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

P SEHRONSEASRAER i S nEBRCHER HHGkEG ¥ §%0P L5 B SAM oS TREETS
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.%Bnﬁnﬁ@?ﬁ%ﬁ?hﬁ%ﬁﬂgn semiconductor manufacturers have

increasingly 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



In light of the foregoing, the aim of the present 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

accpppUtiice Coifpfising a'fitst die hcbhgctafifg ATV didpdsed dfony &

yieperiphesal sifacenfdhe tiyst dievthesfirshdie dispesedievera-suksirate 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, angwinaisapslathéormseenveba 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 providingha seconddufmped; dienwhichhe dispased oveeafirstdiet

i nvilgPROrating 2 THY disposed along a peripheral surface of the st diey ;.
provuﬁng a’bump %ISpOSE& over the THV prow%lng an encapsulation

w1 tooveringse topopenipn of the <l HV andidbhe humpedidietwhileexposing aously

des@grrtlgg 69]‘ thefggm A \z;ril? éalsboctgonm}ggrtlon of the flr%te%{e lt% ggn%tltute a flrtsi} of

paékage of a plurality of packages, and %%aoci?n%rt%e first packagey and a
pacg_@cmdomqi@gleaomhe( bhirality of packdges leys conhécting t&@sblmqp_ecﬁ the
first package to.1he JHY, of the second pagkage, 2 Inanother.empodiment, . ; o,

the present invention’is'a method of forming a semiconductor device
is eornpridingthe steps BPProlitinga firstdie indorporating s FTHYdisposed

inc@Pﬁgf%ting a THV disposed along a peripheral surface of the
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.



peripheral surface, 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. In another embodiment, the present invention is a method of

forming a SBnicSHdUtordERE-B5Mprising Th& St bf proXiding airdtdié
metiRearpofating a TtV disposed aleng-a peripheralsustaegrtheiligVine steps

connected by a metal trace to a bond pad, disposing an interconnect pad
of By A bl Slrfack S thefirgt &Fé?BFo‘?i?d‘iﬁS HierftaplllationRovefing a°r9 @
perp@tion0f therfd\emetat drace; and Hopdradd whide exposiiga portiep of

the interconnect pad and a bottom surface of the first die, and stacking a _.
Sur L e oV fret SacKAbE'ortb e FHERBANGUL pall Bridf BesEptbHH"d
an thedarawings FtG. tdlustrates an exemplaty priotakt niethed of imaking eche
b mWafer IeveSI CQC.{ sb%a@!e Bar%kagae' FrlgstAnandaZB (i)lllystrg%e a Prsgﬁénbodiment

HITEY a “THV Stackable semicon 3ctorIaeVi%:eqn a th and Side view,

encrgspettivel i Gsn 3Asarnk BB nlfustrates adinst step ima fisstf éxemplanykage

method of mggu{; uring the THV stackable semiconductor device as shown
B

t . ) :
°"h I%es. oA an in a side and top view, respectively; 3 FIGs. 4A and 4B

illustrate alsecoretstep iralfirsti exempldrmeathed ©f mamiactbhng thes a
metﬁ'é&)( stackanle, sspmicondyctor.dayice g5 showndn RIGS, 24and 28 ji.aside, o
of Zgoviding 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;



top view, respectively; FIGs. 5A and 5B illustrate a third 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. 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 & sid&ard o VieW, réspedively? FiGSO7A ahti#B tiisftafe’d St

exefifth step inacfirst exemplany mpethediofmamefactuving the 41 stackable
semiconductor device as shown in FIGs. 2A and 2B in a side and top view,

S ST BB ENEN T FIESY 8RSt 8B ilStrate a’siXifl step'infd first Fexdmplary 4€ and
t opmethad ofrmapufaciuringythe THV stackable semiconductor device as shown
in FIGs. 2A and 2B in a side and _top view, respectively; FIGs. 9A and 9B
RAGT st s st

illustrate a S6venth step'n & first 'exX&nipialmétho ShRctuting the™ St
exehHVastackabi® semiconductorndeviee ag shownliAFIGisa2Ran0:2B in a side

and tqp view, respectively; FIGs. 10A a B illystrate ighth step.in a
o Py Sehd of ettty (T AV Btabkible ettoandidler 7
topdeniew asshopmdn FRIEsy2A and 2B in a side and top view, respectively;

FiGs. 11A.and 118, lustrate 2 second embodimept gt 8, THY stackable ¢
semiconductor device incorporating a plﬂra ity of complete 'Fl—eles as shown
exejncd topyame: Sideview, respetively i RIGS. IR ATENd 4 2Bdkustrate a third

sem?@gﬂﬁgéﬁ§9ngevice 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
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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exemplary method of manufacturing the THV stackable semiconductor

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

FIGs. 13A and 13B illustrate a fourth 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. 14A and 14B illustrate

a fifth step & seddhd BXemtary méthddcrirRadufatitfingtherHy @ second
excfigckablensemisc@ndycior devige asrshoywr i I1Gs, 2A-and 2B ik a side and

top view, respectively; FIGs. 15A and 15B illustrate a sixth step.in a second

SN RPN Retfiod SF mantifattify te THYStackanid Setficdddttsr-de and
t opdemiesr as shepwedn FIesy 2A and 2B in a side and top view, respectively;

FIGs. 16A and 16

illustrate

ste

in a second exem

h
of manufaFcﬁﬁﬁTgt %AT KV St c%gﬁSslé%cec?ntﬁjc?orfd)e%cteha§

Elary method

héwh ' &

secbliss. &fcand 2Byinreeside @ndf tapaviews raspetctively hel G311 74tandc 2 BB e

illustrate

oty Caciale Sreand

élS 8Wl’1
€ semiconductor device as s

a

second exemplary hod of
ST debica o shown i FISE 2

nufacturin

the

s1de, and

and 2B i a side

topand dwp viexpespectvely;, FIGs. 18A and 18B illustrate a ninth step in a

second e%«i@QI.arxmxet(tj@%I

semiconductor device as shown in

of mniﬁ%a;ggg%&e %H%’i%t%‘ﬁkas '%8

and 2B’in a side an

in a second
top view,

exeraspectivelyFIGs. ¢9AEUISR Hlustrate &ltenthilste irealsebdrd

semXQIARIALY Dethod ot manufagring the THY sta

device as shown in FIGs. 2A and 2B in a side an

top view, respectively;

FIGs.

