STACKED DI E I N DI E BGA 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 handheld conputers such as personal digital
assistants (PGA), has driven the increased demand for smaller
conponent footprints, 10whi ?ACRMYEHWQH?B@%SPA@ ggpul arity of
mul ti-chip stack BOA packaglng Most mul t'1-chi p packages invol ve
stacking dies on top of each other by neans of adhesive el enents.
However, to achieve a |'ow packatELPDD |t EFIOVENIHAN chi p stacked die

packages, a significantl uced di e thj.ckness . is nee

e th the uee: oFub peErtan SreabUsRG: et i i SonEa el Rar R oo
the wse hEnforkgepichienghta stabhddniitiple @ichiavied dndgheittvds foh GabFedink iedievice.
speci al bondi ng techni ques poses many chal l enges to the assenbly
process. FIGS. 1-3 depict conventional ways of packaging a rmulti-chip

stacked di e package. As showadGROGNDlOFOIE: INVOKTRSN package 10
i ncludes two conventional stacked dies, the Tirst (bottom die 12

bei ng surface MouHteeidy oS srRdu sefmssplerohenes ard handiedd gomputers such as
substr at e,y a;aa?gtaaem?énlsgp gfmmv@ﬁ me)ncwaedjdﬁm% 005N RhoRYht Bootprints,
second ad%e3|ve el enment 20 onto the active 20surface 22 of the bott J
die 120 ewbikh &f turhiacigises thp epmdariny elenibnkie stagyBE p@ﬁ@@e&bk&ost&tﬂéttimp

FIG 2l v

Firot (bot o oo sBHEl aBtin 80 BEEanb A BRFEIRD U BMPNE Db e 1o
at t achmentchicand lqvhpackegedwish foopip!ticihér stackes dl%p@mgﬁa@élgnﬁwmtedemect che

i nactive LV, .

el orent 200 A it S Stk ¥ HlefiodoriBee I OO BB Re et of he
prior artwirnpensldpmhegick BOA package 10b in which the first bottom
25di €,42b i s Wﬁlae%mn@ mméwqaﬁe shElRa1 B BAREEs Seln%g@hanw%s t@the

second (mddle) die 18b-1s nounted onh the-active sur

bot t om di @serpy gypcasss EEehd -herpis Pyweriopraays pipgckaging aanufrrhig steekspie

die 28b i E%lénﬁr\%%%ﬁﬁ@ﬁ@%ne%@@ra%‘d&@agéjiﬁﬂci{x&% tRG L EnRHEIBEEaRA, the
of the secon nlddle% di e eac dies being wire

bonded 2408GbpRrmsdipdt beinesuBe: mptedbyaea alie 2dssEnErmens I fp wnibarate 16,

the bot t ofRqai shatier Rcddai(RpFiik P8 beiRehBunte b3 al sbdBinll a@fﬂ:sx"v@@lez%g{p?ﬁ oAl Mhe active
overal | thickness of the ackage t hat can be achi eved. |f

sol def? bLﬁ‘\’ﬁféEF %Vaqfépe [ 2eT1te 52 each of the dies bemg wire bonded 24 to the substrate 16. FIG’ 2 .
iHustrates a prior art stack die package 102 in which the first {bottom) die 12a is mounted to a

substrate 16a in a flip chip attachment, and the second (top) die 18a is surface mounted to the
inactive surface thhe first die 122 by means of an adhesive elerment 20a and wire bonded 24a to the
substrate 16a. FIG. 3 shows a prior art three-die stack BGA package [0b in which the first bottom
25 die 12b is mounted to a substrate 16b by an adhesive element 14b, a second (middle) die 18b is
mounted on the active surface 22b of the bottorn die 12b by a second adhesive element 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on the active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.
In stacked die assemblies in which the bottom die is a flip chip, there is a limit on the
30  minimum overall thickness of the package that can be achieved. [fa solder-bumped wafer having a
150 pm bump height were to be ground to a total thickness of 150 nm 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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150 i.tm bunp height were t0 be ground™to a totalthircknmess—of-—156
jamto 200 um there would be a high occurrence of broken wafers due

to the stress induced on the wafers fromthe 'bunps. Furthernore,

even if the wafer does not crack, the die strength will drop

s gni 1 Capll gH@ chiRolb0%n BE BIRARE oPlhe VARIPSES: diBILAR :9@%51%@@% Oofbsewea on
t he wafer: es are typical defects o
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used in the process. In addjtio p in FIG 3, with . :
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18b and the 5third gto die 28b. This results in a higher package
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b ovi des seni DML HPCss 0 SEY T S e mpray B euS Serpe e Rl Sue dspirabte.
fabricating the devices and assenblies for increasing sem conductor
dewﬁfgdenmty and net hod of fabrlcat| n di e acka es of the

asse ies. In one aspect, th 19 acked die

Firet (bottom e aroBhasen Bk @%E%t??*é‘?%“"’Sg“%ﬁéﬁggta%“f%‘?éﬁt}*ﬁ%%ethods
connect i nef bordtipnde dgwcmné@saevé)hsmfot fceeaging sdieichiohuctmdeyiee dapsity, and method
term nal a_second die nounted on the

bottom di@%gﬁ-hcgpsé H%&%ﬁés %S%%Itgm surface with a recessed edge

al ong the per i inehenspatt, tHeem\deo;t patides ovinded d&!‘hs@fﬁﬁiﬂyﬂm 1o enttio@iment, the

ol i m 1t | FEPRERBie o PR IS REEE FeboRr SDSB et Tbig dement
20suf fi ci @ihedtih@BbANERIsHA %N hB®y RaNEEW 16 WIBAT die A REEPIHAGBAHGubstrate, and a
el ement connects the bond pads on the active surface of the second

die to tetadidie p?@d%tefé) An theeosamstie- atlee sepeiledic has adiatinprausiagg with a recessed edge
typical | yalg,agstﬂefasrﬁna @dltgt%wq&t% t%?o é@?tb@%ﬁﬁ%ﬂ%gkﬁ)eﬁ%@nﬁﬁag from the

substrate n anot er Sta
conpr i sesbadipadst! thdlrittcongiedhes dlrsxpah@ihoneed feudgtaratbetwdey ptna:ta,tol dyes to achieve
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a}\/‘:.ﬁiz& _‘_ A m.-'-

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 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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25(inactive) surface. A second die is at |least partially disposed
within the recess of the first die. A bonding elenent connects bond
pads on the active surface of the second die to term nal pads on the
substrate. An adhesive el enment can be di sposed within the recess to
attach t Hentweddhrethe adtiveauiffaetdiee tird oditoresdmimf pddiics tessapblty., ARadhesive

third die.is rmuntteegd n the second di The third die has a bottom

surface Vi §TRER © Saas I ifght %?Fﬁ‘dtaﬁg.‘}ﬂ’@rq‘%ter of the die that

provides an ongRif¢hd embbdiehRO N RIkAPEE afRRbIVEXERNHDY ﬁfrsrt‘%mtioﬂﬁ dli%ocl?é?)osed on
pads of the second die, thus elimpati ncg the need tfor a spacer _

bet ween th@bstyse, @ibending elegleabeaanedingonrdpads ondherngting syrfase of thedieg divdo terminal
bondi ng t : . d n.the activ
surface grot oenreaany o 4 ReollEE Rl of e tiNER FECR sl AR ot e
adhesi ve telttenentfacarf thefitsdid, 4nd aatatibastvetehenesenaiossadyitiiin ik réée@sSto attach to the
In a further, .enpbodi t, e stacked die senbly, conprises a first, |
(bot t o TG aRbeart TPGTLTREES of Hesia g S eiahie comeerenyan being
bond padsiigRsédireasenitiedis Und BRSuraldh® afsbpapdte tiyer 4R rda8EThOS erAPRGSht Ofhe die
the substrate, and a second die nounted on the bottomdie. A receSs

i s for medshelrorandiedanet o€ disorssemdy.fthe speonf] die hanaireasssediertesialomg the

ele t i.s..di £ Ni ir I e,t

The Substrar s ThEC BB bsthikcitof JEFRRe bE Bbb 8RS bkt o g g Bgnd pecs
rat her t hdthdxecog di¢, sipssdichibaingelerndet fordi spaantetivieen gighwt dixtse Basd pads on the

separate | ayer..decreases.the overall height of the die assenbly. In
o enrbodi D 6 57 i BeGed B Pl g B SRS sk R LR Tl g and an
al ong t hexdA&pesdsmingtarie isee thatk P MeseEdnaGad figfd dGdsar ance of the

bondi ng el enent extending fromthe bond pads of the second die, thus

el imnating tHeYHeBRIFOFMEPLBER i1 Bathidelr truntlocogrraises BBiE(hoHaw) &if disposed
the slgconﬂadduﬁst?a'ie?tﬁ%ﬂﬂ?%ﬂgggﬁﬁ’m H RBkhRadSark geﬁ&kmpﬁ&gﬁ% %reg%' Q%rﬁled in

second bondi ng el enent, "and an adhesive el enment can be use Ta
t he secoritic batpm Gnactvelisegface MThedirstalmis htleast piodidil ydsposed brethe rensksenf tlid second
assenbly,.c i.se first. (bogt . di e, di spo \N ubstr at
e Y LR DR A 0P8 47, % DR oo
recess f alispeskd withih échetesom dtiactatheitweliesur f ace. The first die is at

| east partially disposed in .the recess, of the second di; d a )
bondi ng el emeit RBRAGHECH oY F5 O AES s » SHE RGN PareEe A YliRusTyRediments,
el enmept GRNpRRagH GRS AMtddRed dieOsehPPESRoldthgab HRCRVETRN! Weadi BiStiallyn
anot her aspect, the invention provides a sem conductor package. In
vari ous Ereapdelatedt $he 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.

MKE/734127.1 3



20t he package conprises a stacked di € assénbly according to the
invention, at |east partially encapsul ated. The package can further
i ncl ude external contacts disposed on the second surface of the
substrate for attaching the package as a conponent to an external

el ectrical appRI@I4S a@foselestitioRal, side elevationARORNE anaBit@Eiment BEa stacked die package
i nvention provides net hods of fabricatigg t he foregojng stacked die |
assenbl i e¥CANPSRITHNNOP o 1Fat kg &a!aress raridEricPES g PPk QF 161 showing the

DRAW NGS yecessed &R beshiybadbdBns sa@kd e i nvention are descri bed
below with reference to the foll ow ng acconpanyi ng draw ngs, which

are for il ustFEsS- el pillngiratesequerntial proprssing hieps ntitheldborilionion ghestasted die package

the r eg‘ r &FPe. QY F@E%lfg Walnlenpo%glqlieglg%f D\mbeGd gf 1?1%1{}%% Fq&d6 Esh CootBE gerls%ective

ref erence numera be ‘use roughou he several “vi ews "an
t he descrvipwiofthd seconddiicaf tee parkegos! FICk d, fhamiis the removeB(&8hed} p&tion of the die

depi ct cross:sectional i de el evatijonal _views rjor ar . :
erbodi moniEie (6t eRat ot Shreiiae e i G 7 ana S anecrgss gesignal, sde

a Cross- sgedieRalviewd diReRleANAtstepDal thy IHRVWn@g AMhEMROAFIEYis QftoPplan view of a
stacked di e package according to the invention. FIG 5 is an enlarged

partial vpag with mdtipbedivageages drrosedghespbni ng the recessed edge and
openi iy bet Weeﬁéi'ﬁ issi%%géa-gecﬂbﬁﬁ; sicﬁzl e@%’atiﬁﬁﬂ' %ie\&l (%(H@B%‘%t&n @rﬁto'l‘t;g%tacked die
€ fa t e 0

processing steps in't rication o e stac I e package
FIG 4, agckighagortimgdo tenboniioent of a nethod of invention. FIG 6

is a bottom tive view of the second die of e package of .
Fra 4 shoui MO Ghasre Det A RSt b ror et BreRpg RTE gPpked die
recessed QRUSAFIG. iNecReEingRs &f cbodifentdife mdthddSf ifveaton. OF G, 1ariga top,
cross-sectional, side_elevatjonal yiews of sequential steps in the .
mount i ng BFTSREREVETIX of thedirstdbotiony) digyof the Birkeped IMG- 42 phAwing e Fecess formed in

mul ti pd e G QidaeERIeS afll 199885k &DEIERbnall Ok GevdttoraByiBws of sequential steps in the
cross-sectional, side elevational view of another enbodi nent of a

st acked dinewpingkddlee diescording to the invention
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 botiom,
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 2 method of invention. FI1G. 26 is a bottom,
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FIGS. 13-16 illustrate sequenti al processing steps in the tabrication
of the stacked die package of FIG 12, according to an enbodi nent of
a nethod of invention. FIG 14 is a top, perspective view of the
first (bottonm) die of the package of FIG 12, showing the recess

formed i npekfebevetii®n ofiHeSecohd (BPYdid of the padiR g€ HOBIG. 2ECEHMNIRY the S8 formed in the
el evati on& vi ews _of ée guent i al stegs in the nounti nq of the dies.

