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

Wi rel ess products such as cellular phones and handhel d conputers such as
personal digital assistants (PDA), has driven the increased demand for
smal | er conponent footprints, 10 which in turn increases the popularity of
mul ti-chip stack BGA packa@dToCKNDIRIEMN DIE 864 PR4dkaGEs i nvol ve stacking
di es on top of each other by neans of adhesive el enents. However, to
achieve a | ow package height for nultl-ch|- st acked di e packages, a
significantly reduced die t hi c EAELB QE TRIHVENIY@Nner with the use of
special wire p
opect al WL M LRGAILAUSE, L uEeobln, U bty bl e AR o
posess megiy radralpasivgksiyito a sfackedasigeptb e devioe esbmethbdSSor ﬁabﬂcﬂﬂgltlﬁ:& device.
conventional ways of packaging a nmulti-chip stacked die package. As shown
in FIG 1, one prior art package 10 includes two conventional stacked dies,
the first (bottom die 12 ggtﬁggggﬁﬁﬁpgquy@ﬁg@g§§:qﬁ@ns of an adhesive
elenent 14 to a substrate 1 p) die 18 being
nmount ed by a Méadendzadhes welesd goérts sBth srebulzhghoaet anddhadheddicdrapeer? 2uahfast he

bot t d 1 i bei t bst 16.
A AR D R S RS AT S S

(bot foom) wEicR inl#@n inSrdaBis mmeept LRriey of sl hiplstack BTA ﬂacﬁa{]hg PMGBd Ruldtdhge hent

and the second (top) die ais surface nounted to the inactive surface of
the firsrackpass 1@@lwt%wﬁ§1%fonaw raesethe by reeaanefl adbssivnelemerte Heweaed t24a to
the sub age 10b
o oh iRt B3 papiE he By abONT Byl e phlBE: BB AR, B pafags

adhesi vethekaereng nekdty togethercwitiuth mieddlspcialvere @6 leshmmmg e eduomtht hei ghmt‘ tkrce
surface 22b of the bo tOﬁ]dIe 12b by a second adhesive el enment 20b, and a
third (tBBy UL 9BBYEY rount ed on a spacer 30b mounted on the active surface
32b af the Se'ﬂﬁﬁdxe Haffitl kel ael)d thk ]quj.l% spadidl boedisf teolinifiee pdics snddgichglengestoiipnded

24b to the s bstrate t acked dl asse es in ich the tomdie
is a fliPsemh 15 PTG é‘l ‘%3 -3 depuct CoeryinBs wywﬁbﬂ?ﬁ%é tf-ch Hrg‘éﬁ‘ffg € 5f the
package pdardgeC s isGWQGthBG.eﬂ oné prict aRPacl@ie DOIMREM B LdonbeMionsl stacked dies, the

first (bottom) die 12 being surface mounted by means of an adhesive element 14 to a substrate 16,

and a smaller second (top) die 18 being mounted by a second adhesive element 20 6nto the active
20  surface 22 of the bottom die 12 each of the dies being wire bonded 24 to the substrate 16. FIG 2
| -1]lustrates a prior art stack die package 10a in which the first (bottom) die 12a is mounted toa |
substrate 16a in a flip Chlp attachment, and the second {top) die 18a is surface mounted to the
inactive surface of the first die 12a by means of an adhesive element 20a and wire bonded 24a to the
substrate 16a. FIG. 3 shows a prior art three-die stack BGA package 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 element 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on the active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.
In stacked dié assemblies in which the bottom die is a flip chip, there is a limit on the
30  minimum overall thickness of the package that can be achieved. If a solder-bumped wafer having a
150 pum bump height were to be ground to a total thickness of 150 pm to 200 pum, 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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150 m bunp hei ght were to be ground to a total thickness of 150 umto 200 m
there would be a high occurrence of broken wafers due to the stress induced
on the wafers fromthe bunps. FurthernDre, even if the wafer does not
crack the die strength will draop nificantly due to the 1 presence of’
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m ni mal cl earance for the wire | oop hei %ht bet ween the second (m ddle) die
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stacked die nodules are desirable. 10 SUMVARY OF T | NVENTI The present

i nvent i ohirpgdhe ehsemblyrtreenssiuct or devi ces and stacked die assenblies, methods
f fab t th enbl f duct
Gevi ce. donst 15 S af eV SR OB FRRRsh: S PSR PRSI Bk Shnabte

I n one aspect, the i nvention provides a stacked die assenbly. In one
enbodi ment, the 15 stacked dle assenbly, conprlses a first (botton) die
di spBsed on a substrate, ' Nbond pads on an

active surfa of the. bottom d| to ter ads on th strat and..a

second die mo asegﬁlq‘fﬁ%“wr%ﬁeaﬁfém%ﬂ%uci‘oerc%xtfeaﬁréd el 8 bdsBirBlies ebas
with a rﬁ%ﬁ%ﬂngﬂ%evﬁﬂe%ﬂd hfaemBREd ﬂsﬂﬁreaea‘ngtslaﬁn&hﬂu&tbaaeﬂ&@aér@ﬂ? & method
opening for the bonding el enent extending fromthe bond pads of he bottom

di e, thuy febricatingdiepgckages oéde dsormldispacer bet ween the two dies to achl eve
20 sufficient, cl earan for the bondj ng el t. A bon eI e
Connact st he BGHS Syt T Menimor st sRrEREDE asenb R o s nal

padgs5on dhiged BRSNSy, AMRREY § (R4t THRNS) a&elspbydalcﬁﬁé&%séat%pﬂﬁmlagbl\eﬁe& the
two dies and the bottom di'e and the substrate. |In another enbodi ment, the

st acked apnpeciimgdobd padscongr adtiv's sarfﬁwrtsﬁthQ beitam dje toiterminglede dn dhe supstrate, and a

bstrate, t | V.qth chi d i
Formed 1K e AP R BT i ST sBa SREaTE Rtaf Soraty i el S5 e
parti al ljorhi e peRM ettt bhth@ did'hat fOO&Res @h opBEnf kdrshe BbMingd'element extending from the

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

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

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

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

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

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

assenbl third.die.is e second die. The third die S.a

ot tom s o ErSaS nFBRen s AR Eimasiats nedt srtitee A ahesic
provi des|gheARSA bEYsddb aTttH& pReRdid =3 (eikeAREL extending fromthe bond pads
of the second die, thus elimnating the need for a spacer between the two
dies for cl ealmanﬁueihafemlbminmemtdtheg;m:kedrdmtassemlﬂgpmmbmad|fmg (bbteorendic dospoedton
the MKE/ 734127.1 2 bond ds on the acti,ve surface of t |rd di

tor m nal® GG BT 8PP Oinglng et PO ST aeHite withes 6! Hedirot G it ieqmina

the §ecaaaqsaﬂ%éﬁb§@at9'aﬁaa§e @ale%&@&d ﬂ%aﬁ hodid.Ng rée.%si%eﬂnqwon

assenb conprises a first ot 0 spose on strate ond i ng
el enent tmmonemrfang obthedirgtatie, and ah rmdhama elemsmmf; disposrid Wﬂtlﬁnftlnarﬁ:tesﬂlte attazh to the
term nal pads on the substrate, an cond die mpunted on the bottom

die. A rfgéb@ﬁ i thersybsieate- ohN& $ROIBERA étm sivgelameat 1) thereegsprathgs ghagpeing
adhesi VQilﬁJo%&?Qétwleérhme%@@%ﬁpth\é‘s{l@tﬁ d :ﬂea sre‘gg‘%?esla&& (Pctcl'e%gé'& t}19 o@é}ﬁll h@f 'h?(gf tﬂé Bie

to the substrate e contal nnent o hesi ve el enent I n cess

rat her tdssemlidei migan dinbphigeait b’étﬁ}vms\emlbig, e aeamd didhassatestysad edgfsalangmpar ate

Iayer decreases the overal |, hei ght of é&e dj e assenblée tl n_an enb di ment of
X

t hi 40asswraer of ke kattogngiréice Tppacaance éléfelap clgmsp wlqa)frﬁ@rt #raen pags
the bottg %%%Hcgaﬁzg&ef &Esgilﬁ?ﬁaﬁ’ﬂg%é’ﬂe fj*TSrP %&Pﬁ@gwﬁﬁ‘i&ﬂ%d& éJ g?(&a Eh\%:en

bond pacfs secon ie, Thus elim n nee or a spacer

t he two sde@sl diBafukopaededmn tehirinabegiond thi ﬁ;bafretemcymmbmﬂbérmmgéleimﬁﬂ afhgls on
t he substrate by a second bondi ng el ement, and an adhesi ve el enent can be
used t o heHEHe FW@H%‘@&&?@S%H) 3tiach dhegiesend and thisd dissot her enbodi ment, t he

stacked die ggg%r
substrate, t 31 |c§31| ca %&h?ﬁer oué1 ?le S{ac %dp(ﬁlgt(‘)i %%gi?ln\éd&)ﬁ]p% 3 gﬁgsg g)r@rhl@ laB?Sr?S
a rasessonf a)sumdatle,rtypicbléy tiﬁbt:glm (lnpnaﬁp etachnsont, faad @ seddirl die hatingia@edess filrmeé &5t

partlallx di sposed in th? recess. of the second, die, and_a _bondi ng_el enent
connect SPHBAUIR§InaaC) s¥iaate Thedbidlieise! Toast RRm@ly Jispesed e reesss pbthe second

di sposedywi thin, E’Bﬁ\"& (RGeS b e%{stk?o%ﬁm?{}ﬁdg ) t]ﬁjé &Sond Bie? erhﬁi)ﬂnglem% Ql%ﬁfentz%ﬂﬁ]ee

i nvention’provide sem con uct or I'n vari ous ment s

package dispoped sithinaths revedsctd attaeh amswmnlﬁqs according to the invention,

| east partially encapsul ated. The package can further include external
contacts di Splasagath@haslpﬁg Q@daymlt@grpr%\egesdaf semiconductor package. In vanous embodiments,

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

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

25

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

sem conduct or ckages. 25 BRI EF. CRI.PTI.ON OF . THE W NGS_Preferred
erbodt ment s JITGHE A TR BIOA-e RLCHIBLH WY S4ANFPRODEISH Bt sarksd fibpackage

fol | oW ngcordfzOBRRMMVBSGH. AN SSis a hﬁ?geﬂr;?artfié]rvié'vlr bfiﬁater;ﬁtﬂw%% WIEQ%?&O%%the
Throughout the follow ng views, the reference nunerals wl1l be used in the
dr awi nggeceaswml edge andopenieg betoveer thastakat diasi || be used 30 throughout the

[ vi ' d to i ndicat .or. | FI GS,
15 dopi ot oroleY-gell PBRuRE SqueBliaRotriaRalcro P ToicHip! DA dleenkese
of skackggicdiseaRBFdAYRSan %ﬁéaﬁ%ﬁ%%m&hﬁh@iﬂeﬁoﬁ FIQ56 136 Herspedifle

el evational view of an embodi nent of a stacked di e package accordi'ng to the
i nvent i omew Bf the sBcorgl dia of tHegragkakepd IR, shosvingthet lemoped kagiedp porfoB.of fhe die

showi ng the recessed, edge and _openi ng between sfacked dies. FIGS, 6:-1
I T ust r dpEnisg dreRsied Bgﬁgfc%%%g 6 mepElsLerioh Ui Edfschand 3 b weriossrsgiosal aite
package ¢ ' | ' ian.
G o il fon el ERANEI depd § BEMEIRANIERE o FITEIHLD palima oty