?@bé%é e@ﬂ-cqrrlld %Ct%ri de and

15A and 15B illustrate a sixth step in a second

exemplary method of manufacturing the THV stackable

semiconductor device as
top view, respectively;
FIGs. 16A and
second exemplary method
semiconductor device as
top view, respectively;
FIGs. 17A and
second exemplary method
semiconductor device as
top view, respectively;

FIGs.

shown in FIGs. 2A and 2B
16B illustrate a seventh
of manufacturing the THV
shown in FIGs. 2A and 2B
17B illustrate an eighth
of manufacturing the THV

shown in FIGs. 2A and 2B

18A and 18B illustrate a ninth step

in a side and
step in a
stackable
in a side and
step in a

stackable

and

in a side

in a second

exemplary method of manufacturing the THV stackable

semiconductor device as
top view, respectively;

FIGs.

shown in FIGs. 2A and 2B

19A and 19B illustrate a tenth step

in a side and

in a second

exemplary method of manufacturing the THV stackable

semiconductor device as

shown in FIGs. 2A and 2B

5

in a side and



5 top view, respectively; FIG. 20 illustrates a third exemplary embodiment of
a THV stackable semiconductor device, shown utilizing a die-to- die stacking
configuration in a side view; 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, againin a
LoPsie hew 6182 225 htratés a fifth exemplary embodiment of a THV
stackablesemiconductardavice; having-muttiple iaws ok bpndnpasisantht of a
multiple rows of via holes as shown in a top view; FIG. 23 illustrates a sixth
THV e Rdriiptany embdTimERT ST H GHv Sfitkable SEHitBndlictor dédided dte~to-
dieingcerparating asowiafuralt-catviahotesscolpled tava row of bond pads on
opposing _sides of a die as shown in a top view; FIG. 24 illustrates a seventh
exemplary é%bo%ﬁnéri‘tléjfsgj‘ﬁ-?\?%ta%k%Bllérst\(;Y?ni%ﬁgﬁétgF Heﬁ%%,oglment of
a Tincororatingdemsrynviachales tosropRosing:sides @srshowilinza top dew;ie-to—
aief G 25 lustrates an cighih, exemplary embodiment of 8 THY stackable
+Csémiconductor devilcgfllncorlporatlngl um%ny via®Roféson & smg?e sidea
agashowm irea $oplwiew; $1G. 26 illustrates a ninth exemplary embodiment of a
THV stac e semiconductor device, depicting two stacked dies utilizing, th
domimy Vi Roled 2 Shous 1 FISS 24 oo 28 10 SRl A W e B 3
THVwire dhondinigeprocess,FIG: Q7AIdstrates antexemmplaryuernbodienento ao £
bonZHYadie incarnprating a serigs of redistribution lavers,(RRES}aNd, 5 +op
associated interconnection pads as shown in a top-view;
view;

S
5 ’

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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FIG. 27B illustrates the THV die shown in FIG. 27A in a side view with an
attached die coupled to the RDLs and 6 interconnection pads; FIG. 28A
illustrates a first step in the exemplary method of fabricating a
package-on-package (Pop) configuration incorporating an encapsulant and
package stacking techniques; FIG. 28B illustrates a second step in the

IntexSApRRF MethoBBEYun with FIG. 28A; FIG. 28C illustrates a third step in

the exemplaty. neethod begunwitheEIG 284 G 28P iHustiates asferithary

step in the exemplary method begun with FIG. 28A; FIGs. 29A and 29B ,
metiasratk & Afdt steptinth AddrionaPexéplRiy fftttod bPfabricatiig uration
incsemicoaduetor device-using Barexposedhadiangkdie angpackagedechnigue s ;

or package on packa onfiguration in a first and second option,
respectively FIGK. J0A 08 iuAte 5 S8Hond Siep ithe T2

me t&xemplagy: methad of fabricatirg a semiconductor device using an exposed

ball and dje on p echpique or package.on package configuration in a
st and SEOSe Sebon - CDeRLay: o ok SESs M B R
metétep ibv¢pmradditional @kemplky method of fabricating a semiconductor

device us'gng ne sefllball and die on @ack e technique I ackage on
package con igur;%?)gnlm a wEJ[: Sdr% Second Séﬁn,sfees%eéﬁvce!ﬁy;% Fl%é%%ary
me tand 3RBdlustrate la fodfih stéiiin the additional exemplary method of

fabﬂcam“%%é@?“%@@?%ﬁgy 29B illustrate a first 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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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 7 additional exemplary method of
fabricating a semiconductor device using a fan-in package-on-package
(Fi-PoP) configuration in a first and second option, respectively; FIGs. 34A

addaihd 3B IIGstEE h8eeoia 'steptinthe” additioraéy@mpl &R e st 6o~

deviabgcating g semicenducteys drvige-usinga Fi-PoP qonfiguwation-ivrafitgt 88 1 on
. second option, respectively; FIGs. 35A and 35B illustrate a third step in the
10 Zqdifibidl eXethpi&y ethdatof I abridatifig L sémfcohtiuctor device using a

Fi-PoP configdratisnzn aftustarm seqanct pptien arespectivelystdc. 36 the
illustrates a fourth step in the additional exemplary method of fabricating a
add%etrﬁ%%ﬁgu%?%&% g8 °Fi-PoP %%ﬁj&r%’ﬁéﬁ?ﬁb.%%“iﬁﬁ?t?%%%%%r
devexemplaty gmibodimentrof kit Rpk-eanfiguratiorein€ orparating a Jdt\b die
o tdig os%decs)v%r n ig erted package device; FIG. 38 illustrates an exemplary
Pt embbdiment of a Fi- PoP configuration incorporating a THV die disposed
over a standard package withrlditionad stackingy FiG 1349 ilkistratesnarthe

2aaPISURIaDy erbdimen ofa. Els Pof-device inoorperating acTHY. die disposed
over atop-suyie U% ﬂlp-Chlp e, |(Q_5. 40 illustrates aﬁ exemprPary embodiment

devafca Fir FagR device icotporatingauriaverted packade device disposednd
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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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 8 package; FIG. 43
illustrates an exemplary embodiment of a Fi- PoP package incorporating a
Pac¥aydie disposed over an inverted package with further stacking; FIG. 44

illustrates mnexemplany erbodineent of ackic ReP-packagedacerparating & ri-
THV die with exposed bumps; FIG. 45 illustrates an exemplary embaodiment
POPOPA ISP haCRAGE nebrpbtating & THV With S5osEd buhfs mta BB ted
paceenrfiguration; angddHer 46tHustrates an exemplary embodiment of a Fi- PoP
package incorporating. a THV die on an open cayity substrate . receiving a flip_ .
Chip die. Dtied DeSEIBIG 6 6 BAWTTGSThE pre bt iudhtioh i§T = Fi-
PoPdescribeddn onecrpnete: enpadimentsdndhe fallovwdng deseriptionpwith
reference e Figures, in which like numerals represent the same or .
milar @t WA e TS RTore e U Y e et tiE et i L
PoPfop ackiryingi thednyentionishgbjectives, il bexappretiateduby thosexskilhéed

con'PithS I{;l(gtctlrléirt1 Itis, m&snded to cover alternatives, modifications, and

equivalents'as may be included within the spirit and scope of the invention
as definedsy.théppehded chims ad theanaguivalessiasd supportedby Fi-

pop”ﬁﬂ@@@@@95H%§9§H?§¥¥H$a¥m¥ﬁ% die on an open cavity substrate

receiving a flip chip die.

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.



