showmginnElGe 442157 .

removed, and is replace 'ha@ itional encapsulant.244. In either FIG, 44
e e B A ol o S RSN E il of &
Fi-P5P asshowgusing wires207e Tivingite RIG2 465 and asiditiondl over

supgTpgegiment 298.of a Fi-BaP configuration W%%VE TV die 202 is disposed ¢
over substrate %\élha%lng an‘open cavity %95 tormed in a portion gf
subsifstitate 252 . Thé irtegrated circditlayersofiTHV alie 262 ofacébpenicavity 2

£aced pLihesubstrate, 4n addifipnal die 286 is dispased.ahoue; an invegted 5 g¢
package 260, where die 286 makes use of a series of bumps 258 to
is gleericafy come die 28616 thedntegrated <iréaif layers oEpadlkagestoaakes

use 'R package 260 Js coupled tosiHY die. 202 using.a QSE AR D/AY e 286 to

adhesive material or similar method. Similarly, an additional die 224 is
thejotaieRiBelbRIne vEfive SuffacesPtheiTRYdieéndalde The package 260

is coupled to THV die 202 using a die attach (D/A) adhesive
material or similar method. Similarly, an additional die 224
is located below the active surface of the THV die, and also
coupled to the integrated circuit layers of the THV die using a
series of bumps 258. An underfill material 299 can be
optionally disposed between bottom die 224 and THV die 202 to
provide additional structural support.

As the various embodiments shown in FIGs. 27-46
illustrate, the use of a THV 226 which is incorporated into THV
die 202 can provide a variety of flexible options for
incorporating various dies and packages. Various dimensional
requirements, such as footprint size or height or depth
requirements can be satisfied through the use of THV die 202 in
various stacked configurations. Use of the THV die in the
various embodiments provides an efficient, effective, and
robust solution in many cases.

While one or more embodiments of the present
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coupled to the integrated circuit layers of the THV die using a series of

bumps 258. An underfill material 299 can be optionally disposed between

bottom die 224 and THV die 202 to provide additional structural support. As

the various embodiments shown in FIGs. 27-46 illustrate, the use of a THV
226 which is incorporated into THV die 202 can provide a variety of flexible
InVEphtors fol diicorporating VatiotusHies'and pagkadges. Vtous dimeRsionaf +5an
wilnequements,issichrascfogtpring sizerardieight-or depth vggusaments eanvbe

satisfied through the use of THV die 202 in various stacked configurations.
enbOLaBF teP TRV diBIn 76 Valiohs entbotiments pravides an éfficientPe of the
preeleativenand trobustsoldtan iomany tases.dVhie DBR 0N Baims .

embodiments of the present 27 invention have been illustrated in detail, the

skilled artisan will appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the present

invention as set forth in the following claims. 28 Claims What is claimed: 1. A

method of forming a semiconductor device, comprising: providing a first die

incorporating a through-hole via (THV) disposed along a peripheral surface

by; (a) providing a semiconductor wafer having a plurality of die, (b)

separating the plurality of die to form a peripheral region around the plurality

of die, (c) depositing an organic material in the peripheral region around the

plurality of die,
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(d) forming a via in the organic material, (e) depositing a conductive material
in the via to form the THV, (f) forming a metal trace between the THV and a
bond pad on one of the plurality of die, and (g) singulating the plurality of die
through the THV to provide the first die incorporating the THV; providing a
bump disposed over a top surface of the first die, or disposed over the THV;
providing an encapsulation coverinda ptition of the first die and the bump;
wha€Xpasing therkwmp by removing a portion of the encapsulation; and stacking
a second die or a first package onto the exposed bump. 2. The method of
claim 1, wherein the second die further is a wire bond die. 29 3. The method
1. of claimethwhersin the-firsh packagenfustheduoeludes avguag, flaidiamniaad ng :

package.(QFN), a small outline nonlead package (SON), a d fla ,
oG L IO, 8 e B Avay EGRE L aR 6 £ ol G dekice >
(TH(BGA). b dsmethocbakformingrd seaicondsictaf deyidey comprising:

proyiﬁgng a semiéonductor Waferglggilpgta Flural' % of first.semicon?uctoEQiCe:'

s,epai51 tin& ﬁoevﬁ u%aﬂﬁy of first semiconductor die to fgrarr‘{ énﬁjerﬁ)h%ré)lrr%glony of

diearound the plurality of first semiconductor die; depositing an organic material
o e EeTEREpL IR B LAY TR ST Yo

region around the plurality of die,

(c) depositing an organic material in the peripheral
region around the plurality of die,

