STACKED DI E I N DI E BOA PACKAGE FI ELD OF THE | NVENTI ON Thi s
invention generally relates to assenbling and packaging nmultiple

sem conductor dies, 5and nore particularly to a stacked nultiple die
devi ce and nethods for fabricating the device. BACKGROUND OF THE

| NVENTI ON M niaturization of wireless products such as

cel lul ar phones and handhel d conputers such as personal digital

assi stants (PDA), has driven the increased demand for smaller
conponent footprints, 10whi SHRAGKELPIE INhBHEBSASPAGKASHpuUl arity of

mul ti-chip stack BOA packaging. Mdst nmulti-chip packages involve
stacking dies on top of. each ot] \ adhesi ve el enent s.
However, to achieve a | ow packat e Frt-t+=chi p st acked die
packages, a siThisfrivesidnl g;encfraM(eBds d:l a@sehibl:ﬁé(diﬂﬁaﬁcldagmg amilglk depg@hieror dies,

with the use of spec wire nd, t echnj ques to redyce the hejght, of
the wire s%ﬁmowaﬁwn(ﬁgmaSﬁ%ﬁ?ﬁnn*f*a*e kst ?’ﬁg*‘%’??&s ?%Eabﬂéﬁmsrtwﬂme
speci al bondi ng techni ques poses many chal l enges to the assenbly
process. FIGS. 1-3 depict cqnven&tgna“ g@ s_of packao|ng a multi-chip

stacked di e package. As shoGIRGRPEN JHE BYYBNTIPN package 10
i ncl udes two CIQI'IHQGMaQBé‘bf @ﬁa&k%d@m&%ch Asheinftie p%ne(; Qﬁ’& ﬂa‘ﬂﬁac!@&cﬁnpjn?ers such as
bei ng surface nounted by neans an adhesive el enent

subst r at epaepnakgigita awﬁanSéPDéé.d@h@V(ev g ynceriaged igmprd fﬁgswlamoe@omm &potprints,
secondgadhgshy, Orfm%l BIRMes 4@ eﬁm&t; hen@e! tchlggtaa%@hfp%ﬁ&g%g Rfost Ak tleg tom

die 12, each the dies béeing wire bond stbstrate
FIG 2 il paskegeainolvg speking digs ?n 'op atsachiotber ha eearpeof 2dizesiva ciptpath Heweever, to

first (botdam a%»@ 1 23d 1R Ggﬁp%@%ql—éh@p FachtRL mkfge;% igafticlnt d’] ae&c&ﬂa;@

attachnment, and th second (top) die 18a is Surtace rounte

i nactive Sigknessés rrdecHeegtier atith meelsa@fépwl Fira hendgechaiguesdh esslugasthe haghs of the
20a and wWikgnhond hg to the substrate | 6a. FIG 3 shows a prior

art three-die stac paci cage 10b in which the first bottom 25die
12b i 85 nount edThipdig h@eﬂi%@a@ We TEBirgsheperin! Beping tgahinighesrroprs magly chajlenges to the

second ( %Q@Hﬁ} [ggdc@ssl%bGBSI -STBLH: @Qav@rﬂuohh%a?&&t‘ cf\g&agmgfamn&%p sfaékeh)'a%

bottomdie 12b a second adhesi ve el enen op
die 28b i Each‘[‘ﬂj‘ntf’ééh%‘ﬁ“ i BIGh & Ane pEpy atpariieed! binches *%%F?W@*@D?Ifsﬁié]éfd@%a the

of the segRN@Golshpdt e} beth@sukBbe mYdrtdd b9 aANsAIt ah BhebivEsieM @it NG tdM fiBstrate 16,
bonded 24b to t he sub%traiﬁ égg I n st cked di e assenblies_ i-n which
t he bot t oA &g g (prEfie ?‘ﬂ%’i"‘%“”i“‘él 3Se7Ane adisiyf element 20 onto the active

20 surface 22 ofthe bottorn die 12 each of the dies bemg wire bonded 24 to the substrate 16, FIG 2
illustrates a prior art stack die package 102 in which the first (bottom} die 12a is mounted to a ‘
substrate 162 in a flip ch1p attachment, and the second (top) die 18a is surface mounted to the
inactive surface of th_e first die 122 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 10b 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 ¢lement 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on the active surface 32b of the second
{middie) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.

In stacked dié assernblies 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. [fa solder-bumped wafer having a
150 pm bump height were to be ground to a total thickness of 150 pm to 200 pm, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from the bumps.

Furthermore, even if the wafer does not crack, the die strength will drop significantly due to the
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30m ni mum overal | thickness of the package that can be achieved. If a

sol der - bunped waf er having a 150 pm bunp hei ght were to be ground to

a total thicicness of 150 pmto 200 pm there would be a high

occurrence of broken wafers due to the stress induced on the wafers '
from t he pmspee of (dimiplasiron the bevlendeiof theheafafSech dingdeswe typiat Kefedthebserved on
die stren%h Wialfcl,r rggresi ni fti C@ntl due to .t h% resence af 1 th

" i npl oo SBRPOHETD ok e S o BN e hePRIrP § PR RS ARE IS pied i the process.
def ect s obser vadadiitidi Bpdepitalria RIGas, wiklemgltiplithck 6Ddie)iakpader 3k is required to

i nappropriate acqui nqi n t%oe is used in_the process. oo In

addi ti on, C&étedgw&’@a“i??f cgstordhe Wirg fpoppetghpbedwesndbk segon guiddly) digd8and the
30C i S5r eqn e 1 0 : | I

el ght Doty e Secand (o) oy gatgRe ARG, bhfeghind uliiifin R grder o meo
28b. Thi s thensgkase heighbrennigiveant. phlikegy alidsatagsiste irde a higher passibulty pherh¢ked dies
dies in or ckage hei ght requirenment. Thinner dies

transl at ed?ﬁ]ﬁ%&ga%?%ﬁg}rﬂ}g%eg‘gi bility of cracked dies during the

assenbl y pr ocedsviewnf thesmardfothdrelsficiamdespintyesvetiehisdh encledstic modules are desirable.
i nprovenents in stacked die nodul es are desirable. 10SUMVARY OF THE

| NVENTI ON The present invention provides sem conductor devices

and sy@cked di e assenblies, nmejimadsarly GROIHEBIVESTION devi ces and
assenbl i es for_jncreasing sem conductor devicé density, and nethod of
fabricating di Ehfpeiereatbyeyonrevidessemiiopductordgvigeeandsincked dig pesemblies, methods
i nvention i L i

155t acked H o SR TE I GMRECH L GuARS JF koo PR IRAH (BERE G, and method
subst r at e of fabticatioiz dig peckagenof thomssewbliecry bond pads on an active

surface of the bottomdige to term nal pads, on.the substrate a

second di e ookl Breep e Bl hP e AR HRaRHh 2 S0 i, me
surfae® Wstabked dicctessisld, @adgeisel Ofigt Gbbtornedie dBpeded 0h alshist@ited a bhdfing element
provi des an ogteni n focg t he bandi ng el Bt extending fromthe bogd

pads of tR¥™S t&gdwg_ fpads PHRSCRY S HF ST pﬁ_‘é? PAEMEEAC toming! BB the subsirate, and a
bet ween t B@ohd\@ieHhRRddnARIBANE &6, THE bdcEAPME hbd LSRN QirfRE with @ recessed edge
bondi ng el enment. A second bondi ng el enent connects the bond pads on

the acti valoggtrepeamster phiic diedhaiprenidestap operpng foathefumding plenmat extending from the
substrate ' . I ‘ . .

St b ST SRR B Lot PPSRE-ERIESIN UG s
enbod2trensyffitieat dtazanke thrdhecbadmerebdment.cAsprond bsnding elesient doanecmtpe Homl pads on

and” havi niedty BratebeTnetePhe fiesd shpioft s P et Pl nalac TRbests are

second di gpicallalisheas betpaeih thaltlvyg dths 2po gRbowbihidardhie sideess. of the
first die. A

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. 1n a further
embodiment of this assembly, a third die is 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 term nal pads on the substrate. An adhesive el enent can
be di sposed within the recess to attach the two dies. In a further
enbodi ment of this assenbly, a third die is nounted on the second

die. The bérdpghdsloetheastiva: doftoo thelthidcke wittrmize] pedsossibd seédygatealionghesive

t he perineter of he iet ovi de n ening for the bonding 30
el ement e?(]f’lé’ﬁ’i'flcﬁ@ t?ﬁtéacgd}ﬁ'g %f?ig@ftﬁ’f%‘g%econd die, thus
elimnating thg d‘iﬂﬁﬂerfeﬁ{bo@nﬁ@ﬁ(tﬁé sthelcMaRRsdeh 1§, Wormpies of frkt (Bbtﬁﬁﬁ)a’ﬁ@e]sposed on
of the bonding elenment. A second bondi ng el ement connects th
§

m t t 173412 ubisateohradpaceienasnt connegiang kpad pagsronde agtiversurfagsiaf éhff’dfilfét digto terminal
term I i (o
bet ach 1t nERESn Ik SlioRe AAl § 8nd b AU A EL AT A rchips Bt on the
stacked db@tomssefiot yf the finpics ed @ ddhesve f(ld:mtrtt dagisptised ditbipohedcon taattach to the
substrate, a_bondi t connect bo e ac
S nea o 30 fhedtbete Tt AR e REsOE fEmElib Mo fEst fiher rn being
second di gisparddbateantht lde: dm@tth@mbeﬂrm ads $pERGIa VS dfeﬁemdtmrovahn height of the die
bottom surface of the first die, g dhesi ve el enent a gésmeg

tt te the

wi t hi n t hassprablys dn ppembediprnt Qf ﬂ’t“ﬁeSSFW PEFOPE dfeeas QIBEHYe

cont aj NMeptRltert dFeh ARSI P8 RRREah ek dfRe B RREDTI&AH 8 tehAdIADrBAItAdbond pads
di sposed between the die and the substrate as a separate |ayer

decr easesofthe Sweql die) thheﬁighmatuig thhoeefl for ewewﬁ:epwemﬁhewm&mm@dmn the
this assenpl seco

peri nmet erSCSPXq ?1116 ﬁo‘iﬂf1 o%%tt]egdutrg ace&?(ggdS gg%%%g%ﬁg a% é?‘ﬁrg}&glelgrer%thandm
ext endi ngadhesife tlemetanna bpasks] tofatthdhalhs sscombardi third 'diw.s eI imnating the

need for a sp er between . t ond

are connect ed é‘i‘%‘ﬁﬁf“bﬁg‘&é@& A %%Cig‘bgg tafsggng)%bﬁogpg%eg Sﬁ&ggﬂﬁ’%gﬁe disposed

el emeps , ahnd saftrad O picHey mlr@fgmtﬂlp @ﬁhpQ&ad&&Qﬂt tafd akéaab diehﬁv@@&&&i:s%ﬂned in
third dies. In yet another enbodi acked di e assenbl

conpri sesth§ bpﬁ?et(me%tei BHfacH Thegf §b6‘§é%f“ fefst Wﬁ“aélys‘{lﬁ@ts?da*Péhc r@@%ﬁ gEibp yecond
through agfl ify a%ﬁln%%f%?@%ectgﬂgmﬁn?&ﬁ@ B t]ﬁ' RedMifIAR atﬁ}%@ﬁ@%]ement can be
formed in the bottom (1 nactive) surface. The first die is at |east

partial l yddp@pd)mﬁim the tdeessrte aanh thf twdrbessecond di e, and a bondi ng

el ement connec ndi ng_.p. i

can be di sposef am | %Sp? ﬁet%rgz%vésggérf“gc}%’? % %"’[I%O%d%l %@Eggs }fﬁvglj](ﬁ.{g%ﬂﬁjodzments,
aspecty tine paﬂmgatmrﬁmqes aviadies] de seambliyndusdiag tcpﬂaekm@anoﬂ rat heast ipedislly

enbodi nent s t he pack e conpri.ses st ack d dle ccordjn
Do ne T ep et Al s oah Py RS SR Bl RO b RSBl e of
further i ﬂﬁ'sﬁ@&ra%ﬁét&@hmg%@%k@edlb%Q@@Q&leﬁf\totéﬁ%xw @Rk coidall P& atb or device.
the substrate for attaching the package as a coqponent to an external

el ectrical apparaaethsr epegielhe dyention PTOWF]?F HBP¢ fé‘é’tféﬂ’f‘% the ggregomg stacked die

i nventi on,provides 4 WBHReRcRE p ga,{%géscatl ng the foregoing stacked die
assenbl i es anoﬂ sem conduct or ges.