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. In addition, in the following description and claims, the terms
"coupled” and "connected," along with their derivatives, may be used. 9
"Connected” may be used to indicate that two or more elements are in direct

" Copysical Or efstirilat coRtatt With'ddthcsther. MEdupidd may Mhéan thettie ©
areORMOKE elepenss ase dndirest physieal of glecideal coptagt tHowever, other .
.._coupled” may also_mean that two or more elements are not in direct contact
Coith “Eachsthel it yet &fill E83pBFatl B Tntract With"edth® otfer HFor *
phyexaiplep rcaupied ' may meashthat two OHBvese celements: go a0t caatack 1 so
each other but are indirectéy joined together via another element or h
e 2 ihterhiedias eleheRts: Finally! tHe t2rms “on * “ovétying, ® &hd “8Ver™ fay"6é
eachsettifie the fallowing:description @ndcclaims: "On, " "i"overying, vanidh "everh

may be_used to indicate that two or ynore elements are.in direct physical
O act ith BAR DM, HoWekar Sova fndy His Ireantist o B Fore

eleelententsiarennst indirect tortacth withheachothes feoriexaimpie ' byeromayd

codlDEALINg ane glement is ahove angiher lement byt not confact sach other

and may have another element or elements in between the two e?esn‘lents.
FinplIGE.vL illubtatesamsexXemplary’ prierary ivethdd 400 dfomakihgreewaler leveld in

£neCHR SEAIS; PRckage - A plurality of, Semiconductor deyices.1Q2gre.cut from a,

wafer. Each "'semiconductor device 102 has a plurality of protruding bonding
“ovgads 104 Idtated e the activil sarface-bfthetdevice: Thersturaligreints are in

dir}%ﬁ!’@?ﬂ%ﬁ@é?%@ﬁ% 402 are dispgsed gn the top sirface.of a iritactablg ,
alsén%éag;EQZt 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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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

Cutirigh sabiir by 20Tifter 118 *ASNAR L 124HiBVESs hpward fo it platfofm 142

reltefative todixturetll: Thegresent invention improves upon the exemplary
prior art method 100 of manufacture to render a THV semiconductor device

which is, ih'¥ork& EHBOTIMEME StheRed TBG8IHET fOFspecifitSappiicaRdis Y
priamrd dpplemertiaiions) F1Gs. 24 and 28 illustrate a st embodiment of a THV

stackable semiconductor device 200, in a top and side yiew, respectively.
e 8 S0 Ha B METHOIAIE A 300 DRt SO0 NATHEE & picraly 5
toghane pade 204 pwhichiare deposited iaman active sideoisemicdnductor die

202. Bondi ads 204 can pe osited on the electrode terminals of di

202 by a%rlj[a%%g r?rzc%céas?s%, or%%tﬁifr)vfi}ilsset. %emgterféfssc%f t()eénr%?rggl 1638% 204 ¢
THVcart be adde=frerma conductivermétay; isuehZdldminium Al o Bomdigspads view,

204 can be joined to a substrate by a_solderin rocess. A serie metal .
e o A e o i vice
2002B nviaz2ssexte pds! nettically dront thielactives told durfadel 212 of died2@and ed

on SYraunding matgrial ¢10,10.a bettom surtacg Of the die apd, Surounding 54
material 210, which is consistent with a THV design.

can be deposited on the electrode terminals of die 202 by a

plating process, or otherwise. The materials of bonding pads

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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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

aChertZdtyclobutdrE (BEBYSindide (P, ofsifhilar dt&ifal2AS sheim, viass S°
as 226 asrdouned in erganicumateariab 230 aneerganizedaceornding to Haws. Wi
the_present embodiment 200, vias 226 are formed in 11 each side of organic

Ehenfatatid 216Ye Y, §1085'206 nd' 218, 'sb @sT6 cohiifletely Sudrithe® Sach

of perpheryof diec202 FEacteef Hwsplurality of bond pads 204 is electrically

coupled tg each _of the plurality of vias 226. As will be shown, THV 226 can
be formedih Vit O{Jsggon%b%‘?éﬂon%{worzz éﬁan?ﬁlg, Kong Phlllitle rowsa tous
conFurdhers thalfheyt Vvias-as showndn thea mstantdigute 0ecamplete, unott ndas

an be formed in_ various embodiments to suit particular implementations.
e B d et AL 200 % b A bF SBC el Wi ARl nout
viadies2024n afvanietyl of rconfigurationsmBl@Gsl BAndusd 8B ilustrate arfirstcstépr

1mp T ATRE exemplary ’FﬁtehOde%”c"%%ja&“éﬁggo@a‘?;g%v SRFKABIS e stacked
semiconductor device as shown in S. an in a side and top view,

or respectvely A serdsiof bomd: pads 204 =ve formed omrdre astivetsurface of

c on\g%qgggpi%%ghown. The wafer is designated with a saw street guide 302.
FIGs. 4A and 4B illustrate a second step in the first exemplary method of
manufactdiririgstheSPH Y stackable septicertductorfdevice a5 shown in FGsst

exe%%fEEE2%£Eﬂéﬁk%%nQQﬂufacturing 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 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

CoPpdtieen reSpeave $egtentd'466 as shBwn' BIGE S A SR BB Hustralertive
segtfirgrstep imtherfifst exemplatyanethed qfraasufacturingdhe THvh stagkaklea04
semiconductor device as shown in FIGs. 2A and 2B.in a side and 12 top ,
canBgy, fedpettilay. WartiS306 if the gBpR reshabtive SBghfehiss @ series
of YREergees anLexpansiongrecess: ihedicingtape 40450an be stretehesilyt ed
using ?8 ?ﬁ'):fansion table to render a series of ﬁg&%gs 502 havin
ermi

ST BrEde 8¢ distarices 5047 Thedbpicta® § soslindicafe the Uatiotigone
by expansidredirectipnsncergane dxysthe wafer expansion process. As a next

step, FIG%SGA:_J\L arr11d 6 ig %trateEaIf((J)grth 6ite§ni§ tlggfiris{ gxem éatrg rget ogrotfh
manufacturing the THV stakdkable semiconductor device as shown in S.
ste@Aamdt2B infa rside anditpp iew respectively. Theuwfaxious gaps 5302:sHGWN
[ Fﬁ)ﬁs. 5A and 5B are filled with the previqlus‘I/y descri 8 org?gic mat ]i:-g?d .
t ddct .
° aé%f %Iasneelm Oc4ogor1r1§spoorn megvtlocg t(ﬁapS surface ojfrﬁllec? sggmentsaé1 Oeé e
s idsubstantially coptanar withra plane 606 coflespunadingie adtepsubface gfown in

r1c9aRic material 602, The,qrganicimpaterial 602 application canhe pgrgrmed

by such methods as spin-coating, needle dispensing, or similar application.
organic material 602. A plane 604 corresponding to a top
surface of filled segments 600 is substantially coplanar 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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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

CoPgliiRY procesB Yt ahvéttkingptofEse  As isShdwn, a tRE vidhoigsigte 2

me teanfigiired imarganic-matesia) 608 tencarresponddosespactive hymppad 1
204 to which the via hale will be associated. Turning to FIGs. 8A and 8B, a
Eragikth 8B irf Tdirde EkeRistSryMetniod ofranracturingihe TEAF Stackapfe®s
2 06Semicondietor tevicerassshownhin Hi&sd 2heand 2B is aside andil3 teples 702

