STACKED DI E I N DI E BGA PACKAGE FI ELD OF THE | NVENTI ON Thi s i nvention
generally relates to assenbling and packaging multiple sem conductor dies,
5 and nore particularly to a stacked nmultiple die device and net hods for
fabricating the device. BACKGROUND OF THE | NVENTI ON M ni aturi zation of

Wi rel ess products such as cellular phones and handhel d conputers such as
personal digital assistants (PDA), has driven the increased demand for
smal | er conponent footprints, 10 which in turn increases the popularity of
mul ti-chip stack BGA packadiiaCKEBBIEAN DIE B4 PALIKAGEs i nvol ve stacking
dies on top of each other by neans of adhesive el ements. However, to
achieve a | ow package height fqr nmulti-cl ; ed di e packages, a
significantly reduced die t hi ekfes 4GSt her with the use of
special wre ?R:@%Jeﬁﬁm%éﬁ@%ﬁytlQat'ééeg%g'@n{b‘ﬂﬁg E‘ﬁﬁ ﬁ&kag?xfl% hhRip leWeﬁﬁcd?i@Motl aap
hei ght. 15 Thin die and the requifed specia on ing techni ques
posesS mamy rotwal dagipdes|ytto atstaekedas\slenib idie dsvise esdmefipdaSor fabgcatmgithe device.
conventional ways of packaging a multi-chip stacked die package. As shown
in FIG 1, one prior art package 10 includes two conventional stacked dies,
the first (botton) die 12 haimgcrOUNIE O PRRUSYENTIONNS of an adhesi ve
elenment 14 to a substrate 16, and a snaller second (top) die 18 being
nount ed by a Mewewazaipned W@leé-’r RREYRLs spgh @Srﬁediutahéhcal@% prgehapdhedd pgrapuders sudhfast he
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( bot t0M) wHick idl &an urﬁ;rdmnheepbptumnay o&udﬂétch@tseac&M;A packagihp. pMohl pulatdhiie hnment ,

and the second (t die 18a is su C unted t he inactive surface of
The 11 stochiiss I T s iied oo Sasr U8 o1 0! 20U 4 HORETS HONER Baa t o
the subgh{Ate 1&@qsac1&g§hm§htsﬂapmnachw dtfkedlife phtlagEys, disgnFicanly BHtepagkage | O

in which the first bottom25.die 12b is nounted to a substrate 16b by an
adhesi vethidkaeas it needpd togetbarwithithe Nﬁmﬂsesclﬁwerel tppditechnigygsie exduentheheighbef the
surface g2byofy tRgnb@ht omdie 12b by a second adhesive el ement 20b, and a
third (tog %I ggb %s nount ed on a spacer. 30b nounted on the active surface
32b Bf the setwndic andded &id thé eequigdy sml@lrboedmg teghnigis pabessndneichgllengeetobbnded

220 U, e USRS A, kel et e BT P R LN s IR o

is afli eis’a ess of the
package pdeRigec A dhewachFeG el .ont prier astqladieaze bu nrédienvareconentiongl stacked dies, the

first (bottom) die 12 being surface mounted by means of an adhesive element 14 to a substrate 16,
and a smaller second (top) die 18 being mounted by a second adhesive element 20 onto the active
20  surface 22 of the bottom die 12 each of the dies bemg wire bonded 24 to the substrate 16. FIG 2
.1llustrates a prior art stack die package lOa in which the first (bottom) die 12a is mounted to a |
substrate 16a in a flip chip attachment, and the second (top) die 18a is surface mounted to the
inactive surface of the first die 12a by means of an adhesive element 20a and wire bonded 24a to the
substrate 16a. FIG. 3 shows a prior art three-die stack BGA package [0b in which the first bottom
25  die 12b is mounted to a substrate 16b by an adhesive element 14b, a second (middle) die 18b is
mounted on the active surface 22b of the bottom die 12b by a second adhesive element 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on the active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.
In stacked die assemblies in which the bottom die is a flip chip, there is a limit on the

30  minimum overall thickness of the package that can be achieved. If a solder-bumped wafer having a
150 pum bamp height were to be ground to a total thickness of 150 pm to 200 um, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from thie bumps.

Furthermore, even if the wafer does not crack, the die strength will drop significantly due to the
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150 .tm bunp height were to be ground to a total thickness of 150 mto 200
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stacked di e nodules are desirable. 10 SUMVARY OF T ENTI The present

i nvent i odurpngahe awsembbnproossduct or devi ces and st acked d| e assenbl i es, nethods

of fabricati t.he ces enblies for increa emc duct

Gevi ce. donsi {51 Vidat st 680 S PTG T iR Rl AT RETE Giedsiasble
In one aspect, the invention provides a stacked die assenbly. In one

enbodi ment, the 15 stacked die assenbly, conprises a first (bottom die

di sg6sed on a substrate, a boSUi AREORTHE INVENTHANbond pads on an

active surface of the, bottomdie to term,nal pads on.the su strat and a
Socond die noli BESEhITVRRIGLPOsHicas PRI dstipes Aad pagked Gﬁsﬁtssm ligs, feghods

with a r@rﬁrﬁﬁ%&@tng@%e@deeaﬂd LACmBEES TR eRind B8 leeuttmeﬂeeaeﬁt &1 method
opening for the bondi ng el enent extending fromthe bond pads of the bottom

di e, t husf febriguting tiegackiges néde dseﬂ:mlahspacer bet ween the two dies to achr eve
20 sufficient clearance, for the bondjn bon el e
connects t he YdHg 25R6sE BnInveptionpioy glﬁ g‘g‘%ﬁf’m%@ﬂgﬁ %etﬂqtéo‘ﬁ@etfe naI
padg 50n fihiges Hﬁsztsgotrﬂy, ANV § MiGPERIE) éﬁ@elsptayermﬁt Lﬂbs%t%? & gtsreﬁeﬁt the

two dies and t tomdie and the substrate. |In another enbodi ment
st acked dingedsmdwill padcanpr ages sarfhce ofith¢ botttdrm rrﬂ)e @i terndinglwesie dn oke substrate, and a

substrate, i cal I t hr p.chip ment, and having a recess
Forned: ircontapumteseon i Sk oae STt stand R8T 8 RatiamaorBcap hedepesed clee
partiallyod ﬁl@%ﬁﬁilei’é‘r PR dibehal BRSRRs 3h obBfin férthe Bbfdinfelement extending from the

bond pads of the bottom die, thus eliminating the need for a spacer between the two dies to achieve

20  sufficient clearance for the bonding element. A second bonding element connects the bond pads on
the active surface of the second die to terminal pads on the substrate. Adhesive elements are
typically disposed between the two dies and the bottom die and the substrate.

In another embodiment, the stacked die assembly, comprises a first (bottom) die disposed on
a substrate, typically through a flip chip attachment, and having a recess formed in the upper

25  (inactive) surface. A second die is at least partially disposed within the recess of the first die. A
bonding element connects bond pads on the active surface of the second die to terminal pads on the
substrate. An adhesive element can be disposed within the recess to attach the two dies. In a further
embodiment of this assembly, a third die 1s mounted on the second die. The third die has a bottom
surface with a recessed edge along the perimeter of the die that provides an opening for the bonding

30  element extending from the bond pads of the second die, thus eliminating the need for a spacer

between the two dies for clearance of the bonding element. A second bonding element connects the
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bondi ng el enent connects bond pads on the active surface of the second die
to termnal pads on the substrate. An adhesive el enent can be di sposed
within the recess to attach the two dies. In a further enbodinment of this

assenbl y, third die.is cond .di The third die s.a
ot + om tendpattoneinca et afithedfied R Rafls i i Bt dls oGl iR
provi deg|@feRRENHOHsIQb aFtQ& tﬂ%@@éﬂo‘ﬁg 238 tigtegent extending fromthe bond pads
of the second die, thus elimnating the need for a spacer between the two

dies for cl ednalrfcaherfermhoeinb@mtdtmgtaekechémtassemtdya,wmprtsomdtﬁmeg (edtemendic doposed tos
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assenbly, conprises a first (botton) die disposed on a substrate, a bonding

el enent b@ttnnmltrﬁ'angoﬁdm(ﬁrﬂaiﬂ@ aodu an Iadhaota alementni$ disposefl wilten fhierrstesd iteattash to the

t er m nal the bstrate, an cond di e nmpunted on the bottom
di e. fg&tékg @eﬂs et%t%v?r&rﬂ dieﬁvsffjwt fn the recgssrather thag being
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to the substrate contal nment o hesive elenent in Ecess
rat her tabsemidei hgan enbpbsedt bithisessen e, the seand dhmhassajxtesessai edmlmgﬁpar ate

e
the bot &?@Beé%&@é &ef Als gl ﬁ?@ﬂﬂg %wqieefl 16 P @em&é&mmwgé&e@n%m gf fnae

bond pads e secon hus elim n ting the nee or a spacer between
the two sd¢c&sl.di8m¢opm:i$edm teﬂmxanalslmds od tidi mbstrate by rmrsecératbdndirgeelaineat, ampbals on

the substyate Qy a sec bondi n enment n adhesi ve el enent can be
used to agg?%‘@ne ?fﬁé“tscéﬁg’ﬁdlls%ﬁ‘d’ ft“ﬁgﬁ’ ﬁ’eoﬁe%%nd qnﬁ g%&géﬁ%ot her enbodi ment, the

st acked die i

stacked,di e IRSRIBhrRERGER, e labfla S BALLAl doRohaPpBRd ekanflétiposed
a r ésesonfaosubrichte, typichldy twbugna {lipnddp btvehment, aad e sem dié¢ hatingl b @edess ﬁ»tnnbde&st
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connect ¢ ‘a?fm@n@%{a@)aﬁ%Cﬁegfgsziaﬁdhws@t APt po@awég' Jeoasre irthe Teses phthe second
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i nvention provi des & sem conduct o a I'n various e I ments

package dwmpﬂfd\sﬂhmahsteaessetd atlach tbsmqﬁiey according to the invention, at

lcgﬁts ;CF 2r E:I: gbgég glﬁé? g(éu}l glgm-tl;gﬁlp %y&ie glfse?n?gogdlljur:t%p Sgcklagg | ijnd\(/aan%)% %Il;l%odlments

20 the package comprises a stacked die assembly according to the invention, at least partially
encapsulated. The package can further include external contacts disposed on the second surface of
the substrate for attaching the package as a component to an external electrical apparatus or device.

In another aspect, the invention provides methods of fabricating the foregoing stacked die
assemblies and semiconductor packages.