FIG 17 i tereiee QuBe AisndICSs 1 aeatastsenvanalysidarlsratignelreys of sequential
embodi MengeQfiy theshatkigg ofling gRackage 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
embodigient of a mpEhady oh HEYERTFPON BIPYA%PkERE] ; i

third (top) die. al

vi ew of anot heTheanbationel beﬂesanlﬁd@hadllﬁimhpefeieagﬁoam:@rradmrr@ fértht p@pose of

invention., FIGS. 2 4|IIutr uenti al sing steps in the
b ons R e (B MeRIS AT 076t B OREGLES of LY e B Sare C b gt usgate

enbodi mengrotdssiag Eﬁ%ﬁdﬁ@dusza‘mIfmeﬁﬂgmmléﬂn@m&%avﬁ:e@mmt:é@mceﬁﬁfmeﬁﬁekéﬁ@
view of the first (bottom) die of the package of FIG 20, show ng the
recess foigdionnlt @uié@ﬂ%igma&@éﬂm the fpeoc@ssing sapssre mYamdﬁ@a the entire
are c{fss si de el evational views of sequential steps in

t he n{)(ﬁntil-aﬁlg&%?g?ﬂdceﬁ FIG 25 is a cross-sectional,

si de el evati oritie tvrmesv(lthf' aaddbmmm"earbb'hhpp&fﬁhnfb'ﬂo‘aeﬁtaa:alsedihehefm for convenience and
30package,according to t il.lustra

sehuent | ol SE BBt ohiSoad € B Pinbio it i Sgi o O L s RBAGH tsomuch asthe
package Orfefdz_'ér@ed A6m caEBOEGhAEel & paditpmbodi ment of a nethod of

invention. FIG, 26 is a bottom ME1734127.14 _per spectl ve view o

t he second (torla)e Tgyeatigh a@\f@efﬁga‘aﬁb{g@dws egversh he@ﬁb‘?/ﬁsﬁ?ﬁ ?41@6@@‘3‘%%5’ achieves a
formeg i ndésﬂﬁa]f%vﬁ Béﬂk%ﬁ' frefR, AlowsNBe Me®of 1fitiePdied fir B8 sBEEassembly to reduce the
cross-sectiona |'evational views of sequenti al steps Int

mount i ng Bfmbenef @rra@@d ds:aaﬂfmmnﬁs)ﬂmgsghfqmsme@ﬁwm PRECERRED: clearance for bond
ENVBCODI VE I

refer encgu; ?es etxh‘endl F}?vanlﬁgﬁs/ I?&&@Fﬁ%é ané)%ggg%?ﬂ%ﬁ us rafarsg%;}S %?%\403:? fent s
only and maxtuficmmmrgtmmﬂpkestaoked died lty adgmhﬁtmgsihﬂneed'lfhuemblhrgimge&pacer The invention

illustrat SSi n S n_ fabri catl conduct or

hovi ces | riEdEERoRaR Sy bt Bl ottt P Bl rE &S Tmore dies ar
readidey appae@nthd ﬂﬂaﬂhoa bﬁth@ﬁrﬁféﬁﬁcﬁi @g b&'fuﬁﬁﬁed&b €ab@idhty 2l afefibly0fbn@ristii@dditional
entire Of abrl cation proce rms "top" and "bottoni, and

"upper" aferked ékﬁéi‘yﬂsa‘roéh?%@éth‘?é'rl@ﬁrﬁtef’ @mbe@ﬁ%ﬁ.%w&éh%#acmwlfgwgfsm‘;@m

purposes only,j,a8h @ife @&Enm%boagnén&mﬁoﬂtb%ﬁﬁﬁﬁg fhratlﬁmdgél d’ié%%fa stacked
i nvention inasmuch as the referenced item can be exc hanged 1|

posi t i on. assembly, the backside (inactive surface) of a die (wafer) can be backgrinded or otherwwe processed

1o 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 extemal 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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The invention advantageously reduces the overall height of stacked

di e packages, achieves a 15desirably | ow package profile, allows 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

cl ear ancesctond (g diadarie seneosted mﬂg,r@cﬁedmmj&H’Kinésy i(ﬂ&:gesﬁétﬁedga)’ldz The recessed

reduces t nber . of sses required for turing mult]
st acked d?%é%gya%? PHEHET A PTG PPERRE ﬁgﬁmsp tswgtgﬁgfe@?e of ond wires 502
i nvent i on(of BikeN@hnnedtn@ mfentBr Suchak TR fpadhesind RIeed vaH) péa%mtsa gh the bottom die

and the benefits increase as nore dies are ZOS?ac ked. The

the i nventd Grihewmistse bt This eimingtes Hisrmeed e asgnacs GeardFIG cb &ﬁb) lzﬁwn the two
addi t | ona, s acled gfovkduﬁé ReckQaly 98 RuR 80k WidS LE@IRA, SERAALIRAL & 4o,

using the oncepts h escri
enbodi nenarsl, thwyachievesa lwamwemgi palcbagerlﬂ:ght G'UaAthhSB'S et¥inemtssida6& egh be utilized,

assenbl y, the.backside nact i ry,can b .
backgr i %dréa Ve ﬁ%??ﬁiﬂ (E%S%@ g'&jﬁ %t%éélﬁpf’acfd%sﬁ‘iaﬁel\i% §’§3, thFlsﬁﬁoﬁgétQp) die 46
val ue andoifteiebbaonisligege.conventi onal nmethods in the art. 25Referring

to FIG 4, a fllc‘;rSt enhodi ment of a nultiple chip die assenbléq package
40 accordi ng tTGh&-nleseia q’@%é’bﬁ“&?@ﬂpﬁoﬁ%ﬁﬂ@?’v@é%%b@q onzrming @@Stac}ie@

el evafg ongl p¥dkawk soTberRpgkage 40 conprises a first (bottom die 42
nounted to a support substrate 44, and a second (top) die 46 nounted

on the bottom%%tmouﬂmdap@ﬂsn%ﬁuckn&; 015ﬂletsh@mﬂl(mcuw)dur@cdﬂdfﬂueescond
42, 44 , 50
12, & Gl nEd i il RERBEELI MY, S8R TVFIGE 438Rn

ext er nal (Gbcmmmtpﬁla&ém 1f1(FTIGe5)adfhhcesurfane S&Basfh&émm‘foved) Bldug theeristd 66 of the die.
bal | s, connec ie g ékqge 40 an external electrica

appar at us NGt methg *}” gt SRS Cﬁtwfa TeRI0VE a pRFtiqnyl a&?ﬂ&th?em?égwf the

60 ( sipwndit 36 PRANEAMheA I e 168 B IBIISMmER @ ontd@e :ﬁ@ﬁqa&ltoﬁﬁ)nﬁ&&z Ytﬁ')recessed
surface 58 of the MKE/ 7341 27.15 second (top) die 46 is renoved

et ched) t¥8pPoprayiies ap apeang yitla sefSsient degare By themdr\@é@ssé)éﬁx‘@d@ég @Qm the
h h
as a height,{ 42 4288me %@*‘oﬁ%ﬁb%t@@e ARG Eel %g%egéﬂc édn%c%ﬁq%lsﬁﬁfgg@)g@n

of the bond wres 50a ot her connecting ne such as
ext endi ngefhnarnes h@hbmdommpﬂfaa Cbﬂmtcwe\’\fftj@tdl@nﬂm gicld 2asepatititeon, or other

substr at emé'c, a %'] ea% P;I'egl? 11(‘? Sthe %gtt %grfac ea%g% gie(é’r%'tg'g gvégi;‘;%”ml%bd depth.

30b) betweén Bover nec
cl eard@nce for Mﬂﬁng\MDQSO EXGSrmp,rtge ﬁfs@(’bottbﬁ) I:lmwerzs toen#2 on arfidsitsttfsce 68 of the

achi eves | ower over ) i ght .67. esjve e 64, 66
o Bee e P s 1T Tp AR 28 elbr et in B iyl i ison 30 B plysakty of bond
sumoort 5;&&5§K82651@n(%‘ﬁ gamuehhme&emﬂaiaemm (wbitermd Qurdate g2t DR shohh HFIH. 9, the

11 illustrate an enbodi nent of a process flow
and met hdptipaysupfgsen 2ef thiheotionndirdd 13 diard wyh ardi fisingohe firstpafacg 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 500 pm. As shown in FIG. 8, the support substrate 44 can be in

the form of a strip or panel 74 on which multiple die packages 40 are formed, whereby the panel 74

MKE/734127.1 6



Prior to nounting, a portion or thickness of the second (inactive)
surface 58 of the second (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

peri met ercaBge singulpied.dprexakiptanhy metihg disshicsringdony 4n expande dsiéhd, into individual
sel ecti vedax Leove a portion 60 along the perineter of the 5die 46

such that V\%gn the die 46 is subsequently nmounted onto the first

(bottom die %fcrhii‘@toﬂﬁ@gsthd betige dGe24200a0 be deschad toofe Bippgrivubdirate 44 by use of

suffici ent eara he bond wires 50a extending fromthe bot
Gie a5 ¢ e Sls\’ﬁﬁgca}efl Retehah Bits 6?&%2%@@“8@13%0612@ Raifgmpwirace 72 of the

for med US:JoﬂleﬁEE)&mﬁaE gcdw) il For kdthe est 3htface 69 rofﬁe&as,ﬁp;!;& su%s@'cn@mt Che ¥Bbsive
etch or dry etch aser abl ation, or other mechanical means of

r educi ng SHeEnbet EBRCRRFsRAY Sgakle adhssive sistaiabkapgvr i the phdndlvdingbonast
depth. 2 i t )

mount ed-ouTa 7 Damoad Cadit s oha henb s She A8, P BapI 4 b spgp or
di e 42 conpivilsesoma dqutzlr_et-miwicmuke)ay&'ﬂd hdteeive Gpeistdh & p@lyumaxlel filyn @hteondoth

DS e o ated Moty e TR Rt B oty B s Do B Tt P i a5 g re-

al i gned waged f@ﬂﬂwfﬂa@m Bhebive tdpe agdch8diHeREs 06 8n Bdhetile cRHRROT capWoShpladiQo either
44 prior to asse b&’i/ 25The support substrate 44 can conprise an
§inettpmglipdt

el ect ri cdrPythiol ¢ pappertisalstiated duging fabaicpvpry efiarptaskeddje package.