1 view, respectiv?&l%, Is shown. FIGs. 8A and 8B illustrate a metal patterning
OCBFO%%%, which ¢oRRects a series of metal traces 206 from bond pads 204 to
via holes Fazd\Metah traces 206 eleatrically eoanectthe bond tpads ta each of
. _Vvia holes 702 locations as shown. FIGs. 9A and 9B.illu a seventh step
i Ry Prngd of AR e rg the T e r o
semgemicondtctor deviceassshowrowmFIGs. 2AGand 2B. Anda hBle nietalia hole
e tgeip%?eition Process is eerformed tQ assem to_depasi

bly 90 t.co tive
materi ?nst(l)teél% Via holes %Zp ?ormlr%n ¥z§ se]gr(laesc‘igfS ne”lrgs?a]lkz/izrg%goz\é. The
depeeriductive anatefigkcarabe mhateriats-suckras Ah fcopper [©ul)x tungsten fwyming
a sgqmaination,of meta) allays, o5 anygihier cqnductive metal. Again, mefal yias
902 are formed in organic material 602. A variety of methods and techniques
matean beé used s faren thle metalvgds, sueh asta platingor (llggingpracedsion of

metal alloys, or any other conductive metal. Again, metal vias
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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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

derdfd ttality of SEmicdritiuctor dévites, WhitK H& yielded fom’s paftfcufimoved
py wafer300i As sueh,doliowing the seaclusionafdhe seeend singulation step
. a majority of dies 202 are rendered to be like the embodiment shown in
d1cefes TN ¢ 9B; where organic material 210 completely surrounds the
peripheraksurfacelafdie 202 ard THMS:3Q2 are £opliguied isrows aleng: of a
each side surface of the die as previously represented. In one embodiment,
TR FETAG 14 GUPTAGE Do Yo R Tob afvidunl
pludies 202 aré remmvedtby arlie picksanthplace priocessdp rembdve iedehwdiew,
reszgz I.roxrfnefjicmg 'ﬁ%_{e 40a4'iFIL(i;sS' E’%ét%npellBﬂgjsgatlena Sgegonq:evi us
Bmbodiment of a V Stackable semiconducior device 96 méjorpora?ing a
figplueslitp obcomplete TH\S! ag ishowhiia 220D, andbsiderdels, Pézpectivelymetal
The various features shown in the previous figures are shown,jncluding di
o et 208 S e \OIoh fos Ao T acher €
202surfdge 21z ofidiet 202. lenthednistanternbBodintérs 9065 thectespective/ THYSS

ar908 e complete, in; liey ofbeipg halfrcut as shownintne, previousy, .
embodiment. The depicted complete THVs 908 can be formed by a

preﬁé@i@@lq@@bﬁﬂg@r@ﬂ@n of Eéw stielet gt 302089 SrowiHNFI5%S 3pcandce
for%%dAde%r%Q@@ﬁ@ﬁﬁgwd85%¥E§E¥E%ion of 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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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

diegnd SingfftioniftoYespeciive’segments tpondicing tape 404 Ashé firdtafer
supxaraplapys maethad previqusly gesaribeds I adeitions yvarieus featuties SULbk and
as bond pads 204 are again shown. As a next step, wafer segments 550 are
PLagigked fioR® Yidifid tage 464 Rl pladed GrtdPwardr suppbisyism 405 s ©F
disshowr Thewaterstpportsystem caa legigalbninslugied second dicing tape
405. However, the wafer S(Flpigrt slé%iem can also be a temporary wafer
i

support system; stch a8 Ytass ReramicS dinaté or&iifcon (Sh substraté!Sn
seconel embadiment; saamntlaidies 202raréauickedifromtdieingHape 404 land]l e

placed onto wafer support system 405 usj ick,and place machipes. The .
S R AP DR TYOASEL AR R hab A TG & P detEmimet Wil 7
ma teistamtedl2 etweenirespegtivecsstgnients &bONEKGS.5IBA and 13Bniliustrate

.a fourth step in the second exemplary method, of manufacturing the THV.
SR RO SR ere b et Mo Sl o e s S ETRES
de spratérial 60253 againcdphlied tosegarehts 650 in a simidart spintedattingcoplanar
w itge%qlgrq&spe)e@gincgf ogp&q{irga%egeaﬁsi%rfvg)wly described. Plane 642 of

segments 650 is substantially coplanar with plane 654 of organic material

602. TurnifigrtoiFIGst 24ATdel- 148 a fiftkl sfefPin thefifth step in the

second exemplary method of manufacturing the THV stackable
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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second exemplary method of manufacturing the THV stackable
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

theeR&RpRTY MEthbd of thahtifdttahing tHee TG Etadkable semficdfiductsr ckable

semde\Viee asshewid 1652 2A anskB imamsidesand Aop viewgespectivelyrdn are
a step 750, similar to that shown in FIGs. 7A and 7B, a plurality of via holes

PLuggsds férhiefin Bfgdhic fifaterial 6020 TohTcldd with Bord PRt 264 FIGs.

mat £6A andck6BrHlustrate-a sevessh step 85@ in-dhelsecand exermplasy atsthad
of manufacturing the THV stackable semiconductor device as shown in

Shol“fst. 2A and 2B in a side and top view, respectively. Step 850 is again
similar to that 1shawnyintRkssudaand 8B of Maetabpatierning efretad traces a

206 to_electrically couple bond pad,204 locations to via.702 Jocations. FIGs.
ho L e S0 R LA oy Cabe
41 0methothofvmanuofacimg theAT i dtackablevisenticonductaraevice asshown

in FIGs. 2A and 2B, Vias 702 are plugged, plated or otherwise deposited
d T g & are .
epvlvﬁhea connloltlljc?tllveS meﬁerlal to fill via holes 702 and render metal vias 902 as

shown. Fallo%éng ﬂ%rr@lt@l v1&9_9(_)2 ﬁmmtmoee%%wﬁ:@ hotewater 38Ckis
sec%glﬁsfggg%’i‘é%9”@9@%’@%9'%&@&%@ﬁ? hown in.IGs, 184 and.

B, which’illustrates the depicted ninth step. FIGs. 19A and 19B illustrate a
semfepgmdteptinthglevice 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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second exemplary method of manufacturing the THV stackable
semiconductor 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

2PPdeide 200 dicihgtpe 210EIE 20 MESPEte5 A thirdEx@nipl&ry” °n9
me t@mbodiment 0fLbHY stackahie seanconsictor devices kP shewnutilizing a
die- to-die stacking configuration in a side view. A series of devices 200 can

be stackeft as'ShowrF 6"t 4 PartlRF AP sitation. Badh ¥f e metit Vias
sem902 can bedoingd-together saasishaywv by unionF9L2 using a directpia metal

bonding pracess. Any number of devices 200 can be stacked gs shown tQ .
e OB AL 1 SNt FIE 31 ehalis & Fagt D AR tipTe
rowembodimenttof 1 EHVosiackable semicandustar @evicesy shown ditilizing a

die-to- die stacking configuration, which incqrporates solder paste 916, agai
R SO Sa S e e b R e P e ep oRe
viafling Pewariély of selder pastesdfivarousamaterisds ean beé indotperatedhown .