FI G 4, phewitlyntultéple dimmeeklagestdidpestd therebh.on of the die formng the

recessed edge along the peripmeter of the die. FIGS. 7 and 9-11 are )
crod8- sect i oG- 12i1a crospsgetiangh aidelevpbondl Vi abmiathar esiodiment of getagkerhdieng

of the (] El | QR an view of a panel with nultiple die
packagegﬁgiﬁagf)eoascec}'d'%%wlet?(-!-,I(Ei)‘enftrl %mﬁ‘?e 12 is a cross-sectional, side elevational
vi ew of anot HAGR 1Bl illestrateequentiad ghedcssing stepaokihg datataton bhithetsaackbddie

i nventi on. 13-16 illustrate seguent [ afl

fabri patﬂaﬁlﬁﬁ':g:s%ﬁ{@-égaaas@ww o an cRffolpy %‘333?)? %@%&5@5%‘#&%% top,
Che i 1S PBel fom g rrs| (RO Bl ot ppeiat OO PG shSIRRRE LiUS MBI B
i n 15 t hie diee FIHSGH3 ahd 18A0h 4rbciddsaeaionahsilesboiationdlvieved afseqhantial stopsain the
Vi ews Ofmguen‘i‘i%g}ffitﬁé dizé.eps in the nmounting of the dies.
FIG. 17 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 18-19 illustrate sequential processing steps in the fabrication of a portion of the
20 stacked die package of FIG. 17, according to an embodiment of a method of invention, showing the
mounting of the third (top) die.
FIG. 20 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 21-24 illustrate sequential processing steps in the fabrication of the stacked die
25  package of FIG. 20, according to an embodiment of a method of invention. FIG. 22 is a bottom,
perspective view of the first (bottom) die of the package of FIG. 20, showing the recess formed in
the bottom surface of the die. FIGS. 21 and 23-24 are cross-sectional, side elevational views of
sequential steps in the mounting of the dies.
FIG. 25 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 FIG. 25, according to an embodiment of a method of invention. FIG. 26 is a bottom,
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FIG 17 is a cross-sectional, side elevational view of another enbodi nent of
a stacked die package according to the invention. FIGS. 18-19 illustrate
sequential processing steps in the fabricat i on of a portion of the 20

st acked die ackage aof FI G accordin a nt. of

nvent i GHFTSPERDNG MgV Ghche s o) i Of fhe Pk O?Fﬁg 38 o mineSgtkes fagmed in the
Cr 0SS- SafhbARIrfacs bR VRIGONAL 20/ h@Wr&- sea%rﬁ? rSI&r@e%eﬁmwebs 8f &59&4&&11

di e package according to the invention. 21-24 11 Tustrate sequenti al
pr ocessistgpssn dpsnowmtingefitxbdiesat i on of the stacked di e 25 package of FI G

20, according to an enbodi ment of a nmethod of invention. FIG 22 is a
bottom perspective view of the first (bottom die of the package of FI G

20, ghowi ng the Dﬁmwgﬁnetmfr;e@; AP TR PRETIERRED ;Mﬁcﬁnmﬁ?-

and 23-24 are cr st eps
i n the nount iTig inferttioa wiillds:. deﬁctr(hed@nemlla vat}asﬁefaexettodn’adr,awmgiefoeﬂ-e\patpcmaaf
vi ew of another e dl nment _of cked die 30 package according to t

nvent i diiustiias embedaments prlxand pet g’é(ﬁﬂ’é}%?sa?f pRijag g W@ﬂ%t?ﬁsfd IgHCY H@Strate

f ab
enbod: mbigetsfing S8 RraRe e rabhiCaiRAehALnAAligE i odip sBERALACH BeBhicsent
per spectinvantiohe\lt buldie eadibngppatenphadile pocdshieg pepk ageom alpbion?Hd, the émwe ng

the recess forned in the bottomsurface of the die. FIGS. 27-29 are
cr od8- sdebHcHan Pragesfe el evati onal views of sequential steps in the nounting

of the dies. aqg@g b RRED F:k@ﬂ;?
I nvention w I—ﬁj be esgé} %ﬁg@gﬁgﬁé %}Hd@ﬁwaﬁgﬁ;ence to the ra\?f%‘g‘?“ egrce%nhd

pur pose illfistratilve patpoats ordy et ak mmh&noml ymétnble descripioon plithp osentioh indsmiuth agthe
the sane. The figures_ illustrate processing steps for use in fabricating
seni cond&riced #em<as be fxehange RIS h t he present invention. It should

be readily a 1%0%ntfolﬂaatdvﬁﬁ.f e%ﬁg%erééﬁc%gth%t(ﬁ%ﬁlﬁq }gQ)leta@{(&rg?lre' da%fefjtﬁ%gireyes a

entire 10 fabricafion proce terns

and 15| owrsiratdy éow peckalge psifile, fagﬂbw@mlnwmuﬁ‘mmekanﬂes inlthaisheladdsembputopedes tihal v,

and are nrlll%be{’rg cr:]rtaclge% Aliasmeltlmtilpa?e t(i!]eesﬁ(ég:(li P&rlaos%aggr bteth“?eelrlrgi\lleesnttolp?"gwldg 21%2&%%23 %r bonc?
wires extending from an underlying die, and reduces the number of passes required for
manufacturing multiple stacked dies by eliminating the need for mounting a spacer. The invention
further offers more reliable adhesion bleed out control, and the benefits increase as more dies are

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

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

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

25 Referring to FIG. 4, a first embodiment of a multiple chip die assembly package 40
according to the invention is depicted in a cross-sectional, side elevational view. The package 40
comprises a first (bottomn) 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 F1G. 5, a portion

or thickness 60 (shown in phantom) along the perimeter 56 of the second (inactive) surface 58 of the
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referenced item can be exchanged in position. The invention advantageously
reduces the overall height of stacked di e packages, achieves a 15 desirably
| ow package profile, allows the use of thicker dies in the stack assenbly to

reduce the [ . crackegd dies | i m nate the need fo o bet ween
i s to Bro () Shesdh TEROY G (i sihodl aTORLE BATHeRD FroSTLETEa B 5 RGEURE,
and reduges 6bhes AHERR! (h?_ﬁndpﬁﬁﬁr?cﬁes LRAPERIRE 65 Fbr sUTRBUACGEMAA RGITHE boR Wires 50a
stacked di'es by elimnating the need for nounting a spacer. The Invention

furt her (of bthescampeeingahérabérsuell he$Adntape)eedendutg Tamtthe bondipatist4de doghebattan die
i ncrease, .as re dies, are.20. stacked. The met hod of t in tion can be
W11 2odt At REBBAEE 34 o] B aRBRG® B ASFT 211 o AR EitorfC- St Qe e e By
to t'soseo\ﬂah%/% %Ciiésltb:lbi?%»ri@éﬁl‘én%@@@ﬁ*y%hﬁlc!é%%nﬁh@ir&%&édﬁﬁéjﬂﬁﬁgﬁgIﬂfr erlfa%@z,n-

In each of esc ed enbodi nents, prior to nounting the ual dies
of a st aankebus mbesabi lower oeelaH plaskage heighh 67 wdhsuvd elementsfodatblican Yevafilezel, can

be backgri nded or ot her e progessed 0 a desired thickness, flatness,
val ue ar{aSHeast‘f%qf»éoasq%meﬁaw@m IEAZIONHRR SHRPAThSbREetg A, aEiDRiseea i(PPéSat? 46
FIG 4, &uditeHonsbfdupent of a multiple chip die assenbly package 40
according to the 1nvention is depicted in a cross-sectional, side

el evati onal VW3S, 6Thkeilpsickage edbodmoanp i s eeocass flow tand bethahfor dorend@ thestackedl
to a_support substrate 44, and a second (top) die 46 nounted on the bottom
di e 182, ‘ﬁ%ﬂ@kﬁ&ﬂzéﬂg&(}zﬂ}b on the first and second dies 42, 44 are wire

bonded 50a, T td ﬁﬁﬂﬁgﬁ%}%ﬁn% ?rt tﬁxg{kﬂbﬁﬂf A oé@@naéﬁ@%%&&%ﬁ%ﬁlﬁ’@% ond

substrate 44. Substrat I nc ext erna ontacts or
exanpl e,(tap) didws ¢amrbarefhocehuiotinvike sotded edad 65, A shavanineELGS 1336, apertipmb@age

10 L0, TSRS S ORI (2, Sl R R, SSELADTL, B
second (%%l? fn\éﬁl)oﬁg ﬂ'{ 8GR caf vehséde MBIV Iehove §ﬁ§@§ge a%&%ﬁghﬁm%@r bﬁtéle

renoved etc to provide a recess (recesse 2. recesse
edgd 562 diad6 andhahgthivhgnhhe diedtpis cubstgseraly roparedignté3hé Girst huftfone) dad?2 cthe sacassed

of the bond wres 50a (or other gconnectin er sych as TAB tape)

oxt endi (ST FORTONIET MR8 Mot BReR I BBToedF BeQoni 119 AN SR OE s thy,
This el 'H&tgﬁ{ &s 4b h@tﬂ%%ﬁgpéﬁ SutArdfRane "THeSe&kssedddge 63-car BR)oRFEIRER, khthvd WO 5
overlying dies to provi de the necessary clearanCe for bond w res ‘extending

f r om t heedhmivpres di the4, foramampleus chahicaleet eacH avwly etobe takt abljaiokageother ght 67.
Adhesi ve el enents 64, .66 can pbe util ié&d, reszecti
aeepp ofd

bot t om dPEFPADICEHTBERRSiof R Pe Lot ¢ Sandic dbio hare Rl adsend:

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

25 The support substrate 44 can comprise an electrically insulating polymer material such as a
resin reinforced with glass fibers, for example, bismaleimide triazine (BT) resin, epoxy resins such
as FR-4 or FR-5 laminates, ceramics, and polyimide resins; a metal leadframe (e.g., 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 pm to about S00 pm. As shown in FIG. 8, the support substrate 44 can be in
the form of a strip or panel 74 on which multiple die packages 40 are formed, whereby the panel 74
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onto the bottomdie 42. FIGS. 6-11 illustrate an enbodi nent of a process
flow and nethod for formng the stacked 10 die package 40 of FIG 4. Prior
to mounting, a portion or thickness of the second (inactive) surface 58 of

the second, (to 46 g n be renoved to formthe recesse e 62. As
shoun | RaEPtnEBAs, Gr SEHERB e RE AoUISTPE BRAREBAPHETGIOIHp. o vidaal
surf ace na&bas been renoved aI ong the perineter 56 of the die. Known

met hods in the art can be used to selectively renove a portion 60 along the
peri meter of RefigriadtadFEGAT thebditanhdie 4%hemn tehatadied 166hé suppolisabsientt #y bposaoed

t the f { tto th d d
e o frthShe deen B Jne iR SR e bsganBsd GHBIRR P op Spere Thet day
die 42 fb@uérh%é&tppa@rshoﬁﬁpaﬁaxa;&)tﬁéﬁrsT@@rfa&C@&smle @@;gﬁrﬁ&bsmeaa fx%fmes%' ng

known techniques in the art, for exanple, a chemc wet etch or dry etch
| aser alsleatdnb®d car compprese angnsuimé:ﬂe etﬂ’nesweamiexmﬁl lmedmonmlgp grhendodingrostactf ace 58

of the t die 46 to.a determ d th 2Q Referring now tq Fl . 7-9,
Che 11 r fhestisty Boplaih sdh@nes rd BirBRtcing FISThs faboB b ORatad sapsY or
SuBST 1 atidgiont Ea BOLLTlh iR EOSRA IRESHR 5 AlchGATHINRLISHI B5fed I bk 2

plurality of bond pads 48a along the periphety ther , and a second
(bot t onpideswithaeh@@ve. Atheshuotom die 421aGd/o7 thet suppols substrat st ¢aactse pi@visked e pre-

il gl Dy RO L N e e
electri %gbbt}ﬁ dJr ?ﬁé’ﬂ)(ﬁfoﬁrpg ROl HGfe {%{pﬁqﬁ c?gtsftfa‘:t%z? ﬁgnﬁ%%bﬁ%tfbl{ & dﬁtﬁ’(ﬂ&@%léﬂq&cﬂage.