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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25 BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of

the invention are described below with reference to the foll ow ng
acconpanyi ng draw ngs, which are for illustrative purposes only.
Throughout the follow ng views, the reference numerals wll be used

in the draw ngelG.and atchmssmhz@naleﬁéa@cl\caaom]rveerwadeSin\mnmodbeemeé@IStaCked die package

30t hr ougho Utgrdb%erpi}?g/ eral. vi - % §%da§' e?] L tp%ﬁisa? (fllealtdf(?l?ﬁ %a%]ﬁ é%%fﬁ‘gbeét showing the

same or | Cross-sec

el evat | Onﬁbes\iécfd@e%d Qﬁér@fgl&dt@e@ﬂb@dhdl@ﬂﬂ&sof stacked di e packages.
M CE/ 734127. FIG 4 is a i:ross sectlongh%@gade el eyati

vi ew of an enbﬂﬁ%énll ibnstzate sequpitig Progesying RUEBRIN Fzﬁlémto tl}ﬁféacﬂec! die package
| nventg on,e éeidi ) §c<§o§dn§£t 2&&' Aatnddabt 4 ﬁ‘:'eth‘éﬂ 8Mnotntiohe mack ageb@font; pérspective

4, show ng ecessed e and openi ng between the stacked dies.
FI GS. 6- mewldfuset seatn cheqﬂénpadqagwﬁ]ﬂé?s & ﬁ@mgetbs rerpovied éetehgd perdien ghtbe die

of the st f gﬁ{chsr%gé( %gg%a?%)%fthé: %e(r‘ﬁbme%%r o?(&ﬁ:ocfi '}?ﬂ}é @ A gafp%'c%ﬁtsec%%al side

a net hod pérspective view of

second di gledtiohfte/ipacdfagquentialfsieps indthe sfwmmmoﬁtheduee nBl@® i§ etterhpld) view of a
portion of t he, ) ecessed edge al ong the perineter of

ie f t he
the die. lc71 ?:H]’ffgﬁlfaée% 16%0§6§§8{5P%na| si de el evational views

of segyenti aI Ff@.pl% thCFdaﬁsé'EﬂHﬂéllsm}aél’évahBﬁl dieQSof anb@er EnmbdliBenit@ff a placked die
view of a panel with nultiple die packages di sposed thereon. 10FI G

12 i s a cpaksgeasceidingdp thesngentienevat i onal vi ew of anot her enbodi nent
of a stacked df‘f(}gal%kla@fﬁuﬁfa? gb%af of:&ﬁn%@t\éﬁs’%'lﬁ’@fabncahon oF lHeStacked die

13-16 illustrate sSequentia cessing steps 1n the fabrication of
t he stac kp@:bkdgeeofrﬂ&ag,eacoérdﬁlg@ anl Bmbedmenidif agnatioodsef ivvention.nBHE. 1dfis atop,

(bot ton BEPecRvs Hav sL LR b Refi die BB FRAREEH s oo loRing e rdckisibrmed in
15t he1sli ethef3F1GS 13R6d 15-15Gracessicosenal aide |elmaﬂzqnahwd*es ef seqatritohstéps in the

vi ews of sequenti g teps in the nounting of the dies. FIG 17
is a crosHWERME Gifat diesi de el evational view of another enmbodi nent of

a stacked die Pﬁf}‘,kla;gﬁ a RERQLLBHalL Qdd N6y akiBR RIeWOSE 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 is 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 FI1G. 25, according to an embodiment of a method of invention. FIG. 26 is a bottom,
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FIGS. 18-19 illustrate sequential processing steps in the fabrication

of a portion of the 20 stacked di e package of FIG 17, according to

an enbodi nent of a nethod of invention, show ng the nmounting of the

third (top) die. FIG 20 is a cross-sectional, side elevational _,

vi ew of apesitectiveeritoof theiseconfl (tlaphdia ok b patkacp ab REg e Sashooriag tg recssy feaned in the

I nventio | GS, ..21- 1 | a I.al: R0 1.hg: | -
b1 cat | OB i ot pley G328 S ASEL s iR RS B AR AS fh skl
enbodi nengtefin themaénnidlgof theneent i on. FIG 22 is a bottom perspective
view of the first (bottom) die of the package of FIG 20, show ng the
recess formed in the bottomsurface of the die. FIGS. 21 and 23-24

are cross-secti onpETAILE® BESERIPPIGN OF THE PREFERRED ENIBODIMERTS
the nounting of the dies. G 25 1s a cross-sectional

FI ,
si de el evat i oriBe iveionvill he dererbeshgroamatte withgelegense ke dragimgsder the purpose of
package aﬁ ﬁ&?aqfng%nfbgdmﬁts' JAFIHd rﬁg fc%r ggllpioses':o!f %itilfésfhg bk w6d fég?\iré‘s illustrate

sequenti al proceéssing stepsint cation of the stacked die
package ofrofdsSngaEps fc aes ol falyidetngsens adnddetaedevices irnaceerdanct weith the present

invention, FIG 26.is bot t.0 VKE/.734127, 14 . rspective view of .
e secontiPitE) Tt begs §RRRAE y te o Sund SREHRE by R Pt EHiD e enive
for megh i nebRetPatpkeuasurface of the die. FIGS. 27-29 are
cross-sectional, side elevational views of sequential steps.i

th
mount i ng of t hehedesas "tepiEpd| pettonE gk upperORMOBOYRE ABRRSeE R {or convenience and
EMBODI MENIGstrate ]ﬂg,}%t@ﬁtdnga ald hle nBEmESR ¢ AR ORREE M6 WicivenBbR RRGSh as the

to the draw ngs f e purpose of illustrating enbodi nents only and
not for prefgeosed itom den b exdhgngedan peson. The figures illustrate

processi ng st ] ' j ' ' i ' .
accordance w taﬁﬁ % '&génﬁ#rdégg%#t%gg%ﬁﬁf 1|€?&cj){r11‘9::g f%@ﬁ%ﬁﬁ%‘%‘e% Séga%é‘? ?/I%}S%%ggsﬁ? chieves a
that the pesireldsdowmgackdagpprofite albmysthe uporfithiokerdiestimtheatck agsembly to reduce the
10f abri cati on pr.ocess. .. . .. The ter "top” and "bottont, .and

upper " aRITOY Ghemekahdies, SiainE TS HFeF & BAVERFOREBIM S MPHGEFlegienssdor bond
pur poses @itkyextéiithgdfién R Und@RBMg die, dnil FaducéshRe M@K iof bases r@fuitdiefor

i nvention inasnmuch as the referenced._ item C@n be, exchanged in . ,
posi t i on. TIREaGtARREREIRIeRrER] digebY SHYnR s (08 setHE" BYERENE 8 HaFgh pinvention
stacked digmPAGKROE e REHIENBRsidn 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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I5desitabl'y Tow package profilée, alTows the use of thicker dies In
the stack assenbly to reduce the nunber of cracked dies, elimnate
the need for a spacer between dies to provide clearance for bond
wi res extending froman underlying die, and reduces the nunber of

passes r egddbicEor) aie 4GB tdniwict (¢. A G:thel) to previde aeked (nét:@sedagdge) 62. The recessed
elimnating the need for nounting a spacer, .The nver]tl on

t
of fers nofdgeddhrabheshidhbandqioviess oBErng Shir spiic F?T@“‘iﬁ’ E\Ii’f{hoé'd wires 50a
i ncrease % oflRf ?)ngkﬁﬁzg%e@nb?ep 51?&18&% k{%(t taﬁ&)eexfﬁﬁﬂzhg @roﬂf thk B6nd %L O 11RdBttom die

be utlllzdto ricate an assenb n%ﬁlsm diti onal stacked
di e Iayer$2t0cth@ h@s@atgﬂ‘it'ﬁwﬂ]mu‘@tﬂ%}t-‘-’e&eé @ép%@hfesg TG ﬁ%) between the two

descr i ﬁgd?‘% et S, t{;' g{o%ldl the nece%%y]?]%giﬁ{\}ﬁ r tohE wiieS Q#tbxlﬂﬁg% fl‘Oll}(’l the lower die 42,

enbodi r°| or Idual dies o
assenbl y, aﬁdlhud&ﬁ:hiesewtelo@leﬂ@cdrawmckngeﬂa@) 6bf Adhegive e(ermnésr@‘l @@nﬂlﬁ-@ utilized,

backgri nded or. ot herw se ed . to, a.desir
val ug and EREHYE S D STHE tégh?/'z ? z%lonﬁoetthﬁ(gla)émﬁﬁu% @Fart’géﬁtgﬁe?&g?}&ﬁ%@ die 46
to FIG 4gn8 tld yostbmeidadi ment of a multiple chip die assenbly package

40 according to the invention is depicted in a cross-sec
el evational vi EVES-fhld ijugiretrge QI@‘J@BH?W pE@progess fflowy a“é%?”@% g?f@‘%zfge stacked

nount t trate 44, and a second (top) die 46 nounted
on thggbo@t‘%ma%‘gg&)g%f%?d pads 48a, 48b on the first and second dies

42, 44 are wireridondednt@aa pbdiop or B‘s@@cw of @heysccqnd (traetive) anrfsads obthg second
52b th ubst rat f |
ext e?g al @Bﬁﬁﬁ%&c j)e r%gt?\?égjgﬁ%-f%t%g pe%g{sﬁé gqggi% sgé\;ﬁg %C\?/% 5‘;%% ortion 60

bal I s, to(saewngcphahiom GiTIG Y &ide setfhct 68 aus teeh emmedeloaguma EEsmeter 56 of the die.
appar at us (not sho As best se

50" ( SnownKnAWBAEAPERYS G 1 G HuGRIY HUEBr s Ei St iond R e gy of e
surfage S58eQk shlimMBkAIRl e 48 % su%%ﬁ&ﬂ] Ih@ﬂl)eddjﬁﬁo 40 firs (b@row)adle 4% tig recessed

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

has a hei ghae 62provads spopeBg ¥ith Sulfisisnt dlegreige forrthe berd wirg0 aé‘?‘@a& a&gem the
of Lhe Dopgah g% ﬁleggé}) 2 REGrAORNCHd BEJRIEEL 6SLEMHASIAFuSAIGbwn
a on the bottom di

ext endi ng rom 1 e 42 to the
subst r at eted¥niqies msthelartnfon atamsple,rechpivd] Wetreteh os gay eteh, (laseg ablatmngor gher

30b) bet Weeg}a:[ng% ; e %£§e\é§§€flé khﬁoﬂbﬁ%mﬁ&eﬁg%\f'ﬂ%eto gl A 45%%?@%)/8“?}1“8‘1 depth.

cl ear ance”¥ rom-t ower

achi eggs a | om&feﬁingrmbd to mac:sag@ fhelﬁgsh(bcﬁtﬁm)/itm@sxsmuetﬁmemtfgst@nrfawfi of the
can be utilized,, respec ecure t he. bottom di e 42 _ontao the,.
SUpport s HRROR MR HarThe bR BTG AT (e ahstich 20 AP of bond
42. pads 48a E}bﬁ@meﬁiﬁ:ﬂ: dr¥ lm@édfadne a3Bcopiipudion) Rtrfade 7. Prsahess nf Fmv7 the
and net hod for formng e stacked 10 die acka%e 40 of  FIG_ 4.

to nounti beftorasystace f"@)ﬁf @3? betire Kitets's alisncd &id e Aring Wg@g’qt§@5fac§&ﬁf°£g@ suppor
58 of the se6a0d, 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 Jeadframe (e.g., Alloy42 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 is about 50 um to about 500 um. 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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(top) die 46 can be renoved to formthe recessed edge 62. As shown in
FIGS. 5-6, a portion 60 (shown in phantomin FIG 5) of the surface

58 has been renoved al ong the perineter 56 of the die. Known nethods

in the art can be used to selectively renpve a portion 60 along the
peri met ercanbe singulated, dprexagpie, b¥i Celfiag ORI & AGapsionsiplsidgiéhindiyidual
nmount ed or;&\%igH:e first (bottom die 42, the recessed edge 62 provides

an openi r?g 1 sufficient clearance for the bond wires 50a extending
from the bot t Refaliing ©XF 1 7 the betipp die 42s0ah $e ptisaked th thF lveppodtcebimte Aldgeause of

62 can be fqrnmed usin n echni,ques .,n_the ant,. for.e I a
cheni cal %ﬁﬁcé{vgﬁ&jeg}engﬁé ﬁ%ﬁhepg%g?m%}ﬁpgtc?% ?al%oljleg Pﬁtgrth%’é%%nmguégﬁce 72 of the
means 50f YoReMGHIUPR (ahehdaat)] e ys fhadestSorfadk G8he theapporesubbtrste 44 The adhesive

predet erm ned depth. 20Referring now to FIGS, 7-9,. the first_ (botton)
0 20" RO R0t S A0LFStS AT oh ST T Bt EOUE

The bott Oa'ﬁhé&xﬁ%sﬁﬁerﬁﬁmﬁf;ilésﬁﬁxeﬁvési dnd %&%GHtﬁ%)adﬁbﬁ{}e@Pﬁr E)Qa]ﬁj'jlé R Be-attach epoxy or

plurality of bond pads a along the periphery thereof, and a second

(bot t onm) esuivklgnteor7doytde-shelmultrlayeied adhestvidapssteln poliyimadsefilppeastediondoth
bottom di g, 42 .4 i.an i f.ag t i 6 g
Sompor: ST PGPSl B0 P i SRV S50 Dl S
can qonpriaed fam eiteat hdleaiveyapengadhad thegt@ ol ymedhenivt eleneht Sicin besipplied to either

i ne R a3 b P o I R ST} o i putone
cer ani cs, MayhuRglY bdedie afplidaton RetiBiSfor 1:@adbi pé@MBhdsueGippliAlidRYAXn6Wn in the
copper); a flexible polyimde film(e.g., KAPTON from DuPont, i