Soldlg astef916 can be 17 applied qisin a refﬁ sglderin method to create
Anya %%ro{r%g rm%talI?J?f;llcalll uorn%tt%éj?\}vsee% eaocgheosf st(g\(l:%eda (yelvrllgesm Afl&) %ﬁh HOWS
of exemiplaaylembodiment ofual THV stackatde csermicontivcdtosdévice 948 ibe

1mpAQWRAILEIC. 23, Thepresent «esnb@&émgpgiygweeém%@elﬁe@%ﬂf dond
pads 204 and multiple rows of via holes 902 as shown in a top view, which
anogfee appropridialy tonaestedsvitlembidl 2FACHYSS206: Barhcdfths headries-ted

hal%Q%QEe gi§98§e@.ﬁrégrg§@5: @@t%lﬁ{gogﬁ?ssw\@'which are not located

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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Any number of configurations of dies 202 having multiple rows of bond pads
204 and multiple rows of via holes 902 can be implemented. In addition to
the present embodiment 918, another embodiment can be realized which
connects the depicted half-cut outer vias 902 to bond pads 204 which are
not located on the active surface of die 202, but on an additional surface,

congsdadanHdfditohalaie S5 drElséwherd ad aSpRefict mplenfentatidi

bontefifes -0 sbdl exemplaryemboediment ota T4 stackabler semicongbistaid or
device 920 is shown in FIG. 23. Device 920 illustrates an additional

25 Gorffigitation &fBorid BAdY 964 Ptrhcds 286, Snd¥R%BETies of half-cut vias 902,
which arepdisposed 08 ©pprsing=sidesotdie 202u 7be dies 902 dre farmed 02,

. in organic material, 60%{1 which is disgiosed on each peripheral iide of die 202

1 gs %g&hﬁ.t% & Vartdfon O Hepict8d emBbdifEt 920, a'tdnfighiration®” s

or Gan inctudehcomplete: vias BO2. A2eventh exemplary eaodimentafca TRY

staﬁkat%lgss%@iecoggu%mé gggige 922 is depicted in. FIG.92246 Dev}ilclec%Z

. 2
lllilrlusz lides @ series of cfummy via ﬁISFe%th , whic eé{rlecgisposéd on oppolsrilr(fgludes

a rsides Df DelZ0Zas shownyViasa302Xare disposed dr fthedefiandright hadd 2,

side as ShO%NI‘& m 2via h Iesh924 can .pr Vi forfel ctricg onnectivit'%y
andth%o&é)hwdgvice 3 f??ry sbegl%ctap%liéalt ontg. %lugngmg via((ja ﬁgles% 4 Cah be
disgsect:td 18 comnectiah additonial HeVite 922 or package using a wire-

o et IR e 94 o S EIDY g
THVvias 90R2%A @ \eelehyrofifsliementstions cFEP8xarfiple Aiultisle tows s o flied
die%rQ@ECHH%“Q%?Zﬂﬁﬁﬂf¥imaﬂéﬂﬁﬂ§ﬂbf36h8§es 902 as shown in
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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illustrates one such embodiment of a device 926, which includes a row of

half-cut dummy vias 924 on the left side of die 202, and a row of THVs 902,

on the right side of die 202, again disposed in organic material 602. FIG. 26

illustrates a ninth exemplary embodiment of a THV stackable semiconductor
~device 928, depicting two stacked dies 202 and 203 utilizing dummy via
IncheIes %ZS%EMWQHF‘F%S.%&E ana 259 hneet s W bR2d3Nith 2 - Such

a switedhonging process. Asseries afbosdads20%is dispesedanran activeent
surface of die 203. Wire-bonds 207 connect bond pads 204 to vias 902. A .
Pacfipfsctric! TS or banding AfateHar o d- S CaispaEES bittsert die so2 it e
andaig dieu2@3 tnprovidensteucturah ssuppoifer device/package 928 signals
b tSemicogmluctor devices, such as device 200 incorpor%% a series of THVs
CLY56 3r 902 tan BHovitie A Variety St tuRGtionatit and AékibifityiR VAR 9

demapplicatiops.dJdel ofrosganic oratetal 20 altoves placemend ot wias226ng

outside die 202, Whicl% allows for e%ddé%?al circui%rly

. within die 2 and
R e g D & Sh Sl (8 202 g

themalterjal P40 instead 0 waferv3@E: material i thee respective yield peawaferdy ide

mo0°1E8380: The piganic material, cap be configured 1o e as thigk as eeded
to accommodate a variety of vias In any nu er of applications. Device

200 can béuncorpordted inté a vatfety af Pept corfiumationsy whictprhakent of
a THSE QL THY 226, Suchia devicecap 2 include a semicondygtor die fiaving, ; oo

an integrated THV 226. Such a semiconductor die can be referred to as a
220THYdisdeareat paekage-mipackayel PiPRpackating technigudsinake dse
ar oQhWire 2ngiaehumpditerconnections o-prpvide glectrica), 8ignalsan i
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

20



between dies, interposers, and packages. There is growing demand to
provide more robust, efficient and space saving interconnections. The use of
THYV structures like 226, and thereby, THV dies to provide such
interconnections can provide more robust, efficient, and space saving
interconnections. Turning to FIG. 27A, a tenth exemg%iré embodiment of a

P OPH{staBkdbIE SERICThHLRTOr tevite 220 R ShighiR THV Begicanzaga 226 and

to inekidesyslie202-An asganigimaterdal2d.is disposed around peripheral
surfaces 214 of die 202, The organic material is disposed along sides 218

and 216, fof Exampfe, ‘of Ldig 202 Bdnd pati 504 ofnéd dveF aidp SEREEd 2Ty

me tBlbdntegratawinte a-topsusface of sien202.Bord pad 28418 caonmected ot rate
THV 226, in which a conductive material is disposed by way of metal traces

enC366 U BbAGL of RSP e ORRBLASh b RIS HEposed BRASFbiiEs

inc222#sthercodfiguratian shawnrabeye of integrated inte the tapisurface of

die 202.Jhe RDLS and mtercor%necngEl &prox:?e for. elect%cgflélﬁg

lrlt((:e rnaetc |on]télrtrr?ingf%gf%Péﬁdffignglrdies to'be “stacked over TH \S/icc2a22

ele220.iki&l 27 Bdthusteates a sidewiew representptio 8 ¢h@ THV diech as a
configuration Zﬁﬁi}gcl ing a,second semiconduc ie 224, which is
bumgtec{ %dlgbg\% 8 drjhee, R (i%rﬁl\‘,: gle t%zd %n one

acke die 220. S/interconnect pads are coupled to a
embgetiggoftburtps222 1@ Zelectricalyicdmiect diec 224 RIAY dien@20

1ntRFQmarates; THY styucture 226, previqusly descyibed, which is integrated into
organic material ﬁo disposed around peripheral surfaces of die 202 as
shown. A &eriesbf 5o/ pads 204 artemetstmiaces 206 X0 prdvibetarpn and

packigglical pathitn foyte signals fhrough.yia 226 2nd  t0,te topssuiace of THV o
disgfézglover 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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FIG. 28A illustrates a first step 228 in an exemplary method of fabricating a
Pop semiconductor device to illustrate encapsulation and package stacking
techniques. Device 228 includes THV die 202, which again, incorporates
THV 226 integrated into organic material 210. A series of bumps 222
electrically connect a second die or package 224, such as a_bumped die or

confib s HieC T THVLHiE 202° M ord emBodimettdhirps 222 %rb obipletitos©

optt:h@n@leﬁ andeiniereapnectionpads.as shewnin kiGy27A /& sexpstep 280N

he exemplary encapsulation and package stacking process is shown in FIG.

