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

| NVENTI ON M niaturization of wireless products such as

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

assi stants (FDA), has driven the increased demand for smaller
conponent footprints, 10whi c§TAGKETHE chEFaBE4 RACKAGHEUl arity of

mul ti-chip stack BOA packagi ng. Most multi-chip packages invol ve

stacking dies on top of .each ot gﬁh Ey ﬁﬁgj Q)‘ ﬁdEESI ve el enents.
However, to achieve a | ow packa f I hi p stacked die
packages, a si grhif ingamioh ek sllyGeidesloRsseibipn@g padk glﬁge&d@%xets%%mr‘aetordzes
with the use of special wire bond techni ques to reduce t hei ght of

the wire bRdmere@prtisEagnio a siagied mulp! @d!ﬁéﬁwwg mgiady foe fabeepting di device.
speci al bondi ng techni ques poses many chal l enges to the assenbly
process. FIGS. 1-3 depict conventl onal vvays of packagl ng a nulti-chip
stacked di e package. As- showik? ] QN package 10 -
includes two ¢ t ot

bei ng surface ?T\Qo\éﬁz{ﬁrjazgg&l ofShi ?e?ég?&oa]cgiuﬁ ag??/l eu'laé ?Bon %ndthﬁln%hcg:f computers such as
substrat e fesonandigital gmtalnEr(PlQéh bedinerothy m@lueescdselbmdrfgr Smmﬂlﬂtcedipr}Enafootpnms,

second;dh n Lve 2 t.he bot.t om
die 12, @ea‘gﬁwﬁ' Ehﬁq& éesggtg ?%U?vrvilgyrcg %ﬁi&"é@“é‘%s‘%g f ?lc a m I{"P%\t“éu“i ‘P
FIG 2 illreskazms eyolye prtlong racStonstblaoﬂca@imepaEMags oiﬁlﬂ:esme lbrhexins. tH‘tﬁvever to

first (bot suhstrate 16a in_.a fli

at't achnentg“fmapr“l%i Ot%’e&%gcég (‘#ﬂ% Sngld o akelgsf! R 5 2 METER Y gd“f‘ﬁfecp

i nacti ve swickaseisgleedddeodeihes witilihe uie oZapeb'yﬁ wizamsidedchaiquadi egiaeahe height of the
el ement 20 ded 24a to the substrate | 6a. FIG 3 shows a
prior art ﬁ?gée;‘dg%@%&%‘gk BOA package 10b in which the first bottom
25di e 12b i s ndimm éd hargliag sndrse regtied m:ablgpnamthmqmes@oahmmhaMx{ges&the
second (m 8

bot t om di eiggéfg) %g‘l°§°s§e§%d§1% 1?3%22:?%39% Bﬂ?w?}? f(ﬁlggdc% ”i“h‘i’? P %?cgf){l‘?e

di e 28b i sPeRkAsAt Ad smvrandpGekongpipr pppamkest IGnndidrss erat doneernsitndl siaeked Rias, the
of the secandpbfAlie): shig & Q

bonded 24b to tthgpbsdbstré{&?g ﬁp@e%u" %Gﬁ%gznk&%%&ifdg@é\ges% ”p%toasu%rateﬁé
t he bot t orAtdi2&mpkergegang ﬁ}oe)rﬁlbl 8 qurr@ur@d ay B mpud esthetivreel @Bt 2O ontonhe active
overaligp t k&hﬁk&@%&)f@fe ﬂoh%n%’é:ﬁa%h Bhﬁé dx@@&l 8B 1o }[?sﬁbstrate 16 F%G 2

sol der - bunped wafer havi ng i m un‘g Wer e. to
a total tHI'EH#Tis84 PEPr apRe ﬁfqaﬁd&zﬂeel%! @héhe rﬁé@ﬂﬂdmbéleaﬂhlsgwumed to a

occur r enceubdiralr i@k e ﬂ@fcﬁfp%tlgém‘ﬁlehp addlfe s%red.n@%t%p advsad s@fhcl p]%uM@J &R

fromthe b

mt)we surface o_fthg 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 12bis 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 2 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. Ifa solder-bumped wafer havin ga
150 pum bump height were to be ground to a total thickness of 150 pm to 200 um, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from the bumps.

Furthermore, even if the wafer does not crack, the die strength will drop significantly due to the
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Furthernore, even if the wafer does not crack, the die strength wll

drop significantly due to the presence of "dinples” on the backside

of the wafer. Such dinples are typical defects observed on bunp

wafers that are ground too thin or an inappropriate backgrinding tape -
is used iﬁrﬁsﬁ@eﬁg otigpies” on the baﬂ‘?ﬂ%“hﬁ‘&)ﬁfp I. aichi divh esende t)@ld@l &feqds observed on
wWith nmulti i ate t.h

m ni mal clbggﬁg%gggbg?a]? Z&%d?%os oop aﬁeﬂg’ﬁ Ospgeg(i])%lI %[%Hm%t Hse‘* n ﬁaeprocess.
(middle) die 18badiitibrs heddpidédid RIGop,)with muﬁ&ﬂn stéléke&damawbﬁ&r BOc B required to

hi gher pa k es. u n,dies in or

the pac kagcec%%g%ﬁpgm gl’ Clealr %’?’rﬁﬁ J tgﬁ'ﬁ’ R hloé)lp £ bt e tFBPeﬁOP‘ﬁgrB’daiegﬁ’ﬁHé’? and the
possi bl i thirdftor) ld&CZKBBd Tahisagsuli in 2Hi ghﬂ%a@l&a%@ Medpit, BF ﬁ:@@@& ultlraﬂhM'aﬁ‘éﬁl iRbrder to meet
t hese and other defjiciencies, inprovenents in stacked die nodul es are

desi r abl e thopsekaerieighiearipgmanty/Eiprandies translatyfinto g highenpossitilin of eracked dies
provi des %gml%@l@q%gﬁ,gf slgudces and stacked die assenblies, nethods of
fabricating the devi ceys ané assenblies for increasing sem conductor

devi ce densi ty[n dnd ofititehdahdofthdéralefiticati¢snonmoenpackagaskedfdit medules are desirable.
assenblies. In one aspect, the invention provides a stacked die

assenbly. In one enbodi nent, the 15stacked di e assenbly, conprises a

firsti¢botton die disposed orsEMMARY @FGHREINVENTIONS! enent
connecti ng bong,hpads on an. active surface of the bottomdie to

ternminal pads OR® PIGRENEyERtioR REOVidesFemiondenter devsenandritashieddie peremblies, methods
bot t om di §f fahREatHE S ik