25

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the following
accompanying drawings, which are for illustrative purposes only. Throughout the following views,
the reference numerals will be used in the drawings, and the same reference numerals will be used

30  throughout the several views and in the description to indicate same or like parts.
FIGS. 1-3 depict cross-sectional, side elevational views of prior art embodiments of stacked

die packages.
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the substrate for attaching the package as a conponent to an external

el ectrical apparatus or device. In another aspect, the invention provides
nmet hods of fabricating the foregoing stacked die assenblies and

sem conduct or ckages. 25 BRI EF. CRI PTI.ON OF _THE W NGS_Preferred
oo ment s dFTG HEo AT oRa G RalCiIBRe Bor G6ANFPROMSISE Bhe Sopkrd epackage
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several vie I n t.he description to indicate.s cor. i parts. FlI GS
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of stac iye ¢ Mégé : 4 1 SEGH '

el evgt [ (l§)§(<';?llc’\déilﬁl’e\a/lv&%fds g%ﬁi?%o | %ﬁlt%a%?f%ngtthgg%éﬁ?hgoﬁag (g'gséel accg)?igﬂ:;r?g’p? d(:)ﬁ:bfehe
i nvent i odew bf the secorsl din of tHegragkapepdRIGa M, sticaving thet lemopad kadedd pofiod of dhe die

showi ng the recessed, edge and openi ng bet ween the stacked dies. FIGS, 6-11
i 11 ust r dpEniggdhericesed slgrcdens Hig rsrmsier thadier AE S AAPE - bt areriossrssetiond aide

package ¢ QafbndivRwdor RGEGHAI Hpd ﬂ.tﬂ&n%?ﬁ{?;ﬂée@% gﬁé{i. g?ilﬂi'?tsflg’grt{gi %IEH‘G‘P&F &124‘-

FIG 6 is a bottom perspective Vview o0 e of t ackage

FI G 4, mhelwitly nuléple diapaeklagestdidpestd therebnon of the die forming the
recessed edge along the peripeter of the die. FIGS. 7 and 9-11 are i
crod0- sect | oG- Bitaa crospsusetiongh aide Heond Vi abarqthsr esibodiment of gestackethiieng
of the (] E | n view of a panel with nultiple die
package?agiﬁa eodscgjcfdg#etrﬁégenf&%mﬁae 12 is a cross-sectional, side elevational
vi ew of anot HEFG®Mi3erh illstrate tequentid ghectssing stepaakihg dataivaton ofithetsaackbddie

invention. FIGS. 13-16 illustrate sequenti al prgcgssj ng steps in the
f abri cathagkresoitilG. dgaacaiding © aw&b@%@@ewfo myrasthed of yyepyen. il G0l 445 a top,

S Tty 5 RO ORI o ot S PGPR, SAFTRSRELLIS 1y
i n 15 t hke diee FIBSGH3 ahd 18k 46 clddsaeaional) salesbotationdlvievas alseghantial stepsin the
Vi ews Ofmguen?i%ggfit}?é dig;eps in the nmounting of the dies.
FIG. 17 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 18-19 illustrate sequential processing steps in the fabrication of a portion of the
20  stacked die package of FIG. 17, according to an embodiment of a method of invention, showing the
mounting of the third (top) die.
FIG. 20 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 21-24 illustrate sequential processing steps in the fabrication of the stacked die
25  package of FIG. 20, according to an embodiment of a method of invention. FIG. 22 is a bottom,
perspective view of the first (bottom} die of the package of FIG. 20, showing the recess formed in
the bottom surface of the die. FIGS. 21 and 23-24 are cross-sectional, side elevational views of
sequential steps in the mounting of the dies.
FIG. 25 1s a cross-sectional, side elevational view of another embodiment of a stacked die
30  package according to the invention.

FIGS. 26-29 illustrate sequential processing steps in the fabrication of the stacked die

package of FIG, 25, according to an embodiment of a method of invention. FIG. 26 is a bottom,
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FIG 17 is a cross-sectional, side elevational view of another enbodi nent of
a stacked die package according to the invention. FIGS. 18-19 illustrate
sequential processing steps in the fabrication of a portion of the 20
stacked di e package of FIG 17, agcording to an_enbodi nent of a method of

i nvent i GRISPSHEG YIEW 1 &he seaeit (toiy B of the rRpkaeg of ) 2ai hovwmgzheggogss fggmed in the
Cross-s - BV | i . . .

G o pacis BB et & TGO S PRRE SRR s LShARKRE,

pr ocessistgpssh eépsmountin@efftiedbdiesat i on of the stacked die 25 package of FIG

20, according to an enbodi rent of a nethod of invention. FIG 22 is a
bottom perspective view of the first (bottom die of the package of FIG

20, ghowing the HRIELEIDIRCRIPTION IPTHTPRIIRREY pMBoBIMERTSS. 21

and 23-24 are cr = ; st eps
i n the mount iTig iaberdtiva willds. debiribed2enealla vdthog ferametto tnadrawsi @doeihe \patposa al
vi ew of _anot her enbaodi nent of a stacked die 30 package according to the
i nvent i dHustiating embgdpuents pnly apd pat & FuBEssAT 1ppiting ks yignest Bisshgyres Histrate

£ abri . e _ .
erboa nargtsfihe i R 3E AftiCa RACKARARLELSicdp sLER ORI Besenr
per spectihventivhelt dbuldte: eadibnsbpatampihadile pbcdshiag prpkageony apbffion2ss the Baidt: ng

the recess formed in the bottomsurface of the die. FIGS. 27-29 are
cr 0d8- sdabricstian pragesfe el evati onal vi ews of sequential steps in the mounting

Unvent | on w I TEDELIEP] B, thtiny oyl el spelomis e B Xy clEmience

pur pose iflfistrativk paigoséd didly,einld et ARTheano® Nmanbe d&cripGsn plithp oseptioh iddsiuth Bgthe
the sane. The figures illustrate processing steps for use in fabricating
seni condareced #omcan begxehapgediRasitignt h t he present invention. It should

e ey SRR kil GRS A0 SRRy I05 0 res

and 151 owesitatdy ¢ow peckalge paifile fallows eivege cfnisiek arddes inltheisthclaissrrabpuopedes thal vy,

and are nrlllcr)&beltrg? Q}aclgec()l (%iiesrﬁe]timtinha?e t%%sn%[a(ii %riaosr];aggr btethv?eein r!i\i/eesnttoip?gviiig 2]?32{#1?126 t%?' bE)II:l](ie
wires extending from an underlying die, and reduces the number of passes required for
manufacturing multiple stacked dies by eliminating the need for mounting a spacer. The invention
further offers more reliable adhesion bleed out control, and the benefits increase as more dies are

20  stacked. The method of the invention can be utilized to fabricate an assembly comprising additional

stacked die layers to those of the illustrated embodiments using the described concepts herein.

In each of the described embodiments, prior to mounting the individual dies of a stacked
assembly, the backside (inactive surface) of a die (wafer) can be backgrinded or otherwise processed
to a desired thickness, flatness value and texture using conventional methods in the art.

25 Referring to FIG. 4, a first embodiment of a multiple chip die assembly package 40
according to the invention is depicted in a cross-sectional, side elevational view. The package 40
comprises a first (bottom) die 42 mounted to a support substrate 44, and a second (top) die 46
mounted on the bottom die 42. Bond pads 48a, 48b on the first and second dies 42, 44 are wire
bonded 50a, 50b, respectively, to terminal pads 52a, 52b on the support substrate 44. Substrate 44

30 further includes external contacts 54, for example, in the form of conductive solder balls, to connect

the die package 40 to an external electrical apparatus (not shown). As best seen in FIG. 5, a portion

or thickness 60 (shown in phantom) along the perimeter 56 of the second (inactive) surface 58 of the
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referenced item can be exchanged in position. The invention advantageously

reduces the overall height of stacked di e packages, achieves a 15 desirably

| ow package profile, allows the use of thicker dies in the stack assenbly to
nate_the n bet n

reduce the 3 . cracked, dj e [im d for C

i eaCr o Bons ) e B sTRBSYENH, Bhnef bPORNE 2 ERDFFebst o PRECFY. RELAEE!
and red Lles 60 Ings @Hﬁ%ﬁf(h@fﬁn@ﬁﬁﬁ&&s e QyYeRiad 68 @br sdfﬁﬂ@ﬁt&ﬂéd#ﬁﬁdw)ﬂmé b(brﬂi ®ires 50a
stacked dies by elimnating the need for nounting a spacer. The invention

further (of pbescomedingehimbérsugh Ae SASntapeleaxdending icomithe bondipaiisidde opdhebotiom die

i ncr ease,as re dies ,are. 20. stacked. The net hod of t in tion c e
U1 g odrtg BERBeahE R TR duRbRGY Bl s SorTorrdfieh Bren - TG0 e e B,
to t BoseyveflylnRealidd th psdviad 86 nRodesty B&fnde ThisbridnGir€les@Ed PR fre AINYGE Riveer iipe £1 N.
I n each of Ehe descri bed enbodi ments, prior to nmounting the individual dies
of a st a@oldbus ashieaabs lower egerisl prekate helghaé7i deheuvd elewientsiodadolicen bewatilégey, can
be backqgrinded,or, ot herw se. processed Q a desired thickness, flatnpe

val o adbRRERTSlPdo SRS Mo RuBIRRE 22 Bt i B oFh e G e SRR spLon BT i 40
FIG 4, @td theHottemdupent of a nmultiple chip die assenbly package 40
according to the invention is depicted in a cross-sectional, side

el evati onal Wy. 6Thkillyatcata ge embodisannp of & erocass flow end prthashipr fereiag thestaskedi
to support ,substr 44, and a second (top) die 46 nounted on the bottom
diquZ.‘%%Hﬂ*ﬁgﬁiéﬁggﬁcﬁgb on the first and second dies 42, 44 are wire

bonded 50a, 3tHyr tb BrRE6AE 8iortiod &r thRkNERAS (RAERoREBnadtRR) ARSI PROLebond
substrate 44. Substrate 44 30 further includes external contacts 54, for

exanpl e, {tam) digvd ¢aprhe remorethiuform ke woessed eded 6% | As shayomindEtGS 156, apatipmbRage

40 | el ' h . b i nFl )
2 port gt iep Rt S of R Pl s AR R at Blyed Fenp Bie RETRarms et e
second (KMt mébds Ul fhaah cal behisdd® sMeklivad eovd a Por$ida BOchidigOm) peiMetth of the

renmoved ( etched) to provide a recess (recessed edge) 62. The recessed

e.q, 2. T
edgd 562 dindd udhehaheharthe discios svbseauenity operiehanioahe G5t Sarftioie) Bnd2 dhermeased

of the baond wires.50a (or ot.her nnegLin L. such_as~TAB t ape)

oxt endi REF PR TRiesD eatHad HE R BROR LB SRR bon S SR SR ABE e g,
Thi s el iysiiaat @s 40 he tHeaafpdrosutdtrafRame THeg essedddge 63.cad B foRdd@eil kvt WO 5
overlying dies to provide the necessag%@clearance for bond w res extending

f r om t hdedhgigates i1 desnt, for ghampleua chwmicalwet eich Gl etnlie Faser ablatidageother ght 67,
e Sy SRR ot ROLERD PPt bR SSRERHLE an S REEAY i

20 Referring now to FIGS. 7-9, the first (bottom) die 42 1s mounted on a first surface 68 of the
support substrate 44. The bottomn die 42 comprises a first (active) surface 70 with a plurality of bond
pads 48a along the periphery thereof, and a second (bottom) surface 72. As shown in FIG. 7, the
bottom surface 72 of the bottom die 42 is aligned with and facing the first surface 68 of the support
substrate 44 prior to assembly.

25 The support substrate 44 can comprise an electrically insulating polymer material such as a
resin reinforced with glass fibers, for example, bismaleimide triazine (BT) resin, epoxy resins such
as FR-4 or FR-5 laminates, ceramics, and polyimide resins; a metal leadframe (e.g., Allov42 or
copper); a flexible polyimide film (e.g., KAPTON from DuPont, Wilmington, Delaware, or UPILEX
from Ube Industries, Ltd., Japan); among other substrates. A representative thickness of the

30  substrate 1s about 50 um to about 500 pm. As shown in FIG. 8, the support substrate 44 can be in
the form of a strip or panel 74 on which multiple die packages 40 are formed, whereby the panel 74
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onto the bottomdie 42. FIGS. 6-11 illustrate an enbodi nent of a process
flow and nethod for formng the stacked 10 die package 40 of FIG 4. Prior
to mounting, a portion or thickness of the second (inactive) surface 58 of

(e 2R (8B A0 o ORYE ok SR BT o 0

surface paéaes been renoved along the perineter 56 of the die. Known

met hods in the art can be used to selectively renmove a portion 60 al ong the
peri neter of ReferingtaFEG46 theboftanhdie 42hean hetpstaghes taah¢ supparsebsieate #4 bruemeled

onto the first ott L e .the re sed, ed 2 .provi des an .o [

oth supppdhahe AR I siResile TohGhi FaE naobBier anf b fn HER Rt
di e #2 1ottbMlisSHPRRshowHP ahd/8t & thé firstRerfhaCesssttle SalgRrOhbsRate B8, fTDEmBEest& N
known techniques in the art, for exanple, a chem cal wet etch or dry etch,

| aser alsleaanbhd coy cameprse anjrspiiaiie edhesrrearmierddl knewndn tp arhendludine wpBiaelf ace 58

of the t die 46 to,a,..predetern ned depth. 20 Referying nowto F . 7-9,
Che £ oRecflss digmicpinB SIREIES Thd BenBiPA g SheSEks i Bl o' oo cpbsy pr
subst r ategui¢4lent] BEa BOIBIQRIGAH emAli- G oERE W8RG thbé Silch(@8PblWRIdeSEINT 86edth Mothh a
plurality of bond pads 48a along the periphery thereof, and a second