W I i ngt o¥t, S8 Ra kP, Prafingrioll e ppHeATURER, ARR Setsfas Sipialy, an gy e tape may be
among ot ha%Fli LAl Benseful ERYGSE LA 8 of BbE KPS rdn'§ trdfisfer (carrier) film.
substrate I's about 50 pmto about 500 pm As shown in FIG 8, the

suppdt subst ReferidgitodshG.9e with theHest (bpitanof die 42 moupted on Heerrubstge 4h the bond

whi ch mul ti i ages r . r t :

e 73187545 e BACERAGT 4P a3 bl hioaltd et pRANGmfibags 57 on e
al ong an seppansbamtsdqtfor/éamply by virdibohding(as phokgge by tape autoniRedddyoniling

to FIG 7, ttom di c be, att.ached .to the.s orf .supstrate

24 by usd"BRB5, 12h el all Brifleg S A B chePobotSi G AR dea S R R Facs 4se,
appl i ed om#ehedYond Bales 003 sutéddrd and Borded tdthe EimidaDpaddisea 4R tHeaGpSdiDsbitrate 44. In
and/or to the first surface 68 of the suppor}t substrate 44. The

adhegOve Whes@hedigenisahABJiepling @ndhpiresonic Lol sap@endn Higtash £ backehie

in the aréonnéc[‘ﬁg%ghd‘ﬁacﬁ%taﬂﬁttheas@ﬁﬁﬁél\{ﬁés,Szt. her nopl asti c adhesi ves and
t hernosetti ng adhesives, for exanple, a die-attach epoxy or

equi val ent, oReferdogiisl BIGS.d8d 1, thalsedond Hopydiel 46 tiihel meuntedhents therfiraig(active)

ol yi m de_fd C Si i ' t j
ndor + ARSI st bobph 3 4T bl SECRET ikGuachitfy 26 1RNNELE eas
form w t eomprisghrefstv(ectivapsuréict &0 vl atphenléty of bond @ads 48l elony theqledpieary thereof,

64 c be agpplied,to either or_ both of .t bottom di e, 42. and_t

Saoods: ”andBRederd drfetled Mol by REshepinih JTGRRL i ReC it Era RO e second (top)
Manly_ sui t@@hﬁsaﬁgﬁﬁi Wiéh aﬂpﬂﬁbiﬁgiﬂeqﬁstm&ﬁﬁ&dﬁ) dfdtie firlsO®bdomy digab plﬁldhtb?dss%bly.
applicatign are known_in the art, suc .screen printing, rqller . | .
appl i cat 6'?'1,3 f%"ﬁ?so?_ﬁ},eg%en@ 'P‘*‘rt%(ﬁ%”ftg? firsg tP‘&?ﬁ&‘?,"‘%é’ﬁgéltﬁfé’ﬂW’@g ‘p?édﬁlﬁ'y%_o’émzed with
applied fy h@(lﬁ't§Bx%@ﬁﬁranQ{;}Qniﬁgki?f&Qufffkﬁm Aedrlce 0P thelRRE wifks 58PS thRthg from
froma transter "(carrier) film 15Referring to FIG 9, with the first

(bot t on) the eotiprn gisdAtethesnppaesubime 4t e 44, the bond
30 The second {top) die 46 can be attached to the bottom die 42 by means of an adhesive

clement 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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pads 48a of the first (bottom die 42 are then electrically connected
to the term nal pads 52a on the support substrate 44, for exanple, by
w re bonding (as shown) or by tape autonmated bonding ("TAB"). For

exanpl e, ball bonds (not shovvn% can be thernosoni cal I\ﬁ/ bonded to the
bond padsfozraamhaaﬂcp herivedapriatigheuldhaoiy, enanarbrety caian b Rb6an porRpHed to cither or

term nal msial_r 28 brggfr}gamﬁmgwws@c&u%by & Snthdhe ifk @o%ueware

enbodi nent s | trasoni ¢ bondi ng, known in the art,
can be used tocArdhenach lfllﬁa 18 othel bpyatipads 88aefdhe momcéﬁm)rdact Apargshegzlectrically

Ref 4
R or Bl b IS G0 s 110, 3 ABER R ing, o
form the shbaaketedllestasderimhyle/d.byTIeB beaiing raéuking 6n thenpra-sesled stheked die

(active) surfei g 80 with a plurality of bond pads 48b al ong the
peri pher y*SEReR¥4E. 25and a second (inactive) surface 58. As shown in

FIG 10, the Waé%ﬁ ?07% caf b@bhartilgy SR endapQiPdtedvBh 4@idlsctad érﬁﬁ'@d]atmn
w th and famg}&the first surface 70 of the first (botton? die 4

prior to meisBaii2yypiraly prswewlreaigheascpdbunttnibientapsdlpted Hé‘ﬂﬁ&ﬁ?wn
die 42 ang, H@ﬁ?ﬁg&géh“@réﬁ €l sthety fihin, SRR, BbilrolBindCirant ) bRing,

provi de an op for sufftici ent nce W res
ext endi ngrefultng inftke frenpouatel sacked die ptaﬁegs é@)pqmtttettmﬂﬁﬁ dt én 44¢ ergothmwent, a

second (to 0 the botit di

o adhesi BT afi fe-ERBRAT At BEed B 105 BTl o M B PPy
descri bedmwid bne Riatan Q@thirﬂeaaﬁi b@styy gndefoReweing efchpsulineonf thestiold phitdsang separated
die 42 and/or the second 8§ dj e 46 can be provided in a pre-taped

MKE/ 734122nd theymdyvisuy WCE‘PS‘-’QI‘? #hesHinglaisthe att ached thereto, or an

adhesi ve el eﬁqatth@énmneﬁ ;ﬁa&ﬂ’aie@% PG 9, Eh@:&amonﬁ%m Real!id 18 form of
nmounting of the second (top) die onto the first (botto die.

As shidwn dondwtie salder halle (aymitferr peithbleaghdustive metesielctinl 2 eandyclivieepagesare

then el ec, &gﬁ&#ﬂ ﬁ‘llegl)(gﬂgﬁ(é% gcbﬁl‘ﬂng ?ﬁst&'ﬁ Me B@%gzﬁ%\?ﬁﬂ?lﬁé %ﬁ%r?&lﬁg%r{l) surface

substrate or e e bon i ng,

i |1 ustr at&dbiehampbest sdrstrbty 41:&5 &imduahgqnnﬂ@mulotf t}wg:nicmseﬂ H'@ packaged0nsled

st acked di e ass SE /8 ¢ a

or fur Ty eRRaT ettt elsctipel el AERERDY, EAEMBRY oD fush sl fiapperatus
typi cal | YnduﬁéePUBSEthees)LtamaI&Euﬁ%ﬂﬁ@ﬂlhywﬂ)&uelaﬁb bﬁo&ﬂﬂﬁﬁﬁiﬂf&tc@dnputer program

usin known t ech s.in the art, for exa sScreen pr.i ..
o 0b 2% p OB EOREANET HLCh St REPPS BP e aers CTaP Rps(ite gypically

encapsul ghaddiataankes @c@n&@ﬁk@%@ﬁh@ﬂ@ bftiadsd tafdx&@nddhroliph @RQross-section of the
enbodi ment, a nunber of die assenblies 78 can be placed in a | ower

mol d pl at%ﬁﬁrafmdfesabhﬁwoawofﬁm eqndeetivee|emepisdhrog glethg subsigiaAdnprdfupther
each cavi BMU%@Q%C&@JH&Q\M}%&h@Q %&E Hh&tdr%gcestan§ :{ngilfgmpéda(}:DQﬁE &cbnd {(bottom) surface
i vi dual pac

separated e ln ages can e si ngul at ed.
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 FIG. 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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In the enbodiment illustrated in FIG 4, external contacts 54,

typically in the formof 15conductive solder balls (or other suitable
conductive material such as conductive epoxies or conductor-filled

epoxi es), columms, pins, and the like, are nounted on the second

(bot t om) peclfagaéé' 84 cofapbhent tupBtemal elsctricaltepparatus (ot ehayvgnr Tharecess 88" in the

connect I t%IEtd? eP %?a Iaﬁ' 588 t%g co%d ?tggfcﬁg g 19 ?@ﬁ)g’(} ifif % ?t?&n &9 49‘” hus achlevmg a

ext er nal ppar such e ect

appar at us()waqjvufhﬂ lﬁcla@BheirgthIeAn e&lﬁesrvn a]enremrmucemrt;e tilized shatac) thsucdwnd (top)
as a not herboard of a COErpLé program 20l ogi c controller (PLC), a
testing o3 apipdhe BoRoRyYSAhers. The support substrate 44 typically

incl udes a VarI‘I@iSYl@-flﬁﬂﬁﬁfﬁt@%b%ﬁbbcﬁﬁﬁh@h@%&% Bw Mhmhe6d Fdrdbmexg eedtacked
t hrough the cross-section of the substrate and establish routing of

t he condule packagd ek K118y ough the substrate 44, and further include
electrically Cﬂ%%“‘i;? a}{&lggéﬁ& s Vm@ﬁﬁed% ost- "sé’c@lﬁﬁaﬁfh@vﬁﬁqﬁe e8I AR bbitfng of the

second (botton) surface e externa ontacts 54 are
mount ed. fREheten)dit #2'ph e flip ehipaitichyest tathe shbdiratectt.cds shroven, gwrfbt die 42'

i vi udPrar SR et e 10w Areana Dyecs P oS 1 S g iRg beke 0 of

Anot hey apbaft aRNR’ iatludesapltdaplyeofebhdpsts vithsoaditiye panjag® namﬁtad dldn@n, which
to the invention is depicted jn ? Ccross-sect |4)nal si de i onal

| ey
vi ew i n Rreamapged mprﬁé%tr(la@@edmn glg‘ﬁtbqq side egn cpg? b‘(IB% Sg(g 10(3}]& cax@pnse a metal
mounted tQ, oyzlk'{ébﬂoaétc%%dép $h (/éi'to? 818, of Icoaddtive gﬁl!}hﬂr Alatedial) Bﬁ’d‘&an WRPmaed by

second (top nount e in a recess formed in the first
(upper) sSueofvaceethiqls infhetaktefop mrmif: d:‘le@tmmanngml pad Sumging byrvirgionders, and

second (t ?%%’[]gllgte iup%r $ sV\sttr?i gﬁ?lq)e %”{ﬁ'ﬁ]rgsl e g&i %’015&%?% LAE respect to the

support st he su er €s ext erndl
contacts s por(ﬁ;b@tratﬁ@#d:hepdmkbge.‘sé}O)f(BI’GS;(ﬁnl’léct ion of the die

NI KE/ 734127A8 _ package .40 as a e an exter

apparatus (not’ gum*ﬂ’i"ea ¥e§‘?§s§§§n§’§% ql?f’ﬂeﬁé“ g’(‘}ts? %Or?ldgmwhvf Surhcg 78 of the firs
t he secongotd@idic d2'casthowh tn BBss-56dn 1!!1!111@ lihanbﬁi i mjiil dispedtie VJdV.hlmsFIG 14.
achieving a | ower overal | package, heig dhesi ve el e

can be utTheirgesss 8% I%aql%eéaﬁdtcﬂ@i@é@otﬁaef(etva&e %&F@%@ 4 Ahgeip rpa B‘g{‘g%}wf step. The
die 42'. @F% c%‘?’béﬁ)rﬂnkﬁ Hlsirfy%hﬁatﬁ@ sHapD) QQ&H@%%&uQE r@ctﬂ{g‘%ﬁﬁsélaf laRVCiRdthr. The
met hod for formn stac ackage 40'

20  recess 88' can be formed to a predetenmneé depth and W1dth to accornmodate 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 commerciaily 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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FIGS. 13 and 15 depict sinplified cross-sectional views of the
mounting and bonding of the first (bottom) die 42" in a flip chip
attachnent to the substrate 44'. As shown, the first die 42

conprises a first (active) surface 70'. and a second ]éﬁnactlve b
surface 781bstfalfhé4’a@rtqufﬁ‘é1 ig g e ofayndestive polymer pympRsy alffoneh sther fethgdrich as

a pluralipy. of cm@%sﬁtﬂgéan%sg)rbe%gﬁj UPn%f Sb'¥P thdBrNERthct BE R QMR support

whi ch are arranged 1n a predeterm ned configuration. The conductive
bunps 90' subyipate d#'laye opopxdi dengthepergheryr al | oy such as copper, silver

or gold, or a duct i 04%

met hods in theﬁ?fnlin ft%ﬁgg'a '@ eg% Eé%x}dr(g)ﬁ I[%lrl (rg\g],g%r%élt ar Jn?{dqg%h&&&@%ﬂhe

by W re bpseed sie 4ancrh&tse¢mi:1I(dopgdleﬁb&ompnmratﬁrwbsﬁxxeamfamso'oaath eb]suramy of
a form as descri bed, for exagltl) wth res

ec 53 ort .
subst r at ebend reds #39) alora de peppherhsecotand f)sgcwb .ﬂzﬁ“ pg& spown in
recess 88py %?: e sta&fnﬂ‘i’ﬁiot{dﬁm)tshﬁ"ac%%am})é kdaasd th/;ﬁ)dle'sdrﬂ’ fsae@@ngcﬂwnﬁ)ﬁnd fa€ing the

first (botto die 42", as shown in cross-section in 13, and in
a top per spestBBlia thd S@wndmurfa@ 714“@?@@“@'@6@5‘@' Bor tp QSS§1F1§EYd and

configured to g %5&3% (‘t(ﬂﬁ d§ee | 812884 1 BE Lk 'éiﬂa ﬁaﬁﬁ' %ﬁﬂé’tﬁ% adhesive

step. The recess Inany suita
squar @) r eleinamdidl. efhe eﬂhedwe emclern i66'cah he app'l'ieé wathirr the e@ssm togherepess surface 92°

fornmed to pedetr'neddet and w dt h C dat.e_t he .
pl acement © gt?“"%’ﬂ‘ém%glf’%d apg/ar ‘{%HE‘? %%Cﬁn%& %8&(}%‘ %&WS%%%&PH@ -af e adhesive
for exanpkememads! &htoRrisdichylkithblg bdtgside ehagialidowiah tigd 1) f@fexdmyle a tape
etch, | aser abl ation, or other mechani cal means of reno

second (i adhepivy a dig aftachadhesive, ag desgrabegwith rey rexpgetedp @fhgsiye gi’ ent étp The adhesive

conmer Ci alelle%eﬁt\/(ﬁ" Jza@:ma% a hﬂékn%@»‘saﬁ% ?nat it ﬁﬂ@z%@%‘spé@f/ io'lgnﬁf@l 1Ré 8&krécAlfensertion
of 25 pmimn. for an 8-inch wafer. The recess can fornmed at the

waf er 15 evef the sévondiilis 485intothe T¢cessdS). Eﬁg&laaﬂ/@asq&p@) die%ﬁ otb' aalﬂstpﬁrHIQVIGed na
| evel after Qe% f wﬁ% an aﬁhé@é%epgdattga} htﬁ?erectbl hsbh %B]?%{v@ eﬂ:men?&f‘ 'c@%/ be applied to