al ong the pearl mnftﬁ’gr of vﬁde@angt?a;s t a%%gﬁég%s&ggmggéﬁ?% (%9&@% ﬁ’d& A method
bondi ng eIOéfﬁént:af@xtdmCh@eﬁpfﬂhﬁtdbﬁembbcﬂd pads of the bottomdie, thus
elimnating the r spacer__hetwe £s 19 achj eve
20sufficient cleaf fg Jcefﬂé?mtv nloggﬁ%léeﬁasf]ér(reecﬁ?m asﬁe‘?é old B%ﬂﬂk‘?%mcm’ the

el enmend cornedide islaan}:lﬂgn@lmﬁﬁﬂ& Ofirst (ﬂhettaﬁ} diedispodcli ane sQbstiabg a $66dIRE element
die to term nal da t he substr Adﬂem vg elements are
typi cal | y “BfEHk SRR HEVE ST ?8@**5 Bl diego fepialipais ardhe Frbstrate, and a

subst r at e second die rlhd’ilnwaclinhﬁé b&@& P dieNERE sechh@diethaC KBt Surdes Wﬁ*ﬂ'a)fecessed edge
conprises a first (bottom die disposed on a substrate, typical

t hrough a2fomg fhegiripetsr phbR i ihat nipidd ffﬁa@smon?gmag fos dheshoniimerplement eastnlaadmg from the
upper 25( 'bB@d:ﬁa'dg 81 the Bbi&G Qe ﬁn@ ehi3 % ﬁlgln§e %gﬁa} énathé %(vo dies to achieve

di sposed within tﬁe recess of the
connedfs beffidieptaderane férahalarniding @méﬂhca sotﬁoMHoen&ag e}edledt @nher,ts the bond pads on

t erm nal ads e substrat An._adhesi ve el.ene an, he di sposed

it e o G GHPENeBhGaie i sPa L =1 T WPl Adtsie BTG

t hi s assemjisal 1yahspbueﬂ®eﬁheen ittse tivoWidseeld gt HoemsBe aitkhebwbstrdtge t hird

di e has a bott fac recessed edge al ong, the perineter of

the die that p fb%ﬂo éelaﬁ %@%%Sﬁﬁk%%%@ﬁb‘ﬂ@%?%ﬁfﬁ (hogtpm) dierfepposed on

from the BeRshBROIGRAIY Mo TBGOME cHipGictaliiet, 8hd RAIAS b ABedsErmRad tlelppér

spacer
P 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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between the two dies for clearance of the bonding el enent. A second
bondi ng el enent connects the MKE/ 734127.12 bond pads on the active
surface of the third die to termnal pads on the substrate. An

adhesi ve use t he seco d .and thi di es. )
et ur e RO e e A et B i S BRRTpet BE i mbiiute, B esive
(bottom ohlenmtsaobﬁd;e@rb Atashl elst@ing an@Hi@ntldsng el enent connecti ng
bond pads on the active surface of the first die to term nal 5pads on

the substrate, ‘Bidudhes subpdimene thestasketdis assemblypererstresin drst fotiend die disposed on
is formed papidhke Q%E@H%%Nﬁafeﬁfz&n%ctﬁtgﬁoﬁd Bl ofkif acBP c@g{]l‘ﬁg ?i\és? {hct)a to terminal

el ement is disposed wt recess 1o attach to {he firs
t he sulst rrgteon Fiesubstmteainminesecomnt die hwuntdé es thedotbmnibnt A irecesdie forard 98 the

ther th the,die.and Lhe sybstr
Copar at o 1Ry S A RRSEH A€ HER e RuPsRr Bt s a0 f o HUE LB ptach o the

an enbodi Mastdiefo thbhbhsasgs. eﬂfbé yontdif@erd @€ HrAdilserebhSndat 168 s&ed r@lﬂ&qhan being
al ong thedi gec{l net er é’ bottom surface for clearance of th
bondi ng el ¥Rt evesndhs e ap Wﬁwt%@%aﬁ%ﬁ%tayﬁwcﬁﬁﬁ@ Qheeall heFﬂl'%Ofthe die

el i m nati ngsdnfiy NBEA dnf¥odBnSRBERSS a@?é Mhd 28oddMe éseasre Qgﬁ(%@q}%ngﬂw

the second die are connected to term nal” pads on the su
second Oborpgripgtes pethe hottorawerfzng ferdthessinge ofihe fremding alamiont a;saedmg(from thabbnd pads

asconbly. oot e R hE iR PR BB e IS 4R RS i n e

typi cal | y sttunduighara chinepteé b ferainbigeisemthe sabittag bSec@bshdionding\Wdibng and an
d.in_the bottom (inactive) surface. The first die is at

f
Ir :;gts > pa?'[aigg?sllv UG S8 ‘hqe‘g ieatiagh hesecopd ppdibind Gifsd die, and a

bondi ng el ementyy 9&%@%&&@%&9 A ECIRA didRsSRAP M ntpriSes ms@@e@aﬂv&e disposed
el enment can be_di sposed within the recess to attach the two di

anot hép aé?ﬁé’cgt‘lb“f% typispdp tthrehgtpqr HBip; hisattachyaernitcwd duetamd divledvingea rebess formed in
various enfogli; W@ﬁam@afs%&aﬁﬁg%mtt iﬁfsﬁyﬁn fg’ o%fzaitneta@ﬁgtt%%e second

according to t i nvent’i on east partra
package cale, kod & hendingydémerd cemteetsrbahdmg) pacaamshdsee@ms@el an atlhaiveetomnst can be

surface of t he S ate for t he package as a conponent to
an ext er n&l°PSr% c‘?lgll%ﬁer%fﬁf) fﬁﬁé‘aﬁ? %‘gq}ﬁ:e I n anot her aspect,

the invention pi etk aspeet tedsvatiod pﬁ%id@@& b@ﬂic&ﬁlﬁcfc@ﬁgﬂg& Qn%ﬁ%%bodlments

di e assenblies and sem condui dor_ pack%{g 25 BRI EF | PTI ON OF

THE W [esgpackage comprises a stacked die assem 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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reference to the foll ow ng acconpanyi ng draw ngs, which are for
illustrative purposes only. Throughout the foll ow ng views, the

reference nunergls will be used in the drawings, and the sane )
ref erence nurrer@pz 45 1 FropesecHyR Sg@teﬂer"él ﬁA‘O‘FWtUrf én swhedEent piaackedidie package

in the destdrBink@iHenventlbs aFRG. SR8 Bfilatgel BarB@ ViSw of the acl@?c%f FFG.3, showing the
depi ct cross-sectional, side elevational” views of pri 0|P ar
embodi nentrécesyed segerElpraniag Paresy dhe stackedlivog4127. 13 FIG 4 is

a cross-sectio i j i . Of . ient of.a .