gl ass fibers, for exanp I sma resin, epoxy res
such aM&R-shitable Iéﬁhﬁnleaappheat'ﬁm meihodmﬁoc Squidnot gab:hdhem!vd @pplésition arekmstrain the

| eadf r ane 42 or er aerX|bIe i e fil e.q.,
AT farto%a b%@a?f@en BtifnERllsh AP pIReleesheay - gpd UlﬂPi By Liilseb b ofhaivedincsnay be
Lt RS T kg Rh 1P and RSP 550 DO I RBUEN G GBS i 0

subst r at 0O umto about 500 m sho I n t he support
subsirate 44 R@ﬁmnbg ta RIGt feviflothefoft (hoimln] ficd rmpametd Gmt}mrsuhmath 44nthe bphd

a1 ngul abath et s mpfUoton) Bt Firdhot SeRBE PheaPRy (e asIRg AE Sfen the
into i n@hﬁﬁ&%’bstraéak%ﬁéxmﬁﬂéewwg bB]‘Pdﬁé @s s%owwsr botdpe TufintatdPb S de

attached to the support substrate 44
("TAB"). For example, ball bonds (not shown) can be thermosomcal]y bonded to the bond pads 48a,

and the bond wires 50a extended and bonded to the terminal pads 52a on the support substrate 44. In
20  other embodiments, TAB bonding and ultrasonic bonding, as known in the art, can be used to
connect the bond pads 48 and the terminal pads 52.
Referring to FIGS. 10-11, the second (top) die 46 is then mounted onto the first (active)
surface 70 of the first (bottom) die 42 to form the stacked die assembly 78. The second die 46
comprises a first (active) surface 80 with a plurality of bond pads 48b along the periphery thereof,
25  and a second (inactive) surface 58. As shown in FIG. 10, the second surface 58 of the second (top)
die 46 is aligned with and facing the first surface 70 of the first (bottom) die 42 prior to assembly.
The recessed edge 62 between the first (bottom) die 42 and the overlying second die 46 is sized with
a height (h) to provide an opening 63 for sufficient clearance of the bond wires 50a extending from
the bottom die 42 to the support substrate 44.
30 The second (top) die 46 can be attached to the bottom die 42 by means of an adhesive
element 66, for example, a tape or die-attach adhesive as described with reference to adhesive

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

adhesi vaaih FECASEHEG ERPER At Bl B rnBlle eleREhLEN Bfh GOBARY 1o sitersr .

a di e- atho#ic bice dostg Aountitilo Mak eedond OtopRpdidainind greSirstqBottoih tie: | ayer ed adhesi ve
t ape such as /EOl yimde filmcoated on both sides with adhesive. The bottom
di e 42 and/ orA$ HievwgLBpBke. Bl phe handeads 48 at the speand; (thpa dig@arsithen deetapaly
formwt i : t4-aC r et hesi vie €l enent can
o o DR B ASASHE ISR Pl 32 ARBERE B ST Mool

44 dari rbotvabin teatlhamtaf canglaokbd THEbomiiKadesultiidiiythe witabdRled dhektd/de
application nethods for liquid or gel adhesive application are known in the
art, sucpseabl¥dBeen printing, roller applicator, spray, and transfer.

Simiarly, anpadiesluenl PReCIR M5 RPR) AAY hEAMLAH SRENSRICARY BEUENRy

froma roll tape, or -“app rom-a carrier M erring

to FI G nBateMalts?, typecallyrasthermivatt resih, tﬁia%ss@ﬁatﬂiji)ﬁl&t@ﬁib@BndaPﬁllﬁﬂéb%%fn@tl@lo%, t he
bond pads 48a of the first (bottom) die 42 are then e_ectricall¥ connect ed
to the tieghmiqugs ipbgarts fa esampleescresmaptitingsglobtiomtnet mo)dipg,andyzanstes maddingj r e

bondj,ng ( as,.sho or by tap mated b iLng, (" V' ). 1 Farex | e, , ball
bondd CAEETEROMIE eeriiteH8ReRU AP RAMaC BT kR e ln HIE- B Hi0pe SRR ne 21
t he bonduwtee st Bidassonitdied 98 cambe PRBEEHR 4 Bwehfol Ephitd e hana&sm&gﬁn@mtittaw_ty
support substrate 44. In 20 other enbodi nents, TAB bondi ng and ultrasonic

bondi ngmeld, witowsemblytwithineach ity pad felewing cneapmtation: the mld @lpeskye sepaasied
the term ?Zﬂaﬂ %ﬁf‘fidlfaﬁ'ga&?%%[“(@ag‘ bteosi{éuﬁed.lo' 11, the second (top) die 46 is

t hen nodh active surface 70 of the first (bottom die

42 to formtha thé askedin@heillaseReDinFIE 4, Thensecanactd 58, t?ﬁicanjam)ﬂie%ﬁnaffi rst
(active) surface 80 with a tﬁl urality of bond pads 48b al ong the periphery

t hed @of copduciivg saldseballsdor pthartuitable condyciive mepgerighsuethangpndictpieGPoxEs of he

q . . ; . o . H
ot RARSS Be ok SEARE b0y o B Sl BB R bR sl
r ecessed4adyhe Sppbatswbiitd Mefdrielediricabedrinesfiordd fthd 2nadeld Bieeadksdd 40 40 second

die 46 is sized with a height (h) to provide an_opening 63 for sufficient
cl ear ancemppneTHdo pp sutea electigal apperafi(Agt hewm. Exempiss pbibchiddedpe ppparaius

cuppor #4BBLA 08 a0 SEERDY b GBS R B
di e2at t defic adeslicr PBE), dasstinghpdaraius hameigsthace The sapissubdtrate 44 typically
includes a variety of conductive through-holes or vias 86 that extend through the cross-section of the
substrate and establish routing of the conductive elements through the substrate 44, and further
include electrically conductive metal lines or traces and pads formed on the second (bottom) surface
84 on which the external contacts 54 are mounted.
25 Where multiple die packages are fabricated on a panel substrate (e.g. panel 74, FIG. 8), the
panel can be singulated into individual die packages 40, for example, by cutting or shearing.
Another embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in 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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el ement 64. The first (bottom die 42 and/or the second (top) die 46 can be
provided in a pre-taped MKE/ 734127. | 7 formw th an adhesi ve tape attached
thereto, or an adhesive el enment 66 can be applied to either or both dies

during mouptin f _the Seco othe

ahown i AR5 & ¢ haRpGRAPCaatd She S EoriEh Satint syt BRk B rebsS R e
el ect ri aaittoyn dieaAngidwcdhé Sedol@ (fopy e8! tolrdsisde Ao @it BdiRins HRPRE tth@ibﬁieﬁfﬂ{gea
44, for exanple, by wire bondin as 5 shown in the illustrated exanpl €,

by TAB Hewei oxgrali paakage hejghtrb%.hAnwidhesiveorleientsichednekr elilized e attadhl the ¥ @on(thtep)

di e asse a p ally or fully encapsulated with a dielectric
encapsuldg%)z%r?n%ﬁj[ "BPQ @‘z%typi cally a thernoset resin, the assenbly 78 can

be escapsul atEEGSISI3NDS #RSate ah ©FBOH GRS of @?id&@ssfﬂdw ah@cereanpt form$eg SR Rtacked
printing, glob- th pot nol ding, and trans nmol ding, 10 resulting in the

encapsul®e perkegadRed ”Ge 1ackage 40 depicted in FIG 4. In one enbodi nent, a

nmb f di d I t
e o O SRS MR 4R 55 o DA TR BB iy e
encapsulfaki ®Bitoml @i W th PR @$p aftRhERARIAhE Shbsaak 4aheak BRbwh dhafirarkmyes 40
can be singulated. In the enbodinment illustrated in FIG 4, ‘ext er nal

cont act s:ompnssq/p ﬁcstl(aoylve)rsmfaee i a'raml afsecarsl (@m@uue)tauvf@ce& ddhe pativessuiface 30'rdr

apoDesynE BB diid? TS el TR R Uh iR SR ne o st ety h h
surface ad4ratigddif amwnhlred%hﬁgtﬁnéﬁ TR caldvetive BidhpLonAGEAIRNcprise@ metal

encased di e package 40 as a conponent to an external electrlcal appar at us
(not shownlloy Exelngs eoppert sibver lr gpldcerd @ordppta‘rtamlsmer metendb and P@Bbe forated by

20 1 og) CBBRPERPYS mﬁi@? R anbilF i Rl B - RE R s e S Ptk GoueBh ot
subst r atsgerdflinoy %ort Sd];%{rh!@eﬁ' EanVRYih QifriR bs ASRABE, | f¥ Lol el NI RS St thhe
vias 86 that extend roug he cross-section of the substrate and

est dbl i §hpP@n81ﬂb$gat§=f44t(ld@Rﬁ@h@ﬁ@c‘tﬂ)&EI(éSeﬁﬂalﬂts through the substrate 44, and

furth lude el ect | | duct t
e e e e S ARSI B A gk SRR P3 e
are mou be@em?&e\aberaesmﬁ ianressobeemﬂaﬁmklmqsaam medtobGREPEctdR e PN EIG. 14.

substrate (e.g ganel 74, FIG 8), the anef can_be singulated into
i ndi vi duldie rd¢eés|§ dkage%ambcorﬁmnr@%aﬁﬁﬂeeve thy seaend idiry}@ theseiadn asybsequent step. The

recess 88' can be formed in any suitable shape, such as square, rectangular, oval, and circular. The

20  recess 88' can be formed to a predetermined depth and width to accommodate the placement of the
second die therein using known methods in the art, for example, patterning and utilizing a chemical
wet etch or dry etch, laser ablation, or other mechanical means of removing the second (inactive)
surface 72' of the die. Dry etchers are commercially available, for example, from SECON, having an
etch rate of 25 um/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' 1s mounted on the substrate (e.g., strip).