W th gl aggady Hekse a&iﬁ&v@éﬁ;m%laﬁon rﬁétﬁ%' 6} A of £di @&Iﬁégﬁfe(aﬁa-ﬂcaﬁgl?h@ known in the
epoxy resins such as FR-4 FR-5 | am nates, ceramcs, d pol yi mde

resins; artpauchias M@ﬁmmﬂ@mg,(rellg applmamwm)foﬁnctf@mﬁer) Smalafrlbfexn aﬂheswe tape may be

Y5 A8 e ML A S0 o LS BB o

r epr éSent at i v@&efdmicktoddss. 8f with Glca‘ﬁsts{bldnam)ah e42 moaxhredl bn B spmttace éat)dutbond

500 As i Fl 8,. t.h b trate 4 be.int
Formof ¢t ot TyskiBpudn 4R T freahe i Bk el R B ag e apd 520 on e
f or med, Vyﬂ SoRtbithe: PRRGH exdipivkEy \Zﬁéﬂ)&?dlﬂgﬁ(as Sl @r 5}/ e ladloffhtedtRhding

exanpl e, cutting or shearl ndg al ong an expansion slot 76, into

i ndi vi due(l fb%&k:f@ééxample ball pes r(fﬂqtﬁbm’fla CFJF@“TFHHQSHBICB]& PW@F%‘}’QQG%WC]S 43a,
be attacQﬁﬁ'zﬁe%oh@%léyp@péﬁeﬁema@Jn@em tf?é/te%ﬁap;gad§@2§91hﬁl%'s¥ﬁpo s%me 44. In

64. The adhesive el enent 64 can be applied onto the bottom surface
of tRe Sivther emboldiments, TAB bending jnd wiegonic hopdinpeastkinpwn i ihefadtceand® v@¢d to

t he suppQy e%%?ﬁo&?}cfafadﬁﬂs aﬁ_aiﬁxqu'ﬁﬁr?a'l%ﬁﬁ Se\slzemant 64 can conprise any

sui t abl e ‘adhesi ve e art, including contact
adhesi ves, t h@refmnﬁmtﬁlﬁadhas; the&oantd(t@ﬂ)@m@fseﬁhamgomﬂiét@twé& firftqactive)

11+ | G 4 e DR SR et PR 2 Y spre e 46

si des W tcBmpHiR s e (ackie) QRfatoBD ditk adRir@ndbObortd RIS UBPSbhe BldpSk plad thereof,
44 can be provided in a pre- 10 taped formw th an adhesive t

at t adhed 2phaprrsd (pectiyp) %@ﬁ%@%#&/&%ﬁh@ﬂ@ﬁ% FbG. th thegsceipipriaes i%oféF% #fepnd (top)
or both efe g aﬁgﬁéaqmr%a f&an@nﬂ fﬁﬂ%nﬁé&@@@ lof 1%(59&&1)4&@@ b#B%o assembly.

fabrication of a stacked di e packa sui t abl e adhesi ve
appl i cat {Tdw renssded @dsc @rbetwennitoe Brst rtorahﬁe§?\aéd Hspived Bing 6¢road diadhonpized with

in the ary t%ﬁ‘f#ﬁ@t?éo@%’é%ﬁ 8{&1 83 ﬂ)gsufﬁgilell %azl:‘:g%%:o?gl %]Emd @Yo &@&dr 'gfrom

transfer. an a eS| e tape may roma dispense
and severtiedbditoondia 42 o dheeﬁp;ioatpsabstmteﬁalppl ied froma transfer (carrier)
fil Mo 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

MKE/734127.% 7



15Referring to FIG 9, with the first (botton) die 42 nounted on the
substrate 44, the bond 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 wire bonding (as shown) or by tape

aut omat edoto mllihrag afhepng@' Type Frarhed Xeavpb.or abatlheshortisnehinGd catimvmappliedio ditber or

t her nosonj ga n 18 bo W res 50a
extendedrhgghdblﬁ%%"ﬁ%%qﬁ&r{t ﬁ% ? glre %Qér%gp?%g);ds g%g ﬂgen rtSLQ gﬂlngrt substrate
44. 1n 200t herAse:hbwdumﬂﬁGs;lITﬁ&d}ﬂnﬂﬂmbaﬁdhmdehmas(wp)@xmﬂgm eb®trically
known in the rt n he usgd%ztbl__q nnect the bong ads 4 i he
termnal PIE 30 Ui ’@?‘P?‘r?éi ° SUpROTY FULS{IRlE g aﬁaarfc 6 ‘mr%b%im& as

is then rmewhedtheMRrbRe ekdrSit, o(r@?tI‘A\Eﬂorﬁl ol AGEIIAR iPhe WIR-Bdnhigd stacked die
(bottom) die 42 to formthe stacked di e assenbl y 78. The second die

46 conprisE&HY F¥rst (active) surface 80 with a plurality of bond
pads 48b al on

Do Tace 58, - AdE ol REHYIpkar QEFAR Iy, £ 1N RoRBE0R it AR} SchRloncopayieton
(top) di enxtéridl §Zabiplgmié,\da thietrhosehasifiabe asgemble TRicagbe smapadae&' Osmg kmd\fen
first (bat or 1o assenbl cessed,.edge .62 bet

the 111 oteeRuRebIe s e, RESGEIT erri BB o T Tt doa o e,
wi th i@ hek@ing(ihihd @ciisalatedtakedne padrag SR dPict@UhRIC. 8Nin 6hee@hAGRent,
of the bond wires 50a extendi ngs‘fromthe bottomdie 42 to the sup {)ort

subst r at dvaber afpirnasseBbld 8o B Pure e lewsr mpld slateehel afgnonen wa theyity
die 42 byndmane a@denly @l?ﬂ?ﬁ%&?tza@/i@ %Htfolﬁﬁvmé %caﬁ%ﬁme %&l@g bare separated

di e-attach adhesi ve as described With referénce t esi ve erren
64. The fﬂnﬁﬁiem@@td@@macﬁgésﬂ@cmhﬂmgulw second (top) die 46 can be

provided in a {P'Eh% eﬁj%ﬁﬂn%gﬁ{ezﬁft%@éﬁia 4 8%%}121’1“:59 289 5240 E%EGJY}fm tﬁ?fqnerof

attached there or "an sive enen can beé ap’p

or bdtsh disductive sa‘]@;err’ml]mdr otheofuitable ceediotick xﬁmmﬁal sdtleasosuindudtive epoxiador
(bottom ds 48b of the

oo Bt ailied <RPHET BN et 20d e, hioh S aaa o 024 roich (i o) surface
pads 52b ganfiktesuppipaithirasds firaiRuitdl conféction 3nDle@nc¥d Wehnaci@pdi Bga

as 5shown in the 1llustrated exanpl or by TAB bonding, resulting in

e,
the wi re-ca@ﬁalé@fWab%ﬂn%ile&ecgscg'e%w@w?@ots own). Jﬁﬁ@ﬂaheéofél%hﬁ}ﬂcvwmparams

can be pagdih@ld vcBhr Bﬂ';'e} ¥ t&ERATHSW 1‘?%?{51 s?%\%ﬁ) sBcifhd 6EEIGard of a computer, program
encapsul ation material 82, typically a thernoset resin, the asseg‘o

78 caf bdozneelicatPdd)us ieaiinganpomatus cormmgpwss. i Fhetshppaat substraie 44 typlcally
exarrpl e zr?c%oeegg vgl%tgl 'f@gndungQthh}oggh-hglgg omlasdééntﬂat eq(%%dttﬂr%ggﬁ file cross-section of the

mol di
substrate and establish routing of the conductive elements through the substrate 44, and further

include electrically conductive metal lines or traces and pads fonned 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) dic

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

MKE/734127.1 8



10resulting in the encapsul ated stacked di e package 40 depicted in

FIG 4. In one enbodi nent, a nunber of die assenblies 78 can be

placed in a lower nold plate or half of an open multi-cavity nold,

one assenbly within each cavity, and foll ow ng encapsul ation, the

nol d pl at mk@ceioéwmm;@demnd an h;eemmlchhchthahdpppmmga(gmhd@np dihelyecess 88'in the

si ngul at rrent 1e

cont act setg%to ‘%/’8:3 ga Ste?loé]dfdcﬂpﬁ?%fqg 18 SHHﬁtc’f’ 0\}56 E%‘?‘H‘éﬁleﬁ% thys @glyieving a

ot her suilvabt @ve@ﬂhphftkﬁgc\/}mgliﬂﬁ'ﬂr iaml adBerdle edindh@ 06l WaH by Bti18RAXd BSacAfthe second (1op)
conduct or ; flé| XI es),, 4;pl ums, pins, and the |ike, are nounted

on the set®i OPB?) H")“’r%ﬂ?ef Ce 84 of the support substrate 44 for

el ectrg cal coniged.i19n 6Qfludihe BREAEEhA @fdﬁ}é}@&e@gﬁo&%@ﬁqeg}oﬁggigﬁ%mg the%stacked

an external electrical apparatus (not shown). Exanples
el ectri c Hppaakagedd’ pﬁEl@ .a PCB or other external circuitry (not

h h
iogwb Fg? (?)EF&)%': ggéﬁg% g‘g sflmﬁi f&r@gstg%c%log%]ﬁ%v%?)fzt%]lén%m&tggow bonding of the

substr at eﬁrMbbtyqnn):dnh Hg' ih lacﬂ:pu c[ap afaciiarhtab Yheafubsioidi t iy ehdvid, oiugfirshdik 83

or vias 86 that etedt e .Cr 0SS- ectlono S bstrate and
est abl i shCOFBJ&?F?%ag aPtI’\‘éet)] %ﬁébﬂ\?& aéF %Ct‘c"ﬁ}%}iﬁ fe ? ﬁe Tgﬁﬁ%ti"reétl’épace 70' of

44, and fiys meﬂlelminuﬂeesed S6talit d BARNRGHEL do¥Budi®RE Bl w@%@htefdrtﬁé%é‘o% which
and pads forned on the second botto surface 84 on

ext er nal HoTHEed lrsmprgﬁl@ewm wafigosipe rﬁlemn@qcﬁwebwes %@Ka@@g cgmprise a metal
fabricat

can bo 1 AausEul i Sbn At ole ot B Tive Byl Satchel, b B P Blmed by
cutting dmowheagthody.in the an: fod\mmmldc, edmtroplatmgltnet}ﬁ simd muimlr@w wing b)orﬂim and
assenbly pa e-accordi.n 0.the ventlon i S, depi din .

Cross-sec en%ﬁigg T%e F a&Pre Oftésg%sitﬁaff zﬂl] caY?I Y @deicf% %‘hfer %’%?8??2%8’ ithgespect to the
conpriiss essugpdrt nsatstn(tb@n (dgpadituge 45 (FIESIBLEY,. to a suppor t substrat e 44’

[ [ die 0. 46" npounte

inaflip chip attachment, and in
a recess 88' qj(’)"ﬂrrécﬂmf’ﬁmi“r&ea ¥9°Fs§t%8( S’édf?‘gf%‘iqr‘? éh?éewd Brctivr S‘H&GF 8?:10“1“3 first
die 42" . (BowdnPada2:480hoRN it H8sSRetuHtn 1601 3,4he 11f1§t0 _algfe?sp@étfv% nsesG. 14,

to term naI pads 52 on the support substrate 4 he substrate
further iTereuwss3&is radand @@mﬁ%qums@peweéhegeecw ch@ﬂﬁ tiedireig)in ¢ gtbsequent step. The

connecti C}QTe‘Qé ?é en L & gﬂn%gb é&ap@%ﬁ&az?%qqkﬁe r@t,sfa%;: ,gi%pdp?iﬂ(ﬁ CJ%(RJI&T The

an externa ectrical appar not shown
bot t &% direce4288' ahth bm@mh@tmmdmex(mmﬂ)deﬁﬂl@ndahdthmo heoimseiatei the platdment of the

oot om 9 gefans P S5 GO0 BRI Rk B BB S0 e
46' ont o whetchek dentich, dasdPablativh| &:Sathék&ael:ﬁamdal ehisaifecaoviegirdeama tinadtve)
% g O?_g_sssu;fjace 72 29 thg?i}eh?Ddryfc(t)clile;sOa;engo?gmérg%lys 5\?&%‘;&‘2 t%:” gxaﬁ)nap?g E}%?n gl(EJCO]%]: 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 (i nhactive)

surface 72ubstrathg4'act duve is tird @seofi@ndotivd pollimef bursps, ditteudR ottienglethdéssuah as

luralit ond onduct tye. b upted thergo

Bhich ar 512 aRn e dRIBRE LR uBlPRS 5P ondhe B rbigh 6 Gt thpvppon
bunps 90" sibypate dH1aye @popd Sehgahepérihhegr al | oy such as copper, si I ver

or gold, or a ductiy o] mat erial ., and can be formned

met hods. i t neRarEere FTGSata & rECHB 4IRS trorsonidln Arkengy of th
by Wi re bphees &e 4@”@"11%%%5 |(ﬂoﬁ?dle]i@eco§xlﬁﬂﬁ1§§r alfi r§tl{9§¥\feﬁslﬁfa%@80 %H} PButallty of

a formas described, for exar’r]? respect to the 15su

subst r at ebangl qads 881 alokade peopheFiesofgnd m.)seccmd (bottom)lsmfaqecﬁ&m‘&msshong in