st acked die pa?ﬁ?&égég?ggtd’? %r%uﬂ‘%gta ﬂ@yécﬁ%gé%%t%.}gg%%?aﬁ%n %{lth‘éﬁtﬁ%l(resgk? package
partial’ vicedWlof 4 taceorgimg kage embodiin@t of a nedilend afgnicneon. eEHE Jei6 a ®d@@N Afshpective
openi ng betweep.the stack di es. FI -11 jllustrate sequenti al .
processi ng 'St 8@@3 F%COP‘%g]efogg]ﬁ I?:aég?%r?f gfct ‘gé%%‘f"&&%‘ﬁeﬂio@edp_@ﬁogﬁ‘g)é’o iqgrof the die
FIG 4, adomiifl} 1@ rees@0 e8pdaidh R peSheRr SBLOAE. FIGENY SR 5a7-ard cl,rg%s—s@ctional, side
is a bottom perspective view of the second die of the package of

FIG 4, sifeipal ke ehtsaaentiabsiepsan fhegneuntiss obtherdigs. dIE. 8 raopglanhéew of a
recessed : : i ie. FIGS. 7 and 9-11 are
TG fLABRb RS BIoI s Sfspbiled ke

Cross-sec evational “views of sequential steps in the
mount ilfg of t h&Ih Ebis alkr@s-Betimal sitle plepdtBnaliiewobinotheap amdbdiniehiof a stacked die

mul tiple dj ack s di,sposed.thereon. 10FIG 12 is a
cross-sectpf“gkna%i??chﬁgﬁggltgggﬁ%th%' vi ew of another embodi ment of a

stacked di e padiagelRte Mdiritg séq@ehthe piod¥Ritgis@ps in the fabrichtidh of bl sktked die
jal_ processing steps.in the fabrication of the

illustrate se ueg i I .

st acked dipédﬁgere EEG-&% tgcerdingto agcabpdimegt ol mathedpbavention. &IGald is a top,
met hod of geryedibk Qw dritfe fidt (d FYfcv i ' i
(bottom ieyiof thewpaékadéﬁgfﬁgﬁagi@%,t%?ﬁgl\%l%%glfrﬁ%’ irfélé:yéds%nég% r?é‘%fgslsfr?med n
15t he 1di e thedigSFIGS 13raand1B-16ara censepestignal sids ednatipnad ivibey self eaentinh aleps in the

vi ews of %&Mﬁﬁébﬁjh §lepPs in the nounting of the dies. FIG 17
is a cross-sectional, side el evational view of another enbodi nent of

a stacked di e PFACkHD®E aatcwrsdétivgal, cide Blevitivvalntiévo of afokiEBemb8diARnt of a stacked die
illustrate_se uenticﬁl ﬁrgcessitn steps in the fabrication of a
portion oP*tHES GO REE® BVE - ckage of FIG 17, according to an

embodi ment of FIGE! 1891H Dfusiraty edtfueMinl pHBOWINEGtcp & KB MblHcAbnf ald&ion of the
third 2£Jt O%?aclgédedie 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.
F1G. 25 is a cross-sectional, side elevational view of anaother embodiment of a stacked die
30  package according to the invention.
F1GS. 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 20 is a cross-sectional, side elevational view of another
enbodi mrent of a stacked die package according to the invention. FIGS.
21-24 illustrate sequential processing steps in the fabrication of

the stacked die 25 pa 20, according to_an enbodi nent of )

a method JFPRVERM Oﬁﬁgﬁ&‘w%&r ?13 die ?fdb%Wawfg’éﬁc%:\ﬁéovi@v\;h%fecesraéomed in the
first (botHo@th sdif@ceaff thd\@e PREESDG-B arf l:l@ss—@nor%h%}@e%gevtag&]az@fe%%f sequential
formed in the bottom surface of the die 21 and 23-24 are

cr oss- sectBRHl the gioyatieg efthe fighal vi ews of sequential steps in the
nmounting of the dies. FIG 25 is a cross-sectional, side

el evational view of another enbodi nent of a stacked die 30 package
accordisng to the iDE/EAHLEaBDESCRIPHD@SOFZH—IEQ’REFERREHEI\MDHV!EMS

[ t acked di kag f
Bl G 725, accor drNeBbah BHBR I eBrertbulh i oo b S TBRLS F e pppose of
is a bott qnmStraM%Eéxﬁs&cﬁmmaénl RAA ARt bﬂ/rﬁos\ék swnﬁfnngfa?e s'iaﬁf‘eorﬁ]e(ffggi%l ﬂflfst?ate
of the package of FIG 25 ovm ng the recess formed in the bott

surface ofPfeqsesing depshprase ipfabricating semiconductos deviersan acesidamce with the present

SPETAN LeD DECe e R o AR B2 e bl oRSnoipy potie

be deddri H@b}l?og'emeplawsy with reference to the drawings for the purpose

O L T e RO kel YRS S AL s
sem COI’ldUGﬂlﬁsltraﬁlﬁé»/}blﬁﬁ&e;t m]?,CaG:G raﬂﬂrﬂﬁ ﬁleﬁhﬁtb lithehP @S orl STREnveRionlihasmuch as the
Sort1 o ofEIaciioH EMESEBITEs PoRsBrbcess. | The terms " top"

gzg | PI()LtS?Tat | 3‘29 Fl)nlﬁ_égﬂgcglg a}sdvgﬁl:]{ eohﬁﬁ@édug%rtﬁ% ?&?ﬁ%aﬁﬁéﬂ?g?FtLB(ed%?ﬁYa%Mg%Q%@hleves a
descrilpt i dasivgblyt low Hankass prafile,iafawsiichisasf thivserddsen Srecstatki asembipto toduce the
overal - habBrBATeRE ST SyioeE b, A0 EORRI TN chS T BiRSidefongpgee or bone
package prvofels leetendihg (fmm atnh;mdeﬂ}eng)ﬂzet indcrkcﬁrceﬂiheSuzhheﬁdf@aﬁ;‘eﬁﬁd@uﬁ&ﬁﬁﬁb| y

bet ween. SIS BPEpMHPIERBSHE Hish bF shmieaige fereed BRrwngl e PG, aipe mvention

under | yi n@uthep offerdéhdre ehliaBis aRion b1da oudéonRds %ﬁthé%ﬁﬁ%ﬂt@glcfé%e as more dies are
manuf acturing nultiple stacked dies by elimnating the need for

mount PRy &'28kee e mtkod afviesiny eivon et brovtilized tor fgbmstccany asherally somprising additional
adhesi on Rl.eed L. 6Q rﬁ]{hgl-,e ?ﬁﬂﬂﬂﬁa&taﬁé}%ddﬁrﬁeﬂt ifPRE AR Eordk i herein.
et hod of t e 1l1ze 0

are 20stacked. The e 1 nvention can
fabricate an adseathloy thealepiribed mgbeativtients,gmak to mounting the individual dies of a stacked

assembly, the backside (inactive surface) of a die (wafer) can be backgrinded or otherwise processed

to a desired thickness, flatness value and texture using conventional methods in the art.