The bottom die 42' can be mounted on the support substrate 44' by conventional flip chip

methodology. As shown in FIG. 13, the active surface 70’ of the bottom die 42’ is aligned with and
facing the first (upper) surface 68' of the support substrate 44' prior to assembly. Traces and
electrical connections (not shown) on the first surface 68' of the support substrate 44' are configured

30  to correspond to the configuration of bond pads and the conductive bumps 90’ of the bottom die 42".
The conductive bumps 90" in the form of solder bumps can be reflowed to physically and electrically

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

bstrate,44' | flip. i tt.ach t d t di 30, 46'
mount eq hetie 88, S logeinih) Bod o FSRERY ¢ pEITeEBRERS bbb meyiods fieh as
bot t om dh&mth? compRIE o B&ISa1dS Be usya. tﬁéﬁnﬁﬁ??&ﬂ% 0o theifRsdfirfadk 88 WiTRe Appdrd

to term nal pads 52b' on the support substrate 44'. The substrate further
i ncl udessubstrase Adllare opoaed gosgthe(perigheryol der bal I's) for connection of the die

MKE/ 734127. 1 ck ' a, t. 1,0 an. external. el.ectrical .o
apparatus (n tés%‘&ﬁﬁ?%léﬁélgggetsh%%g%%ﬁ%p? Hlee fﬁggftfwswugtegén eirlegwg Stsh%fthe
second (Boein die@24% 6l hetsechift atcﬁpgeﬁe 4@tcem§3h@es_twﬁrtse1ﬁlcdv@) shiface BiNumtRg PieMith@ra

| ower overall package height 67'. An adhesive elenent 66' can be utilized to

attach tieadpedomth’ aloogyhe phirivhary thereos anfe sbemddheidoms) anfaceS8k| Asshovar ing

illust nmbodi t  of fl had, for. f i :

St acked Vigi-d peeagagoondte) BrRee 38 st RLoRLHaRE 86 o pligr LTl nd fgips me
Cr 055~ SGELdsO B8 in heWBomf suriie MOUHthEBotel dRONUbAG: @fastdifblyf i st (bottom die
42" in a flip chip attachment to the substrate 44'. As shown, the first die

42'  conpri seBhesetonditog)atie #9/'@pn ba rftached rothedmatiom dieddrhy miearscafi ansddhesivd ace
72' .. .The active, surface .70'. of the first .di.e.42' includes | urali \
bond Opadaif o o FFyEe pistsat & - pirbisd Pt e efir 0 o 4PeResPrampiate T4
a predetsiR Ptbnt A 429 Whalor @the EB&AAUHHES §8/ 6F B dRM6' (AheAh).Y TROIRIL®E @
nmetal or alloy such as copper, silver or gold, or a conductive pol yner

mat er i algleraend 665¢antnonfpoiserenly byitabkeasihesine rhatatial kmowhin thetart, foyrexaxalep h ¢ape

| ect ropl ati. tal ,stud bunpi i.r e _bond d . stengj,ling. .Th
suppor ¢ v os BE afacridienae R Btk M SaRett Bitne o rieBetl iR o TRepdHEve
respect dignéMi@6lanHaneaikicRiis Eﬁc%]gtﬁaté}flguhsﬁ&sra@caks@g&ﬂm:m(fdl@_& d&rdd df inkertion

to nmounting, a recess 88' can be forned in the sécond (inactive) surface 72
of tikhe fdfitke secohddicclf) intd theqecess 88'. Jhomstiandior seeond eleesi42) 46hcanl i@ progidedmiai n
a top perspective viewin FI.G 14, he.recess 88'.1is sized configyr

o rocoie T Tean Sl i Bngae wigpuschoF eSS T oB et Eb R n R <57 Bt afiedio
can be fgiheesk both aiky dﬁﬁh%ﬁiﬂnﬁaﬁé}a@l&he Stdeiedanie pAKAEE 40T SHeHABNIRE eleRéAd 66’ and
circular. The 20 recess 88 can be forned to a predeterm ned depth and wi dth

t o accorhtpatied bheopieatenad methgdstknewndetherfdt-di e t herei n usi ng known met hods
in the art, fgsr deep)gc":atga) gneFI@.afé, %{er};or}}% p%géj 48th iok‘ ihzei sadorid &gp%rgig %‘ are then electrically

20 connected to the terminal pads 52b' on the support substrate 44', for example, by wire bonding (as
shown) or by TAB bonding.

The wire bonded stacked die assembly 78' can then be partially or fully encapsulated with a
dielectric encapsulation material 82' using known methods in the art to form the encapsulated
stacked die package 40' shown in F1G. 12.

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

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

30 A further embodiment of a multiple chip die assembly package according to the invention is

depicted in a cross-sectional, side elevational view in FIG. 17. The die package 40" incorporates

features of the die packages 40, 40’ depicted in FIGS. 4 and 12.
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wet etch or dry etch, l|aser ablation, or other nechanical neans of renoving
the second (inactive) surface 72' of the die. Dry etchers are commercially
avai l abl e, for exanple, from SECON, having an etch rate of 25 mmn. for an
8-inch wafer., The rec can be forned. at t.h er, l.evel, the .die 25 | evel
G er o nguiat B ES e pRBaEEe Lot o (PRI L mpsa S Eumsforn
the substbaie {£. 18 a fliplchipPattachrhBe, Bt 4 SePofll Emfldle) @4t BRNp R0V rddBR ed
support substrate 44' by conventional flip chip methodol og As shown in

FIG 13,withia aaecesy 88'sinrthebettaradicd2"s similsota hendeti ackage 4@ (BIG.ghad The phckage 40"

faci t first d f 208 of.th t bst ' ' t
assen! y g RprisHER B GDRER OBawBka pohe TTRBR b apbtecs i el ths RepRS
sur f gce (RRddIef dit BE" SURNATth 18RS phata@c 44 (FRG &4)C BHndgiatedsP0 48" GPiheasamad to
the configuration of bond pads and the conductive bunps 90' of the bottom

di e 42' .(midHe) dorddliend the thindfigplodie Hthanetveird bended fto teminarel padmid"cade"be

reflowed to physically and el ectri cal bond,w t.h th races or ot her_,,
Conduct TEweeR RS, by fufihe ERREE 45 absudrt Hns iiGpdds Rk sl 54 e
MKE/ 7341sdidet b81s3 ¥hrsdonab@ingdhe diRfpabkbp@8d ol Bs h BEmpas@t & art PlRetHeAl a‘f)%aﬁﬂlsXHEtr
bunmps, al though other methods such as thermal conpression can al so be used.

Ter m nalshpwdys 4 porticgralengtheipesmetanof thesea8id (dfactine swufppo?t” ofghe drirdtep)4lie 54"

d. th i . R i t FI.GCS. 15-16 | d (t
o C 1P B Pt B ProvRos A teee Rl SN 4b D un Gt 6 e 556G L' OP)
second (A&Pance o€ 1 ond WARLs 5DBS canrelfing tHeah p8ds 35" RGRe wonM’%ﬁlﬁﬂ(ﬂe)FHié'ﬂ@' fot y

of bond pads 48b' along the periphery thereof, and a second (bottom
sur f ace th@subsikstediddythus elimisating thE, netth éorsepocat bebeatendhy twadieade”, 8", dhe rdvess

d die 46 s, alj i th and,faci. . 88' in th
Second S P Bhyom e ARCet e eiea<7pmediR P 96t R bfT ol uBea o)
die 46' reaRs hanatd goheg: mahtage&gt% %zgﬂﬂqh@t&?c'hié% ABRBS RS a]ﬁﬁacﬂ(‘dg@ﬁéﬂgﬁt 61708-

T
el enent 66'. The adhesi ve el enent can be applied within the recess 8

to tlhe riedwsive maniberec@298" ofn hawtilized.trespediivelyXo attachthgsecandi(hraddlerdind6” to the
surface .58 of. the t di e ' . (;as,,sho . T adhesi,ve, el enent 66' can
conpri sé’ogﬂgl %ﬁﬁ?a@gﬁéedthggﬁ&é’) sgér it%me{gﬁ‘éwt?emg&ﬁzdlﬁﬁé,‘ for example, a
tape adhesi VEheQiadib® drtfaeRApcNQRTIFIE, 1R8afeSfablibaed Wilifing @fnf6test Atepsihesi ve
el enent 64'. The adhesive elenent 66' can have a thickness such that it

funct i osseribed abpeiarfabrucativapachagendl,ddyr ee of insertion 15 of the second
di e 46’ into;he reces

0 58 3 0 PO S5 s ARl 0 bR PRI e e,
adhesi vehied a8Bdic 98", regpechieelappl ied to
A recess 88" can be formed in the second (inactive) surface 72" of the bottom 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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either or both dies during fabrication of the stacked di e package 40'. The
adhesi ve el enent 66' can be applied by conventional nethods known in the
art. .As depicted in FIG 16, the bond pads 48b' of the second (top) die 46

Ok 1o b PR e G D A RSy PR B

The W r eddpiunstieid EIGS: 184 6diTheassaddiy 46 8cormgiset Bplurbletyrabohaphds 48b"fonld fist
encapsul ated with a dielectric encagsul ation material 82 wusi g% known

met hods (@etiveh surdgae 800, andranecond Gatiams siriaced8" s The keldomisurfpesci@gd thosecerddis

be. mount 4 00 Ehhe PR ey 20 o R U B e R ™"

for sonngCt duel at Beapdice dpAskRBQdAIvd & deseridaatiBpakpecti9t OhdiRkiveleRshért 6l The
apparatus (not shown). \Were applicable, a panel substrate conprising a

pl ur al i tdiesof2"dfte’'scandegre-tapedior gn aghasisie chapent 47" carhemanspdied ite thel sarfeee prgither or
i ndi vi dyal,,. di e ;,packages_40' ... 30 A.further enbodinment of a nultiple chip die
assenbl ;bopt)]%\g e%agn%ﬁagpa?thodl quﬁ% Haéd(lag?/enti on is depicted in a

Cross-sect i onptle bandgRdeh gt afithegdcond i 46N ald then iéctribhRy dohdRadkadife tfninal pads
incorporates features of the die packages 40, 40' depicted in FIGS. 4 and

12. NKE/S52%4 opthe support sgbstiate A"y for édampleeby sitedgading or by ik B binding, frequding in a
(bottom .die 42" . ed.ontq ort substrate 44" in a flip chip

att g@hrresﬁrtu wé%ﬂn%ﬁgg’ghﬁtfhf’%ndaﬁéﬁg_ e 46" at least partially received
within a receggelfhg oW foNRICNAS, MR (188) die SUNMEdrPthed Be hitRintHderdRe ka@nd40'
(FIG 12). The package 40" further conprises a third (top) die 94" nounted

on tEe f(nriddle) die oV eimikan g &@énwinefgfthe?eg@tﬂodia% opﬁh@mtﬁmdiwquwmimmal iar
j 40, (FLG. . 4). 48hy . .48¢" . i
e ag e AREAT TN T b G SR aRReE opd the A frct 30 S haeR BF°RLing S

52¢",  IRSREErhvakYtackdl dibasHdPTSE", asBsdiced e RIG. 195U thatiqtopd did 9 tddaiprises
i ncl udes external contacts 54" (e. der balls) for connecting the die