a recess r e tive ace

the first ﬁf% fsaﬂqel%&élﬁ (@glﬁ)@u}fg%os\?ﬁ]&ﬁﬁe Scchcg)ss "é’é cl)dbéﬁ |a§1lg|§fdd“%1§r,lg %W&g the
inatop rmessrSécmIthﬂeswoxﬂwmfacd:]?&fthébotﬂamedﬂeaamr%asserﬁb@ized and
configured to receive th sec nd di e einin subsequent

step. The rece Sggond&ﬂﬁs aft?fﬂ’ﬁ?lf ‘2‘5}:”?*&1{1’ dieirapeme aggdhesive

squar €y I glehamapal. arhe AN&ive e@é}ﬁler@ b6'Gdh BE appliB® wahin't§E R8s 10GRN e surface 92°
formed to a predeterm ned depth and width to accommodate the

pl acenent 0lgPe beftons dieddd anl/er to s wrendpsriag netihe inptdiod (asshowa). aFhe adhesive
for exanp t ang i

etch, | asjélr@mg EBtaGt fa%%bﬁ r Lé‘hltl;ﬁlé anflg%ﬁg%ﬁgoowﬁe}%oaﬁ rﬁ& N3 ﬁ“w le, atape
second (i adietivye)die aﬁta‘Ch@eheEB!c @fde‘sctréaediweth r@pyct é¢ ediesive ayemem 64'. The adhesive

comercially av o _exa n t

of e | o kbR B e (RAnES AR Rl ERToR 5 ol it WalufE Gt osertion

}Naf elr 13 ]eveﬂthe f}d’ﬂ:&l&(ﬂﬁle zaﬁhmleé reCess@8', ok Mgt land/etkedbre) die42', 018! aanS:tel’pr@v]ded ina
evel after t |1 e

npunt ed on substrate
The bot t oREdFR 4 wiih 2pEShSTA LS aHﬁChFéwg‘e%ﬁbﬁfﬂ a%e&ep%renmﬁ %ybe applied to

convent i Ofigder & Wdth 818k Burifi! GGG YS thASiasilea Wik ;saakaFgeG-o' Ithe atdh@s;@&éléﬁ«f&n 66' can
surface 70' of the bottomdie 42' is aligned w and facing the

first (uppeplisdiby serwengonapmethpgds Iéls?ﬁ’rﬂdflihesaﬁbstrate 44' prior to

assenbly. Trac oty

Surface 68 of 1 P aubnaad. 163k, ARG HARSIAE SRl BB)iP T BNk buically
cor r edponcbnpectede thowfmpal mds 62b' ofi thesnppqroaibsteneid4’ ,hkr eangue biywardmpsg (as
90" of th boi mg‘kg 42'.. The conductive bunps 90" in the form of

sol der bu PHEAPAPSREA to physically and el ectrical |y bond with

the traces or ’ﬂi&k&ﬁeb@ﬂdﬂlethtkbﬁded&mﬂﬂ??&’rtaﬁ tien bk pattialWppailly eavapsalaRd with a
68" of th ugtport VK 1734127 é%{z sub rate 44' ~or cured in the cas

of conductiFl¥ “ﬁ@?‘iﬁﬁ%‘%aﬂﬂﬁlﬁzﬁ%‘m B‘EVH@?*C £ Hols 2 (2 Fpraisthe pRgepglated

conpr eSS|ggbk@@ewqjaa@gpaov%@gnH;I’p[(mmal pads 52b' on the first surface
68' of the support substrate 44' are exposed al ong the peripher

Ref er#i ng to Fixsnalimntpets StHe.gscentugtive wider balls cagthanderpamtadmnaribesecprd
the r €CeSh, ﬁ?m? QIrfa%Q §4'%? ﬁ'ﬁe sgﬁoqu Sivda & MT% c%ﬁ%gpﬁg (l—{e(ap%pﬂ}(g%on dto aalaglherboard

conpri ses active ce 8 th a pluralit
48b' al onqctth’eetﬁemc Watmémeehqwla}nd a second (botton) surface 58

As shown in Fl@he eaP%hca leséa{%%n %u%ats) 1k O gpr?sfx_luxg ?eura %tgfles(zgt %&&OQ gﬁ(al 74) can

(top) die 46' is™al acrn ceey *he ~sei
surface 7en bt sihpdatbdirt@mdiliiéuadl 2ie ppckiages 400 assenbly. The second (top)

die 4?(3 can beAq"urtthaé? Q%goélgle}]th() abn%l !191 ]qip%le assem%y pacE}(ra!\%e gccorcp Ing to tge mventlon is

depicted in a cross-sectional, side elevational view in FI1G. 17. The die package 40" incorporates
features of the die packages 40, 40' depicted in FIGS. 4 and 12,
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10el ement 66'. The adhesive elenent 66" can be apptied Wt the
recess 88' to the recess surface 92' of the bottomdie 42', and/or to
the second surface 58 of the top die 46" (as shown). The adhesive
el enent 66' can conprise any suitable adhesive material known in the

art, for exanph&illugrdi@d)theaAblepi Me" efmpises @ﬁisagal@ua@m@&memoaﬁted onto a support
descrl bed%]\\(?\nth respect. to adhesive el enent 64 adhesi ve el ement
Can hatbatrae 1450 B e SR GEA IR o1 « P POHdIeRde 4 46's pdgast pargally received

cont rol tHgnidageRss & ih RRaidibftie 4@ gfmﬁahﬁ tﬁ@aaegslcﬂg@xxéﬁmcg nltz9 rm@ ackage 40"
recess 88' . The first and/or second dies can rovi d II)

a pre-t ap@dh?f@mpﬂﬁf%srﬁ thind dankede §¢" matpéedaqrt the fiest (acneq:)@uo“aceoﬁﬂ"a»ﬁ the second
adhesiye I { £ url
f abri CS\a/.tI n %m%ggétsg@%ef%‘ge& 8 %gg%i%fé]%hgog‘g ggﬁ\% 3 tﬁgé%:md

can be applidde) dy4&oamdaht tkmﬂe(iop}réibmﬂmhnmmmtﬁd tohemdiidl pads Szb", 52¢",As
depicted in Fl 16,, the he.secand (top) die 46' _
are then réf%&‘ﬂ%%&i‘ﬂ}ﬁ %p ﬂ’égﬁ%é‘} og{bﬁtéatf’ ?nf“ﬁtgf:r 1533 %«mag)ﬁothés 54" (e.g.s
support  sdaiit balsgfotonndciig @% AN BkagRY0VWhd LcdditbMdo aRSlcsiONBhpREtub¥hot
TAB bondi ng. The?w re bonded s%ke di e assenbly 78’ can t%“e&}r?pb tho

parti al | yshgwn} uh PyTticR ARSI GReEMSiiTIoR thy Sesaar éiBast V) @W&"@&p%@‘l eftthotird (top) die 94"
mat erj@l 8 éam‘d %&@9\%@%@9%&% Eﬁge @ o ,QErgvifdg raﬁnof:oé}ﬁn @ﬁ& 6l

st acked di age 40" 'shown in 2. 25Ext ernal con acts
(e.g., c oaichnmw vEthe bodé witabits' conmectihethe bendpads t4§bi' ontht kecosé Crorldle) die 46" to

e packalbodB e 4ty RinNEvBRHEa oo I8 R Ce FreLe AFRRFR Tt D fnotte recess

shown). 88"in th%@ft@nmz"embwexheasemﬂeim@mﬁdzaﬂ' o BOIREHS (Agst@l) therem The
plurality anel can then be si ngul ate

into 'nd'W?"&ﬂg?amﬂ"rse&pa%éﬂé@%w& ROt PIFGRCuT b N Kb fAckagS height 67"

nul tip e gMdRiveRnsaeed) %“%ﬁﬁ@%:ﬁ&%ﬂbzﬂ&l}l & 5iheh 'tH?eVs%EHrJdQHm!cﬁe) d]e 46" to the
depicted in a Ccross- sectional, side elevational viewin

di e packapgionoiie f embtheéhlét(tmalmﬁ”ééo B segpad @m@diﬁdél@aﬁes 40 40
d ted Fi wl, Y%
epicted in Fl{Q. A andle }%kg%@(%éocg?%% l'é'%agl bf?%bﬁr% lja‘rcﬁl:talg%ng%e ﬁrg'&ss ste S,

package 40" conprises a toa sup
substr at edesm'fbedmbwefahlf@rxchtﬁqgmckmhﬁ%m)’ and a second (m ddle) d| e

i) Aot Bt R YL M) BBt SES5 S AL ANY Save

further cond(ioprsie 841 hespectivenp) die 94 m)unt ed on the first (active)
surface 80" of the second 5(m ddl e simlar to

package 40 ( Flasreesss 83BaaybHRgacd sy ese&@ef’ (lr&‘ftwﬁﬁéu@%ceaﬁd O%W&att@y dif ¢ as

46" and td%%cﬁﬁ%ﬁmth(x’é%ttg'd?e M(paaxa%ewﬁmth@@@lﬁaem FREST1RA4. PR Secess 88" is
52b", 52c", respectively, support substrate 44". Substrate 44"

furt her |sm¢,e|d@§@ goré';&ueqdﬁa|re@@mth@g&gor@4m1@@e)ghe 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 947 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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sol der balls) for connecting the di'é package 40™ as a conponent to an
el ectrical apparatus (not shown). A portion along the perineter of

the second (inactive) surface 96" of the third (top) die 94" 10is
partially renmoved to provide a recessed edge 62" to provide an

openi ng 63" f orheswtdnddimedidle)aliedt danden afoutitae ibthadeoatsr 888 of tHa'bottom dlc42", as

connecting the b 48b" on e, second.

subst r at eg’ﬂfri| ﬁ[]g;spfﬁ?.nﬁﬁ? ??ﬁmﬂcffg ﬁé %P”Pp&sgsaa gﬁﬁ@g’ 9’3@{*&@@% ‘ﬁgheo’ﬂ fdrst
di es 46", (a9the) sdifRe BECRES a 8kond (bo'fttbﬁh) betdceBB'di Ehedditol sufdle 1@ BRGOAM die
(mddle) die 46" to be jnserted nested%@/t herein. The recess features

62", 88" Wivamoaeedorlpyhetseass putacs® Rotipm Giad?" by Ercans ofpa @bagee clement
hei ghts 67g¢15Adhes e %ﬂ%@ gﬁaesw@@s degmeé@w%éghaﬁfé 0 5@%9@%@@1%64 The

to attach t he secon e 46" to the bottomdie
third (topps @H"e4@4c‘fmbept&a‘ep@e@@ndadbw@cﬂee)endﬁ@ c48'be applied to Teesudt@ok edher or

di e packa bricated utilizing the process
st eps des%oﬁll]gles dg%%%%%a% 3 f‘:ﬁg g ‘packages 40, 40

Prior to nountThegont bmsrrmbesﬁms s&ﬁnd dizd6” mnh&meciéo@ﬁamg cbﬂmdchﬁ td thresémnnal pads
(bottom dle 42" and th ZOtP ?(tgﬁ) die 94", respectjvel
recess 88°2tc&R ‘]EfeS“PB‘? sigfe YexRBle DhyEe P‘?ﬂ?}“gs?f a’E%B?’Z‘d“tgﬁ rqshlgng ina

bot t oy di §niiire s1ﬁ1%a1dt%$1‘fa&'s&§ﬂqmﬁf@ ngspect to die 42" (package 40) and
as depicted in FIGS. 13-14. The recess 88" is sized and configured to

recei ve the seRdptingmpudd EJGdl% theehird fiep)alind4'reaa tirntbsanmatnd antthpsecamt

can be sujt.abl p e

e, 25A PHESEY a8 BRaRIS. Bl BEERARO e ot Bi BB bob I8 SREEBwn i

(i nacti veFIGRirnheade T8 thiof (t¢f)did M"ﬁsﬂmoumrx) ordé éaeg‘#ﬂt (eaiveherirfaoe Ao false second die

e ct oa 10 o1 i Ye dieiBoiiy abn 4 Fet el bl 10 B PP cafie g compriss

renmoviesd ah RE(Chee) setaad o(batith aPursity Ba&ﬁadéﬁds 4&2“ BloQY ittteheriph a«;@s@&d and a
edge 62" the nopuntin e first die 4

the subst¥e&pm wafaces%mtharﬁcqsm@dgi&" e Siﬂswnsla%“*'r@ 18 F@tsemétw%se %"ef the
42" is mﬂ&ﬁh%ﬁp@e@wwl&ngﬁ& @Mpérdrf%ﬁ% fid fry%aaﬁge)féukfac&éuﬂrbfta?ecéae&ﬂdqgﬂdd;e) die

wth the term ads 5 he surface of the support
substr at Mﬁ&hoexp@swlm ong the periphery. ME/ 734127.111 The

second (m ddl e’?heqh?d ég‘? élé&%@&ﬁ%@?&ﬁ%ﬂ t'fghet&l%g r{deﬁg§§’ab8)§l e?&jéﬁ‘@x‘? adhesive

bottomdie 42", as d e secon
corrpr:iOs eSelanﬂit@B'alfmt aramiplebo m;be padls att 8dh'adbesiee, §9 destritled dibreirebosuwitimompect to