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

30  further includes external contacts 54, for example, in the form of conductive solder balls, to connect
the die package 40 to an external electrical apparatus (not shown). As best seen in FIG. 5, a portion

or thickness 60 (shown in phantom) along the perimeter 56 of the second (inactive) surface 58 of the
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stacked die layers to those of the illustrated enbodi nents using the
described concepts herein. In each of the described
enbodi nents, prior to nounting the individual dies of a stacked

assenbly, t he (i nact su of a die (wafer) can be
backgri nde %“idqg’»“ﬁé‘rewgésefeﬁ%’(?‘iés%&@eséo BEO¥|de @desent Rtﬁ?é@eé edgg)dndbs recessed

val ue and ddexeRng
Vo B Ty B o PR &) o E‘r%{%sfc}fhf?g‘?réﬁgésasraeﬁggg h%%{l@‘g”es 20a

40 accor di @gothe ORRECctpg BSIbeRsICh a&l“ééﬁd@ €$fﬁn<hng:ffgmh@;bmd mansa @i tﬂebottom die
| evat
el evati onaly yigevihdig: PACKAIS: A, ﬁﬁ&?ﬁggkeﬁief%r s a&E (te ;ﬁg&t g”?lfgﬁ} Irbrﬁtazﬁ?%@e two

mounted to a support substrate a sec

on the 5bOtCt\'@rh'1dg died 2 prBvidel thpactsesd8a cledBhcofor bhel &iréﬁxt@ﬂd‘lgsfﬁﬁﬁ)ﬂﬁ I@klv@?d]e 42,
42, 44 are tq term nal pads 52

ded .50 50 t] ly.
52b on t he™ d%‘ﬁ&b‘ilgvsegﬁé?‘?’%t°é’e% Paréfﬁégg*%&#tgﬁ%wdhgm BlFPRBEE éﬁrﬁﬁqaaés Uilized,

external aefjeadledy, Risechreth«dAR] @e 42 Bnib e Jppoh AfbseLBAUCLH B &%xﬂﬂﬁop) die 46
ball's, to connect the die package 40 to an external electrical

appar at us 0(“Ffb the Spim e 44s best seen in FIG 5, a portion or thickness

h
curf ace 55, of | TAe LDy s 7 FEPSHEEE M el AU SyERRRN QR ttacked

(e. g, & chbelpackeeet0ofiFd6. 4 recess (recessed edge) 62. The recessed

edge 62 has a hgi and OVI o] for su

cl gar ance of t%g 8@&8‘%‘%’5& 107 EISIF’H@? O@Sﬁﬁ%gf“?ﬁﬁa%ﬁ%%]fga% ‘?flége second
TAB tape) (ep) érdisrgn bs emobeétdnrd ﬂ&a@&s&ﬁ&dg@ 63.h&s B PGS, 44 ﬁg)rhon 60
the substrate 44. This elin nates the nee or a spacer (e.g F

3, 30b) bdERgEEnPhateRdn Blfged)|of therurfacssoSihgs B?W@é"?%@oﬁ&@é%@ﬂ?‘er 56 of the die.
cl ear ance ¥kwiip&aRcdN ik ﬁ}% a@@aﬁ Bl 'quQl th %Qéﬁtltv@@ TeRYES eérﬁoﬁ %0 al%ﬂg t]%giéﬁgqgter of the

achi eves a_| ower overall package height 67” AdhesiVve el enment
can bé3ut i¥§ $egch ﬂ@éwéert he diaAo is @u@etmrnféy tmeentbd patorthaifist dRtton) dietReathe recessed

Z g?por t's '-é@éé 523#:113 C%_és %‘?(%% B’;E%:ﬁlesql erkt E@Q%%éje Jg rrfe})% tb%nf? Qifeld gOab&tté gq-lrom the

| ustrate an e o) rocess
and net hodoftom dﬁa)‘ifmﬁorhkge fuppors subskcetd 440The ecpankatye ﬁa&aﬁ)be lﬁjn@ed 4smg known

Prior to ntln or.tion i ckness, of. th ond actlve
surface 580 the h&: a%?ﬂgor(ef‘ﬁlﬂffed? g’eﬁ%" igﬁt‘ﬁ@?“ﬁﬁ 3"8‘ Piae %P‘HP'E' H’éo her
recessed estghafichl misnssdToyducing thd E8dtonbsubfac@sPeNthe ap HO44 %@y&@dét&mmed depth.

phant in F G;z? .of the surface 58 has been_ renpved al ong t
peri er 56 o Ehe toldiiSmn Trib kg (peftanmeliaf? isgpepmied leféﬁrst girface 68 of the

sel ecti Ve'si\:}(\;}:;};fo@t@l!ﬁra@b ﬂor’ltﬂe%tt@g & @Zqﬂ)n;ﬂ?ﬁesoéeﬁﬂs h@@e&%ﬁrfﬁ% 0]v§' ?H f?plﬁx@thty of bond

such t hat en the die 46 is subsequently nount
(botton) dpds 42 alqnﬁéherm@b%dh@@gfear@lz S]§¢<m¢| (b@@fa)rﬁud]@efrﬁf?lgAwhom in FIG. 7, the

suf fi-ci eng,gl.6ak, t e d| ng fromt

die 42 to t ﬁe su%%gfg off esb{a ?m?‘ ﬁsfﬁgner%gﬁtehs%]g g' F5y %e SR support
for med uswu@%ﬁ@hﬁnpmhetofquﬂﬂ;& in the art, for exarrpl e a chem cal wet
etch 9k dry e ation, or ot her mechani c

t | as S
reduci’Ag t he bgp? %ngg F‘fba?géteﬁg °g RPRESP elferical f”@u “15% B é‘E“é‘? MplgEg suchasa
dept h. 20Refefeinfrgedith plasdHikets, fdr Rampleebibhilsimi(ORtRYBMH RsihledoRky resins such

mount ed on ﬁ]{u orSFIR ?Pagriar?eﬁgs %grar%];cst abn?i 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
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support substrate 44. The bottom die 42 conprises a first (active)
surface 70 wwth a plurality of bond pads 48a al ong the periphery