(d) forming a via in the organic material,

(e) depositing a conductive material in the via to form
the THV,

(f) forming a metal trace between the THV and a bond pad
on one of the plurality of die, and

(g) singulating the plurality of die through the THV to
provide the first die incorporating the THV;

providing a bump disposed over a top surface of the first
die, or disposed over the THV;

providing an encapsulation covering a portion of the first
die and the bump;

exposing the bump by removing a portion of the
encapsulation; and

stacking a second die or a first package onto the exposed

bump.

2. The method of claim 1, wherein the second die further is a

wire bond die.
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depositing a conductive material in the via to form a through hole via (THV);
forming a metal trace between the THV and a bond pad on the first
semiconductor die; singulating the plurality of first semiconductor die;
forming an interconnect structure over the THV or a surface of the first
semiconductor die; and stacking a second semiconductor die or package

3. over¥ fiP&tirfhcaof tHé fifst Senfitsifdictortdig, the'sttoRa “&erAicohtnctor™
incdied¥ Ppackage heingelestsicaty gopneated o theriniercanract 1strugiure: Se
The method of claim 4, further including: depositing an encapsulant over the

nong.2fde RREBEGo e JandRint8e6hrect Strictre nd i ving algdHiod bt <

arrthe encapsulant.trexpese theb30 intercannectsiyuctarei ard electrjcally
connect the second semiconductor die or package to the interconnect
structure. 6. The method of claim 4, further including: depositing an

4. encapstitant@ver thesfinst segmicondidtos dit: @ndrintbsednnect struptuie; iang:
removin g.portlon of the en%?@g%artlonggﬁ)g%(pgse the first slemlgzn uctor,

die"and’e e(l:trrll%aﬁ‘y gonnect the second’ Semiconductor die'or pac algé’ tooﬁwe

firfirst semiconddotor dre.dZeThe method of claim 4, wherein the interconnect
stretye, Indudes  bumg, 8, The msthod.of laim. 4, uherein the seeond.
semiconductor “die or p%ckage incfudes a flip c%up le, qua tiat nonlead
forpackagey swiatcutlineenoniead package; fygiadflat package, lafd mgrid array
sendRYES QA grid.array device.
depositing an organic material in the peripheral region
around the plurality of first semiconductor die;
forming a via in the organic material;
depositing a conductive material in the via to form a
through hole via (THV);
forming a metal trace between the THV and a bond pad on
the first semiconductor die;
singulating the plurality of first semiconductor die;
forming an interconnect structure over the THV or a
surface of the first semiconductor die; and
stacking a second semiconductor die or package over a
first surface of the first semiconductor die, the second
semiconductor

die or package being electrically connected to the interconnect

structure.

5. The method of claim 4, further including:
depositing an encapsulant over the first semiconductor die
and interconnect structure; and

removing a portion of the encapsulant to expose the
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9. The method of claim 4, further including stacking a third semiconductor
die or package over a second surface of the first semiconductor die opposite
the first surface of the first semiconductor die, the third semiconductor die or
package being electrically connected to the first semiconductor die. 10. The
~method of claim 9, further including: providing a substrate; and stacking the
Intfteemicondtitior ofe! <ecdhd sé E&Hﬁilﬁiec&%%?&’ég@ﬁn&ﬂﬁﬂfd

semSeVic@nduetor diecorpagkage-uer the ubstrates Sdcklh dde methaskefre .
claim 10, further including forming a bond wire to electrically connect the

substrate to the first semiconductor die, second semiconductor die or
6. packeagenandothirdisemieanductordietatpackage w2 ymethod of forming a
semiconductor device, comprising: providing a plurality of first semiconductor
PAYagh S8R

dieSEparated™ By a'petipheral fegioh ardand e pitdiity of fifaf conductor die

andsemiconduetoe die; slepasiting«an arganic material in the peripheral region
around the first plurality.of semiconductor die; forming a conductive through
ol SIS T T (" BORSmTAl ilfort: oG GO Tuckve T4yt Eetybn

firthe comductivel Tefvoand iazbend padontthe drstisemiconeudtordie; fornmng!

sendlLiNiSiconeCt sucture ovey the condutive THY. ora surface ot e fist

cKing a Ka
semiconductor die; and stac m&a second semiconductor die or package
over a first surface of the first semiconductor die, the second semiconductor

7. dieqragkage being elegtiigally copusaled tq he JUeGONNgELIIUANE ot ure

includes a bump.