The bottopﬁeaI can be nount ort substrate
convent i Osiger bt bgah dies furimy fabdcdtiog ! tMstaskmivdne patk&ge@0'.1Bhe acﬂlesmﬁ::elbmelt 66" can

surface 7 e bottom is align wi th and facing the

first (up %?‘)pﬁépfﬁ%veégﬁma f’“e}}‘?é tﬂ%aﬁgstrate 44' prior to
assenbly. Tracgsdaiéte€rERiG.116athe @@n&mm U Sf (1R GEcond @op) d:@ ﬂétdﬁethfeh eRttrically
surface 68" of the support substrate 44' are configured 3

cor r edhonsonngctedio té%WF’F‘Q@]’ pads gAb'on thoRargrhrbsiEdte 4f' hior Emﬁ’tqy\)’é”‘bl?ﬁ?ﬂg‘g (as

90" of thgROHLPHY ¢ ¥hagingl NE conductive bunps 90" in the formof
sol der bunps 2 g%e refl owgd to physi cal Iy and electrically .

with the traceShowirobersded stakrdotic esserably 78Tvas then betpartfelly or ﬁ(lly;ﬁ@émsulated with a
surface 68l 98@&9@85+at3%%27§§rg&0% mHRR Y HeGretd fornBihe SHEBMA g
uc ot ds as

the case of CoN ,al thoug suc
t her mal caaqjqeéslmmk@moadhsurnbmﬂ@etﬂ Term nal pads 52b' on the first

curiage €3 ol bl YRR RO LIAAS LR RO R RIS, e
mount ed i (hob) ERERS 84GF thd)sfuprsubstrate 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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Sbottom di e 42". The second (top) die 46' conprises a first (acti ve)
surface 80" with a plurality of bond pads 48b' al ong the periphery
thereof, and a second (bottom surface 58 . As shown in FIG 15, the
second (bottom surface 58 of the second (top) die 46' is aligned

with and faci ngs tletrated; dlssp8Bigeidd” cotaprisee o fickt rpttbmg die72" myfintedento a support

bottom di e ,42' Jor t.o Th ond . . Ol )

attached (5 CHeboRedipare Ayt aednSEart dpuapbie e e Bey ERap mgrives
The adhesiy#tBinelrec®NEsGH' theczamobed;apmi, sigdlanict the Bietpackage ¢@'(B1E812)t Thé pakage 40"
recess surface 92' of e bot ie 42 and/or to the. secqon

surface 587thgs Coﬁ?@sﬁ%&’ﬂpémﬂhé’e?ﬁgmﬁ‘aﬁ%?n %?ﬂj’éﬂéﬁcﬁ’éﬁ SpEfegs @T@%ﬂh%%mnd
can Coﬂprtrﬁlﬁdﬁmﬁeﬁﬁ* LA S t@ﬁ”&Qﬁé YRkARUG(FRL, 4NBAd bitist428",aIRE" o ME second
exanple, a tape adhesive or die attach adhesive as descr’i bed with

respect t Gniddlebdic 6" andtie fhirdgipp) dippd” arsics Yeaded wrsming@ady2db"nided

t hi ckness wa (PP "
nsor 11 onr By i th slddA b O0R, n%ﬁﬁ"’fﬁ‘é%@Jgfé@*‘%éﬁh&ﬁ%%f???é?@‘ﬂ““ (2.
and/ or segsda bdilg $orddnnectiiy theatie peckpgectd” ded companept te-an &frettichloappanatus knot

an adhesive t attached t hereto, r an adhe e.el enment, 66, ca €. 1 an
ol g 1 homtpEpoTionite B S S RRRRLRFE S A0 st b SRR die 94
packagg 4Q’ n£h9raﬁ@@alw9roat@rﬁ&eées§6 edgéi@“ti@pﬂﬁmclaﬂ &Bﬂingem\/{%ﬁbufﬁ&aﬂxt

net hods knovvn inh the art. picted in Fl

pads 48b' clefrangsef ﬁeeclmé “(itf‘éé?b" Dén%mg &w@wﬁe@ﬁfﬁéﬁ% o3 thepgopd giddle) die 46" to
connect ed tgh b 4ay

exampl e, %Egld&sla‘gteggn ﬁﬂ%é@geeﬁ '?ortbé}%aiér' BRYek dn &M%B B&E \?\Aér 24" T recess
bonded st &8:’ Icecihechoetoasd;e ﬁﬁ'l gilopg thegenondetiddie) dp'aﬁ@ | talbbynssmd‘ (me$ted) therein. The
encapsulated i glectri n 0

et hods. | ireenerapeton) Forah enie SROTERP R LR BE B BaaL BRUAE. e
showni§ n Eﬁﬁswkznerﬂfeﬁ«i@[ 8l canbatudlized, odpec(iely.to amhdiumiecm (solddlexdie 46" to the
bal | s can, t hen

cuppor UG S6aZH e I G ARBLES o PR S GRS (o 0 |

not her boar d or1ial fheke® R Palli428 U0 BRIFAR 1 ¥ Sarf RfabSERMilizing the prYB&E Gteps
applicable, a panel substrate conprising a plurality of dies (e.g.

FIG 8, p@mémbeﬂ@}m&w fabrégatipe paskagps e+ i nto individual die packages

40'. 30A furt tntecAsdthd kbt Ear0fd! Bl Fin BRSAEDNHAAFHRAS" and th

accor ding to t e i nventﬁ?% }l}s %Iepélg?t eg i nna cross-sectional, ? anaihe

el eva2@ ontird(ioghdieR4Kir@pedtivelythe di e package 40" incorporates

I\/EE} %iizgf 1¥Lh réjclese.'\s é@%‘éﬁ‘gg %011%%(:1 in4i%e s&&% ﬁﬁa%%vé}rlsuﬁa%Z "%f %q:o;tgm die 427, 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 substrate 44" exposed along the periphery.
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As illustrated, the package 40" conprises a first (botton) die 42"
nounted onto a support substrate 44" in a flip chip attachnent, and a
second (mddle) die 46" at least partially received wwthin a recess
88" in the bottomdie 42", simlar to the die package 40' (FIG 123.“
The package 4CThefsepanddmiddieistic 4&'ss thep mionated fofhy regees &84 0f 2" as

e NS S A T e

second ( niadtited purdiice 846 "andadedoné (tdttiomgl swérlfaap)SB‘m ‘Ehedbttonr surfate 58" to6 ﬁdﬁeﬁdcond die

5 L P8 B s EEEREEALYEDY b S ORRASs GRGHARLE e

sol ders babé"SAucﬁggace@e@eaiemeﬂ me@lveamme“ﬁm re@ﬁct&e@@ﬁ@i@ﬁahiemnm The
el ectrical 1? aratus_ (not shown). A portion g\%i the

the secondicf #hatd'i ‘iﬁé)beﬁﬁ'ﬁaa%‘)@@ adB?Sl‘ter?émEfWF ﬁ)ap fg esfﬁaqesofelther or
partiall y%&ﬁ?}}gggnééxf aBEQNiHSf fheBGQgsed edge 62 to provide an
SufT |

openi ng 6 cient clearance of the bond w res 50b"
connecti ng theTmmdpaﬂlisfl%SSthh@ﬁeQOhé diset$O are ther denitgallyicenapgtedite thetferminal pads

bstrate_44 h e he nee c
i os. o  S8on e WBpdR ABRGENAR AERRE Y Sl BotBE S N BSRNIA Bl n e
(m ddie) sthendésinler faehitrEewt fOFIG1dst ed) therel n The recess features

62", 88" advantageously c in a eraII packa

hei ght 67" 15AHEEPEEOHE %@e th@@‘ﬁog)éﬁ g‘é ot ] F ep 5
to attach ﬁlﬁ@lefﬁgquszfrﬁi'aﬂ@' tﬁé m@b it tﬁé?se&d?ﬂ do44 Mrdivstda’ die dﬂ!’tﬂﬁoivh%
third (togégdle 4" to the second (mddle) die 46" acked

di e packa§EG800-1g¢ Thedhird topake HE is mmmtefh@@a ﬂlﬁﬁfF‘i @etivg) W@Cﬁﬁ% ‘éfsfbe second die
steps des%"‘tﬁ?l e Qgtﬁcﬂela oﬂ@&@érﬁaggeg g@ﬂ?a&?ﬁ:ﬁ% 140°The third (tog) die 94" comprises

Prior to npun € recesses n be formed in th
(bot tn) dfiest GRtivemarfaded 0DOWth rath(raictp)of bierel (948 480" @b thd pesiphery thereof gnd a

recess 88" c Jed 1n t e nactl R
ot tom i seesasurfies SRt e e REBAC DL RRE B Bt Sl o) e
as depi ct exrdi(oplieS4" k3Higded \Wiﬂlearrdelaesg tHRgirsti(sctive pemfasantD"adniid gusreldntidile) die

receive the second (mddle) die 46" therein in a subsequent step, and
can be suf®dBi%&#5PYYt o correspond with the shape of the second

die. 25Ar ecesﬁﬁﬁthﬁggﬁ pPdie 160"QA8 bk BEachEd 1oRS &icoRBdie 26" b ResRGIRA adhesive
(inactive) surface 58" 'of the third (top) die 94" can be forned as

describhedelppentif8lidPrexpmple, Aéaps OF Sikaitathadnesivs apdasriys harsinahgveyith respect to
depi ct ed d?)ef L%emént%éi. Q’h?g{ets 1489 186" ¢ fbe?%éééa'lﬁ d 8(‘5 ﬁp%ii 18 % adiRs; sjve element

renmoved a ong e secon of t oM sur rovide a recesse _
edge 62" 98“ can be appli8i o bidirer tmbqth dierdumtg mgurmmgtoﬁéleﬂhmédle@ﬁéom thmcond die

t he subst r " d.1 30t f‘
427 15 noti dedireReR e oS bariLe B o 4Ry Wbl pRAS Rl arhfe o
W th the wah siffialeniieisar? for,thERINd varestshB" siseddagefranh tl'teh;eccﬁ'kipﬁmﬁﬁ" to the support
substrate 44" xgosed al ong the periphery. MKE1734127.111
25  substrate 4
Referring to FIG. 19, the bond pads 48¢" 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. External 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

MKE/734127.1 12



The second (mddle) die 46" is then mounted in the recess 88" of the
bottomdie 42", as depicted in FIGS. 15-16. The second di e 46"
conprises a pl urallty of bond pads 48b" on a first (active) surface
80", and a second bottor’r) surface 58". The_ bottom surface 58" of the

second di &baate 14" ruRviderleitien crncrianey dhedis parkasel” tpen P#?@ﬂﬁ%it%ﬁ%?fus (not
die 42" b gﬁzn?hé?gaf@p LAHNESiY Barfel @ﬁ%tsmgtrﬂa@@ mto%‘rﬂmd@aﬁ d& P a@?«?‘%e@r

die-attac esive as described wth reSpective to adhesive el enent
64. The di es 4Referring"to F4G. Mk apothertemppodiment efrp multipksi okt &p assemblyasickaggn
be applie ur f L ) 1€ [ ar
o o bRl i e Bl eg Wbk R UEI A 01 SO B o
t hen e} ectammrises y fiso (Hoaoing dietdd "trheurnt eartora mappoptastBst&aRA4"H and msacend)@qr)tdw 46"

Fesul L ngmPHnEd b e Riapnee Sy A hiE i a 47 P GrEan e, .  greater
Referri ngwmr«f\/(&})arﬁ}oﬁlenﬂg& (I)ttﬁﬁ-l ih@'bbﬁmﬁﬁﬁﬂ%ee@l@ 8" B pddb agn "h @B wattRdfirst and
on the second simlar to the nmounti n% of the second

di e 46 onsechred 9&%%46 ére4~21r%mm}ﬁd php"pEls! tottgaminal 2 920" (Aoih§ seppert
94" is no t; t " e