t hereof, and a second (bottom surface 72. As shown in FIG 7, the
bot t om surf ace .72 qf Ehe botfomdie 42 is aligned with and facing the
first sur3ee° BEEWHeG i SABRSr bY STiRa Maberrng Afmedh cxprngiosali 7, impgmdyeidual
support sphddapat e 44 can conprise an electrically insulating polyner
material such as a.resin reinforced with glass fibers, for exanple,

bi smal ei mi de t REB#ingdo FRG) 7rthebottonedigdy cerebe sitachedoh thmsupPord swistriR45 by use of

| am nat es 4, GIAE 6 AR | NS, netal- | eadf.r e,

AT oyaz of oo Rmeifs PRINMALER SERTSS o (RbPled SRR AR phGifface 72 of e

‘I]DuPo n'; > \Webtiom gteﬁli,(amigmvaraed/ooro At\hJPﬁisEé(lrfalce)ﬁﬂ bbte kf]mftmbﬁﬁtﬁ 44 ﬂl?he ??dohesive
apan); anpng other substrates. repr.esent ative thickness of the

subet 1 at o PN SBMRR ) Shitt 4BENRRRAEHUGuA Tt ferianchiingontac

support  sulliskivad, ehefiftolagticidhdsives Bl theriidseting adiebives, 96r R@MBle, 4 dicach epoxy or

whi ch nul ti I? die pacéages 40 are forned, whereby the panef 74

MKE17341 2 999 erlentH1 asioullereled anuly-layesed adhasiy tepe pigh @apelyimgide films lseated ergboth

al ong an expaRah 9MhesivOt TH wotlol @e 'gﬁ‘ dh brdtﬂﬁgudﬁ}@ﬁ %t@%g’?ﬁe 44 can be Eﬁ%’g{eﬁ l n%pre—

to FIG 7, the bottomdie 42 can be attac to support a
44 byl@setaprd Eamaritesi adbesvetpnattagiied thtretoadimsidiesiel demait 684achaagfied to either
applied o om.surface 72 of the 5bottomdie 42 (as shawn),
and/ or tog{ oetﬁ ftrh§1$ BE%?JHrlfi 331“5‘c‘{e2 aélgef\%efsu?ﬂc@i Lear g‘a v fﬁg{“é”“’& .Oi(?ﬁ'ég‘\%ﬂ die package.
adhesi ve Manyenitabbladhadiveaplicitva neoybds mrtlafida)ragdh@mwee Rt arK RN in the
inthe art | udi ng cont act adhesi ves, thernopl astic adhesives and

i nc
t her noset ?ﬁtﬁﬁa}:\%ﬁ%ﬁe BENtiRg, follel ARRNCAOT, SPraY AN tieBYIFT- SPBNigripran adhesive tape may be
equi val engpplied ﬁanﬂ@&;géeaseﬁlaﬁl@gwefadlﬁdm 4 ﬂ%ﬁﬂ)@&%ﬁlix&ﬁsﬁ%rﬁgﬁp(%ﬁ) film.

polyimde filmcoated on both sides with adhesive. The bottomdie
and/ of t he suppsteringp §lEad.eviduthe frst thettpmd dicddanountes qurthe subs0ate dpatlie bond

formwth i ive el n
54 can be? am R DGR KR (R APRE R loEh AP fopil BIRTEL K R RC S22 on he
support séippon avtestra 4dufor pxpnipdd by ot lmndink (@ shbackathydhps packagebonding

Many suit «Qadhesive a i.cation thods faor liquid, or | . adhesi ve

appl i cati gﬁjA%rg En&%mfﬂﬁﬂ%]eboﬁéﬁ (?’Ots%“éﬁmg‘émsb&té O%H]‘f'f’tl]iyr?ﬁggffddli’%kﬁr ond pads 482,

appl i cat oand thpbend wiassdb0h ranrsdedrand Sbimded as {h)é,terﬁﬁnaagﬁtﬁsfi%%nttﬁd)ﬁpﬁﬁy siMtrate 44. In
froma roll of tape, or applied

appli froom a .di,spensger..and severe f \

from4 t r‘%fﬁ%‘feér}bc’(’ﬁ‘g‘f”ﬁ’ EP‘)Ba‘rqnfjmg apg R&’faé?f}‘? ding, p§ kmovan inyfq at, AR DT Rsed to
(bottom @Hrﬁe&%d@iﬂﬂgy@@mﬁdh&ﬁmglrﬁagﬁa t he bond pads 48a of the
first (bottom_die 42 are then electrically connected to the tenninal

pads 52a on t h&efeing ioFIGE Mt theseoppd (fop) diegapthen moynted prtoliioidisn@getive)
(as shown i . ¥y X bal | ..

bonds. (not” Shomes BofrspthcRHE) B8 210 Hrhfint a8k S%meY BEhaRp st 1o

and the bemprisks 2Ersb@atie) senficbe 0 avith by dfbohdpadserulag tHRASIpHAA thereof,
on t suppor.t trate 44. | 0 ot her i rents, TAB bondj ng and

o't r 2o Tske LR sidice 5B, AR %Pt 1180 FHahEeRaq Smipomab ek g swond (top)
bond padsdid 86 andightibwite s faaing pedrsdrfalef s fthBrst @ofthi@Pdie 4 plibr tof i&embly.
second (tﬂ%) di e 4% i hen unt e on]tﬂ? the first (active) surface _
70 of the 19 FSFSCHIET g%{’etéf?@“ 5 1 (8P Cifet 2t ey el s e aaislia 4078 sized with
The secondhdijie (Mo pRIVRMd B@pefing 68 ®r s(BTelehY Qbarsite2aR 1f§>9d‘04i1te|§ 58a extending from

f
lurality of bond pads 48b al ong the periphery thereof,
P ythe Lottom diee& to the support substrate 4£ P Y