8. The method of claim 4, wherein the second semiconductor
die or package includes a flip chip die, quad flat nonlead
package, small outline nonlead package, quad flat package, land

grid array device, or ball grid array device.

9. The method of claim 4, further including stacking a third
semiconductor die or package over a second surface of the first
semiconductor die opposite the first surface of the first

semiconductor die, the third semiconductor die or package being

electrically connected to the first semiconductor die.

10. The method of claim 9, further including:

providing a substrate; and

stacking the first semiconductor die, second semiconductor
die or package, and third semiconductor die or package over the

substrate.
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13. The method of claim 12, further including: depositing an encapsulant over
the first semiconductor die and interconnect structure; and removing a
portion of the encapsulant to expose the interconnect structure and
electrically connect the second semiconductor die or package to the
interconnect structure. 14. The method of claim 12, further including:

L1 . gegdsitint 4R @ncapsulantdver the first Sefficontuctslidie 32aRgng @ bond

wiridtergoanectstrugture jyand remeving 2epestios ©f the-encapswationtetexpose
the first semiconductor die and electrically connect the second

S eMd&RINONGGEor dictor FEKAYE t6TRe firdt Setiondtictor die P48+ $HE méhdd

thietclawmil2owberein thelintersenpeeiisisture includes a bump. 16. The
method of claim 12, wherein the first semiconductor die or package further
includes a flip chip die, quad flat nonlead package, small outline nonlead

12 .packaget qudd flat package, land gridasrayudevice, s hadagridcanmay deviae.:

17. The method of claim 12, further including stacking a third semiconductor
e ATRAE over & BeRatd ufthod bf e RSk Lerhasd o e oppEane ted

by thed@stisuréacelofrthe first semicondubtor die;thé thisd semicondtctor die or
package l%eing lectrically connected to the first semiconductor die. 18. The

Semr%%%ﬁé%lg (ﬁamdei%,’ further including: providing a substrate; and stacking the
firstispmicohdugtor diey seeond seaticonductamdieher packagbeand thirbion

ar oSemiconductor die or package, over the. substrate. 19, The method of claim

18, further including forming a’bond wire to electrically connect the substrate
to thefirging a conductive through hole via (THV) in the

peripheral region;

forming a conductive layer between the conductive THV and
a bond pad on the first semiconductor die;

forming an interconnect structure over the conductive THV
or a surface of the first semiconductor die; and

stacking a second semiconductor die or package over a
first surface of the first semiconductor die, the second
semiconductor die or package being electrically connected to

the interconnect structure.

13. The method of claim 12, further including:

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

removing a portion of the encapsulant to expose the
interconnect structure and electrically connect the second

semiconductor die or package to the interconnect structure.

14. The method of claim 12, further including:

depositing an encapsulant over the first semiconductor die
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semiconductor die, second semiconductor die or package, and third
semiconductor die or package. 33

and interconnect structure; and
removing a portion of the encapsulation to expose the
first semiconductor die and electrically connect the second

semiconductor die or package to the first semiconductor die.

15. The method of claim 12, wherein the interconnect structure

includes a bump.

16. The method of claim 12, wherein the first semiconductor
die or package further includes a flip chip die, quad flat
nonlead package, small outline nonlead package, quad flat

package, land grid array device, or ball grid array device.

17. The method of claim 12, further including stacking a third
semiconductor die or package over a second surface of the first
semiconductor die opposite the first surface of the first

semiconductor die, the third semiconductor die or package being

electrically connected to the first semiconductor die.

18. The method of claim 17, further including:

providing a substrate; and

stacking the first semiconductor die, second semiconductor
die or package, and third semiconductor die or package over the

substrate.

19. The method of claim 18, further including forming a bond
wire to electrically connect the substrate to the first
semiconductor die, second semiconductor die or package, and

third semiconductor die or package.
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