( bot t onpidss mithedhgstve. Asheshadiam dig 421agd/oF thet swppoth snbstratesdft ¢amce proviged ithepre-

bot ' 2 is.ali d.with d,.fagi the fiftst f 8 qf th t
subt{  adted o R b JABE P S F Rl e ks HerBS G GurbectmfeT KESER
el ectri eabbith dffisdbicnd BielRR! adRKe SEpBFtisabstAC M aﬁriﬁngdbﬁ%iatibrf & diadkeadidpdcRage.
glass fibers, for exanple, bismaleimde triazine (BT) resin, epoxy resins

such aM#x-witaple Eehasiveaappheation metbedmtor Hguidra gebedhiesivd epplecsitins areknptnain the

| eadfra e, d., A loy4d2 or ..copper): a flexibl ol yimde fil e.q.,
KAPTON. PO BaBSSEwn B e by lsh APREPI ety Gt R Srlils. ehoPieslistimeney be
Ltd., Japplied fr@lﬁﬁﬂﬂ%ﬁhm land YOSEEBE @ -a Ol o€ PR 8Mdpplied Eroihh GUAGIES(cafriek @30
substrate is about 50 mto about 500 pm As shown in FIG 8, the support

subbirate 44 Referringta RIG haviffothmfsst (hotiam) giedr mpaunsed qmthsrsubwiratn4nthe bende
Si ngal atin et B b ety AR ekl Aefaa v horBry (S Emlnd S srEem v
i nto i ndippodtiaibstriadk Hoe sxaniit ey wirg bbdifrg Gs showhner Petdpe Autntatdlb&ingde
attached to the support substrate 44 by use of )
("TAB"). For example, ball bonds (not shown) can be thermosonically bonded to the bond pads 48a,
and the bond wires 50a extended and bonded to the terminal pads 52a on the support substrate 44. In
20  other embodiments, TAB bonding and ultrasonic bonding, as known in the art, can be used to
connect the bond pads 48 and the terminal pads 52.
Referring to FIGS. 10-11, the second (top) die 46 is then mounted onto the first (active)
surface 70 of the first (bottom) die 42 to form the stacked die assembly 78. The second die 46
comprises a first (active) surface 80 with a plurality of bond pads 48b along the periphery thereof,
25  and a second (inactive) surface 58. As shown in FIG. 10, the second surface 58 of the second (top)
die 46 is aligned with and facing the first surface 70 of the first (bottom) die 42 prior to assembly.
The recessed edge 62 between the first (bottom) die 42 and the overlying second die 46 is sized with
a height (h) to provide an opening 63 for sufficient clearance of the bond wires 50a extending from
the bottom die 42 to the support substrate 44.
30 The second (top) die 46 can be attached to the bottom die 42 by means of an adhesive

element 66, for example, a tape or die-attach adhesive as described with reference to adhesive

element 64. The first (bottom) die 42 and/or the second (top) die 46 can be provided in a pre-taped
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an adhesi ve el enent 64. The adhesive el enent 64 can be applied onto the
bottom surface 72 of the 5 bottomdie 42 (as shown), and/or to the first
surface 68 of the support substrate 44. The adhesive el ement 64 can conprise
any sui : I i - [ cont a -

adhesi veamh SBIEShLS (BDE 4 Bl IR, rdBnBlbe el-RERH 00 GOBMMEY o aihergy

a di e- abbacdieepirig buntaploiMbe eitbnd aoppdideutd the Sirstgdottard) die- | ayer ed adhesi ve
tape such as polyimde filmcoated on both sides with adhesive. The bottom

di e 42 and/ orAgshewappblG- Wy Histhond padudtbnef the senondi(ved dieftaarg temaestagmly
f it i t t i
be. app! CAyTRUR SR hmbAPGadt 28GR WABH R beiRhc 35 BEEEHAME 1 CIEBOuGRTRT

44 dsir i gEovwAkd thedllugrtedl exampl ok b TAIREb@RIikKE gesultindinyths wiilestinded efacisddvdie
application nethods for liquid or gel adhesive application are known in the
an, sucksssgbdy/Ben printing, roller applicator, spray, and transfer.

Simlarly, aAadesUsoh eI PR RRRAAY LB AIPDARI AT RRHEIA

froma roll of tape, or “applle roma tra carrier erring

to FI G nfhterlBh, %ybﬁ:aflyrasherﬁiwéttr@:ﬂi, tH assébP I tatbOmdapal sudatingtkaodd, the
bond pads 48a of the first (bottom) die 42 are then electri cal connect ed

to the techrigvss ingheertoes expmpleescrepnisioiingsglpetommet awldipgrand teampies moldingi r e

bondi ' i "TAR") . |l
pondt " { RERERORINY o R et ARERNATRARHLLBO e in FIE. 41,18l GEBGBR S0 11,
t he bongumibeest £i0aswxibtios g8l canbe placdsd atlowth@olEplaiedlhalfadsan pen atultikevity

support substrate 44. I n 20 other enbodi nents, TAB bondi ng and ultrasonic
bondi ngmad, ssamembly prthimeach ayiy.paddelieing enginsytasion the medd platesse apagated

the ter %@g&igﬁﬁg@%ﬁgacﬁ%&r‘{d &ﬂt}e%i{éuﬁed.lo'll’ the second (top) die 46 is

t hen noun St (active surface 70 of the first (bottom die

42 to formthg tisd @askeiiméntellassaedinyFIGE 4, hernabcansbtdb4 tdpicaldpipthedesn af fi r st
(active) surface 80 with a Elurality of bond pads 48b al ong t he periphery

t het 2of condpcing seldedhabls dox ptherctutolly capductive mderiahsudiasGenfvetmecporiss of he
second . Q.46 ] I ] fagi he
iret subIRESRRanolli6) SOEARS, SheRhd o ey Bro ol bOBE hellebobPHOu T sidale

r ecesse@4edge: ppbe isulnemtet 4uefok etestricebainhecjondifehdl enaanell dibpackapel4iaag second
die 46 is sized with a hei to provide an_opening. 63 for sufficient

cl ear anCEMBPIINE B REfeRL @ggtgte%l(aggzeréw(a () SPPBM- ExiEmpist Pomchicteciie arparates
cuPbor RIS QT SRR (3R Sl SoR e et g
di e2@t t dodic achitediey €126), d essting apparaiut ami@fgarthers e The segfvesiubetrate 44 typically
includes a variety of conductive through-holes or vias 86 that extend through the cross-section of the
substrate and establish routing of the conductive elements through the substrate 44, and further
include electrically conductive metal lines or traces and pads formed on the second (bottom) surface
84 on which the external contacts 54 are mounted.
25 Where multiple die packages are fabricated on a panel substrate (e.g. panel 74, FIG. 8), the
panel can be singulated into individual die packages 40, for example, by cutting or shearing.
Another embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in F1G. 12. The package 40’ comprises a first
(bottom) die 42’ mounted to a support substrate 44" in a flip chip attachment, and a second (top) die
30 46 mounted in a recess 88’ formed in the first (upper) surface 72' of the bottom die 42'. Bond pads
48b' on the second (top) die 46' are wire bonded to terminal pads 52b' on the support substrate 44'.

The substrate further includes external contacts 54' (e.g. solder balls) for connection of the die
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el ement 64. The first (bottom die 42 and/or the second (top) die 46 can be
provided in a pre-taped MKE/ 734127.1 7 formw th an adhesive tape attached
thereto, or an adhesive elenment 66 can be applied to either or both dies

during mounting.,of the secopnd (t die.onto the first, (bott di e.o.AS
ahown i arriae i & ¢ LaSRGRGP R SRR REt St T sho L B8 paR e
el ect ri aakbih dieA2ndriwadhé Secoh@ (fopy die 38! toRdBsed o et BdiRdnS BRPQY, tthisdehieh Rigta
44, for exanple, by w re bonding, 5 shown in the illustrated exanple, o

as r
by TAB Bewei ¢xsrall padkiage hejghtp . hAnwilhesivworeraentHidaedoder whilized 4 giéaeb| the y@ond fiep)

di e asse T p hally or fully encapsulated with a dielectric
encapsuIdz'lg)%}%l)r(?n%ﬁg)t%e%rolli)(§]I'n @é%btypi cally a thernoset resin, the assenbly 78 can

be egcapsul atEEGSISI3ALG #lMovdte ah eBOdgas of Nplddessdldw afdmethoddt fyrmsid B Btacked
printing, glob-t pot nolding, and transter nolding, 10 resulting in the

op,
encapsuﬂh&E@ﬂ@gaégéﬂFaﬁbléackage 40 depicted in FIG 4. In one enbodinent, a

nunber of di | 8.can | aced in a.lower ld plate hal f

o open mul t RS And s debic Mol G5k ot VRN 2B e B e udRisy digne
encapsulfatt @Bitomh gie2 th Phpt @$p atRhHRABIARESUbsBRE 4heAk skliwnh, drafirsearkages 40
can be singulated. In the enbodinent illustrated in FIG 4, external

cont act $oBYrisespiichacfivelsurfaee 7@ rand ofsecord (guativetsutiacs b2’ d dhe lpativessuface 30" todr

cporDas o€ BF it sSSP Ra BT M b ER S kPO it ieppry R
surf ace ar@4rrafgddn® a prdRRinifedRohfigiatidd TR chldeetivd BuahpLo0 ARSiEdIBcoprisB@ metal

encased di e package 40 as a conponent to an external electrical apparatus
(not showalloy Beihgsl eoppert sibiet ir gpldcer @ eongpplavespalgmer meten@b and pa@Bbo forged by

external, circuitry . t wn) sych,as a, not herhpard, of a conmputer rogr,am
50" Togr drBbTehbds It o 18 antilF, Mo RaE 18ERERIS kChpfhe Bitk Bong B 20
subst r atseerdflinksy PiHeaupport bubsiradad’ @anvrih Qtf¥mehs BERAVED, IfyLelatidel SHitthRkRSEt &) the
vias 86 that extend rough the cross-section of the substrate and

est dBl i shppotisubsiatefdt(die nackanect®) BI@S.dmtht s t hrough the substrate 44, and
further inclyde. el ectricall duct.i l..lines or tra n
e R A LR e BRG] A L el B9 SR

fornmed on the 'secon to face I nal’" co

ar e nmourbetbm P&ie\INERE sk inrésstettiditiakRIgR 3 32 inadtop GatspectbR e Wwan BIG. 14.
substrate (e.qg. ganel 74, FIG 8), the,  panel can be singulated into

i ndi vi dudie rgeess § ’cikaigé%arzsbeouf@ﬂrq)é&arﬁ?ﬂeé\{e the secepd idiryH O theseraan pggbsequent step. The
recess 88' can be formed in any suitable shape, such as square, rectangular, oval, and circular. The
20  recess 88' can be formed to a predetermined depth and width to accommodate the placement of the
second die therein using known methods in the art, for example, patterning and utilizing a chemical
wet etch or dry etch, laser ablation, or other mechanical means of removing the second (inactive)
surface 72' of the die. Dry etchers are commercially available, for example, from SECON, having an
etch rate of 25 pm/min. for an 8-inch wafer. The recess can be formed at the wafer level, the die
25  level (i.e., singulated die), or on a strip level after the die 42' is mounted on the substrate {(e.g., strip).
The bottom die 42' can be mounted on the support substrate 44' by conventional flip chip
methodology. As shown in FIG. 13, the active surface 70’ of the bottom die 42' is aligned with and
facing the first (upper) surface 68' of the support substrate 44' prior to assembly. Traces and
electrical connections (not shown) on the first surface 68’ of the support substrate 44' are configured
30  to correspond to the configuration of bond pads and the conductive bumps 90' of the bottom die 42"
The conductive bumps 90' in the form of solder bumps can be reflowed to physically and electrically

bond with the traces or other conductive elements on the first (upper) surface 68 of the support
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Anot her enbodi ment of a nultiple chip die assenbly package according to the
invention is depicted in a cross-sectional, side elevational viewin FIG
12. The package 40' conprises a first (bottom die 42' nmounted to a support

b gy Cin ch . s
ooons oo B 1B, B APl BB SRR pOO P8R R BP0 el (R0 o
bot t om dhérnfe? compaRdopagisaldSbe usd. themial padt 2boe) thdi fistifirfaaé 63" Witke Appderd

to term nal pads 52b' on the support substrate 44'. The substrate further
i ncl udessubstrase A4 1are grosed gong thoperigheryo| der bal I's) for connection of the die