26 to 1oripfiis 10 duErihb holbat oy A IAC 10 coflect A€ dRREAT 1o en
thirdi@t opi):ctdcaé apghiratoo rﬁlmﬂ.mem th6é16f46 rdspict(adiemd WWWMI&U@S@@UO EMI&M—&

plurality of. ads . 48c’ . i repf,. and a

Ut ace. Sstigy phine SRR AieuBloRses S B BRSI o BER i M B RER e
surface 9fcesabd édpe 60 hifgiChufficimt crémn&%r 1h8 bahd gfi&dSOM ’tﬂilmﬂzml dnaha: ﬂagieﬂtaﬁg
first (actl ve) surface 80" of the s“gacond gﬁb‘ﬁ @i 3“,
assenbl y. bottasn digidRd- &%5tya1@cased@2c§ﬁlsaé% & aecopd { éto & Feofthe
46" by ne ﬁ)n?gieatﬂ"'aﬂ'}BQ§é1¥§l {%PFécéiQﬁl@tan%@heswfeQfeﬁ%@m"ethe@mttag&u%thgb@ctorn die
attach ad esive escri bed hereinabove with respect to adhesive

el enehi 642" Mihe stipport 4ebstratedd™. Jan rasessfeatvrics 3™ 1023 qopbinedp achi¢wsratower overall

an adhesi ye - A7) " t

mount i ng BEEREE o3 fr PGP Ra Rl kil O R U Gl BVEM 1o and
edge 62" bétianndies,hind fho@hm@ the aﬂm@ﬂré e}earemal U4€|ag g irsxt nto thepeaess HE"dn the bottom
openi ng 6 ficie WM .

ext endi ngglfc’r‘%/l r%}h Eaé’c‘ﬁr? ?ﬂng }C) c[eﬂ sbL?b%‘r %5 ﬂﬁﬁﬁ? 5&3“%2 #4". In addition,
Ref er r i ngthe@edebsG 021 %ontalie abnm@haaadaheé&e 'thedin hftelifhs thd a(rio@ﬁx)ofdtiﬁes% {epoxy)
are then electrical]ly connected to the term nal_ pads 52c” Bﬁtf&f

suppofd sbised ende Bondifingersndog aHhst eompipents pi ths SR agiacenigo Fige-

The die asse mgﬁl.ﬂqnumeﬂﬁéﬁzﬁhhﬂen&)wMleshxd SRFABELS ?iB@Cfofﬁ)%an%'tﬁkgstacked
in the die package 40" 30depicted in FIG . External contacts

in the fodimpeskagentititEi2Pe sol der balls (or ot her suitable
Prior to mounting, the recesses 102", 62"' can be formed in the first (bottom} 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  patteming 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", Therecess 102" can be formed at the wafer level

or the die level (i.e., singulated die).
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conductive material or form are ‘mounted on the second (bottorr)
surface 84" of the support MKE1734127.112 substrate 44" to provide
el ectrical connection of the d| e package 40 to an el ectrical

apparatus (not shown) e i e. panel . can be
si ngul at ed .ntérpmseéueéaa& ﬁleng)ét@wa@@eer ﬁéf%frth? pgopblimcgive)syrface 58" of the

anot her —eghog Hgﬁbtdlé’flé'acméfoﬂh&i & RrBb® e%%ﬁﬂphca& tpegé&aigﬁdlaae@ﬁaqk@a 40)

to the invention’is depicted in a cross- sect|ona de el evational

vi ew. ThedgaakdipeF UES. 45izoﬁwprt@es3fshefdl¢%&"'l§mmwdﬁuqh téamwhermbeﬁ@cedd fig 46™ is
a support, ubstr S b » .
Bot t om i 8130 Spftthg At B B Rl B8 & i lac AEAle B3 iSutrcion
i.e., 8 gtlemhsde dﬂt]@ﬁﬁbnﬁ\@lr&ﬁfﬁ@é'ﬁ&xﬂzﬁﬁ@ frorp ithe firkiadie uh'etdomenmrdl pads SE&" on the
FIG 6). Bond pads 48 48b", on the first and second dies 42"1, 46"

are wire 8&9&8@5%&“64 50b” to terninal pads 52a", 52b" on the support

substrate 44", R%h’ﬁ% th ‘F'I@“QI thsbeE®oorh Bufade ’Pl@néfaﬁé ﬁrs’é({)ottbﬂ? die 42™ is aligned

connect the die package 40" ‘to an 10el ectri cal apparatus. Simlar to

the die 4@1th@pdéqcmthﬁﬁrs@éav@pﬁ)@@réaqm6§h of the seRrOTt SYOFTALEEH ApTEr tgassembly.
portion of ther ?@ﬁr@p&e.ﬁ AL LN 3 d;:f s%gﬁ)rpéxgs te 14018y E‘&Qﬁbdof(ah%mesﬂk%lcment

46" is renoved to provide a recesse or sutticient
cl ear abice lﬂiéb‘r Theeadbeninek elemens 1868 cmmwbcﬁ tomhet igeesa metéack \ DO ofiibe repass 102" of

(bot tom iradbisg dF 7T angae onfye oo i) it (L BESREate 447 and alignes
recei vi ngwan t}@diﬂe@ls V82 "etoieeateiddhertine The mdﬁeﬁvs elenhest 104¢ chptépphisdiad adhesive
15 42" to the support substrate 44". The rec

f
conbi ne t 8618 kAP&vas d5sqribd hersinabaye Wihaernsgido ﬁgli%wte%@wuernfe o ?mﬁegsg@«;‘g‘@ first die

40" by el kiw pabdnge &%@tr&@%ﬁ’"fcﬁﬁ ‘oé RRNREE M %ﬁﬂﬁ%ﬂ g o?@rpa(ﬁfﬂgv@%ﬁ@mloét"' can
di es, and rmuntlng t he adhesi ve e enent as an |nsert into the

r eces$S 10D ariphicd tethp serfasmod eighes 2t both thedirstidid? "aandethelsubsirafe 41 dywng the
bet ween t gt?acﬂgg t%'fg g'"lgleéﬁ?'sét_(ﬁ‘%]&"t ﬁ%tt%;ﬁx@é 0 tﬁé ééate 45'” %ﬁl)qhﬁt ﬂ%]t’e{:ﬁ H?I pads 52a"',

recess 102" con tac eslive ereln an
anount of SEﬂhesth\zeur(r‘ap@iyl)eszBsthtee@demmsd bond fingers and/or other

20724 111 st ot BeaEARBARenEREb R Hoai iR Cis " if BB qwvpieg gripe et ottom

form ng the @P'Q@kﬁﬁltﬁé &aﬂ&ﬁlﬂ@@&s@ﬁblfhﬂ' 2BOshown in FIGL 23)1thd @cm&mttbazgss'" of the
the recesses 102 beforrredmth&flrst (botto

and tH séf@é?fﬁ(f?ﬁ)csi@‘*%'i’éahsmﬁ with a)ddating e first fachiyelwsiee T gl ﬁlﬂfbottom) die

and in a ppt bR D BEsERBRL PR S\éb&lWé{o%) Ek@é"'%&’n batlaBR&SS tH Rrst &1§b§é9{eﬁi%%fan
in the second (bottor%ﬁsur ace the first (bottom) die

recess 102dheize glement e far suemplerwith & thpg et@r: wachradhesies ps/deserihed avith respect to
104" ther erﬂg]gér%fvg?e%ﬂ%p@:?f&e BJCkEEEeéld;' £ ﬁ E&hto?ﬁ'lesﬂfﬁsaaggéc%néﬁles 43_he46"' can

recess 10 I nany-surt suc
rect angul be pm@idadi jn oprd- t@addm‘nanr th# hdhesize elsslem(fiﬂ"' @anppedfto mﬁmﬂ ouéthdies during
known H et H_lods [1 e art, for exanpl e,
€ mounting St€
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 fonm the encapsulated stacked die

package 40" as depicted in FIG. 20. Thereafter, external contacts 54" can be mounted on the
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30 patterning and utilizing a chem cal wet etch or dry etch

mechani cal drilling or punching, and | aser ablation of the second

surface 72" of the die 42". The recess | 2" can be forned at the

wafer |evel or the dle Ieve[wé o uIat ed di E/ 734127. %

A. 1 ecessEiorsdlelten) sugpenis hi)etpp tfste 447 for elctricat enpmeqtion ¢ theydig package
surface 5§wwggngggnﬁea@agcﬁggﬁﬁmgg Oggm“ﬁan be forned as descri bed
previously for the second die 46 (package 40) depicted in FIGS. 4-6.

A portion of tSiesuitionsd's npdtipledispanelon @mptCHethen\hﬁ eerformed e ponife didividual die
46' is then ®d onto the first die 42", the recessed edge 62"
provi des ‘a mmk%%ggéng 63" for sufficient 5c|earance of the bond wres
50a" ext endi ngRéfemping tmEIGJﬁssh fiditer ddbodimertloé atr&rlnrpletaﬂlp pgadsséndy padkage
t he support substrate 4411 ef errin |G 21, the

(bot t om) et g0 Py ipRds femiced PM?%#FCtH’?'@ fige clevationtlggy Tie wcﬁagm""

and faci n&xﬁﬂ?ﬁesfd fisgt ﬁ@ﬂ&ﬁ?&)& 43urh3GRe08 ctlgenmf fo aSSUPSIrt afbsrAddsm a
prior to assenb first die 42' is attached to the sup

subst r at €2 lazger 'éj?edaé%tﬁed Gpphie é@Hé@?‘l@E“-dé’Péh?eﬂ’tS‘ (bottem) die e’ éﬁtﬁé@iﬁ@se“%"" on the

el enent P 2:1306’)’)% i
recess 102 on oj }t) ﬁge ‘ﬁar éljte%?ﬁec@tng%fs%’i e 4 , r?gélfﬁsr ont ot te?\{‘ ]#O%ubStrate 44
(upper) skxtémelecofBitts Of" t re mputisd pathe sdcinddnaitoa)isgriec ofithedrsubtiente '8 S
102" to be reg ed t The adhg ive Iene

1 0 i
an- adhosi Gungne i resgiEe Sk 28 SRl kel St (ol shoRaL L& FER{dy oF the second

adhesi ve @b durfade {Packagecdi {tof)die 6 relioved &6 pr@ﬁdb@fecbﬁﬂ%"" for receiving
substrate 44" can, be provided in Ehére tlﬂg’”’ forrr}1 an adhesi ve
el enent  1habottogy dipdlde” BEisIY. elhererephisaters s aspieNed %’fer BY¢rRll pprkage height

first di egARtor@hdcRigeS0Pshy ﬁésﬁnéﬂte Ry Ididp "t @@thﬁﬁth@@%?ﬁiﬂ REGR didhe.

first die 42" is attached to the substrate 44" such that the t er m nal
pads B2a", 5201GHh26R8 ldusirpigcen ebodinentefisgnethedansrsowspBee dor forming the stacked

Ref erri ngqgg %Lﬁnfﬁ% 4, the second (top) die 46" is then nounted

onto the tton) die 42" to formthe stacked die assenbly 78".
As shown in FIKﬁorRBmOuﬂtmgsﬁemendssslmﬁfamaﬂbﬁgdnmﬂ imtlxmﬂ@mé(thmubn()tsmmcediw' of the

first " (boerom e 08" g M TG, et BT “FRo kRt F oy i Cagh. Thereces

can be atimehes Heo"oxtm at lHeSJtrafel'IIEVelDMrtfPﬁeai’bSe\fb’l The REEL 308 1 L4 2IHBME cbfFigured to
for exanple, with a tape or die at q}@ dheswe as described wth

respedt 176 vidthe hptiam gie 42[" ethersin. 6 prnadn anveitableishans, sush apsvpre,
T
during 25 the Afodenictesign FlEp27, the first (actweg)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 bottomn 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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As depicted in FIG 24, the bond pads 48b" of the second (top) die
46' can then be electrically 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 prOV| de an openi n 63" forYﬁfgequate
cl ear anceSush a¢ i Eapp ehdicagach 3dbgsivoze desstibsd it gewed fhﬁ’é‘dg%% erpgng 64 fic

to the su P a?elt@} Afither ofgotyb‘?tlw firSt Eﬁ’iﬁ@g&ﬂd %1&@@,56*(14@“"%@%@?}%&(1 1iBa pre-taped

can be paft y’or y encapsul ated with an encapsul ant materia
82" usi ngfdnmovmht aﬂhswq dlementvq" h earaapplicdtofedthen qrhetmmgah@ﬁountmg step.

stacked die p e 40; i.ct hiG f e

contacts 54" (a:lg%g‘%‘é’gi%g@ d(p tf%ﬁ%a(kﬁ(ﬁ lggsef{lﬁie(ug@cd%eﬁ& (%%c% {tﬁélp
surface 84 tﬁéa]iyftenﬁdtmﬂabthamhﬁiqiaes gph f)mfheehlemtaraémar. connect i on of

t he di e package an extern electri ap at u ngt shown) .