3 1B28§n§u mpE 232 ate tHipGsEd B%Pa ?&3 $fsce Bf Vil 236 ALt 4 od -
next stepr23#, showniin Eh@tzaeeé\mﬂmapsul@ets%@ﬁ disposent royes
portion of THV di %02 and die ortlon of bu ;??1 232 is exp osed, as

e o B o G T &S00, VERbud SHbTitants SILIRE THY

embdie 202, bump2dz, die 2ZémMmpsMamrmerMM@aa iRteyratedd

aSS((:chr:cun p Og ﬁ 234 as shown As a ne>éltsstes|cr)1 238, sho F A28D Ba flrst
age iS s]faé:kede overa S(?cond package%4 A top “surface of

22 Zemasedomlmp 282«ftsetond package2341s coupledhtd admttonitiSurface 62
hrou h.hal V|a 2 of the first ackage dt b THY die 02 of the

and |rst [S)%gkag% A suc% V|as %g severa?%ackké%gesBi 4 cSaFnrﬁe %(S)nrtlggted

adddging @eserigstofopartially expased bumps 232. Ancencapsulapp288isace of
glse%edoiov%,pogpgsﬁémv die 202 and die 224. FIGs. 29A-32B illustrate

a series of steps in an exemplary method of fabricating a semiconductor

device usihg ah expbsed pal ahddie 6RZa padkager ek asing aoPepds of

forming an encapsulant 236 over a portion of THV die 202 and

via

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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configuration. FIGs. 29A, 30A, 31A, and 32A illustrate first options in the
exemplary method. Similarly, FIGs. 29B, 30B, 31B, and 32B illustrate
second options in the exemplary method. FIG. 29A illustrates the process of
providing a series of bumps 222 disposed over THV die 202. In one
embodiment, bumps 222 can be coupled to the various RDLs and

£o S3sdcidtad fntertbretfidrs pAES as shown in FIG. 27A. Bumps 222 provide

an electrigal cgnnectionzgath between d&\adier22- angd-anpecongary die ofF
package. FIG. 29B illustrates the additional option of forming buép 222 over

£ abllﬁjectﬁﬁ JUfFac8 of WiAS 298 0F THRI Gie 262 A8 hekt StépaFfa. 30/
1mpl]_| éfﬁt&é@tﬁ& wiprecess of Jorming aarencapsutant 236roves a postiors oBTHV 1die .

15220200 DUPS 282 s S e chespyene e oy,

3 4BeanﬁIsuIamCu‘,aaahén begemoveddo sexpose apartion.of bumps 222 as

shown in IGs 31Afor tlai% irs tion @Rg 1B f r esecondo jon, as
denoted by Yarows 24% éen%&a%éulant ce%n %e%removed @Oé’ w%?etchl g e

optprocess, emrkaodhmmal mechanicab polishiugn S MP) bra@essbé\scwbnmlsit@pi
ovef S§EANd 0i5,224.0r sgeqnd package. 2245 stacked abgye e Bposerl . ¢y

mps, w ere’ bumps con uct signhals to or e or
propackage2 20 Asistiovwm |ﬁlen@pszAadlemmlswzrem@pmopnaﬂehogweﬁ thg as

226re%989%‘ie bymps 222 configyralion, %H\%!ﬁasr Iy, @ showspin, FIG. 328, a

larger die or package 224 can be used which extends to the peripheral
ncegges o THY e PO2vvrs 228 earbeused asalgigund,cord84oatedr@ed, in

ord%'gnﬂlé t@%cg@én gigr or package 224 [@1%89@9%‘8’81059'%%83@@9 In
224, THV 202, encapsulant 236, and bumps 222 renders an integrated
addépﬂmp a 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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package, which can again be stacked in various configurations 22 to suit
particular settings. FIGs. 33A-36 illustrate another example method of
fabricating Pop configurations, incorporating a Fi-PoP implementation. In a
similar fashion to FIGs. 29A-32B, FIGs. 33A, 34A, and 35A illustrate a first
option, while FIGs. 33B, 34B, 35B, and 36 illustrate a second option. Turnin

e Lo BB THV BRF262 s Provided  #Pan “dptionafe At dinténtCaseties ot -

betdmps 244 candbe depasited, ovar Was 226, Bs Showa R IHGd388. Bz IAA an
illustrates the process of forming an encapsulation covering a portion of vias

OPt358 Thetdl t1abéd 266 HHIBorfi pads 204 as shown. The encapsulant 244

leaves a top pestian obPHY die 2§2rexposed Hotbrder o exposeRDbst242n
nd/or interconnection pads 242. In ddi%ion, a bottom surface of THV die

bac36s ?ssleﬁre?p%géd.pﬁ HEiudtrads @ s%mtrlgpst%%?m%?e Sﬁégﬁ(se[ﬁlar%nto
t he2db tagain jssfokmed over agartien phthiea bV idie cyet the iatéreanngctiobot t om

ads and/or RDLs 242 are left exposed, as is a portion of bumps 241 to
D e TR LT TBAnEAG Bb ERot- oy AHoN S FIG Abgc These
buniflastrates the precessof statkingea oke dppackage 224 lontd d Hodie20Z age .

where a sgties, of bumps 222, glegirically connectpackage of die, 224 fg THV

die 202 by way of the interconnection palag and/or RDLS. In'a similar
pacéxaraple] keepaékagedridie 224 is attackéd dvertherembedimenthavingte via

wirBUNPSedl.as shown in ElG. 358, Bymps go2 glectically.connect dig gf 5ng
package 224 to THV die 202 by way of RDLS or interconnection pads. FIG.

havsge flystraresse st splin the setond The exposed cavity area is able

to receive a second package. As the electrical signal from the
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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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 23 electrically connected using bumps 241. A gap
248 can result between the two packages, which can be alleviated by use of
an optional underfill material, In some PoP arrangements, both the top and

andptoi packayes are BEARpHERAGES, with'the'tB p%%R?ﬁl&@%téE%éjonH%ﬁés

2 0 6battommagkage vihestoppackageyds copeected te the bettomopackage via
the bumps between the top and bottom package. These bumps are located
lnts%ﬁaﬁﬂe pefipHéral of tr%aﬁ&?&ﬁ p%%é) §& FPpop F&‘érsafbde?rﬂﬁoﬁ’ﬁﬁ%’nts

inthavingasdaverted packagedkel 260 wbithdsicoaneeiad to thempasess are
substrate via, |res The wires are enc apsulated by the molding material and

USChavE al BXboSEd ﬁﬁ&dlér&%\vﬁf SFREExp¥ed cavity area is able to receive a
second package3As thea electricat signak fronnthee toprsacony packagenent 262

tra te V|at cente caV|ty area int otto cka Alternatvel
or e YR e et AP oL psekess Al S

can re- en(:apsﬁated package istattache
a sw&hmrmt@msegwﬁéﬁ armhd@t@d and amaencapsata@ieachaa/btgvt@necnmdmiet