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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25and 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 assenbly. The

recessed en.the. fi.r otto di.e 42 and t he_ overlyi ng
second di 39%2 W?tﬁ ag gé%'@w\?vit%ﬂ? aga‘fl?gl& Bﬁfe??’ ] a‘%%dlwléf?/ Fltzﬁ@e%é%ﬁérli‘? ﬁ@f’ll’% te %Ither or
suf fi ci entbot] diar aning neduntihg oDhe Secohd @6p) o (HRTHEBotid@yait.he bottom
die 42 to the susg;gort sg?g trate 44. 30The second (top% ie 46 can be

attached to théaeYRH de- kb thapopdards 45p cAtheaarmnsi(inp) diedbern thewelestgeally
exanpl e, &phRRRJI% gﬁitgﬁgﬁ@ peds PURESY KAt dARSEAL Q.@%Maﬁ?ﬁegfgggﬁ%%%néiﬂg, as

adhesi ve e] enent 64, irst (bottonj die 42 and/or t

(top) di e sheveinthpdlugiraod erenpla onbyp A Bihepdidg, eiimBia e wirk-bondedrsmcked die
with an aggg%jb\ép?%]ape attached thereto, or an adhesive el enent 66 can
be applied to e ther or both dies during nounting of the second (top)

die onto the fiThstie(dsmnibdny8 dincbe partially oAfullyhavapsilatedvGih dldicletthie eh@Rehlation
pads 4t h of n_electrically connected

th can t die 46 are t f
to the t el 8%3 Cﬁb'ff @ﬁ)ﬂtfﬁ@ TET ot SSLRBY  F SeTbDasncapyiatelusma kmovpy

Wi re bonditdi@iniqass RSO fhribxbiBle] dctdds brinkHd %agﬁlp%t nQ1diR add¥Pansfer molding,
bondi na, resul tmggl n the wire-bonded st acked di'e assenbl'y /8.

The dilB aseBfryn g eagapspated siecked|digpaskagedldppisted ap ElG . el ometembadiment, a

di el ectri cahsHY ALLAR; ' : ' b resin.g. .
the assentl s e Chreba aRancal it KEERERl Pal R AL b cavicy
art, for encddysine asssmbbyewitipn ieadhi qagity, ghdfbllbomg gnospsotatidi,nle mahichlates are separated

transfer molding,. .10 .resul ti in the encapsul ated stacked die
package 46“‘%‘1@]&"%{1%%“?]@&1%&&38ngcaf'r]?eﬁlﬂgmé{%g'odi ment, a nunber of die

assenbl i es 78 Gamelkmbplianadiliuftraed 9 WEG. ARkbml ad@aded sd}g}ﬁicmp iAfhedBAR of
mul ti-cavi t%/jd]rml d, qc%ge ?ssenbflély wi.thin each cavity, and follow ng
encapddl afPHHCiYSRelq6s Peflsdrnether syteble eandpctive anateripl fyrb as sanductvmepoxies or

packages 46hdi@idrlifes E%tg{%s?tcgﬁmn's hiddEnERP GE MR ot tbHSH g@tsg&mh r@bcﬁ{o@g surface
4, external contacts 54, typically Inthe form o? 15conducti ve 'so r

bal | s (or 36rhthe sapportaybatrasnttiive electdcatgprnecon afitbhensssadohielpekageed0 as a

epoxi es o =L i NS n e.like

P s R SRR e QLR P B DL s
subst r at eintindearP @ ectthéreatermd ninaidty @ot downhaichnes asedhaberdaf X egepwi&, program

as a np a er.n el ectrical apparatus (not SEO\MS}% ,
Exanpfoe. SRS eheuR R e Blpa arints RRpuaRRES oo sleRtonarvela 4 ety
Ci rcui tryinchaies shaiun oStinbuaie shroMihiRiReaiths 6 tiut eAeRUhesughIROGH&Bection of the
20! ogi c c?}%r ol | er E&%{C , at E?IhI ng apparatus, anong others. The
support stStGRR SRRRGHrUEPE gt thRCPriesvericamtethyoush thondeets ¢4 and further
t hrough- hgicgfile @leckicAty &hdhbiile Ftd1E dF-QHOMAPAES FHASF o5 BRIEMAdWotlodH 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, F1G. 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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substrate and establish routing of the conductive el ements through
the substrate 44, and further include electrically conductive netal
lines or traces and pads formed on the second (bottom surface 84 on

whi ch the ! ntact s 4ar t ed.. 25Wher ltiple die ,
packages. dratiek oY araRehPERL RO afertl B FitelaPparss oM™ D ThETeGess . in the
t he panel bogomhlke si'ragbldvﬁﬁlededoﬂﬂ Gop)dit ¥6'deiBe inektenth AkRMBH A0 42‘f ﬁ’iﬁs achieving a
exarrpl e, B%‘P’CU“I Bear Anot her emnbodi nent of

ml tiple ol f FE@ ?‘gb a@é aghesiyp GleRgnt &' eanebei utifieed 10cﬁﬁfa¢1sthe second (top)
depi cted Idﬁb%'@ﬁ@&ﬁesﬁﬁ)}ﬂ geab, side devational viewin FIG 12. The
package 40 conprises a first (bottom die 42" nmounted to a support
substrate 44' HGS. iH@ﬂbﬁtrﬁeam erabedimant of apdocgssstonmd] hetbpd fedifermisihe stacked

46' m)unt%(lde d formed in the first (upper) surface 72
of the botto ?gé %Spﬁgg pads 48b" on the second (top) die 46' are

Wi [) e bonded to Ft{GSrriIhaiu(ij Dﬁd@l(ﬂzﬂhip}ilﬁeﬂ s sREiomAdl v%%&"ﬂ&atlﬁclugﬂng Sﬂ-dlﬂ[?on)dmg of the
substrate es_external . conta sol der ba
f or conneé{r#(gﬁongm)tcﬁ%‘;g i ﬂM@W§@F}?‘7‘e’?ES§O g‘ﬁé@?@&@@ 10} A%l O¥NeBAPET dif42’

to an ext ebmpliscdl Bl a@ike) ﬁﬁﬁ@é%ﬂdﬁdég&bnét}%% ZBSIHQCJ BLEPR Rfve L éd}face 70' of
the bottomdiLe 42' allows the second (top I nset 1 nt

the bdPt ot %2'42' 19?1&%65&@311#@%;1?@@5@4 Eﬁ@éwltbvém(hlctww meinghd thereon which

T T K —
embodi mentr affoyssushes e@&erf lsidwer angbidr,mr hedndwetivd mfymagnithﬁaisérﬁi&lﬁﬁ Be Birfhed by

Kk 4
(I? ?gs 292%%11 onlfa evh%gg\/sn Bf a?ﬁs fi dBC LN gﬁ%&ﬂ&?‘ﬁfgﬁ% b‘Pﬂ@% Py gfire bonders, and