., _sol
pacRage first Gstive)sorpenkMY’ with anlueaqiéb of bend padp g8¢ aalone thederiphergvihyreofand a
ortion alo I er. of ec in i r Yoof o
Pt (e BhSio e B TR L st P2 RUCh AT T8, AUSEARA iacPber o .
t o provitied adpp@ienuns fdixned Githubiffacihe e fircd (@et ) carfade SOhefliandcvhd @sidaRpdie

connect i4rtlsg pg_igretob;)srslgm&?is 48b" on the second (mddle) die 46" to
The third (top) die 100" can be attached to the second die 46" by means of an adhesive
20 element 98", for example, a tape or die attach adhesive, as described hereinabove with respect to
adhesive element 64. The dies 46", 100" can be provided in a pre-taped form or an adhesive element
98" can be applied to either or both dies during mounting of the third die 94" onto the second die
46". The recessed edge 62" of the third (top) die 94" has a height (h") to provide an opening 63’
with sufficient clearance for the bond wires 50b" extending from the second die 46" to the support
25  substrate 44".
Referring to FIG. 19, the bond pads 48c" of the third (top) die 94" are then electrically
connected to the terminal pads 52¢” on the support substrate 44", for example, by wire bonding or
TAB bonding.
The die assembly 78" can be partially or fully encapsulated resulting in the die package 40"

30  depicted in FIG. 17. 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
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the substrate 44", thus elimnating the need for a spacer between the two
dies 46", 94". The recess 88" in the bottomdie 42" allows the second
(mddle) die 46" to be inserted (nested) therein. The recess features 62",

sV INSHREHE VUL BRSSP0 0 AT o

Adhesi ve e can béu réspec Iy,

second (sRb&d). eThedéied @ mbi-4id anélQ:TahQ%ﬁ%ﬁla@éﬁ"intoﬁﬂdivﬁdﬁl 8féi padkddeop) di e 94
to the second (m ddl e?lf@di e 46". The stacked di e package 40" of FIG 17 can

be fabricat ed*qj?mim‘gz? Gt A& gpothee smbedigsst ofd@@@}tim‘éd:ia@&/gssembkyamkwti ng
Packa0ese il e s PN 29 s SRRTE B0 a6 RO B AR

the firs respe

recess &8mpeisés Herst Hotleh)idie dNenBRERAM b kil M@} trAU Ul aC/MdZsecohd [thE) oubom
die 42", as described wth respect to die 42 %Fackage 40) and as depicted
1

i n FI GSmaumtadion thedottemedie 438 Asdllusdialeddthgrndcandriie 467 evlargsr inegies, i &, algseater

shaped coodCPaflsf i i Bg o BRE HEE on P PRBS T BB e Bt
62" al orgedrdadigetd BB ardRire HonddE30aes S0 {d eARinalFIds S2hT 252" 5’ thefsupoet

third (top) die 94" can be formed as described previously for the second
di e 46 ohbyiratkdds wiock fdthgs inclides exterhal epracGsi4"Atasconnegidhe digpackrzedil tthen

or ovf e el Bapltercunie e A ot ed B EBterbRE M Hwet i 1B 52 o
the SUDSorirPorAf sebAMinetive) Ghfack 3821 HbsccomP(bRRIE U5 St {ARNEATM pihRick?"

I's nounted on a sugport substrate 44" using flip chip technology, with the
t er m nalreqsasksl egige 62" fonxuiibeientaieasance derthe bondwirss fpor movntsd ondbeuddetlyéngosed

mount ed OHOTHL CABCL . Y BEFERLIR: gl B 7 el BburnfioTreeyas oT A

15-16. Hheomediend" dind iébized iFRECPERg an REKbsBleicldmdétt 109N ehdpeitl So dbure BB battbindié
(active) surface 80", and a second (bottom surface 58". The bottom surface

58" 15f t4RE tedeonippeait subsigte 44" bhaeeess deateres 163" 0TS sombine 4e ecldove ploweneverall
oL o vy B9 8 AR BLATRR 209 s ES R B
di es 42'bottdfh'die2An@hoRheng BiReMh&ivedleREMaT4VasahenRitinfthe éaRsOR22NAIthE€Botidn
the surface of either or ~both dies during fabrication of the package.
die 42" rather than as a distinct layer between the bottom die 42" and the substrate 44" In addition,
the recess 102" contains a die-attach adhesive therein and limits the amount of adhesive (epoxy)

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

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

Prior to mounting, the recesses 102™, 62" can be formed in the first (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 patterning and utilizing a chemical wet etch or dry etch, mechanical dnlling or punching, and laser

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

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

h f i m h " h
be mounted orfrreSaeTrE620 ARB S odrirtm R bt s (B Skt Fotp "
second die€orit6y) did 46 oA @édeﬂinEd 42 d&oaved previousS. folGre kdconlige 4H( dﬁdékég dl e

94" is nopunted onto the first (active) surface 80" of the second die "

f or m t hedepicirddadFlgre 46 s& msorijoryathe die 468 ok qmpevadrfurh that, vhenthe sqdend dig %’bﬂ)ﬁ
di e 94" ﬁ%rohﬁf%ﬁ onljosthg f E rd?é 44 'a%é e éssé&é&%cb%" C;gr%wd\é@ EﬂPa@ rr?%%é?‘t’lf{)%su?ifimgﬁnd

pads 48c he peri ery Hereo nd sur

recess ed:]@ﬁl@ﬁ:eﬁ)? the s dshigaws0art dxtdadinkSrorh fige SREMRM2SUL HRCRriRIAl pddstIre™ ohhihe d
(top) die 94" is aligned with and facing the first (active) surface 80" of
t he secodHPqhFuRsirale 44'e 46" pr| or to assenbly. The third (top) die 100" can

be attached t e Iy S , el ement,, .98
for exanpl e, Iglefieap 13 (ﬁg'dﬁi ongéllglcge@% Suptfggeaz!e gfﬁg f‘é&ﬁg&? mi@g% v{nsf%ﬁgned
respect wieh akbhRFIgMBe ﬁi‘s@(‘iﬂiﬁer)@sﬁrfaa_é'lﬁs"dbﬁ@leéﬁpportl%str@t@ﬂdib?mbf vasdedblyn a
pre-taped formor an adhesive el enment 98" can be applied to either or both

di es during r?ﬂnmﬁrsh@edﬁ"'tlh @ttqthd th e supnort shsivate Hé"'é’é’dbms @f an adigzsiveElgment

recesse dg of t .,,(t has _a h h N I OV{~de. an
opertng Wi 9 LSy fFmb i BBk apbodl o Bte AaY Lo defmt BBl o™
from t hanhes 6Gese (Ebteing H62T Qantclhﬂ OBUPME st (@Sper)dustacabe 4 the stBStRiE 440 aﬁ@a@r@d
19, the bond pads 48c" of the third (top) die 94" are then electricall

connect ewith thetraeess £02 tabe fsaeiyedthereinn m@@aﬁs@}@n@a be4'y mneccn:anmsefa@radﬁeswe
exanpl e, re nd die e ,
part 157 s s Rl efeinabg B BRATHIRG o AOhaLR TER BN plhaaf Wy fhe st e

depi ct edml"Thrﬁ?&thé?ubsﬁ%&ﬂﬂ"%anﬂﬁﬁir@ﬁﬂ& ﬁﬂa pﬂel’taﬁédlefohﬁrdm af adhesiceleleinéqt FRI"dain
balls (or other suitable conductive materi al rm are nmounted on the

secdAd (hsmppbﬂd tosthe pardecegy either arpetisilig pﬁ@ﬁettdlwﬂ@/ mdmrzﬁunstme 4tibdening &1644 to
provi de ?ta?hm%ﬁt%?ﬁ%%'g%%h 19 Q2'Qfs :M?i%ht% $ tﬁg guﬁ)%ggte%?l"' Sg.lgh gl Bﬁ]eetg r1|n a[%ada 52a"

appar at us er eaf a rml anel” ¢an si'ngu 4o
i ndi vi dlalb"'djnahemlf@geﬁthdﬁi)emte@g:éx@oﬁde 20, anot her enbodi rrent of a

miltiple chi pRgfleg‘m%Stg %‘rlrtélsy 2?—%91!( t?l%%econd {top) die 46" is then mounted onto the first (bottom)

die 42" to form the stacked die assembly 78"'. As shown in FIG. 23, the second surface 58™ of the

20  second (top) die 46" is aligned with and facing the first {active) surface 70™ of the first (bottom) die
42" prior to assembly. The second (top) die 46™' can be attached to the first die by means of an
adhesive element 66™, for example, with a tape or die attach adhesive, as described with respect to
the adhesive element 64 (die package 40). Either or both of the first and second dies 42", 46" can
be provided in a pre-taped form or the adhesive element 66" can applied to either or both dies during

25  the mounting step.

As depicted in FIG. 24, the bond pads 48b"' of the second (top) die 46" can then be

electrically connected to the terminal pads 52b™ on the substrate 44'". The recessed edge 62" of the
second (top) die 46" has a height (h'") sufficient to provide an opening 63" for adequate clearance

"t

of the bonding wires 50a"" extending from the second die 46™ to the substrate 44™'.
30 The wire-bonded stacked die assembly 78" can be partially or fully encapsulated with an
encapsulant material 82" using known techniques in the art to form the encapsulated stacked die

package 40" as depicted in FIG. 20. Thereafter, external contacts 54™ can be mounted on the
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according to the invention is depicted in a cross-sectional, side

el evati onal view The package 40"' 5 conprises a first (bottorr) die 42"
nounted to a support substrate 44"', and a second (top) die 46"" nounted on
the bot t [ gy hs coMn i

0 i o AT S LB

6) BondOpadan48ainal chiical agpardiie(nbt ststwrgnd  second dies 42"', 46" are

wi re bonded 50a"', 50b"" to term nal pads 52a"', 52b"' on the support
substrate 44'Sineypiarofampkiple digprpees suip@nibm koprrfrmed daprovids iadividiigt diehe
die pacg)g 96,4040t 0 an 10 electrical apparatus. Simlar to the die 46

depi cte and descrl bed with respect to FIGS. 4-6, a portion of the second

(i nastive) SlRfffﬁﬁhﬁég58'FIG025td’lﬁrt&eﬁ@ﬂﬁbdlﬁl@ﬂt)ofwlﬁu%%]'e chi diecasBaetlytpackupevi de a
recessed edge 62"' for sufficient clearance for the bond wires 50a"' nount e'd
on the @ﬁ%ﬁ! mgita ghe isyentiom ifi depipped in acresswesijons, sidecdevatiopglview s The package AR

in the sg ( sy " ot ie 4 e
for recel v ﬁgesaérjlpgsgﬁgasl % d] &f 0%%{]‘11 athtﬁ‘grcg}p fichiy o sgr(l:tutf)é ¥ H%(%Jggﬁ%ﬁg% d4i%e fgd
42" 10 atlliges sipgd) sécond §ip) 6.169464’4 friounfed®n’the 653 (batnvy 416 462" 'BonbiGidids 4slarrtunrme

to achieve a | ower overall ackage height 67"" for the package 40" .
el i mi natsesudi(kap) dicetd "t ore Wirs ga@@d P Weeigrminal pass S3hd' orb@ptsvsmcm @bstr@tﬁdf*