GG ¥ CHEMW I W T R TR
di e 42" byg'raane aplicato adhest b’(ﬁh glee By 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 48¢" of the third (top) die 94" are then clectrically
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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5 66", such as a tape or die-attach adhesive as déscribBed Wth B

respective to adhesive elenent 64. The dies 42", 46" can be pre-taped

or an adhesive el enent 66" can be applied to the surface of either or
both dies during fabrication of the package. The bond pads

48b" of tshistsmectiido piogidé@lecaionl ddneectieh efthe idteaiabklag@@mm&ﬁézﬁdedt@cﬂ Bgparatus (not

term nal pads n the. suppo strate 44", for exanple, by wire

bondi ng SFO¥y %ﬁere&ﬁﬂdﬁﬁaﬂu ﬁ@a&r’ﬂ.%@ ?ﬂﬂ%}ﬂﬂf%t%tflfim@aéﬂlmpﬁ%l@gﬁso t hat

shown in FI G Rbfrring to FI@Qﬁ%ﬂolH&gcrﬂ%;ﬁn%t%k@mulﬁale Emg dtéﬂalsééint(wpakagéhe
| e

94" can then be nounted on the second (m ddl e? sim /| ar
nmount i ng HG‘FOTﬁlﬁét%@édﬁ@“@?@szﬂ!@l@ﬁdW%Cl‘@@tﬁeéfmr@ sidgzleyhigaml vigwF (I package 40™

10-115 Th:gmlbﬂ%ersq f(rgtc(%tth;(lj)edag 4o | uﬁ@(‘j’ ?ﬂg Qubts{}% 43“ dﬁ[‘nd(aas%Ednﬁgfo\lja) die 46"

surface t he secon e 4 stac I e ass
78", as depintdded thabdEioE died2"" The llhkstrakdd (th@qm)com died8™ iclarger i mm ﬂéaa greater

e et P ALSE LA a0 RaPLA Pt Bl e R st

62". As sbewd died 4Bt Gi6" 1de wikeos&WIatd " S30biag er@fhal pddstshe” t92br @n(tﬁ@d@bport
die 94" is al i gned with and faci ng the first active) surface 80" of

t he secorfbbstifedt” e highdudgr insiydss e%t@rﬂ@lsc@é%tﬁé " Theonnastrike ¢ie ppokage 40" to an
100" jgan elf’e%tr?ctaf Qr%ﬂlst @ufxilT':ﬁ" t5 e dlidp dfg' angﬂe%ﬁfﬁgé with r @%e&gﬁgﬁf@gﬁi -6, a

20el enent r exanple, a tape or ‘die att adhesi
descri bedaohmnmf ﬁm@mdv(mahtweésmm 588 ofithh esdouné (tepedie 6" Garemthe! dipewide a

46 100 v d form.or .an, adhesive .el e

can B RR PR SR Bk RRRLCR G B ALIAGE 57 oRyE0ine
t h| rd di Eboﬂém Ay t headgcanebesd H)24'Gs alsd riehaddit eissedor@idgeitdr) sudfacd T2&' of the
third (t rovide 49 eni.n

sufficie EIF’é’é‘?‘i?ieé“ WIZPHSO% i %Jb%d?%gb“]@%% ¥R %eﬁ%remebottom die

second dign46 thetsgpﬂd?'lesu%%b@@ﬂi"' 2DRisdss RhRrAd462™, 102™ co;ﬁ&fn@ b ddABvE @ lower overall
FIG 19, the bond pads 48e" of the third (top ‘die 94" are then

el ect ri carfipse beiakictedor theprekagefen’ hanplipagingie neghfor hapaseidisdF ¢en the top and
subst rat %oﬂélm’d]]ésoglrgi% g’thé)%h%%ll aﬁ (Tlglqé}lg h ?LQ" %r an-qﬁ@rtqm?)qh?&gess 102" 1 1n the bottom

The di e assenb encapsul a resul t

in the didée ?ﬁbﬂa&gethéﬂ 'as 86{39mtdzt)edb¢twe¢¥i s bdﬂbm &etdat" raaﬂ tleonbact s4464' 'In addmon,
inthe f ducti.ve ot her . table.c uct i

mter al SRR i ar et dea e e LbBra BB e Sl FuBERBS o)

t he 0ppoidedNhicEoRd4ihgets ﬂtﬂcﬂor Shasbmpbeendbn thosydseme d@aednetdthb drl edge
connection of t ede ge 40 o an.electrjical appa (na

shown) . Theregﬁg 2134 ffie ?teavembﬁ@ﬁnt@éﬁ%eéh@.% PFSEEBH IG5 fomming the stacked
i ndi vi dugfe ghcRagRaghagesp, Referring to FIG 20, another enbodi nent of

a multiple chip die assembly packagelaccordln to the inventionis

depi cted i n aPepowenewsdngdharecesspgl28) dndrgdommeshin thenférsifaetemkdiq 2™ 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  patieming and utilizing a chemical wet etch or dry etch, mechanical drilling or punching, and laser
ablation of the second surface 72" of the die 42"'. The recess 102" can be formed at the wafer level

or the die level (i.e., singulated die).
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5conprises a first (botton) die 42" nounted to a support substrate

44" and a second (top) die 46" nounted on the bottomdie 42'. As
illustrated, the second die 46" is larger in size, i.e., a greater

wi dth (w) and/or ngth (1) than the bottomdie (see FIG 6). Bond

pads 48a", 481 Yeceﬁ@?ﬁg edps K21"redangdhedpsisren $ 6t o€ heaRtond4Biactiae smiace 58" of the
bonded 50 ner 52b e su

subst r at e%%f“d?p%%dlg %Gf urt g%ﬁ%@% egr?bee;‘(i péervr]fgis%nf(%{%gé?csogg%w 46 (package 40)
connect tdepicthiden wacsage AQ)orﬁ@l afithd e ket tig repadledqupR (At Wehen ShdBeb@d di@46" is

bort1 on cRer B GEEGHA e Hech 4o lutferetodd BB Sbt biowdes sbonea ra Gpy oapeicien
46" i g re:naamde bﬂh@h@rvd HReds (28CREREH o BUBEhE Brst iRM425Ub leGbaNhal pads 522" on the

cl earance for the bond wires 50a" nounted on the underlying bott
die 42" SAPM/&‘-%’W%‘?‘*‘? ecess 102" is also etched in the second

(bott on') surf g%ﬁe& toolfi‘ é Iﬁ @xg%%c%[ﬂl ﬁir??tog‘n?sur a%ggl'i’ Efﬁa ?ﬁg (l%cﬂ{otmg die 42"' is aligned

recei ving an eneht 0 secure
1542" t o willeardUppog thesﬁrkts{upm}suﬁdba 68The theewppat fidatrate d4™ 6RO toh@s%mbl

S0 by el Lt nat e BirtiS ati Gty obaRERSutRal R mesp ahah ?5%% cmen
di es,10and oaouThe Bdhetife el%ﬂi&ﬁﬁlme‘ cﬁh Bﬂﬁﬁlﬂlea%he e ulRSEEINE ™ oT kiR k&8s 102" of
recess 102" in_the bottomd rather than as a distinct |ayer

bet ween tthefilsbiboamyis 442y av&ﬁa Opweth%ﬁﬁéiupa%réwf@ce 68'nohithg .svbsgﬁte 44feand aligned
recess 1QZ4t @opdalsNg @ t@b@re@&ﬁ@&“ex@m‘ eﬁfe‘é@h%h’%@?én%n@?@l"l h?@an adhesive

anount of adhesive (epoxy) ont o fingers and or 0
conponentgs! arfapdes @qsblsbadéteeenaﬁbpa@wﬁh raspect leadipgvaedepent 64 (packFie@®). The first die

21-24 1| chSt ?/Io?f(h% u dsrrxgpeddélqe&tn b%f f@vﬁzgggreapgedafo(r)rg?srzapfafipeswe “’:HW‘H‘ 104" can

formng the's e package
t he riac e%aﬁp]ifﬁﬁo ihe&ﬂrfa@eacif eitterf @@bothidhe first die 421 mad theBabstarg44di duridg’ ’fhe
and the secqnd fespective

di As shown in FIG 21 "
2nd i na o B e P50 RS 1 subae BESEh o3 i Ervehants 5227,
in the smendnﬁmmseofauém@@atzareesefjoswe first (bottom die 42". The
recess 102" is sized and configured to receive an adhesive nenber

| 04" therein fReferang wditeh2Igd, threegnd (taprdie 40 isdhenpaunted entaijre firstilottom)
recess 1Qg: 4pa0 f@r‘?n 1 g[ﬁ%ﬂed aea&xmwisa'bb@ BORE FRYUCGA @8 SSBSiface 58" of the

rect angul ar, oval circul ar e recess 102" can be forned usin
knowROme tshaad (fop) dih éé'anst ahgfneqi with ang faging 3ioplast (@ctmeh guréacd 701 of iheifingg (eottom) die

chem cal t et h or chani l d ing, and
heer - abitar s LB flend TN AT colvp bl R PHAT RN B oran
102" can abﬁesf@remmbna*éé't' ffer mﬁ@le Wﬂeltapuorﬂftatidcmadtﬁsdeé ag deseribed with respect to
singul ate

peri met er h%@heéve?ﬂggézﬁgiﬁﬁ p@f]’]flﬁﬁﬁﬁl/rg)e ﬁ“gh?rﬁ)g ¥ I%g P{ﬁ aqtﬁkgcgrg]c%wz"' 46" can

(top) di geffovidednlerd- &b%fbna%r@eﬁdahem;aﬁ@v b@USdyappAkd ioft@th&e&%@h dies during
die 46 (package 40) depicted in FIGS. 4-6. A portion of the die 4

i s r&fovdie BaEHIEEEP, when the second die 46" is then nounted onto
the first diedZepictien 7o otk RAESa2isoP P Wed8HnBMPPRIARBY B3 thefi BE

sufficient
electrically connected to the terminal pads 52b™ on the substrate 44'". The recessed edge 62" of the

second (top) die 46" has a height (h'"} sufficient to provide an opening 63 for adequate clearance
of the bonding wires 50a™ extending from the second die 46" to the substrate 44"

30 The wire-bonded stacked die assembly 78" can be partially or fully encapsulated with an
encapsulant material 82" using known techniques in the art to form the encapsulated stacked die

package 40" as depicted in FIG. 20. Thereafter, external contacts 54™ can be mounted on the
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5cl earance of the bond wres 50a"™" extendifig fromthe TiTsT dl & 42

to the term nal pads 52a" on the support substrate 44".