WKE/ 734127. 1 ' . l. Lcal o
appar at us ( no}'?efgﬁg’%ﬁgilﬁél?ég gtsh ggg%%ﬂﬁﬁ)&)t) H% &EE)St p%ﬁﬁﬁiﬁétegé&%rqeg@v% 8t8 h%fthe

second (Bo®in ie@24Bihetsechirl (toy9ekie #6licomiphigesaofitspiictiv® stiface 8husittag pieMitnafa
| ower overal l packa%g hei ght 67'. An adhesive element 66' can be utiljized to
B

_altltach theadpadahh’ elospyhe Iéi?ﬁ’hﬁﬁf thevepb apfia Sﬁ%ﬁflddhv'(ﬂ?:é) apface 58| Assshoyg ing
St acked T-d S, HEREGUIRPn g ErbkO 38 e RURLRRHPLS i AT fAp) Fipe e

Cr 0ss- saetdso 88! inthewsoid surhie TRWTttheBoteome Aot prigr @fastdisblyf i rst (botton) die

42' in a flip chip attachnment to the substrate 44'. As shown, the first die
42'  conpri sebheseppnditon)slie f¢ wpn bapitadhed tothedettom diedd iy meprscafianadhesive ace
72" . ATh [, e f 70,.0f ' ' i.8.42" | ' .
ol CncOH SH AL Rl B bl o it e k%8 e Rt o

a pr edet@thé hatbrs aif42quhalor @the Bbeondantiied 38 of thetpp dRM6' (ashedh). Yy TEOidHckive a
metal or alloy such as copper, silver or gold, or a conductive polymer
mat er i al€leraend 60a¢ansemPsIsHaRY Byitabkavsihesite Tkpowmen the artg &y examplss a tape

el ectro pald%%sii nggrt &e‘fg %ﬁélchsat(fﬁg%%{rﬁg id@&:{x%gd Wlt%eragj%gtdt%%g es%?edele%tegg%i'.g 'I'Hgm aill'lg-l]égﬁle

support substr can be '1Tn a rorm as SCri or exa

respect dléméMeel&andiappatihiclindas buchtthatddfin el ehsid alkpgcer40 rortFd] @ déprdddf inReriion
to nounting, a recess 88 can be forned in the second (inactive) surface 72
of tiRe qurtg‘t secopd i) ingn thegocess 8. Jikgdistiandior second diasiddn 46ncan g pregidediga i n
atopp i J i . 4 S oy I I

o rocai el i il Uyalndei ® yhouachf ERERE kv SyiEREn IS PBC hHleRo
can be fejtheesk bath diey dating &ldricasdrapfthe stackedadic pagkape 40’ dlicaidbediod clemend 66’ and
circular. The 20 recess 88 can he forned to a predeterm ned depth and wi dth

to accorkfoprbied bhéoweaéwémeﬂéﬁdsﬂ%wn%w-qi e therein using known nethods
in the art, TR 85300 PrIdatd M WM RBI44E bk he! A8 GHS'BIERS' are then electrically

20  connected to the terminal pads S2b' on the support substrate 44', for example, by wire bonding (as
shown) or by TAB bonding.

The wire bonded stacked die assembly 78' can then be partially or fully encapsulated with a
dielectric encapsulation material 82' using known methods in the art to form the encapsulated
stacked die package 40' shown in FIG. 12.

25 External contacts 54' (e.g., conductive solder balls can then be mounted on the second
(bottom) surface 84' of the support substrate 44' for connecting the die package 40' to a motherboard
or other electrical apparatus (not shown).

Where applicable, a panel substrate comprising a plurality of dies (e.g., FIG. 8, panel 74) can
then be singulated into individual die packages 40'.

30 A further embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in FIG. 17. The die package 40" incorporates
features of the die packages 40, 40' depicted in FIGS. 4 and 12,
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wet etch or dry etch, l|aser ablation, or other nechanical neans of renoving
the second (inactive) surface 72' of the die. Dry etchers are commercially
avai l abl e, for exanple, from SECON, having an etch rate of 25 mmn. for an
8-inch wafer e rec the die 25 | evel

El 1? acg b4 ornmed. at the vvaferHJé,evg
(i.e., singultdgstiey hepackpee tqoqusmﬁr%ﬂe%m> € §¢ empyntef Onfpg fHPRAT on
the subshpafafe 4£-if-a ﬂ@tchipoanacm;l{aﬁ bRt 4 el 6ni41%1e) g?éuéaeat 'F&'éf‘ﬁeﬁ'gal‘l)ynrécgﬁed

support substrate 4 by conventional flip chip methodology. As shown iIn
FIG 13 wﬂhm aacxiesw&S "sinrthabettond dleoffz"l hmilbotot thenddhi pckage 408 (FallG dize.d The pickapel40”

nesend! yurthir gpmeristit R U GBHHEEE oS TURBECLID RS At b O e
surfgce (ﬁﬁ’ddlé)fdxé hg %Hﬁ’i?é}rtB ﬂ%ﬁaégaa«@agh% (FRE %gfwnugﬁa@@s@%@' &PhksspARd to

the configuration of bond pads e conductive of the bottom
di e 42' (middie) doAGlatd the thiudhfiep)alit 94 haretvard lrmded fo Emindmﬂ pils2d" c3ie" be

reflowed to sically and el ectrical bond, tht races r ot her .
Conduot TORPEPEIAIG WARE TPRELS (Eopuibyiraaan s bts negide REeamp pRRtect 54' (e
MKE/ 734131f1ed balls§ #hTohftRin %4he dig aéiH{ gdoi Bs Ix%nﬁé%?xt & mPél@&HEél' ﬁgaﬁﬁism&f

bunps, although ot her ods suc S thermal conpression can al so be used.
Ter m nalshgads 52bﬁ1m10ﬁ@thﬁlpbﬂme®u pf heseG8id (ofactihe ssnqu:m%" ofshd:)ﬁmrda(t@)m 94"

i o 16" 5 Bt R BT L B o PEHal 9 G titer Stciethe
second (iaplcdhe S8 o B8 c&u{ehﬁé%th@%ha s S8t e %ogw%md@%gﬂf@w oty

of bon ong the periphery there and a secon
sur f ace thBsubsthste ghthvthus elimiahGg ths need for sespadce b(etwﬁenmknt) tveuditnde', 98". Bhe tduess

d di.e 46 | th 88’ th
Second Sh Phite vpsomi daZab gy G eroa e dot Sheibifeie) e dBkeb o)
die 46' 6a8s Ranmtd @onhegh Q&ahﬂﬁeﬁﬁf}%tgh@to‘la%hle% ATBRBSo RbaiFPaRIBERL

el ement 66'. The adhésive el efent " can be applied wthin the recg Ss
to the rethesise senflece6®298" ofn hm:lizacﬂ,trespedm*@lyq,% attaciothe sedomdt(hmeddecdind6” to the

conpr; sootiny et aapd behid{Go HEDST Tl HIRESEAS"t o oxanpl o, a
tape adhesi veQiaclkdRiadklkcaBNeP I, 1PEarfIRSGHHEAL Wiliding BRRGLest Gepiinesi ve

el enent 64'. The adhesi ve enent 66' can have a thickneSs such tha
functi ordssca@eéab@merfabma@ogmddagem@o d48gree of insertion 15 of the second

O 0 Pl S0 T e aSe b SR bR B rmi P
adhggi venied @oF)die 68", respRctpgelpppl i ed to
A recess 88" can be formed in the second (inactive) surface 72" of the bottom die 42", as
described with respect to die 42' (package 40) and as depicted in FIGS. 13-14. The recess 88" is
sized and configured to receive the second (middle} die 46" therein in a subsequent step, and can be
suitably shaped to correspond with the shape of the second die.

25 A recessed edge 62" along the perimeter 56" of the second (inactive) surface 58" of the third
(top) die 94 can be formed as described previously for the second die 46 of package 40 and as
depicted in FIGS. 4-6. A portion 60" of the third (top) die 94" is removed along the second
(bottom) surface 58" to provide a recessed edge 62",

Similar to the mounting of the first die 42' on the substrate 44' shown in FIGS. 13 and 15,

30  the first (bottom) die 42" is mounted on a support substrate 44" using flip chip technology, with the
terminal pads 52a", 52b" on the surface of the support subsirate 44" exposed along the periphery.
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either or both dies during fabrication of the stacked di e package 40'. The
adhesi ve el enent 66' can be applied by conventional nethods known in the
art. As depicted in FIG 16, the bond pads 48b' of the second (top) die 46

are then el ectricall : nnected to the tern nal ds.52hk' on t.he,support
Subst rate. a4 Thegondaifey R Eed Biokifeg iE LT Rs RS S PR SRaiNG.
The Wi r eleppidiad FIGH: ed 6diThcassidtliy 46 Bcorhpiiset ApRurbigyabbhabhds 48b" forlal first
encapsulated with a dielectric encapsul ation material 82' using known

met hods (aetivehaurdgce 800, andrafecoral datiops sirdace $8" sThe keltprdiserfperciéigy thosecendbdig

be. mount B 5ROV ShEhe R T Aey P2t nbouf U bR e dRhe SRR b

for sonngetdueH ab BeapioR dRASKRBQAAEIvE B RestHdatiBPRESectiOl tOhdIREIveleRGhdrk 62 The
apparatus (not shown). Were applicable, a panel substrate conprisin

a
pl ur al i tdjesof2"descandegre-tapedor 8n aghasivie crament 47" carmehappdicd ito thel surfeee pirgider or

i ndi vidyal, di e ,packages 40" ... 30 A.further enbodinment of a nultiple chip die
assenbl &o&&xﬁaagn%ﬁagpa?t%a qfégff R%Ckfl%?/enfti onis depicted in a

Cross-sect i Onpile botldPAdS4EH ASfitRO@cod e\ 46N afd ten diéctrithRy dbthaeAgka dife #Bninal pads
incorporates features of the die packages 40, 40' depicted in FIGS. 4 and

12. MKE/S2b4 onthe qupport sgbsitrate ™y for egampleebyp waiedgadiag or by ik B bindling, fresudting in a

(bottom die 42" .nmo ed.ont o ort substrate 44" in a flip chip
attghhrresﬁ?’f:tuﬁ%ﬂmé]agE’g}iﬁto‘;hf’wpdﬁﬁéﬁ?g ‘e 46" at least partially received

Within a receggeBfhg now lolFIARQR! HOUEE@(188) die SuNtdrAthed Be itRinfidonae ke@ad 40’
(FIG 12). The package 40" further conprises a third (top) die 94" nounted

on the f(middle) dietbVsmikn td da@encamﬁngfoftheeses@tdd}jd 46 O(I'r'ﬂilftlblfbtél)m died2gowrsinni | ar
are agr WREARIP eI U5 B 04 naReqord the fiEheSObrReR 5 Rhins Sopd o

52c”,  reSReEdrhvdk Ytackstl diBasseHPOTE", a5B&HiEed & RHG. 195Ul thati €todd dief 94 tdfiprises
i ncl udes external contacts 54" (e der for connecting the die

.0., sol bal | s
package afirst @stive)suripeenddl’ voth @nluezﬂfé:é of berul padp 8¢ aalorg theareripberghgreofpand a
ortion alo t he I er of, tthe,.secpon i nagti rfaceg 96 of .t
o+ koL A5 5 WMt &hsil PP 6P RO T8, B LLAGE sBHacPdertdiThe .
to provitaed abpp@esung Higned oithsanbifficheite first (@anan sefale Sohe B tcvnd @&idaRY dic

connect i4%9 p%gretob;)sggm&?fis 48b" on the second (mddle) die 46" to
The third (top) die 100" can be attached to the second die 46" by means of an adhesive
20  element 98", for example, a tape or die attach adhesive, as described hereinabove with respect to
adhesive element 64. The dies 46", 100" can be provided in a pre-taped form or an adhesive element
98" can be applied to either or both dies during mounting of the third die 94" onto the second die
46". The recessed edge 62" of the third (top) die 94" has a height (h") to provide an opening 63’
with sufficient clearance for the bond wires 50b" extending from the second die 46" to the support
25  substrate 44"
Referring to FIG. 19, the bond pads 48c¢” of the third (top) die 94" are then electrically
connected to the terminal pads 52¢" on the support substrate 44", for example, by wire bonding or
TAB bonding.
The die assembly 78" can be partially or fully encapsulated resulting in the die package 40"