TOURh! NG DRGSR LR I08 inSReh BIRERS sl B8R LRSFAS 440%

the Eottom an as a ween e bot om d| e

42" an@oﬁﬁv@nﬁgbmlsa@k@g%"“' 1o hi exefial é]@ﬂncaltdpgaﬂaﬁﬁsf(ﬁﬁt sh@dn). qumha@m@ftae second
di e-attach adhesive therein and |imts the anount of adhesive (

bl eed ofbdtasehwnrface §8i vidhrisespnd thel die fpoi semevashiommevide b seaeat H?Sé{ajﬁsrc,rémvmg

the die "l 24 | r.at Q nt,.of  a, netho S
ow o BRIy s *Binedne s ol E05F SRR uigYe BITEY 5 Tdtebiend el
recesse%7108%r the fikkagc40r" by redfinBhe fiisttdie421"eithih RS &y @céﬁd dleamd" t he
second (top) di e&%G , relsbgectlvel 25 As shown in FIG rf2§1 and in a bottom

per $pective Hl&S-i26- Zﬂlléust@ze aembe wnmfzameﬂ@dfa@ﬁmess flow er f@@@mdhe stacked
(botton) the first (bottom die 42"'. The recess 102"' is
si zed andﬂsbj%%ﬁ |%ﬁlrgle% 0 recei ve an adhesive nenber 104"' therein for

attachment ofpPriditéo moﬁnﬂﬁ’g 'thé fectd3q 083 ULBt Heofmédin the $E@nd €6@sn ) d2face SET dfghe
formed in any suitable shape, such as square, rectangular, oval, and

¢i r cul arccongatany diadts™] g showhin BGr o3 Apdl M@nkn@mpﬁ%@ NI LG-6. e regess

%2@50(&?0 dz%ﬂtqe%f}h&ﬂatqgé’g‘#‘ér l]t%\Zeﬁ Bchg d?é‘l%%laﬁrllhe‘é‘@éesg‘itﬁ@t"ﬁ% s19éeci/ %rﬁcfdﬁ)%ﬁ gyred to

72" 200f rédegvecthe bé&om dieT: nm"'rtbaeﬁls add@in becfarmbeinf ayneitabie shipe, wadhess sheate)
rectangular, oval, and circular using known techniques in the art.

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

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

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

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

attached to the recess surface 106"" of the second die 46"" by means of an adhesive element 66""
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or the die level (i.e., singulated die). MKE 734127.1 13 A recessed edge
62"' along the perineter 56"' of the second (inactive) surface 58"' of the
second (top) die 46"" can be for.ned as descri bed previously for t he second
die 46 40) ;. j 1410 t
removed Sact Fiaf O g aRRkEARESIVE bbbl Rt e BinchiiE iefert B ik
di e 42" 'pacltdpe 4D§2CEﬂ1$€&GbrbdgﬁofﬁH firgoand kebosd dits aRENUBY" &udi'be ﬁr@ffldﬁdllfrfapieetﬁpecﬁ
clearance of the hond wires 50a"' extending fromthe first die 42"' to the
t er mi nalfopadgs thpadhesiyg element 6§y san aprligssteciher ofdoth dia flering Hig mepntingstepy

the second ( a thend @2 | i gned
w th and facﬁén)etgf&%ﬁg t?ﬁ‘;}f%l}%ép%rr}d rga{ﬁirs f4§§e (g(éﬁé Séoc? g{lhgglﬁ%é%rtgntgéipgt e 44"
pri of t @lassalblcynnethed thithsterdinal gals'52b%" i thachedradt©44'Me support substrate
44"' by neans of an adhesive elenent 10 104" . The adhesi ve el enent 104"
can be appl i dartiad of fil encepsdatinnrgifbedipgesemidy 73 ecandeapssfomped usipg kngws f i r st
(bOttOmte %&%ﬁég in tz}]aea CEO %raiot% %P%th%}_llfaiedﬁacf( 5go 2 "..s v{u{ %01?1(9 %5 ﬁer{)%le contacts

substrate i'gne o I ECEY VEY

The adhegivearahenbnolféd onGBdscon® (bcﬁ@nﬁ)rsuﬁd&w@"v @ftlﬂﬁslub@tfaté ape, toffscmtate
descri bed herei nabove with respect to adhesive el enent 64 (package 40). The
first dleéectrml conpseties of the campenanadie pagkage i eapedemabelestrical apparatus feel
for g@ dhesi ve el ement 104"" can 15 be applied to the surface of

ei ther or '"h the first die 42"" and the substrate 44"' during the

attachment stig@ividlaedikipasitagdi ef £ah lnplé drtpageine . taQ shb@n sulbsteferérze 4 panet 74 lin

that the termnal pads 52a"', 52 on the surface of the substrate are
exposed.FlRe)ear %Sﬂlpéfﬂmd@aﬂag@ﬂtlort%h@%‘bnd (top) die 46"' is then nounted
onto the first (botton) die 42" to formthe stacked die assenbly 78"'. As
shown in FIG 23, the second surface 58"" of the 20 second (top) die 46"
is aligned with and facing mlﬁrﬁﬁaﬁkzemﬁiﬂlﬂ@l aﬁutﬂ,@ﬁ@]@@"' of the first
(bottonm) die 42"" prior to asse e second ét op) die 46"' can be
attdéhed to theomparigon@f @wcwsw shawnagy KEGi ¥ épredreayid veithoibe package design
exanpl esh%hhnf’léapf or die attach adhesive, as described wth respect to

t he adhesive e ent” 64 (die package 40). Either or both of the first and
second dies 42"', 46"' can be provided in a pre-taped formor the adhesive

el ement 66"'—can applied to either or both dies during 25 the nounting
step. As depicted in FIG 24, the bond pgds;48b"'| of thgygeppnd (togp) die
46"' can then_be

Bottom die, thickness 6 mils 6 mils

Second die, thickness 6 mils 6 mils

Bond line, thickness I mil 1 il

Slot (recess) depth -—- 4 mils

Overall total thickness of the 13 mils 9 mils

stacked dies

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

is not limited to the specific features shown and described, since the means herein disclosed
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el ectrically connected to the term nal pads 52b"' on the substrate 44"'. The
recessed edge 62"' of the second (top) die 46"' has a height (h"')
sufficient to provide an opening 63"' f.or adequate clearance of the bonding

Wi res 50 n§%< gr%ggrrds%%be asséﬁgpgﬁfg }cfjenqlo?i 14t%"elffeE€ m%élnthsoltnlrj?ttﬁereﬁ)"ré "clal eé[ ng

Wi r e- bondet can be par encdpsula

Wi th an an@rgap serhanr nidti 8Edtdns $4thin ﬂh‘él o BEVR del@éwpﬁéu@al d:]@mish% ?dﬁnatdby form
t he encapsul at ed stacked di e package "' as depicted in FIG 8

Ther eaf tiaterpreid &t arsordaseg yetbéh%dﬂctm@fa%f twivabit ed on the MKE/ 734127. | 14
second (bottom surface 84"' of the support substrate 44"' for electrical
connection of the die package 40"' to an external electrical apparatus (not
shown). Singulation of a nultiple die panel or strip can then be perforned
to provide individual die packages 40"'. 5 Referring to FIG 25, a further
enbodi mrent of a nmultiple chip die assenbly package according to the
invention, is depicted in a cross-sectional, side elevational view The
package 40"" conprises a first (botton) die 42"" nmounted in a flip chip
attachnment to a support substrate 44"", and a |arger sized, second (top)
die 46"" mounted on the first (botton) die 42"". Bond pads 48b"" on the
second (top) die 46"" are wire bonded 50b"" to term nal pads 52b"" on the
support substrate 44"". 10 External contacts 54"" are nounted on the second
(bottom surface of the substrate 44"" for connecting the package 40"" to
an external electrical apparatus (not shown). A portion of the second
(bottom surface 58"" of the second (top) die 46"" is renoved to provide a
recess 108"" for receiving the bottomdie 42"" therein. The recess feature
108"" hel ps achieve a | ower overall package height 67"" for the package
40"" by nesting the first die 42"" within the overlying second die 46"". 15
FIGS. 26-29 illustrate an enbodi nent of a nethod and process flow for
form ng the stacked die package of FIG 25. Prior to nounting, the recess
108"" can be fornmed in the second (botton) surface 58"" of the second (top)

die 46"", as shown in FIG 25 and in a bottom perspective viewin FIG 26.
The recess 108"" can be fornmed at the wafer level or the die |level. The
recess 108"" is sized and configured to 20 receive the bottomdie 42""

therein, and can be formed in any suitable shape, such as square,
rectangul ar, oval, and circular using known techniques in the art.
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As depicted in FIG 27, the first (active) surface 70"" of the first
(bottom die 42"" is aligned wth and facing the first (upper) surface 68""
of the support substrate 44"" prior to assenbly. The active surface 70"" of

the first die 42"" includes a plurality of bond pads wi th conductive bunps
25 90"" mounted thereon, which are arranged in a predeterm ned
configuration. The bottomdie 42"" can be nounted on the support substrate
44"" according to conventional flip chip techniques, resulting in the
structytg i .28. The second (top) die 46"" is then nounted onto
the fi #2"" to formthe stacked die assenbly 78"". As shown

in FI G 28A §theed dtonseriblyf @ngprisdig’ of the second (top) die 30 46"" is
aligned with and facing the second surface 72"" of the first (botton) die
42" prior 2 §ag$ye senigondyctorrdiesdispopgsh aronjubgtrate ypa stagked agrapgememt:dbe | east

parti ash#;éfrta'eg;o ?isfngcﬁ?.?@t sHofce %ﬁﬁl@régﬁy %ﬂt%l;ng]ﬁgl?fid& R)clﬁt*éﬁ tﬁe?&%\zﬁqcﬁé%éc%ﬁ@

106"" o secon e 46"" ve el enment
WKE/ 734df2c&; | 15 such as a tape or die attach adhesive as described with

respect to the adhesive el enent .64 (die ckage 40). _Either, or both of the
[ rot and SOt traaig s i gt shindt o B GEGurtive ot BesiBiaplts and o rond)
the adhggdetRvRbaBilss ffimed AfeidPldl €d to either or both dies during the
nounting step. Referring to FI 29, the bond pads 48b"" of the second (top)

die 46"" caneedndrlibat lesst partially sivatedywithim thececsds efghe fest digr mi nal pads 52h"" 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'A stadkewdid d3sdrhiidy, Gmprisiiger nal contacts 54"" can then be nounted
on the second (bottom) surface 84"" of the subs{rate 44"" to faci]itate

el ect ri cal AEATEWP sPRICRAUCHY dissiithasss ond %Jba%%ﬁagaestaféﬁeé afran%ﬁme@%tt% nal

el ect I, 6atcARRPRIN %ﬁ@pgufé@hm?%’w- hurdl b MRk FAUSIdRAEH BEOHNOinda EBebAd P! €
die p§néﬁhﬁe.8&? ag shommraith #e e%gﬁkgﬂto paneﬁg74 in FIG.nSf]can be
separ asudaceby a si ngul ati on techni que. Conparative Exanple | and Exanple 2 15

A conparison. of .the packa esk.gn sh in El pr.i,or art ith,t
package de g:}'ﬁﬂ dl%ﬁ%’v‘ﬁ‘l ing %ﬁ@? SLT&‘?%E ﬁ]ﬁﬁ?y" el t&e ﬁis.? sur%ac(e of the sugstra?te Wrough aht‘f’lp
chip attachment, and a second surface comprising a recess; and

a second die at least partially situated within the recess of the first die.