Referring to FIG 21, the second (botton) surface 71" of the first
(bottom) die 42" is aligned with and facing the first (upper) surface

68" of t hecedfpatdm)sutfate &it'eo 44 supporosubispatagse il efectridabediinéSlon @i €rediZe package

is attachgd to the's ort substrate " by means of an adhesive
el enent 101 44" .P’Xt?ﬂ’éﬂgg%‘é‘éﬁl\?%paé?tgsr@ﬂtts ﬂ?ﬁ'ﬂf can be applied to the

recess surfaceidftioalof b eultide 829aA 2T striplad Men bé p&torkRatd H@)iddiftividual die
42' , and/or, onto the first (upper) surface 68" of the substrate 44"

and ali grf@Ef‘W%‘i‘p"f-he recess 102' to be received therein. The adhesive
el enent 104" i n i I
£ G RER FRE 281 @Lsér?ﬂ%dﬁﬁént 9fa @%R%FIJ% @E%gg%g%eﬁﬁ%%:kage

her ei nabove with respect to adhesive el enment
first di ecattdingmelthenntention ihddpichtdain4dtoss-aectioralpsidvéldedional vaevpr Ehe mplege 40"

form or an_adhesive. el enent ,104" can .15 lied to the surface of
et her “orSBBER AP UEPERE 445 moui iR 2 BEP Pl o S bt 4477, and
at t achmentlageegized] ezoiid (168) dik 46”4 Houhd ah tiRciied bb®orh e 32'0S BoAE @adkMBb™" on the
such that the term nal pads 52b" on the surface of the

L S a", ]
subst r at §°%0d (BRpHEEA’ " arc wire Draddd Jipn ot emmabpads 23b3u0n thasupper ghiptrate 44",
(top)iodi xfénallcinthite 94‘@@%@%%5&&%@&0& (%t&wgégf&@ofg{c%uggrété b gm

the stacked di e assenbly : shown in 3, the second surface
58" of t fenxgieg thédatkagp#0'dite ag exteingl eledtrgabepparanks (anicshbwao). ndy pottien of the second

first (a i " 1 e !|(l ie 42" riLQr o} i
assenbl y.cd)éltﬁoga)ssgt%% (t %%)he g%cé)l;@l@pﬁ )C%%E e?sg{e%ngc de% p[r%w% &épefcf%s(rgslp % di fgr receiving
by neans thd bawnadihd8i"vhereine v tredds' feather i 08K dngdsaichield filoavek apealdpacltbge height

attach adhesjive, as descgri.bed with respect .to.1he adhesive el nt .64
(die pac%gge}bﬁg}e.pa a[gﬁélﬁ i %F%@Pf‘fﬁﬁglef‘{zr spit Wdh%%‘ﬁ?gﬁﬂlg&F%@%@éﬁ '

46" gan be pr guGEe6-29ilfisR4te ah 8RBEGIMRADIAMMAING AdhRSdYENS) eFabiniRBthe stacked
can applied to either or both dies during 25the nounting step.

As depi ctddPackageaBFi%425¢ he bond pads 48b" of the second (top) die
46" can t hen i | & g i by it
%oﬂo‘%ﬁ?ﬁﬁdtﬁ@, thy ré\cgs%g?@ e‘e%rzl He 3R d b iEisBahd ??dg%ﬁ é?refacﬁgﬁﬁ of the

the substrate 44'. The recesse _of the second (top
has a heisgtond(top) disybt", a3 showntin FpGola ahd inn bopeniprgp@3ve visw inddGuaé.eThe recess

cl earance ,ofs t h ndi Wi "X ' fraom <second di "
Co the s sl B Rt B e Se he GERRINT e R 18 S REPAH Al Saiffurea o
be paot i abdeyveahe battdny diede phereat et vantble faimed e apsiilitable shaicesuchlas &Rrare,

usi ng known tef:hni he art to formthe encapsul ated stacked

es.i.n J
di e packdfgaugglar gﬁé?ﬁ BIEPIUADEFRYVB OIS SRFESH:  external contacts
54" can be mouwitRgicRi ih FeGMEF IR et 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 FI1G. 28.

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

stacked die assernbly 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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second (bottom surface 84"" of the support substrate 44" for

el ectrical connection of the die package 40" to an external

el ectrical apparatus (not shown). Singulation of a multiple die
panel or strip can then be perfornmed to provide individual die

packages sagt as BRed endi¢ aitpch adliEsBe ag Bescabdduwitthespeetiocte ndintivetlement 64 (die
mul tiple chi J | Kk accor dj Q.the,inventio is

depi ct ed qagk%egp)gs@f@ggﬁ%]ﬁgﬁﬁe ?%3%“‘5?‘*39%4‘?%# ’\/A{%ew.canﬁ‘?é’r%‘é@%a@é‘ pre-taped
40"" conmbinses tik ddhesie ddnddt 66)" «hapglzd teeither ecbdth dies Hbiipe GBinbunting step.

attachment to_a_.suppor strate 44", and.a |arger sized, second
(top) die 46" Wﬁgﬁ I%}rq?aﬁe&’? s?‘%dcpaéﬁ)égtfo &Gisﬁcoﬂ {topdi 46 p e thegipe
on theg segQnshal efneate@ e tednmalhi® sbeNdRdnOQstrdt@440r m nal  pads

52b" on the support substrate 44", 10 External contacts 54" are
nount ed on t h&zstenill eperpsdajonsafitheadie agsemblye? 88T past beareaformed Ysprg known

connect i . fr : rat n
chown) . ARLbIECERGKARE 1R ABRIbREANEL FOL ShEMh nfPRTRE’ Biickfbonta
(top) di e6446tanitbentenpweded an the eacodd (tattowd esfct U8 oftler subsicats 44" M ep fabiditate
bottomdie 42" therein. .The recess feature 108" hel ps hieve a | ower
over al | STk LRGN o6 PE CPEPOTRE Il EaRagE 40010 6) CHBSE! SIGFTHbAHEGE (ot
die 42" whéhhn the overlying second die 46". 15FIGS. 26-29 illustrate
an enbodi nent of a nethod and process flow for form ng thestacked die_
package of FI &diyigual die packygep @E a pyltiphedie pangl (e hensrsBews withgsferepatopane! 74 in
formed i : : ©«0f the second (top) die

46", as ?ﬁ?mﬁ) ?aﬁl%%lggf&%g& fé}ﬁg)szlnghﬁéﬂ%gﬁlg@ up()i'erspecti ve viewin FIG 26.
The recess 108" can be forned at the wafer |evel or the die |evel.

The recess 108" is sized an 0con;]:njagurﬁdatole Or% iave ]te e bottomdie

42" therein, and can be for —&§uch as square,
rectansgul ar, ovedmpatisch of the pdokageudssizg skavawin RIEE Brpgorest) mithtthepakige design
As depi ctgd i?f?ﬁG 27, the first (active) surface 70" of the first
(bot t om) SAPE" G-dZ30igned with and facing the first (upper) surface
68" of the support substrate 44" prior to assenbly. The active

surface 70"" of the first die 42" jncludes a plurality of bond pads

wi th conductilve bunps 25 90" nount ed thgfeon, whjch argg@rfanged jn a
predeterm ned-configuration The hottomdie 42" can bhe nounted onlthe

support substimtiemdde. tasieRedi Nng to|convegnpiiisonal flip chy gt echni ques,
resulting in|the structure shown in FIG 28 The second (tap)

die 46" is thep.dmRuM adaenio the fiirst ghgitom die 42" fasformthe
st acked di e dassenhly 78" As shown!in FIG 28 the second surface|l 58"

of the secondgotﬂgml;qmgk&g)gm" is aligned with and faci ngpfihe second
surface 72" of _the first (hottom die 42" prior to assenbly The

first (bottomgidiRc4d) ddpth recei vedjat |east partjally igqmtihe recess
108" and can lhe_attached to the re¢cess surface 1068"" of the secon

die 46" by MaRs:diANHRIAESYee! $MeNt 1Beils MKE 7341 27 45
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

MKE/734127.1 16



such as a tape or die attach adhesive as described with respect to

t he adhesive el enent 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
adhesi ve el enent 66" can applied to either or both dies during the

nount i ng “Byise mefaictiforns of pritog thoinvertien e difprd Iha Biyentism is Heersforsogdimed in

(top) dieyA467+; I

bade. 520" { S SE PRI A R probl QAP BF B b Ee bl BoBRprery
die assemiuteyprét&i’l incznondenqeeritlotheddettisd oftpqkivelantst echni ques 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
conponent di e package 40" to an external electrical apparatus (not
10shown) . I ndi vi dual di e packages of a nmultiple die pane

(e.g., as shown with reference to panel 74 in FIG 8) can be
separated by a singulation techni que. Conparative Exanple 1 and
Exanpl e 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 6 mls 6 mls

MKE/734127.1 17



Second die, thickness 6 mls 6 mls Bond line, thickness 1 ml| 1 ml
Slot (recess) depth --- 4 mls Overall total thickness of the stacked
dies 13 mls 9 mls By utilizing a package design accordi ng
to the invention, a |l ower package hei ght can be 20achi eved using
thicker dies. In addition, thicker dies can be utilized to help
reduce wHATIBWOEAIMEBIScked di es that occur during the assenbly

pr ocess. In conpliance with the statute, the invention has been
described in | anguage nore or |less specific as to structural and

met hodijcal mgﬁ&ggggmEﬁgﬂmgxygﬁggmHQderstood however, that the

I nvention is imted to the specific features shomn and

descri bed, §1£@%tW%éﬁWé@thWed6Bwﬂwkﬁdmdggdﬁwﬁi%ﬁewmkaimﬂ&gmnmﬁ 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, an opposing
second surface, and a thickness; and

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

thicknesses of the first and second dies combined.

2. A stacked die assembly, comprising:

at feast two 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 in a flip chip
attachment, an opposing second surface, and a thickness; and

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

second dies combined.

3. A stacked die assembly, comprising:

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

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

combined thicknesses of the first and second dies.



conprise preferred fornms of putting the invention into effect. The
invention is, therefore, clained in any of its fornms or nodifications
within the proper scope of the appended clains appropriately
interpreted in accordance with the doctrine of equivalents. WHAT IS
CLAIMED | S: A stacked di e assenbly, conprising: at |east two
sem corﬂduct@rstddl@sdmietsmﬁtﬂyl, compéisiagbstrate in a stacked arrangenent;

t he substrat r.i si rst su face Cr@f? s term nal pads | ocated

fi
t her eon, and‘ 8W8tegg’r“faa§€ strate, and a seepy %e‘h?jhtﬂif: éﬁ‘ﬁ& deffirgtgpd second
sur f aCQh@'eﬁMﬁI‘ia@%gOd"‘thtc}Rﬂe?s' th@%ec%ﬂdi Ei%c'c%m‘ﬁflslhg‘@ s&‘ﬂ&%th%@lhga r@Rs PR t'ﬂglem with
second surface, and a thickness; and a_second dire conprising a
first dugfmediepddimge seossssgh Filﬂf/aibquelﬁéngiﬁﬁﬁthﬁcﬁtﬁﬂédﬂSQCIQM' disa within the die
second and a thickness, with
t he secgér%dibyg ]%?ﬁﬁlg?léﬁc%%r CQ é@g Otfg%%&egnd the first die at
| east partially situated W|th| n the recess of the second die, such
t hat an over,all  thi cknesslﬂ the first and second dies within the die
assenbly i s ) E8EeY G ENY-SPMPHENEN cknesses of the first and second

di es conbi n%d‘nstZi;e Muated O @GuBiRIQSSENcYnd €@ MRYihS b B@iface with a @besk 8@Bdituated on
two sem Ctﬁ ctor dies situated on a substrate in a stacked

ar r angepeiiist digsfhe 8pbdieryihin Beipressiush thet thefust digdaeasat walitweg oap piverall height
pads IQ)q:g{eQﬁle jhere9n, and a second surface; afirst die

conprising a first surface situated on the first surface of the

substrate in a flip chip attachnment, an opposing second surface, and

a thickness; conprising a first surface having

a pl urﬁql ton§ q‘“"dS'e as%gqﬁg(?g&gdgp 'er eon, a second surface having a
recess for rrad’:itmeer}&wmcr athétkaess hind kinass! ontalmbg:&w@nd di e situated over

the first die, first die at .|east ti.al recess o

the second. dioteonddiiied BifBranat 1B orRass ot St iF S Ggpositioned withi
second ydt@ss WithiRitRe 4 Lerdk 6r @SSRl Yid snd €SS than each of the

thi cknesses of the first and second di es conbined. 3. A stacked die
assenbly, c@mprd die9g thesependsdieidi e having a thi ckness and situated on

a substrate i

over the fi ’rwsht@f%g?i ém ovelﬁﬁhﬁgﬁfé}?l&%ﬁﬁf %%psjggc?]td?dot%g%ﬁhgﬁﬁ% nggelﬁl!)lglﬂsaltegsqhan the
Wi t hi n cohbinad guclfnasses of the liest sed eavdndldies. wher eby an overal |

hei ght of the first and second dies within the die assenbly is |ess

than the conbi ned thicknesses of the first and second dies. 4. A

st acked. di e Aags®RBBUE, as&OHN i cBnPdsing: a first die situated on a
substrate, and a second die situated on the first die, the first and
second di es 2dEgiilinEVine RickRsse RA siuatadw ssWBYHEF:di e conprising a

surface haviyng.ad @?ecl%ﬁwfapﬁﬂsﬁqesg Iaﬁ& ﬁhatewow hberd ure%t;dﬂh@ fwdky postifdfed within

recess such that an overall height of the first and second dies
wi t hi n atrbesgivehiaghemblrface of thesecont die suble thebarbdveed! ltehght khds s apd sesandidies

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

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

bonding elements connecting bond pads on the second die to terminal pads on the substrate,
whereby the recessed edge portion of the third die provides sufficient clearance for the bonding

elements.