Si ngul ation off @’%ﬂﬁlg‘?@aﬁﬁ“ﬁa“ﬁaﬁgf he fie aspeoq yg%n ‘gﬂéﬁpﬂ 0’%@8 ﬁgﬂ ‘%‘b
provi de i pajyidual th@'aﬁ t@?&ﬁﬂﬁ@%mc‘ﬁgsulat Ride 4”@)9" {Rvwhl iPFI6D25. aE;ftb!ﬁlB]h@ﬁtacts
enbodi nent of a nmultiple chip die assenbly pack age according to th

i nvent i on$4'" sanjthei be e't@untnd an éhwsowdb@m@ﬂ)eﬁurf&@i "ef @9&@%@44““ fé\iﬂcﬂlfate
The package .40'\" co I Y

chip att aglﬁct n%] C?%legg édu%gg? ?Oré%cg%btréggécﬁgg 4oglm 2 a%fgég% }egﬁjzc E]g';lpﬁa!fa{”uk thot
secondo (t shpwmdi e 46" nounted on the first (bottorr) die 42". Bond pads

48b" on the secqn e 46 e bonded 50b" to.ftern nal .
pads 52b+ ont ROV SR Pedes tharEuae e As Py 4 TRR 1 papel 74in
nmount ed opIGIE c8RBO RpakRAt YO din Slstfoacechaique he 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 @O%d:aq%,@]gwﬂ]aggExfag{mg@cel ving the
bottom die 42" therein. The eature S achieve a | ower
overal$ packagé cheipgiton®T thefrarkagediesige g m@le%(m@g arthyith ke farkage design

die 42" wi,thi r}n1tﬂ§ ?yerl ying second die 46". 15FIGS. 26-29 illustrate
an enbodi f‘%"‘f net hod and process flow for form ng the stacked

di e package of FIG 25. Prior to nounting, the recess 108" can
be formed in face58~—of the—second—{top)—di e
46", as shown |n FIG 25 and in a bjottormrgerspect|i ve viEng.iip FI G |26.
The recess 108 waf-er—tevet—ror—the—dgi-e—tevet—
The recess 10BBottdin diezthétkaed confi gured 6 milRO redei ve tbenibottom gie
42" therein, pre—ean—be—forfret—+n—any Sstttabtre—shape;—sten—as—squdre,
rectangul ar, pPY«&bad &e,cthm(ﬁéssil ar using knewiist echni ques i6nnilshe art.

As depicted | pH-G t+he-ftt-st—{act-i-ve)—surfage—+0—of—the—+i+rgt

(bottom die ¥UBS di&]eaihi@n&d with a
68" of the suppert—subst+ate—44—p
surface 70" ofSIBf(eetfesd)ﬁbptﬁl e 42" | u g
wi t h conduct i pe—burps—25—90"—+rpunt £ Heh—are—arranged—Hn a
pr edet er m ned| Ol gl @titlaiess dihtBe bot t om1dinglsd2" c¢an be pukitd ed on |t he
support substfaigeddiesaccording to n fillip chip technigyes,
resul ting in the—struetdure—showr—iRH-G—28: Fhe—second—{top)
die 46" is then nounted onto the first (bottorr) die 42" to formthe

stacked die aSE?ﬂm:Mng gpackﬁge SO uckardink @ théSavehiigh, %Q@@%aﬁkﬁg@ﬁ@@ht&ﬁn be

of the second (top)
achieved using ihlcker dies. In addition, thicker dies can be utilized to help reduce the number of

\
nh facimgl t he flrst (upm#tr) surflace

¥ t+ N ancacnnmhl Tho et i e

rrre L& o Sy |

]
ality o#nhtnd pads

n
0

35‘ DO T

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

MKE/734127.1 16



30 46" is aligned with and facing the second surface 72" of the first
(bottom) die 42" prior to assembly. The first (bottonm) 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 neans of an adhesiv

el ement 66OMPIREFSgasdiPmY of PWtiRmha VARG 4 o DR eBHOBHHBE ES S@imed in
descri bed (Y @gﬁ;e ackagea atel
Ei ther or° ﬂ %%@g%ﬁgﬁgggggén rgﬂ|)Egs O@ﬁ]e(aﬁgbggﬁ beﬁgfo@%” Y
in a pre- nrammttddonmcomantﬁwlthmme@fmweﬂ%" can applied to

either or both dies during the nmounting step. Referring to FIG 29,

t he bond pads 48b" of the second (top) die 46" can then be
S5electrically connected to the term nal pads 52b" on the substrate

44" Partial or full encapsulation of the die assenbly 78" can

be perfornmed using known techniques in the art to formthe

encapsul at ed package 40" shown in FIG 25. External contacts 54" can
then be nounted on the second (bottom surface 84" of the substrate
44" to facilitate electrical connection of the conmponent die package
40" to an extemal electrical apparatus (not 10shown). | ndi vi dual
di e packages of a nultiple die panel (e.g., as shown with reference

to panel 74 in FIG 8) can be separated by a singul ation techni que.
Conpar ative Exanple 1 and Exanple 2 15A conparison of the package
design shown in FIG 2 (prior art) with the package design shown in
FIG 12. FIG 2 FIG 12 Bottomdie, thickness

MKE/734127.1 17



6 mls 6 mls Second die, thickness 6 mls 6 mls Bond |ine,
thickness 1 ml 1 ml| Slot (recess) depth 4 mls Overall total

t hi ckness of the stacked dies 13 mls 9 mls By utilizing a
package design according to the invention, a | ower package hei ght can
be 20achi eved using thicker dies. In addition, thicker dies can be

utilized to hel p reduce the nunber of cracked dies that occur during
t he as 1 D IS:

1. A stacked die assembly, comprising:

at least two semiconductor dies disposed on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second surface;

a first die situated on the first surface of the substrate; the first die comprising a first surface
having a plurality of bond pads located thereon, and an opposing second surface having a recess
formed therein; the first die attached to the substrate by an adhesive element situated within the
recess such that the adhesive element does not contribute to an overall height of the die assembly;
and bonding elements connecting the bond pads of the first die to the terminal pads on the substrate;
and

a second die situated on the first surface of the first die.

2. A stacked die assembly, comprising:

at least two semiconductor dies disposed on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second surface;

a first die situated on the first surface of the substrate; the first die comprising a first surface
having a plurality of bond pads located thereon, and an opposing second surface having a recess
formed therein; the first die attached to the substrate by an adhesive element situated within the
recess such that the adhesive element does not contribute to an overall height of the die assembly;
and bonding elements connecting the bond pads of the first die to the terminal pads on the substrate;
and

a second die comprising a first surface, an opposing second surface, and a perimeter; the first
surface having a plurality of bond pads located thereon; the second surface comprising a recessed
edge along the perimeter; and the second die situated on the first surface of the first die whereby the

recessed edge provides sufficient clearance for the first bonding element extending from the first die.

3. A stacked die assembly, comprising:

a first die comprising first and second surfaces, the first surface situated on a substrate and
having a recess formed therein, and an adhesive element situated within the recess such that the
adhesive element does not contribute to an overall height of the die assembly; and

a second die situated on the second surface of the first die.

18



In conpliance with the statute, the invention has been described in

| anguage nore or |less specific as to structural and nethodi cal
features. It is to be understood, however, that the invention is not
limted to the specific features shown and described, since the neans
herein di scl osed MKE 734127.116 conprise preferred forns of putting
the invention into effect The invention is, therefore, clainmed in

any of 4ts fortm_:kﬂgdle ndi f |cat| ons. Wi t hin the proper scope of the
appended cl arims"appropria Ef&%fm? ﬁ?é‘rgpret ed in accordance with the
doctrine of aefysti diabeenied to a%ﬁaﬂe$y@héﬂhﬂ§[ﬂele&mdm Ausitaaclign gir&ess of the first
assenbll%, cgn‘gﬁri sia;g: , | east two sem conductor dies di sposed

on a subistyhdiat il %Se‘é?cqéeaer&rdp%@%ﬁ%fibutﬁ Hbars%&ﬂr!ee@tes%rdaf‘swrgn%{y, and
first surfagaehimvidsiti@fedidAdhe RREge] ocated thereon, and a second

surf ace; afirst die situated on the first surface of the
substrate; the first die conprising a first surface having a

pluraligy of, t reon, and an opposi ng second

surfacest havi ngggggg%ce%%é@%?’n%&p%%gf”el n;, the first die attached to the
substrat e by fast ddhesngyelisk aréot sisiatadatnecsubttad andt hecserastics tehfiktsatface

t he adhesi ve el enen s not.contr.i bute tqQq an, over hei ght of the
i'e asSEMBPS oo BB ABR L 8P SIS LBl R g o R RS Gt ats no
first diofuibltetthen bedrhll RdkhiFdise @B adsB@bBybstrate; and a second die
situated on the first surface of the first die. 2. A stacked die

assenbly, cadrfprandidigsituated on thg SW%&”@W@M@&@GU@@W di es di sposed
on a subst r%ttﬁiﬁ& H‘Le§1t§att@d3!§1?ﬁme%ééoﬂgﬂ?e{m the substrate conprising a
0

first surface having term nal pads cat ed t hereon, and a second

surface; a flrst d|e situated on the first surface of the
substra6te ack Ste di Le r|5|lng a first surface having a
plurality ofA% pa sﬁ 1 Sd A REFeo and an opposi ng second

sur face haviarfgstali¢ es&§sa f’@t §[&le§ I@ﬁraeadrnn 4 duBsthdtd &id eeot duaabe thel frst Neface
substrate by an adhesive el enent situated within the recess such t hat
the adHB@¥inga redeehiib agaeheshgelemsnt Hivpigt dhardn syphdlathg ¢dhagy g ripment dogpnot

di e aS%%HMbMt’et@Qﬁo@&Q@hagh&JfQﬁ@?&lE%ss‘éﬁ&Bl}eCt' ng the bond pads of the
first die to the term nall pads on the Substrate; and a second

di e conpri siasgeaadidia Htuatsdonabesecand wipfsesefithe Sestdindensur f ace, and a
perimeter; Ghed ik g& é‘c{&?‘&% sOR%L G a@md%'a%‘h i gﬁ gg%&rﬁ&g%ouﬁgﬁérﬁgeter of

t her eon; thé decon ace conprising ar cesse

per i nmettke thirdriék.t he second die situated on the first surface of the
first die whereby the recessed edge provides sufficient clearance for
the first bonding el enment extending fromthe first die. 3. A stacked

di e assenbl y stcXIBUieSdsBBnbly, comprising:

a first die having a first surface situated on a substrate and a second surface, the first surface
having a recess with an adhesive element situated therein such that the adhesive element does not
contribute to an overall height of the die assembly;

a second die situated on the second surface of the first die, with bond pads on the second die
connected with bonding elements to terminal pads on the substrate; and

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

the third die to provide sufficient clearance of said bonding elements.

8. The die assembly of any of Claims 1-7, wherein the adhesive element situated within the

recess comprises a die attach adhesive or a tape adhesive.
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a first die comprising first and second surfaces, the first surface
situated on a substrate and having a recess forned therein, and an
adhesive elenent situated within the recess such that the adhesive

el enent does not contribute to an overall height of the die assenbly;
and a second die situated on the second surface of the first die. 4.

A stacked diTheagsssatnbly of ampel Claing: 1-3, fhithsconpesisg enadidsive elment between the
substrgﬂgﬁggsﬁg ﬁ%@gsive element situated within a recess of the

first die such thatthe adhesi ve el enent does not contribute to an
overal |l height of the die assenbly; and a second die situated on the

first die. .Sstacked die enbly, conpri sing: . afirst die,
havi ng & fi ?%&eﬁéﬁﬁ%gﬁy QPWa%S aig Ly7.dWplgr canprispg bepdingdemenss senaeding

the firsshd patisloAeR Ravtidge & cRERES 0 binRRuadhgsi ve el enent situated
therein such that the adhesi ve el'enent does not contribute to an

overal |l height of the die assenbly; a second die situated on the

second jsurf f I -di.e; thir I iftuated on.the
15 €d 45%1 1
second di e. q«g % S % ac i%gfgliaé'ge{g’s\g%%n?hec@r?gﬁg%ﬂ%éeﬂs C%mp o5 f“i”rets%tonﬁf)rea TAB
havi ng tapef i rst surface situated on a substrate and a second surface,
the first surface having a recess with an adhesive el enent situated

therein such that the adhesive el enent does not contribute to an

over al l12hei ght dRfastdneldbPCREGESN! Hirthdr BAGRRHBoRdIRE ERHRE Ofhebhifs bond pads
second surface of the first die; and athird die situated on

the se®bHy tarddigie tonaiiahpads ondeegbeiirtedge portion about a perineter

of the third die. 7. A stacked die assenbly, conprising: a

first die having a first surface situated on a substrate and a second
sur f acd3. t hdhe diestssembly at@ytrd\Glaignsd -7, edessn thietsbeoad dadims st leest eheofnliength
Si t uat herein _such tha he adhesive el ement does not contribute

to an %8%%aﬁ%g ﬁmg'%“%ﬁn%ﬁgE%?e assenbl y; a second die situated
on the second surface of the first die, with bond pads on the second

di e connect j th baondi elements to termnal pads on the
subst r g?e. i‘ﬂﬂ‘é”le assem%ly 0 E(I:]ny of Claims 1-7, being at least parrt)ially encapsulated.

15 The die assembly of any of Claims 1-7, wherein the recess in the first die is substantially

square or rectangular shaped.

16.  The die assembly of any of Claims 1-7, wherein the recess in the first die is substantially oval

or circular shaped.