3. A stacked die assembly, comprising:
a first die comprising a first surface situated on a substrate, the first surface and the second
surface having a recess formed therein; and

a second die situated on the second surface of the first die at least partially within the recess.

4, A stacked die assembly, comprising:

a first die situated on a substrate through a flip chip attachment and comprising a surface
having a recess situated therein; and

a second die situated at least partially within the recess of the first die in a stacked

arrangement.
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Bottom di e, thickness6 mls6 mls Second die, thickness6 mls6 ml|s Bond
line, thicknessl mll ml| Slot (recess) depth---4 mls Overall total

t hi ckness of the 13 ml1s9 mls stacked dies By utilizing a package design
according to the invention, a | ower package height can be 20 achieved using
thicker dies. In addition, thicker dies can be utilized to help reduce the
nunber of cracked dies that occur during the assenbly process. In
conpliance with the statute, the invention has been described in | anguage

nmore ok | esg .Sl h& @Byt Lord fygs.ural and nethodical features. It is to be
under st'ood, ﬁomever, that °t he Tnvention is not limted to the specific

f eat ures shoplnraindofescondedor diendiepdashdome awistrhterie a stadksldrmegeméKEhg34127. 1
16 conprise preferred.for of puttin he, invention into effect. The

ovent MR Cortmts bt Surast hefine fed) o L ah Ao s
Wi thin the PiRPEE cSHPASNLE FriQuARRYNMISE] 6h HehstBRPREPsf thé Qlb¥trateNheFptet ed i n
accordance with the doctrine of equivalents. ME 734127.1 17 WHAT |'S CLAI MED

| S: | . subface ancleegcetidsus@se having a casaprfogngdgherain; pedhst two semi conduct or di es
di sposed on a supstrate in LI oAhh npri sing
2 et surt 2sdES pited dh e B ARY SO R AT st O Re B PALREE ™ ona
secondrecssiydndce; a first die conprising a first surface situated on the
first surface. of the substrate, and a second surface having a recess forned
t herein; aﬁﬂhﬁd§éﬁ%wamepgt@%“F@&€lepartialIy situated within the recess of
the first die. 2. A stacked die assenbly, conprising: at |east two
sem conduct or dies disposed on a substrate in a stacked arrangenent; the

6. A stacked die assembly, comprising:

a first die comprising a first surface situated on a substrate and a second surface having a
recess formed therein; and
a second die situated at least partially within the recess of the first die in a stacked

arrangement.

7. A stacked die assembly, comprising:

a plurality of semiconductor dies situated 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 comprising a first surface situated on the first surface of the substrate, and a second
surface having a recess formed therein; and

a second die at least partially situated in the recess of the first die, and comprising a first
surface having a plurality of bond pads located thereon, an opposing second surface situated on the
first die within the recess, and bonding elements connecting the bond pads of the second die to the
terminal pads on the substrate; and

a third die comprising a first surface, an opposing second surface, and a perimeter; the first
surface having a plurality of bond pads located thereon; and the second surface situated on the first
surface of the second die and comprising a recessed edge portion along the perimeter whereby the
recessed edge portion provides sufficient clearance for the bonding elements extending from the

bond pads of the second die.
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substrate conprising a first surface having a plurality of term nal pads

| ocated thereon, and a second surface; a first die conprising a first
surface situated on the first surface of the substrate through a flip chip
attachnment, and a second surface conprising a recess; and a second die at

| east partially situated within the recess of the first die. 3. A stacked
di e assenbly, conprising: a first die conprising a first surface situated on
a substrate, the first surface and the second surface having a recess
forrred t her e?rcljd rﬁﬁ) nd die.situated on the second surface of the first
die at>lea %‘5{? 45 PSSP ONFIMRTE ecess. 4. A stacked die assenbly,

conpri si ng:a farsf di€ S6mptising fitdd ah@Skcofd Surfidds thedlrst subfacai@liard bhiaubdiiar, and
attachment and conprising a surface having a recess situated therein; and a

secondhapecord surface Having p secess forned tierajn, fiia wbsiratheomprisingstegninglpads thesgongi e i n
a stacked e E@rﬂlgrﬂgg tt::a.st %Qn gllgsolt E&F\b‘ﬁq %eere@e§§ ggmtﬁ"rst?i?ém{d'c% is ngéaond

plurality gF  SEm con uct |spose on a substrate in a s
ar r anggide ot a sidfiee; sidostrate conprising a f| rst surface having term nal pads

| ocat ed ther and a second surface; a first_die rrprlsm a first
surface si AIBTRHieIRRA o theseoatd Ji0aet e DSt fuflS RnBrPTREReold f ace

and a geaeNdnfHplahGenad ﬁgt ﬁltfa@@ R&ng surmqﬂds fhefedh nandafnéise%oﬁ@ﬁm@e die
situated on the second surface of the first die at |east partially within

t he rmsmgaﬂdceasqdmdgdpchn@ngimaah@mtrmtqrh@h@emdh@ire@c@ed edgepostienoiddhie di e
assenb in fir rf on a
substr hi/rg d%f d%s S(‘f'gkhcde’%t Lef’ L0E° Loé\?gﬁm I%ngt eXteP dl%%’é%}ﬁ Wg%gné, an Eti?ha second
di e sideu@idafic aitht eaminappidsicnl thysu@striiten the recess of the first die in a
stacked arrangenent.
9. A stacked die assembly, comprising:
a first die having a first surface situated on a substrate and a second surface having a recess;

a second die situated within the recess of the first die; and

a third die situated on the second die.

10. A stacked die assembly, comprising:
a first die having a first surface situated on a substrate and a second surface having a recess;
a second die situated within the recess of the first die; and
a third die situated on the second die and having a perimeter and a recessed edge portion on a
surface about the perimeter such that the recessed edge portion provides sufficient clearance for a

connection of a bonding element to bond pads of the second die and terminal pads on the substrate.

11.  The die assembly of any of Claims 1-10, further comprising: bonding elements connecting

bond pads of the second die to terminal pads on the substrate.

12.  The die assembly of Claim 11, wherein the bonding elements comprise a wire bond or a TAB

tape.
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7. A stacked die assenbly, conprising: a plurality of sem conductor dies
situated on a substrate in a stacked arrangenent; the substrate conprising
a first surface having term nal pads |ocated thereon, and a second surface;
a first die conmprising a first surface situated on the first surface of the
substrate, and a second surface having a recess forned therein; and a
second die at |least partially situated in the recess of the first die, and
conprising a first surface having a plurality of bond pads |ocated thereon,
an opp@sin and
bondi n% el gf#%ﬁigégﬂg%ﬁ%’lgc? %ﬁ g {%%ﬁggda ([}ng CPth%'ggégg Stél‘lmeé}?&lgﬁ Srt'?sﬁ er i nal
pads owitliiheheTeidess beatveen ﬂ]redeaanﬂhixdﬁlddheﬁmodprr sing a first surface,

opposi ng second surface, and a perineter; the first surface having a
plurality of bond pads |ocated thereon; and the second surface situated on
the fifst SUdELSAbLIPEISRCM didich BRI IRRIR el cBhehd cImb @58 3aBHH SUIRRIVE! ON
al ong the perineter mﬁere by thé recessed edge portion provides sufficient

cl ear anedafecadhesinee. bondi ng el enents extending fromthe bond pads of the
second die. 19 8. A stacked die assenbly, conprising: a first die conprising
first and second surfaces, the first surface situated on a substrate, and
the sepond Tﬁﬂérdﬁeaﬁgexh@lyldﬁgnjﬂofefaﬂﬁ§lflorﬁ'eﬁ¢g dthekepdiiiallyencapiasdiddat e conpri sing
term nal pads thereon; a second die at least partially situated within the
recess of the first die and conprising bond pads on a surface; and a third

d t A ]
Second® suriset, AR SHaRy HECPIE B Phot ¥ Frld AR A iR afeos! ™0
thereambﬁamﬂ the second surface conprising a recessed edge portion al ong

the perineter, wherein the recessed edge portion of the third die provides
sufficient clearance for bonding el enents extending fromthe bond pads of

the sgcondididg dsQerhbl9 otfeﬁﬁbﬂeialrﬁaﬂaoqnhéraﬁ tRMREdSs M fhe fllst die ﬁstsaséiaﬂlaﬂye

assenbly, conprising: firTst die having a first surface situated on a
substrﬁﬂ@eahwcﬁﬂsldémp@mrface having a recess; a second die situated
within the recess of the first die; and

18.  The die assembly of any of Claims 1-10, wherein the recess in the first die is substantially

oval or circular shaped.

19.  The die assembly of any of Claims 5 and 7-10, further comprising bonding elements

connecting bond pads of the third die to terminal pads on the substrate.

20.  The die assembly of any of Claims 5 and 7-10, wherein the third die has at least one of a
length or a width greater than the first die.

21.  The die assembly of any of Claims 1-10, wherein the substrate comprises a leadframe.

22. A semiconductor die package, comprising the die assembly of any of Claims 1-10, being at

least partially encapsulated.
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athird die situated on the second die. 10. A stacked die assenbly,
conprising: a first die having a first surface situated on a substrate and a
second surface having a recess; a second die situated within the recess of
the first die; and a third die situated on the second die and having a
perimeter and a recessed edge portion on a surface about the perineter such
that the recessed edge portion provides sufficient clearance for a
connection of a bonding el enent to bond pads of the second die and term nal

pads the suhstrate. (11. The di e asse further
conpr i i ngA WH&?WQC@FQW?I?%OWH%QWW%R B’gﬁy t?ﬂ"‘ytorf?l%‘g‘éb é(? drther o
term nghpRads b@ﬂBlﬁ%"@l&ﬁEﬂ%EBﬁﬂ&tmg’L%e bIH@p&Hs%fﬂﬁ:&ﬁH@l:lbé t8khdJeahitalldads WAL N
t he bondl ng el ements conprise a Wire bond or a TAB tape. 20 1 The di e

assentshistuafe, and/beiig mleastrsarmalhoencamuﬂw conprising an adhesive el ement
situated wthin the recess between the second die and the first die. 14.
The die assenbly of Caim 13, wherein the adhesive el enent conprises a die

at t aclp4adhespanel sudktraie icdppridihgemilple dicassehitslied hecoadifig tdAny offClaimys ©10.Cl ai ns
1-10, being at least partially encapsul ated. 16. The die assenbly of any of
Cl ai s 1 10, wherein the first die is flip chip nmounted on the substrate.

17. The ggmy of Clains 1-10, wherein the recess in the first
9} aarﬁ’ SSlcoclllflquuatge

dieis sub rectangul ar shaped. 18. The di e assenbly of
any of Clamnswﬁﬁ&mzmmMan;mxthe recess in the first die is substantially

oval or circul.ar sh 9. The djg, ass | an of Claims 5. and 7-10,
Further coffiersgmBBiragina e denpLClaian habe FFeRuALCPHaSm BRI fier o di o
to terdchrhl HpdmuRn the substrate. 20. The die assembly of any of Claims 5

and 7-10, wherein the third die has at |least one of a length or a width
greater than the first die. 21. The die assenbly of any of O ains 1-10,

wher ei theyg Hgfa'fﬁtﬁlg &f @l%m?%,s‘gﬁerginltﬁeaag&{tﬁéﬁ apparatus is selected from the group

consisting of a PCB, motherboard, program logic controller, and a testing apparatus.