8. The die assembly of any of Claims 1-7, wherein the recess is substantially square or

rectangular shaped.
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5. A stacked die assenbly, conpri sing: a first die situated on
a substrate, and a second die having a surface with a recess and
situated on the first die, the first die within the recess such that
the first die does not contribute to an overall height of the die
assenbly. 6. A stacked die assenbly, conprising: a first die having a
t hi ckness arltheslid assdreldy ofiaisy sfubisinsalt-8,;wherein theadecee RRAbsIARIaNAYIANGr Sircular
t hi ckness %nd situated over the first die with the first die
posi ti ondf%i thin a recess within the a surface of the second die;
and a third die on the second di e; wher eby an overal | height of
the first and second dies mﬁthin.the die assenbly is |ess than the
conbi nd- t hildriéssexmiy of my 9fi Glaimsan® fyskas sampiigig avadhasiye alerent sifbiaged
asseimbl i fERELS! Bldwedh bt Rk ol Slidyipg @ thi ckness and situated on
a substrate; a second aving a thickness and situated over
the first die with the first die positioned within a recess within

th f th h. t hat [l h
S TR KA R I L DR T e

first

conbi ned attdyiccldhesses of the first and second dies; athird die
on the second die, the third die having a perineter and a recessed
edge portion about the perineter; and bondi ng el enents

connectjpng bopd;Pa k d
substrate, mheré y§§ﬁgﬁpe§§g§ggggﬁde7g%§$?gﬁ&gﬁﬁﬁ%g&?ﬁ?}ﬁan&h§mmnmnmg

prOV|dé@ﬂéaﬁﬁﬂﬁﬂéﬂﬁﬂwkbbﬁHh@@ﬂm@HMﬂhglﬁ@ﬁdﬂﬁgmelenents 8. The die
assenbly of any of Clains 1-7, wherein the recess is substantially
square or rectangul ar shaped. 9. The die assenbly of any of Cains
1-7, whérei Mhthe dasemedy of snysaflifbiant li-Albeingay Rhsteartailly endapsulstbéped.

10. The die assenbly of any of Clains 1-7, further conprising an
adhesive el enent situated within the recess between the first and

second 1di es.The bl asddieblfbLaBssrartimg 10f, @e@énmlé%stvah@rs%dlmtefa%nem@ﬁfostva&e by a

el enent_conprises a die attach adhesive or a tape adhesive.
di e asdbibhip agchgippt.of Claims 1-7, further conprising bondlng
el ements connecti ng bond pads of the second die to term nal pads on
t he substrate.
15, The die assembly of any of Claims 1-7, wherein the substrate comprises a leadframe.

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

the die assembly of any of Claims 1-7, in electrical communication with the electrical apparatus.

17.  The apparatus of Claim 16, wherein the electrical apparatus is selected from the group

consisting of a PCB, motherboard, program logic controller, and a testing apparatus.
18. A panel substrate, comprising multiple die assemblies according to any of Claims 1-7.

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

least partially encapsulated.
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13. The die assenbly of any of Clains 1-7, being at |east partially
encapsul ated. 14. The die assenbly of any of Clains 1-7, wherein the
first die is nounted on the substrate by a flip chip attachnent. 15.
The die assenbly of any of Clainms 1-7, wherein the substrate
conprises a |eadfrane. 16. An apparatus, conprising: an electrical
appar atafs; ansenibendditer dsgechlgy, fmpainiyg die dot asisemblly-o'fanjf of @€laged 1- 'U'Cialthe:

comuni cation with the electrical r The ar at us

& o m R Ge Bhpifen %mPel Epinedine SRR RS peone fre e W Birmeviereg suipe
consi stduBgrae, add R atTishpibaar sheaRiR@gam | ogi c control ler, and a
testing apparatus. 18. A panel substrate, conprising nul t| ple die
assenblies according to any of Clains 1-7. 19. A sem conductor die

packagey. Corn)'aa;el%agf?mcm% PRASIRLG A acIY. RlnALME 1-7, bel ng at

| east parti al encapsul at sem con tof die package

conpri si ng thendhga sk dieina sibsteats; aoft Cl ai ns 1-7, further conprising
bondi ng el enent s _connecti,ng the.bond pad f the fir die to the.
Dond! 9 o SRR of RS et e BRAL Ry e ATl e
encaps u{uatuedxece%ln aAuifideld theadecdralatié Qah it amos@a ﬂﬂdkdblﬁtcﬁlthedﬂ’dﬂ 4@ second
conpri sj.n ng a first die on a substrate; and nounting a
second gwémnﬂ ?Sﬁ@?bléf.l%i%fé?lbwhfH@ﬂﬁ%@tﬂmﬁét jngl sgeondehigscombined.
partially recei ved within a recess in a surface of the second die
such that an overall thickness of the first and second dies within

t he di €2asséneiiof of fabsigatingarsemasndudiviclenisssoofprisivg: first and second

di es conbi n%llntl&ga ﬁétﬂret aISnggtrJteab” cating a sem conductor device,
conpri sing: noun e on a substrate; renoving a

portion fronmeaodug acxeloumom sacbindofh sctal diotafoamraaeasssigédziedededve the first
receive,the fi rsé die therein; and
die therein; an
mounting the second die on the first die whereby the first die is at least partially received
within the recess of the second die such that an overall thickness of the first and second dies within

the device is less than each thickness of the first and second dies combined.

23.  The method of Claim 22, wherein removing the thickness of the second die comprises a

chemical wet etch, dry etch, mechanical drilling, punching, or laser ablation.

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

flip chip mounting a first die on a substrate;

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

attaching an adhesive element to the first die, to the surface of the second die within the
recess, or a combination thereof; and

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

the device is less than each thickness of the first and second dies combined.

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

applying an adhesive element to a first die within a recess in a surface of said die;
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mounting the second die on the first die whereby the first die is at

| east partially received within the recess of the second die such
that an overall thickness of the first and second dies wthin the
device is less than each thickness of the first and second dies

conbi ned. 23. The nethod of C aim 22, wherein renoving the thickness
of the secomthuwliieg ¢esrpnd desona whemtgcahd wet etch, dry etch, nmechani cal

drilling, punchi.n Jlaser ablation. 24, met h of fabrlcatlng
sem conduct 6190”88\}? 8’§q‘r‘§:t P L geond (F)ife Wl?:ahéhﬁ ﬁ%iﬁ‘i?'i“ﬁ%‘eés Ftilgast pagiidlygpeedyed
subst r ayigiin the recesd GIRY IRYdR aROKEJuIY th HIRMdBeIW JIahén Hfithdh $ecRe, HEantRrerall

forma recess sized to receive the first die therein; atfachin
an adhdBickesepidfefitst Ryl %q%@ndffi“?%‘rvltblméhe<ﬂ%ﬁft5ﬁ'@b@uﬁfea%@a@ﬁaqhﬁbrc&%mﬂhe frst
die W thiiRed N8 dlEEESEime@®’ @ conbi nation thereof; and mount i ng

t he seébndaﬁﬁe gn tﬁemf?rst di e whereby the first die is at |east

partially received within the recess of the second die such that an
overaII thlckne dies within the device is

less t H3n eacweﬁﬂﬂ8£ﬁ%§%“5¥5ﬁ%@ﬁg‘P%ﬁJ‘%&msﬁﬁgﬁHSHEés conbi ned. 25. A

met hod of fabmﬂmq§1ﬂ@t@e%ﬁﬁhﬁﬂﬁﬁﬁﬁhﬂf devi ce, conprising: applying an
adhesi ve element, to a first die within a recess in a surface of said

die; nount iMYrESReSAR éieé’“dhe frss fig spqhathay the, gt die is at leasbiana! g esahesd

first d&iﬁlaiﬁ)ﬁ'lécbﬁ of @I%%Qonﬂl‘ e WL tGe §&%9@Qlecyyem adh@bvel @a@8dnt situated
partially received with the recess of the first die and secured to

t he adhediiyBicaeaspseand g @\mizﬁ thivkness o€ 8 firgtadd sgrond dicamlithimthe Kigassendy is less
the firgt, ea,Pﬁi @cg&gélé%f‘ﬁﬁeeﬁxa%ﬁ%&ntdEﬁf s%'o]%b ggenbly is less than each

thlckness econd di es co Ined. 26. A nethod of
fabricating a sem conductor device, conpr|S|ng attaching a first die
on a s second die on the first die such

Stl’
t hat t#@ ?5?6@9%°f§$3fmF@é§?mH§$gW5‘WVVP%é@FWEammnth|n a recess of

the second dpeniAnsreesun aduiifetdie ree@eand die by an adhesive el ement
situated within the recess, and an overall thickness of the first and

second di es WIUHIHA pasen@iiis cagswhBIdE: ad | ess than each t hi ckness of
the first a%Lﬁﬁﬁrpﬂg L & &P@'S%ﬂ? d%%uclﬁh%@gé%o% daeqprnt'igﬁﬁ gdggalngle%eived

seni conduct or device, conprising arecess ina su
first dw@nnﬂmwmmsm@%beﬁemdhdndhEOWﬂaaﬂmumsﬁméﬂefhanmdmmumﬂMngwﬁﬁmrmedm

];):'ilr’tslt a?a}s%:n‘?b&& Wvégaan ea& tquc(:r‘(ness o?theqast an %ec%ﬁ {t]e(sjcgl% mec? at | east

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

wet etch, dry etch, or laser ablation.

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

mounting a first die on a substrate;

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

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

the first and second dies combined.

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

mounting a first die on a substrate;
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within the recess of the first die and an overall thickness of the
first and second dies within the die assenbly is | ess than each

t hi ckness of the first and second dies conbined. 28. The nethod of
Claim 27, wherein formng the recess in the first die conprises a

chem cal wet etch, dry etch, or |aser ablation. 29. A method of

fabri cati ng ransdng e padivatobthedestndelic Samarsudhdego foralniecerd sked to steieh We first
on a sg@ ﬁrate renoving a portion of thickness froma surface

of a sétond™te to forma recess sized to receive the first die
therein; angnounting alRIHREVE BlehiRRt SRAONE: Qieempﬂe tsh?acﬁa'orfﬁk sg&d?ld"&lé WithiA@he
first die situated within the recess such that an overall thickness

of the f¢eps0r B9t ¥€cond dies within the die assenbly is Iess t han

each thi ckngss,Qh o Qeddnfithe @Pﬂigm %clmﬂ{ 8 QR Btk %S?ﬁmﬁ T
fabricating a sentconductor device nprising: mnoun

on a suldb¢siatadgment betweem Elwmkvesrsgclathpmratqvemllahlckr’mes siethe) ﬁdst dmcésd:mﬂhdlas within

surface to for S SI o recei the fir di e t.herein:;
ooune ¢ s okl S ERERBnEnd GiclPork SF e S s InE e SubPEle 0F ¢ he
second die within the recess, or both; and nmounti ng the second
di e on the first die with the first d|e situated within the recess
and t he'ladhdsg@ogPEREREAREANSBYCNHEC e ds¥ice, fORMPIIBAE: an over al |

t hi ckness ogu&hﬁugdﬁggd@%qa§gggggedles within the die assenbly is
| ess than each thickness of the first and second dies conbined. 31.