Vlt to receiv econd acl§< e. F& 237 |Ilﬂ§yat sa .
Caré)%eemp aﬁl%gm od?mgﬁt aalg]l-eP(E con gura%lon mcorporatlng 9r?él é]lse
aga2o2 dlspﬁs@dyovexnmr@tediﬁaﬂcmeszsﬂsﬁrwalém is @rierted socle that

pacﬁl‘ Og@te&fatsgec"ﬁ% layers of THVsdis, s0%.are facing upwards [HY.dig 202 Tgy

Isposed over circuit carrier substrate 252, or can also'be disposed over a
dlele&aﬁame viraterdl. hiesdepicted embodiment, substrate 252 includes a

series of RUARS, 424 40 Pravide slectrical caRReCViY ARy of the Fi-PoP

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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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 24 and bond pad 204, approximately half way between metal traces 206

bondednbin aViasPe E4T e uSed 16 Ronnéctas top Itegtateti Gircuit br  The

intPagkager25b-using yitgs and/erbump intereennectiongn H thedepieted Trv
. embodiment, bumps 258 are used to provide the interconnection. FIG. 38 .
A18j16Strateeh Sedond ékemlanPamibadimem 262 of'& Fi-Pob EGtifguration, S
wirwheenfBY die 2024s disppsed aboyema standasd package 264.twhiebis in
FIGagahxin disposed above circuit carrier substrate or leadframe package 252.
THVOdie 202 is again directly wire-bonded to substrate 252. An additional
package @r die 266 is@agathiskawn electrically conrected tod Hihadie 2024y is

inYY%%Pf bumps 298, P .aCkg?eV%’rE'!; 2%%’0%535*‘10%3:”%@8?“%4&‘5{%%FE"?.QP hich

embodiments describe roughout, can include such devices as a flip cVan

is baeidiedquad fatheritead (QFN) package; smalk outlimesionead (SQNPr can

be %Ckag&b,g‘ﬂ% flat package (QFR) land ,grid array (_Ié%;é‘%ﬁ?s%ll%”dcag% can be
@R), or similar devices an paciagmg configurations where anknown goo

optdieris lihgorporated cRIGe39vilastrates aothird fermbediment 266 of &HM- PoP 202

andi”M%%QE%E’&WE%.THYQi‘?:ﬁgzé%ngE%Q{a@%%%r&’é%&qsegh%Yefﬁz die
top-side up flip chip die 268. A top die 256 or package 256 is electrically

1s egnifatteditoTHY die Retsyrwdy coflsumps inlgrebAnéetions SR Wnoerfile 1n
ordgEu%ﬂﬁhngéﬁ§99§§gly contact device 276.

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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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 vias 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- 25 bonded
POT{olaRirtdrpbdr device 272 aASHRAT ARG, ANFhB RS poL8r dGtsRisHh-de

st rinterfaceitogapias-signals hetween d H\A die 03 aneka toppdie ayaekage riIc.
256. The interposer 272 is wire-bonded to vias 226 in a similar manner to

45/ 11t ShaWA if FIES 4ty ANSXASHbSRinet 274 of 4'Ei-PSP fipiEmeitatio? - 44
is iseiflustateddnsFiG 42:wihicke ghows nvesteddecel 2 é6 wanichu isiagaind 4 .
disposed abave a circuit carrier substrate 252 or.can be disposed above
In I%Jag?fg%eb? %\Gsec%ﬁdoénc%ﬁgulaﬁgﬂg Sanbe op %nélﬁ/ disposed’ Bgt(\e/&jee%rom
viathexpap tormedtietween Jibé diea202 61 encapsolant 244nkn therdepicted .
embodiment, the THY di? i ori%gted with | egrlated ir(é%klggg% faé:i%g of &
I

urnin o FIG. a 1) e
downwards in ‘ofter & electrica y’con?ac‘ﬁil evice . A Similar €émbodiment

F1i-282 iscshowyincBIG. o8, witvere  ddiditionad packagding@B8ds sksposedmover

THV di ere,. the wire bongs of‘ga ka 8(% are cagnnected through £
s B R B B oy ©
subiptegratedlcircuit |1ayers whieky facecthetop sukface of device L276VThib die202

£2c280Q 6an include flip.chip pare dies QENs, QRPs, 20Ns, [GAS, BGAS.Qr ;46

other implementations which incorporate a known good die. The flexibility of
is PHVOdie 2D25dl0Ws & vadetyof sach plevicegto belmplémentediin 286 makes

usecg?b@ag89¥gg]of bumps 258 to electrically connect die 286 to
the integrated circuit layers of package 260. 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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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

INVEEices ad 3KEWRGA devide 986,757 BEAJEGAL étc. i thePdepitfed artisan

wilembpgineenta iV dia- 202 averhangs package 264Ap £ncapsulast 24t se
covers a 26 portion of THV die 202, package 264, and bumps 290 to provide

embgidtarat Suppdrt AR &'6ifilaY ehibodmenPast shewh irRIGR a5SGRPsset the

prediceailyimounteddeo the TEM diecas shawn thEIG.A4 dsrtergovad, iamel.is
replaced with additional encapsulant 244. In either FIG. 44 or FIG. 45, THV
die 202 is wire-bonded from vias 226 directly to substrate 252 as shown
using wires 207. Turning to FIG. 46, an additional embodiment 298 of a
Fi-PoP configuration where THV die 202 is disposed over substrate 252
having an open cavity 295 formed in a portion of substrate 252. The
integrated circuit layers of THV die 202 face open cavity 295 of the
substrate. An additional die 286 is disposed above an inverted package 260,
where die 286 makes use of a series of bumps 258 to electrically connect
die 286 to the integrated circuit layers of package 260. 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
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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 configuratiofi$338 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 27 invention have
Whafe di?illaSGafEan detail, the skilled artisan will appreciate that modifications
and adaptations to those embodiments may be made without departing from
1 the scope of th%1 resent in\clp%ntion_as set forth in the fallowing claims. 28
* Cldim& &t Hiaimeéd °f A 8icondtietor packageoh-phckags (Pop)
comgeviea,ngemprising: a first die incorporating a through-hole via (THV)
disposed along a peripheral surface of the first die, the first _die déi;EIQ]zed
over a %ubsﬁra & ‘or feadfrdme strﬁ(r:]t%re; a ﬁrs?}slgm'conduc%lr packag
diselestritally connected to the AHV shthiesfirst die, oheleCiricatly ¢banected tdirst

a1, substate oy eadfrane srugiure: And an spcapsulant fgmed over a

@) ver. a a
portloﬁ of the first die and the first semiconductor package.
sermicbhdattos éevicerot etdimrl Fartheciackitiingraically 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.

2. The semiconductor device of claim 1, further including a
second die or a second semiconductor package electrically

connected to the first die.

3. The semiconductor device of claim 2, wherein the second
die includes a flip chip die, and the second semiconductor
package further includes a quad flat nonlead package (QFN), a
small outline nonlead package (SON), a quad flat package (QFP),
a land grid array device (LGA), or a ball grid array device

(BGA) .

4. The semiconductor device of claim 1, wherein the first

semiconductor package is an inverted package device.