30  depicted in FIG. 17. Extemal contacts 54" in the form of conductive solder balls (or other suitable

conductive material or form) are mounted on the second (bottom) surface 84" of the support
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the substrate 44", thus elimnating the need for a spacer between the two
dies 46", 94". The recess 88" in the bottomdie 42" allows the second
(mddle) die 46" to be inserted (nested) therei n The recess features 62"

88" ad t. hi al ], h ht 67" 15
adhes v AR 6 s GtlcctibaSERNGRHPp Sl Fopibr ol PR Jedit afrimd? ot
second GRaWAY e])he?éa?teﬂ@ mfﬁlﬂ dl@fyané?‘éﬁﬁ Béfh?lgﬂaféa mtofiﬂgﬁvkﬂﬁl §iRipalldgop) die 94
to the second (md he stac di e package 40 of FIG 17 can

be fabricat ed{elﬁtmhg 20 Fthlﬁg apothceasb@hmpst ofcbemuhnpﬂradnpkimsemblyqjackagat i ng

ackages 40,. 40' . Prior. to nount t he r can he forned |,,n
Phe 1 r epcoptiata e oy evino s dRCteh T SO T PSR DR CRrUic viens e dERiARM0"

recess 88mpRaR Mfirsf MoRBA) bt 4DemsEReNE 4 LiAekINBIAULI AchIRReogd c@@aé@m

die 42", as described with respect to die 4 (package 40) and as 'depi ct ed
in Fl GSmalidtetdn thhbottapassd B8 Ak sllussawédhanebomdrdﬁa g@v esdatger T n‘emm,we algeeater

d " th
shaped POUEHTsafBRirah B re thele R e HELhabaRepibes™ 4 e‘é@igﬁfte
62" al onghlRiRATBECLredire BbnddS0aOCHA! (i tBRGHAMRNs 394 308" 3f) thetu

third (top) die 94" can be forned as’ described previously for the ond
di e 46 e@bspatkdye whiclafudhesinchidps ettedal crmnﬁc@&fl"'él‘eoa:onﬂcqﬁcﬂnet diepad@ige éf)’”ttdnen

br ol do clekisah gttt gges o Gt fid A er e B SRR DGk FeRety FICSIRS 82 on
the s Ub?Bﬁﬁ;neof"%ﬁ’e seBR néc@ vEl Satfacd 3gang tl’flc%EC?rﬁ)&)&[?%]é 4§'81s LRRVELD %gﬁ?e?ﬁe

I's nounted on a suppo rate 44" using hi p technol ogy,
termn alreqas&td eﬂgaBZ"' ﬁﬁts'hffmlentmlfasamé &mahobondeirsupPedt tnosniied bn dheuntiéilyargposed

| MKE/ 734127. }.1 Th d d 4
rount e PPHOTIAEE S0 A8y OEfecrnal 098t ot 61cBeq e SEecnd Bhustatin oy &sor e
I5- 16. T80 0RO Gl 196 RPECRES: B RINGHE Lokl 190l 4B BB

(active) surface 80", and a second {bottom surface 58". The bottom surface
58" 1pf H"R¥ tsﬁm;ipazht eubstr6te 443", rﬁwrrbeﬁds tmatwed 108"y H}%Ssomhmé aeachd'e adbweheverall

o O e 205 1 e b S BB Ao Ao Ghencrne

5 e g g oo . b
die 42™ rather than as a distinct layer between the bottom die 42" and the substrate 44", In addition,
the recess 102" contains a die-attach adhesive therein and limits the amount of adhesive (epoxy)

20  bleed onto bond fingers and/or other components on the substrate adjacent to the die edge.

FIGS. 21-24 illustrate an embodiment of a method and process flow for forming the stacked
die package of FIG. 20.

Prior to mounting, the recesses 102", 62" can be formed in the first (bottomn) die 42" and the
second (top) die 46", respectively.

25 As shown in FIG. 21, and in a bottom perspective view in FIG. 22, a recess 102" is formed
in the second (bottom} surface 72" of the first (bottom) die 42"'. The recess 102" is sized and
configured to receive an adhesive member 104" therein for attachment of the die 42" to the
substrate 44™', The recess 102" can be formed in any suitable shape, such as square, rectangular,
oval, and circular. The recess 102" can be formed using known methods in the art, for example,

30  patterning and utilizing a chemical wet etch or dry etch, mechanical drilling or punching, and laser

ablation of the second surface 72" of the die 42", The recess 102" can be formed at the wafer level

or the die level (i.e., singulated die).
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The bond pads 48b" of the second die 46" are then electrically connected to
the term nal pads 52b" on the support substrate 44", for exanple, by wre
bonding or by TAB.binding, resulting in a 10 structure simlar to that

shown in FIG, %egcesng %é Ef‘ ﬁg’lt ee)pe': kRt Zfé%’”‘sclsf%ﬁ? gérbiopg (i@hcgwn%gﬁr?ac%%&“coﬂ%é hen

be nmounted on SEeco unt of 't

second de@®ndGta) did%"b@int‘t&modhed d2des bl provibhdBp forltBe ddcondldge 461 adkz(gteoun)) die
94" is nounted onto the first (active) surface 80" of the second die to

f or m t helepictediia 1S4 sbmprtipnagithe dis 48€is tameqyep sueh tat, yden theesecang die(4t6opy
di e 94° ]fe?ﬁﬁ&ﬁﬁtgf ﬂnt%ﬁh@ﬁ GRla "a?ﬂe r‘é?gss dfg%%%“'io ddé\guérp%}?ee%é?l’ Tc%r%uﬁ{mglqnd

pads 48c € periphery thereo a Se

r ecessedlqeges 62the Had SHEwS0 N ekleding Gront e firecdind2'Sus firaemYtal wlds D" of e d
(top) die 94" is allgned with and facing the first (active) surface 80" of

t he sec&BRPQhE F@?4 46" prior to assenbly. The third (top) die 100" can

be attached t]f)ef{; 8%? dZP tﬁ? 48ond g}?gigﬁg%uﬁﬁce "agfklggiﬁ\és?lgbglporr@l gggh ;9 %hgned

for exanpl e, ie’a as’ descri erel ove W

respect vith arﬂdﬂa@lﬁg\ﬂ@e ﬁise(@pér)@ﬂrfaaa@"%me $6portldBstra@nd b eripr @vdsekadblyn a
pre-taped formor an adhesive elenment 98" can be ag plied to either or both
B

di es during riherirtdie 62" inattached o the surpert suhstinte A" Sp cenas af en adigsive plment
rec 656‘185‘19%9%91%& vetdEndil 1 (b0 affeadd thd B2 L ANockThoknd ReRLS gb‘*eofa“

openin I'crent cleara WTes

fromt théﬁl%D(‘Ebtt@hﬁ 642", anilloe oﬁwnh@ﬁfst (Hpepunsatebs" bfithe sﬁi@s‘t@w 419 aﬁ@al@n&l
19, the bond pads 48c" of the third (top) die 94" are then el ectrical

I
connect etith Gerersss K¥m tedte rpertsedstherein nThepdhssipp elemesti it eanccomprise g adhesive
exarrpl e, g;;pgr ta]? Hgﬁgibgghgre] aEA\IrDé \9%'?@% Bgct tc->r Qtﬁ%e% I\ et 51%4 %ﬁ(&(ﬂ%& %Bgane first die

parti al l encapsul ed’ T es pack

depi ct ed4l"mnEAoGthelsZ]bstaté a4 ajan be pradEal 154a premaptehe"mfx@ ronadfadbeivetielbmest 19aMdan
balls (or other suitable conductive materi al rm are nmounted on the

secddd (vﬁappkﬁé toghe sustase @ eitldr of P@@thstbpﬁmttdlq\ﬁ@é} air3141h9 pubstrate 44ibduring he44" to
provi de aﬁL t%f%h g?‘?ﬁhe%@[s {18116 t}fef‘sﬁlgé‘r%eﬁ-" shh AR 'e%ﬁx{lh@j{ ds 522"

appar at us r eaf a mul anel” can e singu I'nt’o
|nd|V|d@abm@heh@aﬁﬁalaSﬂmRﬁBﬁﬂﬁ¢m@eﬁmeHG. 20, another enbodlnent of a

miltiple ch %ec%!cnemgig %%Isyzﬁggﬁ%g gecond (top) die 46™ is then mounted onto the first (bottom)
die 42" to form the stacked die assembly 78". As shown in FIG. 23, the second surface 58" of the
20 second (top) die 46™ is aligned with and facing the first (active) surface 70" of the first (bottom) die
42™ prior to assembly. The second (top) die 46™ can be attached to the first die by means of an
adhesive element 66", for example, with a tape or die attach adhesive, as described with respect to
the adhesive element 64 (dic package 40). Either or both of the first and second dies 42™, 46" can
be provided in a pre-taped form or the adhesive element 66" can applied to cither or both dies during
25  the mounting step.

As depicted in FIG. 24, the bond pads 48b™ of the second (top) die 46" can then be
electrically connected to the terminal pads 52b™ on the substrate 44'". The recessed edge 62" of the
second (top) die 46™ has a height (h') sufficient to provide an opening 63" for adequate clearance
of the bonding wires 50a™ extending from the second die 46™ to the substrate 44™.

30 The wire-bonded stacked die assembly 78" can be partially or fully encapsulated with an

encapsulant material 82" using known techniques in the art to form the encapsulated stacked die

package 40" as depicted in FIG. 20. Thereafter, external contacts 54" can be mounted on the
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according to the invention is depicted in a cross-sectional, side
el evati onal view The package 40"' 5 conprises a first (botton) die 42"
nounted to a support substrate 44"', and a second (top) die 46"' nounted on

t he bott ted, .t

e, 2 it Borton) spfiRe by %ﬁﬁ?ﬂ%ﬂlgma‘%trﬁﬁfﬁ?ﬂfgﬁ Brabarr e b Beppdfiee
6) . Bondopagdsn4R@mal el%@@ncaLa@ﬁra&&ﬁnBt downgnd second dies 42"', 46" are

w re bonded 50a"', 50b"' to'term nal pads 52a"', 52b"' on the support

substrate 44' Smgumcumﬁ‘amulhl@ie dinphuel 5 steiptcan tizdn egpreroemed Sprovids indinidwel diehe
die packqg%'40 wt0o an 10 el ectrical apparatus. Simlar to the die 46
depi ct ed *EiHE° %lé%cri bed with respect to FIGS. 4-6, a portion of the second