A met hod of nfabtingaséonyd diegerthe brsddietvorh tHefirse die stoatpd wihing: reeess aﬁ:the prgond

a first, die N &, su second., di.e on tg
i o v (9 1ROy Pu PRI gt o I S D BARRF VAL SRS bt Shon

such thﬁﬂ1mhmﬁmemaﬂkfhhhmﬂ@a&addksbhmbheasmdand second di es mnthln

t he di e assenbl es n eac t hi ckpe he first.and s

di es combi néwnﬁﬁ@ath“d Fle { e% WPy élfwﬂﬂag Hf %déﬁ R gecod Swtai*fsg

bond péiélcses&f:l eﬂé@p(ﬁﬁ&ﬁ)@i@ndh efhtidpsade Widihiid) i £8EeISAE: pelGen RAVikE amm ght
al ong Perlne er t he t |rd die, the recessed edge portlon haV|ng

a he| ghtiTieimt farickenraneop! kand ahseenist atigeinditn gndpaensinasier txcined pads eee
extendlgg)fQ@ t he bond pads of the second die. 32. A nethod of
fabrlcatlng a senlconductor device, conprising: attaching a first die
on a substrate;

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

attaching a first die on a substrate;

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

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.
33, The method of any of Claims 21-22, 24-27, and 29-32, wherein mounting the second die

comprises applying an adhesive element to the first die, the second surface of the second die within

the recess, or a combination thereof.

23



nmounting a second die on the first die with the first die situated
within a recess of the second die such that an overall thickness of
the first and second dies within the die assenbly is | ess than each

t hi ckness of the first and second di es conbi ned; and renoving a
thickness froma surface of a third die along a perineter to forma
recessed. edgréxepxmtluddmf Claind33, whereimbiaathasye ehemehhtanthrideea die attheh sidedvga
die wt pads of t.he.se ond die situated within the recessed
edge po??a%ﬁem?%8l?8%3@ @H”“ﬁago ortion having a hei ght sufficient
for clearance of bonding elenents extending fromthe bond pads of the
second d|e 33. The nethod of any of Cains 21-22, 24-27, and 29-32,
wher ei rmonouritefttiafef{drignp. dihercabip arilssive slsgiop W gpalirdduriersey erinting, by
el ement r ce of the second die within
t he reégggaﬁglfca?lc%;ﬁ?éﬁ%%’tgg g?lg%fq ﬁ&%%fsa The nmethod of d ai m 33,
wherei n the adhesive el enent conprises a die attach adhe5|ve a tape

adhesi v or. i her i 3 .
wher ei n%t he & ﬁnee@@eoq%f 8PC a“m EP%%IZ%SZJ vie?sdr?% 1eb‘? Wte SH%STRageyﬂ}eg]lftéit‘e’ the
appl i catamd diyy osmalylhatipn thm ediﬁ/ata pidvadedilie b ppg-@easRrm with anlhiBedit hgdat@thed
any of Clains 21-22, 24-27, and 29-32, wherein the substrate, the

first dP¥the second die, or combination thereof, are provided in a
pre-taped formw th an adhesi ve tape attached thereto. 37. The

met hod of any of Cains 21-22, 25-27, and 29-32, wherein nounting the
first di‘e i §ylt3 meduglwfanr pf Glaishs Pl -2 L4 et 29- B%zawhemenmnunmhofawadge is

of d ai d 29-32, further conprising connecting bond
pads oﬁH? é%%gﬁydl %%h?%nternlnal pads on the substrate with bonding

el ements. 39. The nethod of C aim 38, wherein connecting the bond

pads of .the.second di.e is .th .c b Lng, ultrasoni c bondi

Dt apctaut IR SHAThET S el Bord Ho 8 B U EHEPEURGCPaad gond
t he segragodiescabsl die td Reminar padeah tl&%@@st&& w e bsiasd dlahents. 40. The

met hod of C aim 31-32, further conprising connecting the bond pads of

the third die to the terninal pads on the substrate wth a bonding

el ementyg 41 hem%}o@%f@QmO{S AMYref Cogi'l@dtl tfelbond ags%fage seﬁ@ﬁjd &9 531?}”

further conprising encapsul ati ng at a por £ion’o

seni conbratosmideandor, tior aﬁcnmn’q)(aldp@c klatgge autekRated hendimeg dfable bfndargelofient to the
Cl ai nms ri sing, nounting a

ol ur at 10° Bt Bisbeq s P ne i e SR s hPHor ¢ e

substrate. 43. A stacked die assenbly, conpri sing: a first die
situate on seco e second die situated at

wi t hi n 3 Se efio fgljﬁ“fﬂatl 53 o UGS CPPPETNGIANETHIE “ﬂ%‘é‘%ﬂ &ﬁ%@féﬁ%ﬂlwd die to

hei ght pf tehﬁﬁalf;iaﬁ§5n aRdusgaeNdindh nad flkfedihe die assenbly is |ess

t han each height of the first and second di es conbi ned. 44. The die
assenbly of Claim43, further conprising a third die situated on the
first ql'l(.a' The method of any of Claims 21-22, 24-27, and 29-32, further comprising encapsulating at

least a portion of the semiconductor device to form a package.

42. The method of any of Claims 21-22, 24-27, and 29-32, further comprising mounting a

plurality of external contacts on the second surface of the substrate.

43. A stacked die assembly, comprising:
a first die situated on a second die, the second die situated at least partially within a recess in
a surface of the first die such that an overall height of the first and second dies within the die

assembly is less than each height of the first and second dies combined.
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45. The die assenbly of Caim44, wherein the third die defines

pl anes that form a non-rectangul ar shape. 46. The die assenbly of
Claim 45, wherein the third die defines a recess around an entire
periphery and in a region distal fromcircuitry of the third die.
47. The die assenbly of C aim46, wherein the recess around the
peri phery of the third die provides sufficient clearance for a
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defines an arch in a cross-section. 49. The die assenbly of Caim
45, wherein the third die defines a T-shape in a cross-section. 50.
A die ééserrfw 'ec“éiﬁﬁihliépﬁglaaﬂ&ﬂewlemelatfwbst' Aigtdelippst Manes &iat fade? of t he
die deﬁbnhaﬁﬁguheggég proxi mal to said substrate, said recess defined
by at least tWo si 51. A die assenbly, conprising a die on a
substrate said die defining an inner cavity within a side of the die

prOXI to bst,r n si de bei ng,di st al
from CI I‘CUI tTﬁ]y%befa% Ehnbbéi FC%"%fg “fﬁéelﬂi éetgggg%qabn%a &hY* BfUCE &l e
43, 50 oeripiery wheihairagibhdistat Gessci@nithyiuTelie iy diey i1 s defined by five
sides. 53. The die assenbly of Cdaimb50 or 51, further conprising a
second die situated on the substrate and at |east partially within
said r Q9eSS ThE cflerh@%rntﬁﬁgf Cbénﬁf%t\bl?eigh @he reefs ai'6u§c3 ﬁt@iﬁ@gpliyifo%é IRl e
conpri si ng fiTst die on a substrate and conprising first and
second psqwde‘ééefs“ cweh@halsmeffetebmimgrﬂjeraem eeleestutgiweipﬂds eiribie fivst diedopatls on
die on, $§m§%3§trate at least partially within the recess of the
first surtace of the first die. 55. The die assenbly of C aim 54,
further conpr|5|ng a third die within the recess of the second

surfac e first 56 A net.h f fabricatin

Sen conduct IR i B Gl 4ig erein the G HERRES e S acressspeign
second di e wherein the second die is at least partially received with
a recess of the first die and an overall height of the first and
second 4di es TWe difiassaHady aeGladia 49 swheseig thefhind ecsfines ghehape it peross-pestion.
and second dies conbined. 57. A nethod of fabricating a

sem conduct or device, conpri sing:
50. A die assembly, comprising a die on a substrate with a surface of the die defining a recess

proximal to said substrate, said recess defined by at least two sides.

51. A die assembly, comprising a die on a substrate, said die defining an inner cavity within a

side of the die proximal to the substrate and in a region of said side being distal from circuitry of the

die.

52.  The die assembly of any of Claims 43, 50 or 51, wherein the recess or inner cavity is defined
by five sides.

53.  The die assembly of Claim 50 or 51, further comprising a second die situated on the substrate

and at least partially within said recess or inner cavity of the die.

54. A stacked die assembly, comprising:
a first die on a substrate and comprising first and second surfaces, each surface having a

recess therein; and
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mounting a first die on a second die, wherein the second die is
situated at |east partially within an inner cavity defined within a
region of a side of the first die distal fromcircuitry of the first
die. 58. A nethod of fabricating a sem conductor device, conprising:
mounting a first die on a second die with an adhesive el ement

si t uat ed t hersetyat weeon thakdrsenir at lkestpecnlig withen tha d:cb e faldhi@si sneface of the first
el enent are situated within a recess within a surface of the first

die anf an overall height of the first die, the second die and the
adhesive elenent in the device is | ess than each thickness of the

first q;e, hhe secon dig nd t he adhesive el ement. conbined. 59. The
met hod 35f arly© g agse glagy 54+ yrtherermpnpe AR FHiIRDURT the reorw of disowsepnd
di e on @ eFtKat 8 die 60. The nethod of any of Caims 56-58, further
conprising flip chip nounting the second die onto a substrate. 61.

The met hod of any of C ainms 56-58, further conpr|5|ng mounting a

third di.e o m 61, wherein the
third Pe Cgh%gﬁgQEFEEF%%%gas%%uﬁrmﬁmﬂ%kbgg %m “W@ger and bond pads

on the firsmanéngs érss dicwatedcoiddie wheaindhe mce;sds@:d Iﬁdg@st par@dly rédeéved with

nmet hod of C ai 2. .wherein the re sed.edge has a,. height sufficjent
Tor ol aTperied b Pl tinh SaPurra e R E i saoare T Eant B deHse s e
t he bonrgcipRgst of theMRstfahf Sécodl Gies cOftbindre method of C aim 61, wherein

the third die defines pl anes that form a non-rectangul ar shape. 65.

The nmethod of Claim61, wherein the third die defines a recess around

an entidre Porkbhgs ¥r ABHedifed £ARLAR M WeBke loRGhESUL Ty of the

third e met alm er el third die defines

an ar ch | n ahnacndssa Sesttlican.a se6ahd diheviretiththd sedfonClda insbdateditt daaei rarttahle
third di.e.defines a. T-shape .in Cros ecti-gn.. 68. A nmethod of

t abr | caniy e on T ARl Sl e S sl A i 1Ry oy o st
a die a@.a substrate, said surface of the die conprising a recess
defined by at least two sides. 69. A nethod of fabricating a

sem conduct or device, conprising nounting a die on a substrate,

wher ei gan lAn.ﬁa@trm@awawca&lgqesfm&%qdm&meolc@ Bhiifisiaf: the die mount ed
on the substrate and within a region distal’ fromcircuitry of the

die. 70. Thv@urrbmmﬁlsoﬂle@naﬁ 39 @9 di¢ with he pdieivp elesienpsitupted dlrerthgtween, wherein

rmun_t i Fﬁeyée?m&}aﬁqlg a:?cﬂté’n% QShe%HB% en%gq?alegﬂ;l'a}@'éd \gghlﬁ a_}gceg.ﬂgfltgmel s?i aée oqﬁie first die

partl a I'nner cavit
69, whenéhmotdiall heiplarof claaidsydit, S:hdﬂ:fcbllitédie biyd fhievdhsivdetement in the device is less

than each thickness of the first die, the second die and the adhesive element combined.

59.  The method of any of Claims 56-58, further comprising mounting the second die on a

substrate,

60.  The method of any of Claims 56-58, further comprising flip chip mounting the second die

onto a substrate.
61.  The method of any of Claims 56-58, further comprising mounting a third die on the first die.

62.  The method of Claim 61, wherein the third die comprises a recessed edge along a perimeter,

and bond pads on the first die are situated within said recessed edge.
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63.  The method of Claim 62, wherein the recessed edge has a height sufficient for clearance of

bonding elements when attached to and extending from the bond pads of the first die.

64, The method of Claim 61, wherein the third die defines planes that form a non-rectangular

shape.

65. The method of Claim 61, wherein the third die defines a recess around an entire periphery

and in a region distal from circuitry of the third die.

66. The method of Claim 61, wherein the third die defines an arch in a cross-section.
67.  The method of Claim 61, wherein the third die defines a T-shape in a cross-section.
68. A method of fabricating a semiconductor device, comprising mounting a surface of a die on a

substrate, said surface of the die comprising a recess defined by at least two sides.
69. A method of fabricating a semiconductor device, comprising mounting a die on a substrate,
wherein an inner cavity is defined within a side of the die mounted on the substrate and within a

region distal from circuitry of the die.

70. The method of Claim 69, further comprising, prior to mounting the die on the substrate,

mounting a second die at least partially within the inner cavity of the die.

71.  The method of Claim 69, wherein the inner cavity is defined by five sides.
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