17. A semiconductor die package, comprising the die assembly of any of Claims 1-7, being at

least partially encapsulated.

18. A semiconductor die package, comprising 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, and being at least partially encapsulated.

19. A panel substrate, comprising multiple die assemblies according to any of any of Claims 1-7.

20.  An apparatus, comprising:
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athird die situated on the second die and having a recessed edge
portion about a perinmeter of the third die to provide sufficient

cl earance of said bonding elenents. 8. The die assenbly of any of
Clainms 1-7, wherein the adhesive elenent situated within the recess
conprises a die attach adhesive or a tape adhesive. 9. The die
assenbly of aamlecofcalipparasusiastl further conprising an adhesive el enent

bet th t d , T f
Craime 1.7, PUEHEETESBEPOIIG BNl 1 baeicolonr BT g-ubRe e
of the det@ntaghaautds0 termnal pads on the substrate. . The die

assenbly of C aim 10, wherein the bonding el enents conprise awre
bond or a TAB tape. 12. The die assenbly of Clains 5-7, further

conpri sing bopdppdael 6reRis z@omé;&m Easct&chfrsﬂ tgé &oh®

term nal pads on the substr at e. e dle ﬁ%ﬁ any o

C ai s cpngistingivd adiGB, t!mréh@b@@dxdn@lgremﬁagc a@nttOélasmemESbmg aaplaearagst h and a
width greater than the first die. 14. The die assenbly of any of
Clainms 1-7, being at |least partially encapsulated. 15. The die
assenbl2g. of Aamythofl o€labrinstink-a/semidveiiedtor devey @pgsisingh the first die i S

substanti al | uare or rectanqul ar, shape 6. The d e as

oy ofCl ai et S RET s AeET PR iesubitiats i el sGorace of & st di
subst antitiah b Yecedsah sl fritlsGihdf shaped. 17. A sem conductor die
package, conprising the die assenbly of any of Clains 1-7, being at

| east part i alquptipgBegis die erthe sugacerf ermubsrduvit thedidbespecterarnt Situated
conpr ' %ﬂ?n ’Elﬁq‘e&'ssesﬁﬁ %%f{"ﬂ eyad és; rg(t,nt El:{aé'as' ﬁg CC;]Tltl] buté d&tlhow’era?ﬂ{gpinlt gll' ﬁqg die

bondi ng el enent's connectlng second
pads onstehwlsubstrate, and belng at Ieast partially encapsul at ed.

,g' (9) aﬁypgp e;ﬁ;u%&lr e’ n?p s o?thegfirrsrtu 1€ {dp termlgr!liepags':s gr? t els{liaes%raf%cx\(r:ia{ Qén’&%g

elements; and

mounting a second die on a second surface of the first die.

23. A method of fabricating a semiconductor device, comprising:

removing a portion of a thickness of a first die from a first surface to form a recess having a
surface;

attaching an adhesive element to at least one of a surface of a substrate and the first surface
of the first die within the recess;

mounting the first die on the surface of the substrate with the adhesive element situated
within the recess such that the adhesive element does not contribute to an overall height of the die
assembly;

connecting the bond pads of the first die to terminal pads on the substrate with bonding
elements; and

mounting a second die on a second surface of the first die.

24.  The method of Claim 23, wherein removing the thickness of the first die is performed using

one of a chemical wet etch, dry etch, mechanical drilling, punching, and laser ablation.
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20. An apparatus, conprising: an electrical apparatus; and t he
di e assenbly according to any of Clains 1-7, in electrical

communi cation with the electrical apparatus. 21. The apparatus of
Claim 20, wherein the electrical apparatus is selected fromthe group
consisting of a PCB, notherboard, programlogic controller, and a

t esti ng?Sappar aethed of fbricatinges wadcqmﬁmftalbdqvcpammg)ralrgem conduct or

devi ce, t ing,_an adhesiv

one of a SH%E% 'i%an adhesive ?1%%]? Ctts}%ragg%séo% Sfuflf%%‘?‘)fe Sé'ge\fatt%?#aaﬁﬁsg%‘é%ge of a

i n sai dirtidistvitbinrdfracss situated wuﬂﬁunztldiﬁgst'sm@cfeiof&ie fielign the surface of
tuated within the recess

the substrate wi.th t hesi ve

such t hat tﬁléouélﬂﬂ%gﬁet}gﬁéf B e SHk @?zﬁg}e% Hiats yiik theraghesiveglapet pituated
hei ght athif bR redeSs ASH @HRkNE adhesive eléiﬁé]ﬁ'@ﬁés‘d&%&?ﬁblﬁ@ﬁ%:ﬂﬁ@%lﬂ‘f@léﬁ@f the die
first die to termnal pads on the substrate with bondi ng el enents;

and modsty;a second die on a second surface of the fi rst die. 23.

A nethod of cBﬁ@éh £Eh %gn@ Ickng%;ﬁglfc&lg{o tgﬁrlﬁtnglg){ag&? esﬁlBs 1th bon

renoving a portion o firs roma sur
to for mﬂ@nmme@t havi ng a surf ace; attachi ng an adheS| ve
el emrent to at fast one

f f he f
surface of the'f nggfecap%gﬁq%ﬁﬁ%{—fsﬁ ‘er"g ebsoé' 2% difth angl h@gattﬁl"ife‘“lﬂi‘“ﬂé‘t

die on 1éd&eeeﬂleﬂ§fﬁ1§‘xﬁt;@ﬁ sittiedsldipta @Trlﬁle‘fﬂrfohtﬁeh@co@\dlafbs thege@s@RALe portion having
situate hin the recess such that the adhesive el enent does not

contri B Féghf pihFienhar dearangsiobpngine elaments extgadipgipy; bond pads efghmisist ding
the bond pads of the first die to term nal pads on the substrate with
bondi n% el enents; and nounting a second die on a second surface of
the firét diemethodof fﬁhécmmnmondmcmlrdeme qm@rlemg r enovi ng the

t hi ckness of ﬁmr}éé hgrttlog l{%l&%gs f Gl cf'ilsh‘ol% acﬂﬁt dsurfg eetlp (Qirgr %ﬁcsﬁ

el
etch, dry et anrca i'ng, punc I'ng,
attaching an adhesive eEement to a substrate, the first die within the recess, or both;

mounting the first die on a surface of the substrate with the adhesive element within the
recess such that the adhesive element does not contribute to an overall height of the die assembly;

providing a second die comprising a first surface having a plurality of bond pads located
thereon, a second surface, a perimeter, and a thickness;

removing a portion of a thickness of a second die from a surface and along a perimeter to
form a recessed edge portion;

mounting the second die on the first die with bond pads on the first die located within the
recessed edge portion; and

connecting the bond pads of the first die to terminal pads on the substrate with bonding
elements, the recessed edge portion having a height sufficient for clearance of said bonding

elements.

27. A method of fabricating a semiconductor device, comprising:

mounting a first surface of a first die on a substrate with an adhesive element situated within
a recess in said first surface such that the adhesive element does not contribute to an overall height of
the die assembly; and

mounting a second die on the first die.
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25. A nethod of fabricating a sem conductor device, conprising:
attachi ng an adhesive elenent to at | east one of a surface of a
substrate and a first surface of a first die within a recess situated
within said first surface of the first die; nmounting the first
die on the surface of the substrate with the adhesive el enent

si t uat ed®-wi thingthod ef fabeisatingssaugsmiedndciphdevisghesiprisingt enent  does not

contribute t i di,.e .assenmbl y.. ..connect i

the bond pada ey BTl Ao P8 E! i RUES SRR naed T aeEel e
bondi ngfirel diereuvhshat direchdhesive elemenrtdoeona comtibind talareoveral k ket of S dii Bsembly;
wi th bond pads on the first die |located within a recessed edge

portiorfm ituated along a perineter of the second die, the recessed

edge porti onmdiavihfg sécoRed@n hefifsk gleent for cl earance of bondi ng

el enents extending frombond pads of the first die. 26. A nethod of
fabricating a sem conductor device, conprising: renoving a portion of
athic Ss i di.e f . j f forma recess;
attachF%E aﬁggﬁﬂggksg%gggﬁlﬁ{Qﬁ%&gﬁgﬁﬁgFig%ﬁgﬁﬁﬁﬁﬂgirst die within

t he recess, femibgpt kecessonntiirsigutfhe dfiarfsst did;e on a surface of the
substrate w th t.he.aghesive el t wthin the recess such that the
adhesi ve eléﬁ%ﬁbn %ggﬂﬁg ﬁ%ﬁﬁ#ﬁﬁ%ﬁ?b&%8n3ﬁu%93FﬁTl ARtV oA stipaied
assenblwithiptevedsngich tse dendhelie: Sangt dedsndt sortlibiat sdi dvaed He@hk BOtha die
pIuraIit¥:%f_bond pads | ocated thereon, a second surface, a

peri met?®&FEMOHANd t hi ckness: renoving a portion of a thickness

of a second gHi@tihg PRBn HIfRGRe BREJRI ONg a perinmeter to forma

recessed edge portion; nounting the second die on the first die
wi th bond pads on the first die located within the recessed edge
portion, an G j f.the firs i )
Form na padues St EIRE 50kl RRBARERo8s heh Uil eEabRagy cen o
edge pdsger aratimvi ng a hei ght sufficient for clearance of said bonding
el enments. 27. A nmethod of fabricating a sem conductor device,
conprising: nounting a first surface of a first die on a substrate

wi th argadhask weuelderaniinsid, watiedchsdiing: a recess in said first

surface such that the adhesive el enent does not contribute to an ]
overal | hei dHunbrg ¢ Hurddlieon desagang dig e thisd dicihaying fise eohsecan@suwfrcesheith a

first qi&ssed edge portion along a perimeter of the second surface, the recessed edge portion having a

height sufficient for clearance of bonding elements extending from bond pads on the second die.

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

removing a portion of thickness from a surface of a first die to form a recess sized to receive
an adhesive element therein;

mounting the first die on a substrate with the adhesive element situated within the recess such
that the adhesive element does not contribute to an overall height of the die assembly; and

mounting the second die on the first die.

33. A method of fabricating a semiconductor device, comprising:
removing a portion of thickness of a first die from a first surface to form a recess;
mounting an adhesive element on a substrate, on first surface of the first die within the

recess, or both;
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28. A nethod of fabricating a sem conductor device, conprising:
attaching a first die on a substrate with an adhesive el enent

situated within a recess of the first die such that the adhesive

el enent does not contribute to an overall height of the die assenbly;
and nmounting a second die on the first die. 29. A nethod of

fabricating aaacﬂmg' hheo ﬁmndtemntmjﬁmisol&tramomm ﬁhs iadi@sivﬁ @kemengsialaméoféé@ iha rexess
first surface, of st. sur.face th
free dieh QR asivp s fies an: soalBIR “BRubaf poeh P et 3l R
recess such pidiating heccadharionahefigeanrt does not contribute to an

overall height of the die assenbly; and nmounting a second die on the

first die. 30. The nethod of Caim?29, wherein formng the recess is

by a chgmic & &l r Lon. 31. The
nethodhﬁf C?EF%?%8%¥ ncﬂggﬁ%gnpg?gFﬁngﬁ§£ ¢ ﬁﬁ ing a third die on

the second diteshingvefitshiliegndi sebtenid wigh i aditesiindlemenioifdatsd Mithinesreadss hf e
f.
r ecesszﬁsteagég%ucﬁg}a{t i hgnadﬁasv ke k) % g{l‘{o? q 1b|§’££I % @%Fa(?lcl‘feg%lrt gﬁ %18 doefha%semb[y,

recess Ing a rcren
bondi ng eIeﬁmﬁmﬁngx&amddﬁgcﬁﬁbﬂﬁb@ﬂd @ﬁUs on the second die. 32. A

nmet hod of fabricati sem . conduct or devi ce, conprising:,. . e
removing a b‘&ﬂ“ﬂ"?‘%agg ‘f‘H? R HESEeqndig ‘é(’tgé Cgl??éi SS‘F‘iorngld iefiiated, withing
a recesscesdcd®dod Sorfibs ﬁlb\figa?&uﬁﬁlﬂé?&’ HE tHRJENE Me LhR5RN dAge portion h@m@a héight
the first die on a substrate with the adhesi ve el ement sit uat

wi t hi n suffisiang fusteasnenot bradinglrderammtreiiachedde é%?ﬁte%ff%ﬁhecbﬂh‘ﬂrpﬁ'ﬂﬁﬁféhe
to an q¥§ﬁ@kﬂehelght of the die assenbly; and nounting the second die
on the Tirst die 33. A nethod of fabricating a sem conduct or
device, conprising: renmoving a portion of thickness of a first die
froma 3f5|. ' StA %lél{hi)g %?fatb%cgtpnl;grg Bmiconducror device, comprising:
attaching a first die on a substrate with an adhesive element situated within a recess of the
first die such that the adhesive element does not contribute to an overall height of the die assembly;
mounting a second die on the first die;
removing a thickness from a surface of a third die along a perimeter to form a recessed edge
portion; and
mounting the third die on the second 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

elements extending from the bond pads of the second die.

36.  The method of any of Claims 22-29 and 32-35, wherein the adhesive element comprises a die

attach adhesive, a tape adhesive, or a combination thereof.