(inastive) swdfasiagSFIGOLS, takﬁnﬁacaﬁn%cﬁﬁa@ﬂ)of(allﬁulﬁgle chhﬁd{eeﬁﬂﬁﬁ%?l\égﬁcl&rg@w de a

recessed edge 62"' for sufficient clearance for the bond wres nount ed
on the waededingitoghe ibventom md@pwzed in amrwmectyoml stdscdevationdl'view s The packege Aed
in the second (b

for recdPPPAY N i fikioBd G oupdhin'y i B AEhEE 1 @ hed h AR AL, pad

42" 10 gh@eSUPRP kéconH PR @iteei64'4mounfﬁﬁ%nrtﬁt9 f5% (SRR ES 452’ Bonli%ds 499‘”%'15&:
to achi evea | ower overa package height 67"" for 'the package 4

el i m natesgdi(top) deetb"f ere \wrs peded bt Wedarminel pmp 53t onvtbe tsappodti mstraiﬂ 64“"

moun in he adhes ve,el enment 104" 0 ce

e ot datitol nsis S SR e e 3eura bRTem] sifbie gt RBRTHE A0 Pbm o1 o
42""  andofhRtifl BRd Rk Sz 1o érpeﬂgﬁl'at 188 ricallapBaraRc¥aSt shB¥n). APkt tBe second
di e-attach adhésive therein and limts the anount of adhesive (epoxy) 20

bl eed orfbastdmysirface 51 of dliesond(thpr die d6Pon eemevadrtophevideb secesst I8 U fagessiving

the die g FI.GS,...R1-24 il]ustrate an i ment. .of nmet hod and proces
1o 1 ol tiarmgradas” Beftedhe Beb Sudh, BR0F bppeachigre St ovgauantet §iehhe
recesseg70Ry the ﬁa%kagé:tﬂﬁ " B9 nfeﬁlirf%e 'ﬁ'?sttdi\:eélj " Fthik %5\%@1 | Rcdrid die QBd' the
second (top) die 46"", respectively. 25 shown in 1, and in a bottom

per $pecti ve \HIGSH. aﬁ—2l9l ibastoude araemb@fbwmloﬂa methed fand mntesa fhow ther fooomgdhe stacked
(botton) sur ace f the first (bottom die 42"'. The recess 102"' is
si zed a 0 recei ve an adhesive nenber 104"' therein for

attach rrent ofpﬁoheo ﬁlioﬁnl‘?@%] thd Rcéq os SULStHeabAndtin the I8nd EsRfom) k& ace &M JFehe

formed in any suitabl such as square, rectangular, oval, and
ci rcul arsewnﬁétqpéd@s%"lcg showamn BEGE B Mnmsbqi@nkn@mcnﬁ@ Msasini FIG.R6. dhe regesy

R T N R G e
72" 20 of réd&ﬂ/edh@béﬁ’om diel4E " ieGeinSankDein bedfofnOFin My afalE shijR, wathek shgirel
rectangular, oval, and circular using known techniques in the art.

As depicted in FIG. 27, the first (active) surface 70"" of the first (bottom) die 42"" is aligned
with and facing the first (upper) surface 68"" of the support substrate 44"" prior to assembly. The
active surface 70"" of the first die 42"" includes a plurality of bond pads with conductive bumps

25  90"" mounted thereon, which are arranged in a predetermined configuration. The bottom die 42""
can be mounted on the support substrate 44" according to conventional flip chip techniques,
resulting in the structure shown in FIG. 28.

The second (top) die 46"" is then mounted onto the first (bottom) die 42"" to form the

stacked die assembly 78"". As shown in FIG. 28, the second surface 58"" of the second (top) die
30 46" is aligned with and facing the second surface 72"" of the first (bottom) die 42"" prior to
assembly. The first (bottom) die 42"" is received at least partially in the recess 108"" and can be

attached to the recess surface 106"" of the second die 46"" by means of an adhesive element 66""
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or the die level (i.e., singulated die). MKE/ 734127.1 13 A recessed edge
62"' along the perineter 56"' of the second (inactive) surface 58"' of the
second (top) die 46"" can be fornmed as described previously for the second
di e 46 409 dic ARRUCIREHV B o 6E Eilih be g (did S
renoved suc%aafgtﬁge Ql)%enét ated(?lsse]coﬁédzéil bjf Hh?bSBQ he%n%ﬁ%lede%m%gﬁ? saléf irst
di e 42" ‘package 40 CRitlse dr botyef 62 firspand/sedesd aues 9@' 'r;mﬁ'g' @a'be providaliinfd pleaapedS

cl earance of the bond s 50a"' extendin omthe first die 42"' to the
{er m nalfoThas g eSlB%wFWQnt%pﬁé‘? SRl i9ds Ak oL poth G g QIANESteps

t he second ( fy Bl iy | i gned
wth and f ac:%r%g&itqﬁ% t‘?ﬁ‘%ﬁ&%%%"r d I%E?f g@e dééﬁé se(():?x?c% f}tgms%]gggr tgagl}gégf}?it e 44"
pri of t eleasialbkynnetied td thesttrnline] phds '52b'$" catmaeiﬂeniatmzt"he support substrate

44" by neans of ~an_adhesi ve el enent "' . The adhesive, el, errent 104"
can be appl i é’éﬂtaéofﬂ’él?’éélé%‘gat’é’ﬁrqfé@edliéﬁem by 7%'heeap bedseonmned using kngwie 1 r st
(botto s
substr21%eﬁt{{zwégmt ¢ |gne OtHEgn%ﬂ)?%]fafeﬁz%gléggagzn$}ﬁ)'*dvrr]c e rdesggl \%&r{aﬂgc?gtacts
The adhégi'venehaneniolftéd on tlensecomp(bostemd surdatieesi"V of tl"ge;hbslfaté P8 to &Rilitate
descri bed herei nabove with respect ;to aﬁghem ve el enent 64 aikage 40) The
first dﬁl@ctrwa congaetrgrotithecanpaientdis paglage 49n W@np%weﬂé‘éeq TACah APPAEAS Y

form &pno)adhem ve el enent 104"' can 15 be applied to the surface of
elther or h the first die 42"' and the substrate 44"' during the

at t achnent St{ﬁchwd’ﬁhledlé bﬁddagelsi ¢f dmultiplsdiatphad fed., o shdwen stthsbfepdnee 4Apineb Ut in
t hat the term nal pad ““"on the surface of the substrate are
exposedF ﬁeﬁb?quﬁgsepﬁaifﬂ(lﬁa%gglﬂﬂtmft‘ﬁéh%@&and (top) die 46"' is then nounted
onto the first (botton) die 42" to formthe stacked die assenbly 78"'. As
shown in FIG 23, the second surface 58"" of the 20 second (top) die 46"
is aligned with and faci ng Coeeparative Eaginple) aﬁdllE‘xa@lZQ"' of the first
(bottom die 42"' prior to assenbly. The second;(/ e 46"' can be .
attdthed to theemparisen of theppckagedlesign shown inklei (eprtgr Hithghe package design
exanpl eqp Wt b prae or die attach adhesive, as described with respect to

t he adhesive e ement 64 (die package 40). Either or both of the first and

second dies 42"', 46"' can be provided in a pre-taped formor the adhesive
el ement 66"'—ecan—appt-ed—to-either—or—-both—dies—during—25the—+punting
step. As deﬂ)i cted in FIG 24, the pbond padsz48b"'| of thp]@egond (top) die
46"' can then be

Bottom die, thickness 6 mils 6 mils

Second die, thickness 6 mils 6 mils

Bond line, thickness 1 mil 1 mil

Slot (recess) depth - 4 mils

Overall total thickness of the 13 mils 9 mils

stacked dies

By utilizing a package design according to the invention, a lower package height can be
20  achieved using thicker dies. In addition, thicker dies can be utilized to help reduce the number of
cracked dies that occur during the assembly process.
In compliance with the statute, the invention has been described in language more or less
specific as to structural and methodical features. It is to be understood, however, that the invention

is not limited to the specific features shown and described, since the means herein disclosed
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el ectrically connected to the term nal pads 52b"' on the substrate 44"'. The
recessed edge 62"' of the second (top) die 46"' has a height (h"')

sufficient to provide an opening 63"' f.or adequate cl earance of the bonding
wires 508X hRAdAGohhO8F hitins BEIRFerliof if errebO TRENSURRNElferdtbre claifed
W re-bon gwnstgcgghﬂgPe ass%nEPg 73”' cgn1 eebgrtiéPﬁg or %dﬁlfﬁéné%ﬁsu gted
wi t h an angnd &p forimart mati Beatehns 82thin theipagpek novpe df dlodhappgndes] ¢lmnisheppeoyiriatedy f or m

t he encapsul at ed stacked di ckage 40"' as depicted in FIG 20.
Ther eaf tBYEIPTERE BY 34T ?&‘é(&géhé‘%m%?f Elﬂ@“ﬁ&ﬂ‘&-ed on the MKE/ 734127.1 14

second (bottom surface 84"' of the support substrate 44"' for electrical
connection of the die package 40"' to an external electrical apparatus (not
shown). Singulation of a nultiple die panel or strip can then be perforned
to provide individual die packages 40"'. 5 Referring to FIG 25, a further
enbodi mrent of a nmultiple chip die assenbly package according to the
invention, is depicted in a cross-sectional, side elevational view The
package 40"" conprises a first (botton) die 42"" nmounted in a flip chip
attachnment to a support substrate 44"", and a |arger sized, second (top)
die 46"" mounted on the first (botton) die 42"". Bond pads 48b"" on the
second (top) die 46"" are wire bonded 50b"" to term nal pads 52b"" on the
support substrate 44"". 10 External contacts 54"" are nounted on the second
(bottom surface of the substrate 44"" for connecting the package 40"" to
an external electrical apparatus (not shown). A portion of the second
(bottom surface 58"" of the second (top) die 46"" is renoved to provide a
recess 108"" for receiving the bottomdie 42"" therein. The recess feature
108"" hel ps achieve a | ower overall package height 67for the package 40""
by nesting the first die 42"" within the overlying second die 46"". 15 FIGS.
26-29 illustrate an enbodi nent of a nethod and process flow for formng the
stacked die package of FIG 25. Prior to nmounting, the recess 108"" can be
formed in the second (bottom surface 58"" of the second (top) die 46"", as
shown in FIG 25 and in a bottom perspective viewin FIG 26. The recess
108"" can be fornmed at the wafer |level or the die level. The recess 108"" is
sized and configured to 20 receive the bottomdie 42"" therein, and can be
formed in any suitable shape, such as square, rectangular, oval, and
circul ar using known techniques in the art.
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As depicted in FIG 27, the first (active) surface 70"" of the first
(bottom die 42"" is aligned wth and facing the first (upper) surface 68""
of the support substrate 44"" prior to assenbly. The active surface 70"" of
the first die 42"" includes a plurality of bond pads wi th conductive bunps
25 90"" nmounted thereon, which are arranged in a predeterm ned
configuration. The bottomdie 42"" can be nounted on the support substrate
44"" according to conventional flip chip techniques, resulting in the
structure shown in FIG 28. The second (top) die 46"" is then nounted onto

the fir ( } 2"" to formthe stacked die assenbly 78"". As shown
in FIG FP Eﬂ?ﬂ\ﬂt Ié’ rface 58"" of the second (top) die 30 46"" is
al i gned.wi t A stackefl divi Bgenibg, compeisidgsur f ace 72"" of the first (bottom die

42"" prior to assenmbly. The first, (bottom die 42"" is received at |east
partially i@t IR %é@%@owgﬁwr dig giteatgd %\s@‘nzuéﬁtfaé?: iicstackeg AEeaseas e batite

106" " %mfyh%n%g(mﬁguﬁﬁ@c HABing itk ARE 186atAhAEHE Y § s&loRTBIMLEE "
MKE/ 734127.1 15 such as a tape or die attach adhesive as described with

respect to taHestalithesnprising efimshiurfade §itliated opalekfgesutfaye ofthe ehstrate, oipposinig t he

first and second dies, 42"". 46"" can be provided in a pre-taped form or
t he adﬁg%qnééurg?cgnﬂ}fa%g"zmeséaw%appl ied to either or both dies during the

nount i ng St%@ecdﬁﬂfdﬁédngﬁish@ aHirst sugfce hidvengOploral 6,06 bARE padsdbcdiditheresnad (top)
die 46"" can then be electrically connected to the term nal pads 52b"" on

t he sutsseandsurfacehavinpgrecess fogmed thercin gadip diskaessowiththe sseong die sisuptadistver thg -

can be rfor L Qgﬁi @gl’g’@" . t : ul at ed
packag efﬂgto(ﬂéz agﬁ%memqﬁ%tn g@&@g%ar& t elr %gﬁ €v(l:ll(l)ﬁr%lt %g fe S ersBoﬁl&k %gé{mt #%g’ﬁu%gﬁgnﬁlnt ed
on t he wembiickiest ¢fahg fisstiaddaseeor@idiés within lee dieibstmblyds t44 thab eadhadfithe t at e

el ectrical connecti of. the conmponent . di e package 40"" to an external
el ectritﬁ'ﬁ eé%&f&‘?ﬁggfﬂgfecngﬁ?ﬁSW ined-ngi vi dual die packages of a multiple

di e panel (e.g., as shown with reference to panel 74 in FIG 8) can be
separated by a si ngpl ation techni qgue. Conparative Exanple 1 and Exanple 2 15
A conpari sort sacked diepgsaualdy coBwrigiigshown in FIG 2 (prior art) with the

package desi g, ?\DQ WhnicBndukr aiks siedadd & Sb sthfte in a stacked arran gement; the substrate

comprising a first surface having terminal pads located thereon, and a second surface;

a first die comprising a first surface situated on the first surface of the substrate in a flip chip
attachment, an opposing second surface, and a thickness; and

a second die comprising a first surface having a plurality of bond pads located thereon, a
second surface having a recess formed therein, and a thickness, the second die situated over the first
die, and the first die at least partially in the recess of the second die, such that an overall thickness of
the first and second dies within the die assembly is less than each of the thicknesses of the first and

second dies combined.