(botton) dieaciis. T]ibﬁlpf)d)rt mb@ﬁ&t@f-{atohﬁﬁbﬁﬁﬂforrh@s Hé&@nﬁé@ﬁiﬂeﬁhﬁ 1®Avith 3 ect to the
shown, .the first die 4 ses a first (active) surface 70" an

second? (i ﬁWP\F@?St’?&‘P‘a@@F’f‘E agef*ﬁb(Fd@ﬁr@é Burface 70' of 10the fi rst
die 42' incl udesopiophstinghp,tare@bs é)s)f&gnt?@fiﬁm‘éﬂ € 0ngie hé’c%v?) ce%  of the first

mount ed thereon, which are arranged in predet erm ned conf’i gurat|
The condu&tqtee) Qtﬁﬁa?s a@@"’o"ffylplce‘,%ﬁs?ﬁl@oMpFI@-elf’Jaanﬂemaltozmperaidcwe weeln msc 14.

copper, Sith¥&ledd's Sgﬁ %ed Ma &, lﬂgél' & I;EXSVQ{?]E ¥&‘:§Fnd ARSI ereiq 1£ta SyBs equen? step. The

formed by known net in th &1°8ck rop
met al st ugEchbsrBsi Wwoquen bmmsimraale shapd mhlssduangrecfﬁhgulslupm,rﬁnd circular. The

fg g ; ;g?t f (r)e%té $ 8%‘11 Snﬁo% g(b)ﬁlr%e% tI) gi:?%dgttseggﬁg tﬂgargia\gxgl g)ég 1’(1?(?3@%‘&16 @lafgl)wnt 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 efchers are commercially available, for example, from SECON, having an
etch rate of 25 pm/min. for an 8-inch wafer. The recess can be formed at the wafer level, the die

25 level (i.e., singulated die), or on a strip level after the die 42' is mounted on the substrate (e.g., strip).

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

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

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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Prior to nounting, a recess 88 can be forned in the second
(inactive) surface 72' of the first (botton) die 42', as shown in
cross-section in FIG 13, and in a top perspective viewin FIG 14.
The recess zed angﬁconfl ured to receive the second die 46

C
therein i ﬁ“gg@%‘i dfﬁ&‘?f?dg’tt casgiod Conduglive pglymeg SRmpe aftheyabpthes methpds such as
sui t abl e shapRl comifbsRE cBSILI8s Be udeB8C TeMGR] Phds ﬂ‘i’)aén th@@igst‘éhxrf&@légrof tﬂ-@s%pport
20 recess 83" can be fornmed to a predeterm ned depth and w dt
acconmodatSEORE 1 #e srrased geng the psdeisAY di e therein using knovvn
net hods in the r | ,
wet etch or dr ﬁ%?\g{alg?gqggga? ?géﬁgﬁgéﬂg%hﬁbdﬁgfé%aﬂr}g%@% %rretg%%g%s%%h of the
renovi g tbh&orgei@@*#ﬂﬂ Thmcmnd/(egp)dwﬁmpmbs ofirst faetich) surfide\80bwith e bRirality of

are cormerm | a from ., hayving an etch

rate of 28°8 rﬁ/ 543 t])ng%' %erlpﬁgwet&gig@]r and‘larfécqr’éiigé;?\lr@aﬁ’faf\é‘ée r e dhogtn in

t he waf er me;/es thé i‘tEOrdi (Qoﬂtﬁhﬁslﬁfacc{ 58’ @f the Sédagl{(18)aTe 46'e9 aligdbd ¥Mh@nd facing the
strip |level élgne he di unted on the substrate (e.g.,

strip). Tecess 598 81‘ Cﬂiz' gog}?bﬁgoméﬁﬁ?eén‘éfﬁotaﬁﬁé”@bpport

substrate 44" hy.cQaNenb Qﬁ@h' hi Pe SRR %l%}%'

13, the active sﬁr acen%(} 6 c el;?e ottor%r{gpg%%%ﬂﬂﬂﬁgne W t%géh%we

f aci nd 0t helemans 66'( Thpeadhesive ﬂﬁm@t §8eandf aplbicﬁdsmﬂpmﬁle renghs8 ¥ &t the debess surface 92"
prior to e gLi.on p

Phe"i ot arrantm 0¥ FEARARE% B SEbP ERlbel PEBERH I o i iigid capishesiv
t o cor r espbment 66' tkreccmq:tﬁse ghly atilabla adﬁesbe mhtqmblsncaaﬂdmtt]i\ea@ FOCkKGinip e a tape
bunmps 90’ %ﬁﬁi{)he g ttornrgllihe .42' . . The _conductive bggp in the form

of sol der *BBTHE EAIT Aa WheHR s (S PhRISTEErRFCLA @dRs Bt f4- Bbmadhesive
Wi th the telaaasc®adhdveh (6eRdeeiic thael @RALS 81 shitRr {d d‘o%?roﬂtﬂ@@@érée of insertion
surface 68 of the support ME/ 734127.19 substrate , or cured in

the cd3e &f thesaernddiasd' pin mﬁcemﬁﬁpsm%ﬁrﬁtrwd/gh Swphéﬂle&réQ héfd sarsbmmoalsled ina
thermal ¢ OmPRESS A il HdRg ﬁ@c}fg%&m%aﬂaﬁﬁe ﬁ%t%len%;')% 58 %al bl Bptied to
surface 6 e support su ate are exposed al on

per i pher y eitReafog bpthridestdorifg @ncatﬁmm thetstvek@hb@p@bkég@ﬂ) '(Hheadflrﬁkwe sletnla66' can
nmount ed i e Qttom die 42'. The second (top)

di e 46’ c%ﬁtﬁlpﬁlseg%%é% Yerg}lg?na?énce:tqo\%%%n%‘ﬁnr] g?(l:e "go with a plurality of

bond pads 48b’ Aaldepngteﬂ IireFIIé.rMpﬁerhxond bl €98, ofme@naqa@mdle(%oar&melecmcauy
surfaéﬁ shown |naf Céi%ng Ee second (botto surface 58' of

the s on&o’(‘rfe(%’ji tying tegging pa PG UPROTS Stfr%liﬁl"f‘ig G FRApRIE SR Wisgbonding (as
t he SGCOHQh%Qf@%?T@b&{dK{éﬁe bottomdie 42" prior to assenbly. The
second (top) die 46' can be attached to the bottomdi e 42' by neans

of an adhesi ve Thopirgaperdedgiickedrie agamblyi ecaa temeistpagllycaiu beenappsiulatad with 2
within th