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

providing a substrate, a first die having a first surface and a second surface with a recess
disposed therein, and a second die;

mounting the first surface of the first die on the substrate; and

mounting the second die within the recess of the first die.

28. A method of fabricating a semiconductor device, comprising the steps of:
mounting a first die on a substrate, the first die having an recess situated within an exposed
surface, the recess sized to receive a second die therein, and

mounting the second die within the recess of the first die.

29. A method of fabricating a semiconductor device, comprising the steps of:
providing a first die comprising first and second surfaces;
forming a recess in the second surface of the first die;
mounting the first surface of the first die on a substrate; and

mounting a second die within the recess in the second surface of the first die.
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22. A sem conductor die package, conprising the die assenbly of any of
Clains 1-10, being at least partially encapsul ated. 21 23. A sem conduct or
di e package, conprising the die assenbly of any of Cains 1-10, further
conpri sing bonding el enents connecting the bond pads of the third die to the
term nal pads on the substrate, and being at |east partially encapsul ated.
24. A panel substrate, conprising nultiple die assenblies according to any
of Clainms 1-10. 25. An apparatus, conprising: an electrical apparatus; and
the die assenbly according to any of Cains 1-10, in electrical

comruni cation with the electrical apparatus. 26. The apparatus of C aim 25,
wher ei3. t heThengstlidd fallap PR neticdsdn iR ssepl fFo@ing tRMetdeisdydithentian iesétcmg of a
PCB, not herboard, ro ram | ogi.c control]er, and a testjng @pparatus. 27. A
met hodi%FtCF,a{B‘thé‘é‘ﬁ’lrf’@ bing; gHp [asercablation; @it combtipatiosit he steps of:
providing a substrate, a first die having a first surface and a second
surface with a recess disposed therein, and a second die; nounting the
first Hurfdte nm‘th(td”mf(tlhmsw ,dughevcompasisgbetstepted; and nounting the second
dle\MthH1therec e firs

Com tonucsingas i Sutd S o Materid it s 130 authaVERa RS M ssoenq Sfapivdhe

subst rigte8sedleNge poriish al%lng afbamn@&r 8Nthe 86293 s@fac@aﬁletﬂede@steb leag@ﬁbrawﬁmﬁg
surface, the recess sized to receive a second die therein, and nount1ng the

secondedihesufficinntrfor tleatancsecafbonding Risnfenisextediliag fom bondpadn expased patheiseeandng a
sem copduct or device, conprising the steps of: providing a first die
conprising first and second surfaces; formng a recess in the second surface
of the first die; nounting the first surface of the first die on a
substrate; and u n second die within the recess in fhe second surface
of theé%irt m&;hg(r']) g%abr%at?ng a semr}conductor device, comprising the steps o%

removing a portion of thickness from a surface of a first die to form a recess sized to receive

a second die therein;
mounting the first die on a substrate such that the recess is exposed; and

mounting the second die within the recess of the first die.

33. A method of fabricating a semiconductor device, comprising the steps of:
providing a first die comprising first and second surfaces;
removing a portion of thickness of the first die from the second surface to form a recess;
mounting the first surface of the first die on a substrate; and

mounting a second die within the recess in the second surface of the first die.

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

providing a substrate, a first die having a first surface and a second surface with a recess
disposed therein, a second die having bond pads on a surface, and a third die having a perimeter, a
first surface, and a second surface with a recessed edge portion along the perimeter;

mounting the first surface of the first die on the substrate;

mounting the second die within the recess of the first die with the bond pads exposed; and
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30. The nethod of C aim29, wherein the step of formng the recess is by a
chem cal wet etch, a dry etch, nechanical drilling, punching, |aser

abl ation, or a conbination thereof. 31. The nethod of Caim?29, further
conprising the step of: nounting a third die on the second die, the third
die having first and second surfaces with a recessed edge portion along a
perineter of the second surface, the recessed edge portion having a height
sufficient for clearance of bonding elenents extendi ng from bond pads
exposed on the.se fa a Se

dovi ce. comsirunggetier diedindteiecthdsiyRs opBPb R e Rl SRR B
sur f aage &Ees@e& édg8ipotliod, the ré&&iﬁd&d@@p@ﬁ&n ﬁa\a‘@gia héighesugfiolént for detand o(ﬂl e
therein; nmounting the first die on a substrate such that the recess is

expos dwndig glemesisextendingfeon thedwad apds afitheseronddier ecess of the first die.
33. A nethod of fabricating a sem conductor device, conprising the steps of
providing a first die conprising first and second surfaces; renoving a
porti a35. of A hiethed @ fabpicatinpea feintisdnddcter device, téraprisepthd seeps bice to form a
recess; nDuntlng the first urfacgegf the first die gn a suhstrate; and

mounti ng a RWEEAY2 G dif 93 srbsHe, g HEY dieflaying a8 geesRysilgf g ‘%P“F’F@S‘F‘i[rst

die. 3drfad, ﬂ%tréagsgiedft@%demtdéago@cﬁ@meﬁ%ductor devi ce, conprising the
steps of: providing a substrate, a first die having a first surface and a

second sur fremeting the Sacmlédh%wﬁhmtb@@g@&sOtfﬂ@rféﬁfrﬂle,amﬁecond di e havi ng bond
pads on a surf ird d| rlneter Lt Sy face and
e Second st aBEE pTRr 8 eh Ml Eali g 3P R4 o e sltliaBtdin:  ng
t he firke&dssedletbapation alohg a Paﬁﬁlteted bEthethitddie szu@setcé@wedg"apﬂaﬁd)m@vﬁﬁgea lseﬂgmnd die
within the recess of the rst die with the bond pads exposed; and 23

mount i syfficient far slearpnes af bendingelemenshaftaghed tgiapd cxtsadipg ﬁ@%@&@ow padseofdiscond
die sif within the recessed edge portion, the recessed edge portion
havi ng a height sufficient for clearance of bonding elenents extending from
t he bond pads of the second die. 35. A nethod of fabricating a sem conductor

devi Ce’j’é Corrpr Iet?locq %f E‘abncatm és se?r]lclconductor device, comprising the steps of:

providing a substrate, a first die having a first surface and a second surface with a recess
disposed therein, and a second die having bond pads on a surface;

mounting the first surface of the first die on the substrate;

mounting the second die within the recess of the first die with the bond pads exposed;

providing a third die having first and second surfaces, and a perimeter;

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

mounting the third die on the second die with the 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.
37.  The method of Claim 36, wherein the steps of removing the thickness of the third die is

performed using one of a chemical wet etch, dry etch, mechanical drilling, punching, and laser

ablation.

24



mounting a first die on a substrate, the first die having an recess situated
within an exposed surface, the recess sized to receive a second die
therein; nmounting the second die within the recess of the first die; and
mounting a third die on the second die with bond pads of the second die
situated within a recessed edge portion along a perineter of the third die,
the recessed edge portion having a height sufficient for clearance of
bondi ng el enents attached to and extending fromthe bond pads of the second

di e. . Anet hod of. fabricati sem caopduct o _devi c onpri Si t he

steps 0. APepedpan JhLins 2748, FRRLEIAS don QlmRiiriins BRTBIUEE fna o
secondybiifatedis thrvhidhha Rip' dgeatachsiesposed therein, and a second die having bond
pads on a surface; mounting the first surface of the first die on the

substrate; nmounting the second die within the recess of the first die with

ubst e second hin the recess o c
Sur acBs, " ana PRy P e A B B ke BB OB T e of

t he t hsubgrath ie baladingiviehgtagtendnmet er to forma recessed edge portion; and
mounting the third die on the second die with the bond pads of the second
die situated wwthin the recessed edge portion, the recessed edge portion

havingya he Rl §iank RTINS 291382 fAMECcorprisRRNEHIAY %cﬁé%%ﬁn&iﬂtﬁ dheng from
t he bor?g pgl(slgtaj(i)ﬁ‘t t he asse/condldi e. 37. The U&rlﬁg% gl:‘l Cloai m 36, vvherelgn t he
st eps foft dieomthiersgbstiate, thei stdprafapplyingtanadhesi vecklethent it thesegdndrsiefacaafithgfishe  of

a chenj.cal t etch ry etch, hani cal drilling, punching, and |aser
abl at :Hd?l%"‘?tﬁl\g .ra%%ftﬁ’%¥‘ht’c§ha%f orargﬁo&h‘of Cl ains 27-36, wherein the step of
nmounting the first die on the substrate is through a flip chip attachnent.

39. The nethod of any of Clains 27-36, wherein the step of nmounting the
first die Jiemashodoffdaimyt® whereity thestrpairaplyingdbaatissive glsmerhis byseRed of any

of d g - fURt YN o P o1 Y1 step of nounting the
fi rstaﬂé@né’zbyﬁ ﬁ}e[ersaggltslét}?(gf g),pgg}%%ﬁ%{bggy%f&ag%%{eriohébg'an adhesi ve elenent to the
second surface of the first

42, The method of Claim 40, wherein the adhesive element comprises a die attach adhesive, a

tape adhesive, or a combination thereof.

43.  The method of any of Claims 27-36, 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.

44.  The method of any of Claims 27-36, wherein the step of mounting the second die comprises
applying an adhesive element to the second surface of the first die within the recess, to the second

die, or both.

45.  The method of any of Claims 27-36, further comprising connecting bond pads of the second

die to terminal pads on the substrate with a bonding element.
46.  The method of Claim 45, wherein the step of connecting the bond pads of the second die is

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

the bond pads of the second die and to the terminal pads on the substrate.
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die, the first surface of the substrate, or both. 41. The nmethod of C aim
40, wherein the step of applying the adhesive elenent is by screen
printing, by roller applicator, by spraying, or by a transfer process. 42.
The net hod of C ai m40, wherein the adhesive el enent conprises a die attach
adhesive, a tape adhesive, or a conbination thereof. 43. The nethod of any
of Cainms 27-36, wherein the substrate, the first die, the second die, or
conbi nation thereof, are provided in a pre-taped formw th an adhesive tape

attach thereto, 44. Th t h a of Clains 27-36, erein t ep of
o T el Al Oty SRS, S PP EemOss E Bf Dol o e ahird
seconddig & {@e@mdtal bA® di the bulsbirroWitthi Bordi fl@ReRs, to the second die, or

both. 45. The nethod of any of Clains 27-36, further conprising connecting
bond pads of the second die to termnal pads on the substrate with a

he bofh- pale Brpgar SiRrTIRAR RS, Pl kamptiehe aletEagh Sl dhe daRREs" '

bondi ngortie of ta serdidbdi@ice detiod (b fogm @fpatigebondi ng el ement to the bond pads
of the second die and to the term nal pads on the substrate. 25 47. The
met hod of any of Cl ainms 35-36, further conprising connecting the bond pads

of theydhir ! M nal : 1 g%gb g
el emen%é.' 48&%@%7%?%%%%0%@%@? n%yf?’d) ai r?g %@éﬁgﬁééétﬁ&ga I\é“d%%}f%lpng ﬂe step
of encaysactsatni thgsabnd safice af thesobstate. of t he sem conductor device to forma

package. 49. The nethod of any of C ainms 27-36, further conprising nounting
a plurality of external contacts on the second surface of the substrate. 26
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