37.  The method of any of Claims 22-29 and 32-35, wherein the adhesive element is applied by

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

38. The method of any of Claims 22-29 and 32-35, 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.
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nmounti ng an adhesive el enent on a substrate, on first surface of the
first die within the recess, or both; attaching the first die

onto the substrate with the adhesive elenent situated within the

recess such that the adhesive el enent does not contribute to an

overall height of the die assenbly; and nmounting a second die on the
first die. Btéme@hdmctﬂmgl oﬁt:la‘i.abtzwatanm@;z-as,sanhmnmacsmg colegridng the bond pads

conpri sing te with an adhesive
el enentOfs"@tst?&?r@o&W(t‘E é’“éfte t‘ﬁé“??t”ﬁ[q%at‘ GNP Rat ¢ he
adhesi ve el ement does not contrl bute to an overall height of the die
assenbl nmounting a second die on the first dig;

a thir Odl e The mateodsefCain 87, evheraihceieRe 8 e by Haﬂeofg%%tfa%gg Is E’y
S|t uat ﬂerY'H %; iip b&tcﬁnﬁé%ﬁ?’a%gm@ggﬁdl oH ﬁ@ 2@bRREd %oﬁ’(ﬁﬁ% BEihE bofding B8ment to the

thlrd e rece e port aving a height sufficient for

cl ear artmd(pﬁdsmfnbh segoms] @mamlmfat tfamheﬂpftd@ oalt suksteatdli ng from t he bond
pads of the second die. 35. A nethod of fabricating a sem conductor

devi ce, conprising: attaching a first die on a substrate with an
adhesi vg . el erRithethiod srati@insi4-59, Muther eapmdsinf canhectinig tist batidpaductithg thit! die to
t he adhesive_ el enent doe% not c ntrlgute to an overall height of the

di e ass@etsrpinahpasdson e RbseRe Wi dibanding 158 r st di e: r enovi ng

a thickness froma surface of a third die along a perineter to forma
recessed edge portion; and nmounting the third die on the second
die wit42. bonﬂnepa@bomfm@fﬁemﬁawﬁené62 At faethy copiPRIsINE €npapsdlatingcpt least a

t?g?eclpgéua noft hse Tgl C%ﬁlg%gfieneett q&rﬁ %g&gg%gl ng a height sufficient

fite o nt's ex fromthe bond pads of the
second die. 36. The nmet hod of any of Cains 22-29 and 32-35, wherein

t he adhesive_ele npr.i ie hes ve, a .
adhesi v&- or'hg 'E%E’BJ ?f‘;ét“lyé’tﬁ Cﬁ 28&9 a§§EE$§ ﬁg °81P“f5m§r‘?§',°”'§f ng plurality of
22-29 anferdd c%ﬁtact!"@ﬁ'ﬂﬂ!d@cérﬂﬁsu@f@&ﬂﬁ‘tﬂ@s@hmnt is applied by screen
printing, by roller applicator, by spraying, or by a transfer

process. 38. The nethod of any of Cains 22-29 and 32-35, wherein
t he subtsétrat ’staElHe% Jlé EsiEmgfg Prﬁﬁesm%[econd di e, or conbination thereof,

are provided in a pre-t ormwth an adhesive tape attached
thereto.  3@firsTdie cmphmdg Gifst amyseopnduafapes, the {ipg sarfere3f tpgfirstdip haydpg a

conprisin ectin the r

pade. ons e QRDG Ay e SO0 et R R oo, WbGel Bl of
39, whefgifitst GO g NGvith ﬁ)rbﬁﬂ gheapeia anddn ddhesiseclomdntdiichin thelwvity such that the
t her mosoni ¢ bondi ng, ultrasoni c bondin ar t utoma d bondi ng of

t he bon@ﬂhﬁ@jV@PléﬁélﬂftdOF%“‘tttF@“%@Ht? tBéElgv?f%’lt" 6‘“@92 € #iSEM3Ad to the

term nal pads on the substrate 41. The nethod of O ains 34- 35,

tor m naf* padh “Be TP AERb LA  bona: n§f el oment, Lot

a first die comprlsmg a first surface, a second surface and a thickness, the first surface of the
first die having a second die situated thereon, and the second surface of the first die having a recess
therein and an adhesive element having a thickness situated within the recess of the first die, whereby
an overall thickness of the first die and the adhesive element within the die assembly is less than the
thickness of the first die added to the thickness of the adhesive element; and

the second die comprising a first surface, an opposing second surface, a perimeter, and a
recessed edge portion along the perimeter, whereby the recessed edge portion of the second die

provides sufficient clearance for bonding elements connecting bond pads of the first die to pads on the

substrate.
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42. The nethod of any of Cains 22-29 and 32-35, further conprising
encapsul ating at |least a portion of the sem conductor device to form
a package. 43. The nethod of any of Cains 22-29 and 32-35, further
conprising nmounting a plurality of external contacts on the second
surface of the substrate. 44. A stacked die assenbly, conprising:

a firstdédi e Acdinpsdegibhg chinpssingnd second surfaces, the first surface
of the first, ficihaynd.n.05600d,dis,d REr SON LS. FEGONI RULEACE. g a
the first dite 31Ul 83" Gna *BUbITYAYE "PhE “setONd strrace of the ' e
first de@shaichg wheehvihefirftaliangditidied e the antdira badhagdhesiveeledrnivithin said
within the cavity such_that the adhesive el enent does not contribute
to an JvePalthsscapt swfctiBddi e assenbly. 45, A stacked die
assenbly, canBEdndidiat least parti@lyf ditudted NidirCRERIckSI P eheirkd dusfaceSatthafiRi dig.
second surface and a thickness, the first surface of the first die
havi ng a second die situated thereon, and the second surface of the
first di-e havj; herein and an adhesive el enent having a
thicknggg s?}%%g% n&ﬁﬁ%ﬁ%pﬁﬂgérecess of the first die, whereby an
overal | thi ekiretske afmprising finssinddieendndrfadee, eadhesaidsuethessenmpwsing b necess

he ¢ hiteRa<gah e Foary Bia Euilhs HTaCesSor olfr Llogtl Syl e nnlaie

conpri Sbaguithie:ghd sur f ace, an opposi ng second surface, a perineter,
and a recessed edge portion along the perineter, whereby the recessed
edge porti o sgfondilie adeashieprtaly pireiod ede sesessiie therpecandaylassed thefirst die.
bondi ng el enents connecting bond pads of the first die to pads on the
substrate. 46. A die assenbly, conprising: a first die on a
subst r at8e arddie esgemibsy, agmprisisg: and second surfaces, each surface
havi ng a recess_ .t herein, erein the fir di.e.i.s.attached to the .
cubst pate by e liaREEn Do BREEK R hARHek o e diCudrul | 6Bl e
surfac eu?mﬁ:, @e}i@ meﬁd:leﬁ?ai et at}l&&ﬁiﬁzvo}gﬁddsj aﬁic(iﬂa)*l aehésu@teeesciilnan't tsh;iitnatbdll16n the
recess of the first surface of the first die, 47 i e assenbly,

conpr i SPRate within the reeess andydqes aghipreasedy ovpiRd ﬁelghbo@%ec@ﬁassgwg%aces,
each of said surfaces conprising a recess therein, and an adhesive

el ement situated within the recess of said first surface to attach

the firddt dilkedis agsesnipy of alaem 48avierainglecigprss i defiged byehve sigesrtial |y
situated in the recess in the second surface of the first die. 48. A
di e assenbly, conprising: a die situated on a substrate with a
sur f acelof tAhdie dssemdbef, conpgsiag:r ecess proxi mal to said substrate, said
recess defined by at |east two sides, .and an adhesive el enment is ..

FC et ed on idisttgeenarabualhent ffarerBigel TaRoRAuLTASHETRE Feeldetisg rom
over al Icibgitrg bt tiefdid WRerdindh@amendavity ishPithid B8iddioe ttR e Tt d O tld AbBAS and

wherein the recess is defined by five sides, ) )
an adhesive element is situated within the inner cavity of the die such that the adhesive element does

not contribute to an overall height of the die assembly.

51. A die assembly, comprising:

a first die situated on a substrate with a surface defining a recess proximal to said substrate,
said recess defined by at least two sides, and an adhesive element situated within the recess such that
the adhesive element does not contribute to an overall height of the die assembly; and

a second die situated on the first die, second die defined by planes that form a

non-rectangular shape.
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50. A die assenbly, conprising: a die situated on a substrate,
said die defining an inner cavity in a side in a region distal from
circuitry of the die wherein the inner cavity is wwthin a side of the
die situated on the substrate, and an adhesive elenent is situated
within the inner cavity of the die such that the adhesive el enent
does noiz, CO”ItHeidi)éJ:is@erhl@lya)lﬂ oer Al whaeinght sabnd bie ddfiecsassesbhpunddn enfire
di e assenbly, conprising a} first |e(8$Etuat chi on a substrate
with a %’PF%&@“@&? Helsy: aareg@eéjéséa SrogkF At Y 10e5O M bEt rat e, sai d
recess defined by at |east two sides, and an adhesive el enent
situated within the recess such that the adhesjve el errent does not .
contribite tTheatic easanblylof Kdzignil, wheweinethe pecond digdsfiyes aggeh in a crosg-section.
second die situated on the first die, second die defined by planes
that forma non-rectangul ar shape. 52. The die assenbly of Caim
51, whes&i n Tiealisasanblydif€ladef i nedemin be egonddiountinem "Bndpean a cross-section.
periphery and in a side in a region distal fromcircuitry of the
second die. 53. The die assenbly of Claimb51, wherein the second die

definessan af ¢letHda (ﬂffﬂfrﬁﬁﬁnf,s@%ﬁl%hducféﬁdev'f&wcxdmﬁls&@errbl y of Claim
51, wherein the second di e defines T-shape in a cr ?15 ]'51 )
gis%trate and within a

A nethod of memingadinen aswhsle ere Qg STV} §
mount i nI%C@SS q}ét%noe{"?“ B84 BBHhE Al the"%f‘e NS LMRsiOL EIRRBAt akh Halifgla Rélghthe

substra narecess within a surface of the die, the die
and the adheshareinehediemithahehdiesive algmantrrétigid within said iaprss basrancoryerallihgight

\kllme;[gh': h%}‘ﬁp?ﬁ |e\§/1§%8§wgpé glmt)tuat q)uygtyg%lggg%bp recess has an overall

e fEnt "does né ri bute to said height.
56. A nethod of fabricating a sem conductor device, conprising:
nounting an adhesive el enent on a substrate; and nounting a die

on the #dheshWethdadpRricatin,a sHBICOTEIL AR GUNRISMENt is situat ed

within a recl@§1§1tfn§ aft 2dMdshR e rfdnt bR @ slbs@ate; and  Wherein the die with
t he adhesi ve elenent situated within said recess has an overall

hei ght and theurigeasiiven dleadhenverbenent sichdoihe aiiedve eagiids HikpigAwithina

57. A ”%%ngqn ggmg«a%g fﬁ%%é’,g a sem conductor device, conprising:

wherein the die with the adhesive element situated within said recess has an overall height

and the adhesive element does not contribute to said height.

57. A method of fabricating a semiconductor device, comprising:

mounting a die on a substrate, an adhesive element situated on the substrate and within a

recess within a surface of the die;

wherein the adhesive element is positioned within said recess of the die such that the

adhesive element does not contribute to an overall height of the die assembly.

58. A method of fabricating a semiconductor device, comprising:
mounting a die on a substrate, wherein an adhesive element is positioned within a recess
within a surface of the first die such that the adhesive element does not contribute to an overall

height of the die assembly.
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mounting a die on a substrate, an adhesive el enent situated on the
substrate and within a recess within a surface of the die;

wherein the adhesive elenent is positioned within said recess of the
di e such that the adhesive el enent does not contribute to an overall
hei ght of the die assenbly. 58. A nethod of fabricating a

sem conduct ok madwi o€ fabcioapry ssiengconductor denatanpgisagdi e on a

substrate, wherein an adhesiyv enent .is positigned within a recess

W thi n a surtaeanes s Tpsie TaCOE Bhvih a PRk E BRuPe s NP u e PR lE R
not corddnédpkt @erhéht ¥siNRE ah khdwbghite @fthihReidde@soarialtbl Not add® thAheight of the
met hod of fabricating a sem conductor device, conprising:

nmount i rftc an tesubsrag- substrate, the die having a hei ght and defining a
recess, wherein an adhesive elenent is situated on the substrate

within said recess and does not add to the height of the die on the
subst r &#ile. GOmemodwef frbdicaringf aadie pssamblygcanpiistgassenbl y, conpri si ng:
nmounting a fji . di .a. S £ . i f.nl S,
wherei n-an dBt8a PR it IV Tos HPyK bRl Eh B R B A 4REERS
recess adnenddestumed og dirtsubfititewitiinanid oaessdnk doed ghicomiibtteeo an oatrallhadght of
rmunting g sg.cpnd die on the first die; and nounting a third die on

the sedBht™tf&: 61. A method of fabricating a sem conductor device,
conpri si Ng: mounting b 86&@88 URMALSHEkedRf ay di € having a perineter in a
region distal fromsaid perineter and circuitry of the die; and

nount i ng sailePundass g &ip ge thsrseefd di§-e on a substrate.

61. A method of fabricating a semiconductor device, comprising:
recessing a side of a die having a perimeter in a region distal from said perimeter and
circuitry of the die; and

mounting said recessed side of the die on a substrate.
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