5. The semiconductor device of claim 4, wherein the inverted

package is disposed between the first die and the substrate or
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second die or a second semiconductor package electrically connected to the
first die. 3. The semiconductor device of claim 2, wherein the second die
includes a flip chip die, and the second semiconductor package further
includes a quad flat nonlead package (QFN), a small outline nonlead
package (SON), a quad flat package (QFP), a land grid array device (LGA),
Leagtz vaft ghittattdyPd&vice (BGA). 4. The semiconductor device of claim 1,
wherein the first semiconductor package is an inverted package device. 5.
The semiconductor device of claim 4, wherein the inverted package is _
©- dispBSed BBMWEEITINE 7St (& Ghdthe substatk dr 284éddirdme Strtidtited 2
interphe semiconductor levicerefClaimet, funberinchiding a interposertrically
structuregfor ed over the first die to eleCtg%%leQ/ connect the J%irst
g

cong&icohdtctor batkagd to thefistdie. ¥ Emiconduictor deViceoftlaim

1, wherein the first semiconductor package includes a topside-up flip chip die
struﬁ;[ure. 8. Thgns(%rg:l%ondu éor.dewcefofcc_‘[lalm 1 Whe}rleln the fl%t First

. e aemtlc or vV1ice, O ai.(m W eﬁ(ell’l S
semiconductor package includes a fan-in packagé-on-package devicé

semffa-FoR)c 8 oThe serucenductorabvicesoftelaint 8cfunthef ingludihg a seeond

Strgllgtourraes:econd semiconductor package electrically connected to the Fi-PoP

evice. 10. The semiconductor device of claim 9, wherein the second die
includes a flip chip die, and the second semiconductor package further

g. Includes g quad flatnonlead package-(QRN) A smalloutling noplead; ¢
package (SON), a quad flat package (QFP),
semiconductor package includes a fan-in package-on-package

device (Fi-PoP).

9. The semiconductor device of claim 8, further including a
second die or a second semiconductor package electrically

connected to the Fi-PoP device.

10. The semiconductor device of claim 9, wherein the second
die includes a flip chip die, and the second semiconductor
package further includes a quad flat nonlead package (QFN), a
small outline nonlead package (SON), a quad flat package (QFP),
a land grid array device (LGA), or a ball grid array device

(BGA) .

11. The semiconductor device of claim 3, wherein the second
semiconductor package is electrically coupled to the first die

using a bump partially exposed from the encapsulant.

12. The semiconductor device of claim 3, wherein a cavity is

formed in a portion of the substrate or leadframe structure to
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a land grid array device (LGA), or a ball grid array device (BGA). 11. The
semiconductor device of claim 3, wherein the second semiconductor
package is electrically coupled to the first die using a bump partially exposed
from the encapsulant. 12. The semiconductor device of claim 3, wherein a
cavity is formed in a portion of the substrate or leadframe structure to 30

recrcBivetthe set6Rddic! 13: A method of forming a semiconductor device,
comprising: providing a second, bumped die which is disposed over a first
die incorporating a through-hole via (THV) disposed along a peripheral

13- surfadeCoriRE fivdt die Providiny S BUnTPHRPoSEd 0P theSTHY SPRoviding: dn
engapsulationcovesag aitop partier of thies T and the bumpeddtie ovbite a

. _exposjng a portion of the bump and a bottom portipn of the first die to

ELr S5nstitie 3 firdt Packhge of & pﬁfaﬁ&g&_ %Kgggsl;aan & Lkﬁ%é?ﬁ)& first atong

a ppadkagerand asecant package-offthesplutdlity of packages by connecting
the bump of the first _package to the, THV of the second package. 14. The
method’ of claim ?L?ib vlﬁr‘}gre%% eogggon%Y%ﬂmlgp%%l gi%gfurther includes a wire
bomd diei d5nFhe method of ¢lairnilkdh wheremnithg secong, bumpeddieois the

integrated intg_a quad flat nonlead package (QFN), a small outline .nonlead
T O Tt R (O o ok D el Gy e
andora batfl grid arraytdevice {BGA). 16rAmethedtof forpmiag atsemicenductor
pachyee.somprising:, prquiding a first dig incorpgrating a through-hole via
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.

14. The method of claim 13, wherein the second, bumped die

further includes a wire bond die.

15. The method of claim 14, wherein the second, bumped die is
integrated into a quad flat nonlead package (QFN), a small
outline nonlead package (SON), a quad flat package (QFP), a
land grid array device (LGA), or a ball grid array device

(BGA) .

16. A method of forming a semiconductor device, comprising:

providing a first die incorporating a through-hole via
(THV) disposed along a peripheral surface;

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;
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(THV) disposed along a peripheral surface; 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; 31 exposing
the bump by removing a portion of the encapsulation; and stacking a second
die or a first package onto the exposed bump. 17. The method of claim 16,
WhErgiT e Seddtd diemtirther i§SAWire Borid BieE $8°Fh& méthbd of claim
enci®whereinthe firstipackage further includes a quad flat nonlead package
(QFN), a small outline nonlead package (SON), a quad flat packag@e (QFP),

a |aHcPGrid hrdy GECEULEAT dt'a Balf grid hrrd§ devite (BEA). 19SaSxPosed

bumiethod of forming a semiconductor device, comprising: providing a first die
incorporating a through-hole via (THV) disposed along a peripheral surface,
the THV connected by a metal trace to a bond pad; disposing an

17 .intaroennectipad averaltoprsurfacewdidhe fitstrdie; proviting ane further is

encaqosul%ion.covering a portion of the THV, metal trace, and bond pad,
a wi ond .die. . .
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
18.Paq,20- The mgthod of claim f%%,f“.rwtﬁgr g‘fh“%%%prfoi" \ding rg#%{gge further

dlSpOSG over atop surface of the first die, or ISposea ove the V.
includes a quad flat nonlead package (QFN), a small outline
nonlead package (SON), a quad flat package (QFP), a land grid

array device (LGA), or a ball grid array device (BGA).

19. A method of forming a semiconductor device, comprising:
providing a first die incorporating a through-hole via
(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.

20. The method of claim 19, further including providing a bump
disposed over a top surface of the first die, or disposed over

the THV.

21. The method of claim 19, wherein the second die further is

a wire bond die.
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21. The method of claim 19, wherein the second die further is a wire bond
die. 32 22. The method of claim 19, wherein the first package further
includes a quad flat nonlead package (QFN), a small outline nonlead
package (SON), a quad flat package (QFP), a land grid array device (LGA),
or a ball grid array device (BGA). 23. The method of claim 19, wherein
stacking the second die or the first package onto the interconnect pad

22 .rendees adirstopackagel ofianplugglity ot packagese 241 The metbed g claimt her
23, further includirﬁstacking a second package of the plurality of packages

INCIHGEtHR S Patkade. P8 TR MBHOG Tldift 24, wherditiithe fiithp 11e

nonelestiically kcomnectsoariop suriaceiofthe tTHM ok thesfirsppagkage tamd grid

ar 2D SLIRCe ol e THY of he spegnd Rackads; 3 vice (maa) .

23. The method of claim 19, wherein stacking the second die or
the first package onto the interconnect pad renders a first

package of a plurality of packages.

24. The method of claim 23, further including stacking a
second package of the plurality of packages above the first
package.

25. The method of claim 24, wherein the bump electrically

connects a top surface of the THV of the first package to a

bottom surface of the THV of the second package.
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