3. A stacked die assembly, comprising:

a first die having a thickness and situated on a substrate; and

a second die having a thickness and situated over the first die with the first die positioned within
a recess within the a surface of the second die;

whereby an overall height of the first and second dies within the die assembly is less than the

combined thicknesses of the first and second dies.
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Bottom di e, thickness6 mls6 mls Second die, thickness6 mls6 ml|s Bond
line, thicknessl mll ml| Slot (recess) depth---4 mls Overall total

t hi ckness of the 13 ml1s9 mls stacked dies By utilizing a package design
according to the invention, a | ower package height can be 20 achieved using
thicker dies. In addition, thicker dies can be utilized to help reduce the
nunber of cracked dies that occur during the assenbly process. In
conpliance with the statute, the invention has been described in | anguage
nore or less specific as to structural and nethodical features. It is to be
under st ood, however, that the invention is not limted to the specific
features shown and described, since the neans herein disclosed MKE 734127.1

16 conpr.ise mg@&@&ﬂ%ﬁ@ﬁb‘r{i d@fnpﬂslhgj ng the invention into effect. The
invention is,_ therefore aimed in any of its fonns or nodificatiaons

within the gritpetic sovisd onra suparaig, pahasesord aiesiuaiphon e ifinstelis, the firstand seaoad i n
accor dajj &eeat‘m I}gﬂ d“é(}fthﬂ:‘kﬁésrs s&:fon(? did c‘6§1&pﬁ§‘i§1§ a sM@e%ﬁé&% rdoely foy}ﬁ@@_thleémcﬁﬁl MED

IS 1. stac asse conpri I east sem conductor dies
si t uat atie Birst dnesmtlmt Ihatr@:essnsuah dtapmketrall lneaglgefrmetﬁrsttahé ssuwhd tieatwathircthediei si ng
a flrst sur Vi termn ads | cated t hereon, and a second surface;
a first? ﬁﬁ“l? alﬁ“ﬁge l?‘?%‘ftlhé‘gl’?sé‘isé) SPil@%Sed on the first surface of the

substrate, an opposing second surface, and a thickness; and a second die
corrprl sing a first surface having a plurality of bond pads | ocat ed t hereon,
second s stagked Hipvassrimtdy.rcoawsisingor ned t herein, and a thickness, with t he

second die gig € NRTontalh o LbkiShe dhf P%@ﬁdﬁ@%aungsatsu%& »g%?%%ésts and

partially si tuat ed e rec second
over al lsithdred ke Sirafdid, e firstr dié withd] the eoed sodhethatvthé firsh dichdoesh@ castsidoBlty an S

| ess than each of th
overaﬁ height of the Sie assembly.

6. A stacked die assembly, comprising:

a first die having a thickness and situated on a substrate;

a second die having a thickness and situated over the first die with the first die positioned within
a recess within the a surface of the second die; and

a third die on the second die;

whereby an overall height of the first and second dies within the die assembly is less than the

combined thicknesses of the first and second dies.

7. A stacked die assembly, comprising:

a first die having a thickness and situated on a substrate;

a second die having a thickness and situated over the first die with the first die positioned within
a recess within the a surface of the second die such that an overall height of the first and second dies
within the die assembly is less than the combined thicknesses of the first and second dies;

a third die on the second die, the third die having a perimeter and a recessed edge portion about

the perimeter; and
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t hi cknesses of the first and second di es conbined. 2. A stacked die
assenbly, conprising: at |east two sem conductor dies situated on a
substrate in a stacked arrangenent; the substrate conprising a first
surface having term nal pads |ocated thereon, and a second surface; a first
die conprising a first surface situated on the first surface of the
substrate in a flip chip attachnent, an opposing second surface, and a

t hi ckness; and a second die conprising a first surface having a plurality of
bond pads | ocated thereon, a second surface having a recess fornmed therein,
and a thickpes he ond di .t uat r [ I £, irst
die at |eas p Orb érri% %lglpf@s ?cr’]nnteﬁtgngreoeo (%:'fa1 & g&o(ﬁjdtp glée%g ré(?: gﬁc}é %ﬁ“@?mé géﬂ% otnﬁgﬁgsutg%?%%ier al |
t hi cknedgredl thetbeestddredige pordion o€ thadhied ¢is prdvides suffioRnoileararscedobthy bindingess t han
each of the thicknesses of the first and second dies conbined. 3. A stacked
die as§@ﬁﬁp§; conprising: a first die having a thickness and situated on a
substrate; and a second die having a thickness and situated over the first
die with the first die positioned within a recess within the a surface of
the sedond dhedicwsembby otanymféiaiins 1Hkvdleteirothe révess is suhstaatall s sparedrdi es
within the dje.assenbly is |l ess than the conbined thicknesses of the first
and seé%ﬁwgakégprg 4. A stacked die assenbly, conprising: a first die
situated on a substrate, and a second die situated on the first die, the
first and second dies each having a thickness, the second die conprising a
sur f ac&- havilhgdig asssamblsof anyaf £laims lef, whgreimthe rergss is suhstaptiallypyahphcifyiarr ecess
such t@ﬁﬁm@” overall height of the first and second dies within the die
assenbl’y'I's | ess than the conbi ned thicknesses of said dies. 5. A stacked
di e assenbly, conprising: a first die situated on a on a substrate, and a

second di e ving a rface with a.recess and .situated .on the first, die,
The 11 Mt it BE HIeHRIEAIH G T8 AR, FHART FRRPTTREAN e OB EmFRRR 11 but o
to an amel @k kech® iEhlecfthd hilt SHdseasaiail.y. 6. A stacked die assenbly,
conpri si ng:

11.  The die assembly of Claim 10, wherein the adhesive element comprises a die attach adhesive

or a tape adhesive.

12.  The die assembly of any of Claims 1-7, further comprising bonding elements connecting

bond pads of the second die to terminal pads on the substrate.
13.  The die assembly of any of Claims 1-7, being at least partially encapsulated.

14.  The die assembly of any of Claims 1-7, wherein the first die is mounted on the substrate by a

flip chip attachment.
15.  The die assembly of any of Claims 1-7, wherein the substrate comprises a leadframe.

16.  An apparatus, comprising:
an electrical apparatus; and

the die assembly of any of Claims 1-7, in electrical communication with the electrical apparatus.
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a first die having a thickness and situated on a substrate; a second die
havi ng a thickness and situated over the first die with the first die
positioned within a recess within the a surface of the second die; and a
third die on the second die; whereby an overall height of the first and
second dies within the die assenbly is |less than the conbined thicknesses
of the first and second dies. 7. A stacked die assenbly, conprising: a first
die having a thickness and situated on a substrate; a second die having a

t hi ckness and situated over the first die with the first die positioned
within a recess within the a surface of the second die such that an overal
hei ght of the first and second dies wthin the die assenbly is |less than

t he confyi nedhk BpsdrResseSiaith 16 ehdrdih He Adtehicaesachidl i8 Soleded HbmAndgBupn t he
second die, the third die having a perineter and a recessed edge portion
about consstingraf sd(a: mashrboand, pseatamdogic eonsieller, artha testingppetaits- pads on t he
second die to termnal pads on the substrate, whereby the recessed edge
portion of the third die provides sufficient clearance for the bonding

el enentlg. 8.A fdrel shibetrais senpliying nudtiple die a€leaibhiss decdrdingteraay of Cheéms ¢Jess i s
substantially square or rectangul ar shaped. 9. The die assenbly of any of
Clains 1-7, wherein the recess is substantially oval or circular shaped.
10. Theodi e Ag3a8HdCOF did Pickbe, ComipRBing the dif AsEMBE SFRRPLT Clalts A7, RGfEsT Ve

el ement situated wthin the recess between the frrst and second dies. 11.
The di deasspastidllyenodps@lazidm 10, wherein the adhesive el ement conprises a die
attach adhesive or a tape adhesive. 12. The die assenbly of any of C ains
1-7, further conprising bonding el enents connecting bond pads of the second
di e to Joer MmAgmigRdactondic paciegd Tormptising 2. did iefible cRareobCins 1-anfrdér C ai ms

1-7, being at |east partially encapsul ated. ) )
comprising bonding elements connecting the bond pads of the first die to the terminal pads on the

substrate, and being at least partially encapsulated.

21. A method of fabricating a semiconductor device, comprising the steps of:

providing a substrate, a first die, and a second die, each die having a thickness, the second die
having a first surface and a second surface having a recess formed therein;

mounting the first die on the substrate; and

mounting the second die on the first die whereby the first die is at least partially received
within the recess of the second die such that an overall thickness of the first and second dies within

the die assembly is less than each of the thicknesses of the first and second dies combined.

22. A method of fabricating a semiconductor device, comprising the steps of:

providing a substrate comprising a first surface having terminal pads located thereon, and a
second surface;

mounting a first die on the first surface of the substrate, the first die comprising a first
surface, an opposing second surface, and a thickness;

providing a second die comprising a first surface, an opposing second surface, and a

thickness;
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14. The die assenbly of any of Clains 1-7, wherein the first die is nounted
on the substrate by a flip chip attachnent. 15. The die assenbly of any of
Clainms 1-7, wherein the substrate conprises a | eadfrane. 16. An appar at us,
conprising: an electrical apparatus; and the die assenbly of any of C ains
1-7, in electrical communication with the electrical apparatus. 20 17. The
apparatus of Claim 16, wherein the electrical apparatus is selected fromthe
group consisting of a PCB, notherboard, programlogic controller, and a
testing apparatus. 18. A panel substrate, conprising nmultiple die assenblies

according to any of Cl.ai 1-.7..19. sem conduct oy di e packa conpri sing
fhe di e assSbnEt pah BF oiitpltSofind SEDREAEHEhT e SopR AGEARE S R

encaps ut@bedzed20 rechive etid fiendib eieadindi e package, conprising the die assenbly
of any of Clains 1-7, further caqnprising bonding elenments connecting the
bond pads ofn"_diﬁ@ngﬁh%t’coﬁﬂélec%l the Sirst dieyheagby shgitirs ﬁ'et“’nf%? 19@5%’9?15{@9?‘% bei ng
at | ea%ittﬂ?fh%!r@éek%fﬁﬁié’o@éw &k §ffiic_h tgét'anf%éf%tlmgkr@ s $1ahE ﬁ&@%ﬁ#‘&c&]cﬁ ?Qe&mﬁUCt or

device, conprising t steps of: providing a substrate, Irst and a
second thk dig asamhlyds &shtan agombinkei tickness, ofttheeflirseadrsdeatidadieshavi ng a first
surface and a second surface having a recess forned therein; nounting the
first die on the substrate; and nounting the second die on the first die

wher eby3t he The higthodiof Olsimat2, Whestin thaktep 8 lehovRERhY BicknbdstoTitie debehd'digess of
t he second die such that an overall thickness of the first and second dies

wi t hi n compesegiachamisahweletehs dryeateh, meshanseat Arilbing. myaching.c fsssadation. t he first
and second di es conbined. 22. A nethod of fabricating a sem conductor
device, conprising the steps of: providing a substrate conprising a first
sur f ac@4havisngethed of fabticpimds semixwhduttdriievieecompriding thessegand: sur f ace;

mounting a first die on the first surface of the substrate, the first die
conpri sing éllll?f’ ‘Efnoug'ib'?g‘%l Bt filﬁy?n@psﬁggfa%ﬁ?éjﬁ}ﬁge gfﬂ’r“?gﬁ:@‘,“ﬁ‘ﬁﬁﬁ’ a thickness;
providing a p?tﬁf‘i‘d?ﬁ'éja 8icBnd BRROhDHSEg @ firétsifact U @pBsin@BeORP OSiAY, sGoNd
surface, and a
thickness;
removing a portion of the thickness of the second die from the second surface to form a
recess sized to receive the first die therein;
attaching an adhesive element to the first die, to the second surface of the second die within
the recess, or a combination thereof; and
mounting the second die on the first die whereby the first die is at least partially received

within the recess of the second die such that an overall thickness of the first and second dies within

the die assembly is less than a combined thickness of the first and second dies.

25. A method of fabricating a semiconductor device, comprising the steps of:
providing a substrate, a first die having a thickness;
providing a second die having a thickness and a surface with a recess therein;
applying an adhesive element to the surface of the second die within the recess;
mounting the first die on the substrate; and
mounting the second die on the first die whereby the first die is at least partially received

within the recess of the second die and secured to the adhesive element within the recess, and an
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t hi ckness; 21 renoving a portion of the thickness of the second die fromthe
second surface to forma recess sized to receive the first die therein;
nounting the second die on the first die whereby the first die is at |east
partially received wthin the recess of the second die such that an overal

t hi ckness of the first and second dies within the die assenbly is |ess than
a conbi ned thickness of the first and second dies. 23. The nethod of Caim
22, wherein the step of renoving the thickness of the second die conprises
a chemcal wet etch, dry etch, mechanical drilling, punching, or |aser

St eps oherafihicEel R (RE ok s fFeb LR IRTHE AREBLTE Ao b RirorBFRE Gio” |

havi ng thickikdss &M@s Sirst apd sa¢brkl digs.a second die conprising a first surface, an
opposi ng second surface, and a thickness; renobving a portion of the
t hi ckness of the second die fromthe second surface to forma recess sized

Lo receiere tfhelioll 3F eifliCarlliSl KifleonBhdr AR, AhARIEShY Rl BNt 1O the first

die, to the second surface of the sec e w recess, or a
conbi nat i on atthahired {irsadigt ommwsubstrage; ik second die on the first di e whereby

the first die is at least. partially received .wthi.n the recess of. the
second di e STPRAAseERT dipliiaht i FiishatitGhe FRbaiif et BT bmr b
W thi n withig a dcBssaTHRREINd die hiRPSechiiRafo the GEITRH Ry 4N fikBgeSeltherdtRRudtdd st and
second dies. 25. A nethod of fabrlcatlgg a sem conduct or device, conprising

the st ephinthe reqesp andipmevesalb thirknessod thedfirstiand seagnd dieswithin thetdin askenely)y is less
provi dipg, aac&ﬁﬁf?&ﬂh%k@esg%ﬂh@%&gf’@h%ﬁﬁg?i%&and a surface with a recess

therein;  applyling an adhesive 0 the surface of the second die
within the recess; nmounting the first die on the substrate; and nounting

t he secgnd die on,t first die.whereby the first die is at |east partially
recei ved: wi‘t meﬁnog HE%"&‘E@% aoﬁemtwr?é'ﬁ%cé%ycﬂ?ﬂ'c&i omMprigingdhs ieRs Afo t he adhesi ve

el ement wit lbir&i&ihgarﬁ?ﬁ%%%, and an 22
providing a second die comprising first and second surfaces;
forming a recess in the second surface of the second die;
mounting the first die on the substrate; and
mounting the second die on the first die such that the first die is at least partially received
within the recess of the second die and an overall thickness of the first and second dies within the die

assembly is less than a combined thickness of the first and second dies.

28.  The method of Claim 27, wherein the step of forming the recess in the first die comprises a

chemical wet etch, dry etch, or laser ablation.

29. A method of fabricating a semiconductor device, comprising the steps of:

mounting a first die on a substrate;

removing a portion of thickness from a surface of a second die to form a recess sized to
receive the first die therein; and

mounting the second die on the first die with the first die situated within the recess such that
an overall thickness of the first and second dies within the die assembly is less than a combined

thickness of the first and second dies.
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overall thickness of the first and second dies within the die assenbly is

| ess than a conbined thickness of the first and second dies. 26. A nethod
of fabricating a sem conductor device, conprising the steps of attaching a
first die on a substrate; and nounting a second die on the first die such
that the first die is at least partially received wthin a recess of the
second die and secured to the second die by an adhesive el enent situated
within the recess, and an overall thickness of the first and second dies
within the die assenbly is less than a conbined thickness of the first and
second dies. 27. A nmethod of fabricating a sem conductor device, conprising
the steps of: providing a first die; providing a second die conprising
first @®0d secmsthod of fabsiesing af semidoaduaordecies,compriking tikettepsdfsur f ace of the
second die; nouynting the first die on the substrate; and nounting the
second di e SPUpHeE #fiFbfieqng WEFtEhat the first die is at least partially

recei ved V"irﬂh&ﬂné h Port/8f %?ﬁLe%EanH%LeZﬁ@'ﬁ gquﬂ‘&& 8 re@¥R 5Bkl 1J REGHOEE HirLf

the first and second dies wthin t asse y I's less than a conbi ned

t hi cknebsthefei;he first and second dies. 28. The nethod of Caim27, wherein
the step of forping the recess in the first die conpri,ses a ., chemcal wet
ctoh. dry ectinthg o adbEsERRERM h hOGret Webin B SuSREREHR Fafhe (R Tl the

sem congiesd, of blRvdnde, conprising the steps of: nounting a first die on a
substrate; renoving a portion of thickness froma surface of a second die to
form a recediougtisgthesecond dicon the firss diej wikh the fisst disesitapted wathin the treessgd
second _di . i . ey; \M fi I i i b £SS
ston t RanEE b bty (e Bt chlh i el (sl AL REbthd Beflod s BRAES, .
assenbltie dis atsemblytib s thao arbmbawd tHitkneksndslse fifst adesetomdstiesand second dies. 23
30. A nethod of fabricating a sem conductor device, conprising the steps of
mounting a first die on a substrate;

31. A method of fabricating a semiconductor device, comprising the steps of:

attaching a first die on a substrate;

mounting a second die on the first die with the first die situated within a recess of the second
die such that an overall thickness of the first and second dies within the die assembly is less than a
combined thickness of the first and second dies; and

mounting a third die on the second die with bond pads of the second die situated within a
recessed edge portion along a perimeter of the third die, the recessed edge portion having a height
sufficient for clearance of bonding elements attached to and extending from the bond pads of the

second die.

32. A method of fabricating a semiconductor device, comprising the steps of:

attaching a first die on a substrate;

mounting a second die on the first die with the first die situated within a recess of the second
die such that an overall thickness of the first and second dies within the die assembly is less than a
combined thickness of the first and second dies; and

providing a third die having a perimeter;

removing a thickness from a surface of the third die along the perimeter to form a recessed

edge portion; and
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removing a portion of the second die froma surface to forma recess sized
to receive the first die therein; nounting an adhesive elenent on the first
die, on the surface of the second die within the recess, or both; and
nmounting the second die on the first die with the first die situated within
the recess and the adhesive el enent between the dies such that an overal

t hi ckness of the first and second dies within the die assenbly is |ess than
a conbined thickness of the first and second dies. 31. A nmethod of
fabricating a sem conductor device, conprising the steps of attaching a

first die on r.at ntin .secpond die on.the first .die wi.th the
first die s F%‘%ﬁ‘&f é\ﬁn Fﬂeﬂe inlﬁ?ee %diq;le YVHE %‘gﬁaﬁl& of &eée%(ﬁ'élrgset ﬂgi"’%gr’fv '&\/‘Fﬁ‘ﬁl I

t hi ckngggsRll cifepdriitis thevdeessRICRIRE p6ritiof h¥ihHh Rei gﬁﬁu@i&erﬁfl“&ﬂﬂéﬂr%cb 8f bélfgt han
a conbined thickness of the first and second dies; and mounting a third die

on t he eksepkexipndingifrom thebane aerls afthasseondabiond die situated within a
recessed edge portion along a perineter of the third die, the recessed edge
portion having a height sufficient for clearance of bonding el enents
attached. t oTaamedmtlmfdhylngIaom 2he2,dry, predi20-81, viteeein fecopdbfdiantiBPthe A

met hod of bricatjng a, sem copductor devi C r|5|n he_ste of :

Tt achisgn 31 SR ergl 158 e S e e e RO Briate ehe e i e
wth the Mﬂglﬁtthéye@es§|grld%5ﬁ,@1ﬂmlgmh@re%fr ecess of the second die such that an
overal | thickness of the first and second dies within the die assenbly is

| ess than a comnbined thlckness of the first and second dles and providing

a third,di e havi fer: Vinn hi ckness. fro rface of the
Thivd dto orBRibgdeRAinTES Rhpre R A8 eleRleh AR S B dRER S}
mount i AgpetadResivel moh@bneb.@mlohhﬁersﬁcond die with bond pads of the second die

situated within the recessed edge portion, the recessed edge portion having
a height sufficient for clearance of bonding elenents extending fromthe

bond pads ofryt fRAGPCaif 13, wherein the adhesive element is applied by screen printing, by

roller applicator, by spraying, or by a transfer process.

36. The method of any of Claims 21-22, 24-27, and 29-32, wherein the substrate, the first die, the
second die, or combination thereof, are provided in a pre-taped form with an adhesive tape attached

thereto.

37. The method of any of Claims 21-22, 25-27, and 29-32, wherein the step of mounting the first
die is through a flip chip attachment.

38.  The method of any of Claims 21-22, 24-27, and 29-32, further comprising connecting bond

pads of the second die to terminal pads on the substrate with bonding elements.
39.  The method of Claim 38, wherein the step of connecting the bond pads of the second die is

by thermosonic bonding, ultrasonic bonding, or tape automated bonding of the bonding element to

the bond pads of the second die and to the terminal pads on the substrate.
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33. The nethod of any of Cains 21-22, 24-27, and 29-32, wherein the step of
nmounting the second die conprises applying an adhesive elenent to the first
die, the second surface of the second die within the recess, or a

conbi nation thereof. 34. The nmethod of C aim 33, wherein the adhesive

el ement conprises a die attach adhesive, a tape adhesive, or a conbination
thereof. 35. The nethod of Caim 33, wherein the adhesive elenent is applied
by screen printing, by roller applicator, by spraying, or by a transfer
process. 36. The nmethod of any of Cains 21-22, 24-27, and 29-32, wherein

the substrate, the first. die,.th second die, aor ¢ i nati.on.t her.eof., are
e h G | e pleltod ot i 1532, hihes ES S afiaeg Srine Hing 44 Sonimat Ot the Fiigle 15
The netthogrmihaldiads 6 tHelsabdifatedkiti 8 bordingZelemaitd 29- 32, wherein the step of

mounting the first die is through a flip chip attachment. 38. The nethod of
any of Clains 21-22, 24-27, and 29-32, further conprising connecting bond

pads ofs;t he i 1 Ha C 18> SRS M ieNg

el ement4s‘}l 3?85?%@%@@%%8%?&@%?%5%%%grgl:le%dqn?%,he st égﬁ‘g?‘%%%ﬁte%%@fyﬁg t he
bond padsapsilatirpeat deasnpbrtioeof the sdyicoiictop devicectolformd & packape.t r asoni ¢ bondi ng,
or tape autonmated bonding of the bonding elenent to the bond pads of the
second die and to the term nal pads on the substrate. 25 40. The net hod of
Cl ai m 33%- 32; 8 FB > ci 1 : :higyd die to
the. Ter i nal T B e o prihg o 4 2, Pod of
any of pliralityw! @dterdal coptactdn therskcoid Sface off thevewbstratepri si ng t he step of
encapsul ating at |east a portion of the sem conductor device to forma
package. 42. The nmethod of any of Cdains 21-22, 24-27, and 29-32, further
conprising nmounting a plurality of external contacts on the second surface
of the substrate. 26
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