12| andl o EER e Rl e O oSO s R e g IO B flBay e
The' adhesﬁtﬂ@kﬁlmamw sﬂ"@rwnomﬁﬂlb’ie any suitabl e adhesive materi al
known n the a f

adhesi \S/e as dggs“c?ﬁ & ac?ﬁ? fee% ?‘P‘glvgggﬁ%@ia@%ca&tg%e%m%’ifﬁed §htpe second
adhesi ve eibcﬂfaiﬁf)tsuﬁﬁ:e saaat tliﬁasl.@apart ‘S\h:ls&ktl 84'Jostbaiheding thd die badkatd 4M %o @fotherboard
spacer to co tr ca? degree of .insertion 15 of the second die 46

into the PEB §rs 495 @Pt SbAWPbr second dies 42', 46' can be

provided in a perd @ﬁ@hbﬁ@@rﬁamltsbbs&ate@&%ﬁmy@a bﬁupﬁnﬁbmeb tmr.%z Panel 74) can
or an adhesive elenment 66' can be ap to either or bo di es

during fafrndssingalad f@tﬁ@@fléeﬂé@w@gsﬁwage 40' . The adheS| ve

el ene 66' ca ; : s
B Tenbro {AARRAMHAYoEORLERI ke SRR LORU AR B e

46' are t depicted éct erogsatebtjoral stlosteatiad tiew tlmEI(t?.elr?mTi”lzaldleppmtkaM“ imyerporates

b TAD DolbuRHPSEE pickaped £ 46 RIBLE 1 A6 a1 N9 (a5 shown) or
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The wire bonded stacked die assenbly 78" can then be partially or
filly encapsulated with a dielectric encapsulation material 82' using
known nethods in the art to formthe encapsul ated stacked di e package
40' shown in FIG. 12. 5 ternal contacts 5 , .conductive

sol der balls c£ﬁ”f"rféfﬁ‘e§ W%ﬂ4%ﬁotnﬁ€59§éd°6ﬂdg?fﬁm)tw2 SPYrHedeorgaa support

of the suppsyilatestabsi aﬁtpecm;ﬂanafc%erﬁomea%&daa (ﬁmﬁneﬂ'd?e f@%‘ffbﬁ& p%gwnfﬂec@wed

not her board or other electri cal appar at us (not
appl i cabl evittin pEasess 88(iBxthe hottons Giepi2l sm@aréo fhewlicpackagedt0’ (IEs 12)e The package 40"

FIG 8, 0, kages

R PN s R L Tt R e e
accor disng (mdddid)eied 467 esiilamntoitlse diepackhgnﬂd (E?IG 4y (Biﬁrd:peﬁﬁ 48M,act80" &h @& second

I ti |_. view.in,Fl 17. . Th i & pac I ncorporates .

ot oreo b b oettue 069 oS B BB e e
NKE173412?es];&chvel‘3§mi1 tHelds d;ﬁpfo@tt RbstrANL"PIGKALR 4O ARy Hichﬁ%§e>ﬁ‘eﬁzblrc%hﬁcts 54" (e.g.,
(bottom di e 42" mpunted onto a support substrate 44" in a

at t achnents0ldgiRally) e eimectingtheifie pagkage 46"2s arcomparant jaant dlegtriap] arm@anwédot
within a LESFDS A@ﬁomb@alb thl%%%ﬁ@gﬂep%ehégecmé el 3 EJ aéc " gf Q}%CA( (%%5 die 94"

40' (FIG 12)." The packag urt her corrpr ses (top
94" ndlnt eﬁpwllﬁfemﬁwdstp p(rca-cdla vepessadrdige 62"30 profidd d]ﬂ)pzeamg 63" ff suffidlenr

ka G 4 \
die 46" saler. e hIS s BRFLaRe A0 LELG, . fond pads aBb 45l

bonded to tliee;ubufwd 44yathas Eiﬂbmatu@tﬁe neddgoPL§abit dlebiveeh Ehett’a@ dR4IBOIIA" . The recess
substratelgg B%lbjbstr te 44 further includes external contacts 54"

(e.g., ?*50)“ 2¢ahavechs prgorchi@ngdle) ¢iadRalgedcansertad (ngsted) therein. The
conponent rdc@ss¥BatBle86h '89’%&\@9@@60%&19%0&?% témwa &v&%%faﬂ% ?{gegmgﬁ%w'

perineter of the second (| nactrve) “surface the t hi
94" 1d¢s pahesivd mombap by a8t @n@e@miza@ a:smtm@s,ed aigsh6Rtond(npddie) die 46" to the

an openin wSUff 0 s 50b"
conngctl ng"?‘ﬁ“d%ﬁd éﬁgéﬁ%ggkmgnﬁgggn@g}éeogﬁagﬁnﬁ%%%ﬁg 46" to the
substrate 44", Thhacket diei paakdgngOt OEFIGBad chiobe Abspaebitilhiigibeprot&e sty
di es 46" the bottomdie 42" allows the second

(i ddl e) Sgsmh%i a%ove B’efe?s'l?]%agflg 88‘*@% St therein. The recess features
62", 88" advanPagao ischiytifQ kY refesteR 88T B YA e oBMET inWNEfiR! (boRSRKAEA2" and the

hei ghEO 67th1rd {top) die 94", respectively.

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,

MKE/734127.1 11



15Adhesi ve nenbers 66", 98" can be uti-lv_i_;éd, respect i"\-/el"yﬂ, to attach
the second (mddle) die 46" to the bottomdie 42", and the third
(top) die 94" to the second (mddle) die 46" The st acked die

package 40 prl ated ut he, process steps
descri bed abovﬁeﬁe“‘fﬂ%ﬂ”%ﬁ S)ﬁ’ﬁ Sb’é“’%ed ‘EGEC 128ss 85 Ofthewij}%fjlet‘% as
mount i ng, deprtedes 9‘5685158% ,Trﬁ%ec&;armlénﬁs"fc@ﬁlaﬁ@bs 'ar}lerEIﬁy Eb&ia ;(a%%élp% a first
die 42" and the 20third (top) die 94" respectlve y. recess

88" can be2ftehealernst hendersn (bpiret suvtage SRr The botren swface ﬁé" biothe epgend die
die 42" %@ﬁ@&dt%tﬂ‘iﬁe@e&%?ﬁ&e §0 é)?'tﬁ% b%aom(dgpa gﬁ}g%n ) of0, Oﬁ{%%ve element

depi cted |n FI'GS. 13-14. The recess 8 I'S Sl ze i gure
recei vé tHé"swcloarh @pé @idjze)ittathedhﬁfvetahéewnhed \mn}aresynﬂnaeqmeﬂheﬁse@emamdzi The

can be suitably sha t 0. .corres W th the shape of t

e, "oon 1B 20L& IhEe £5HGR 3T B FienERaE” S8 begpppHLto e SHtpce of cther or
(i nacti ve)bosiditad2ing Fabrizhtidréf thdpdcladel OP) dl e 94" can be forned as

descri bed previ %Iy for the second die 4 package 40 and as

depicted in FI godgpada 48y qfjthgsegend die 4@ T'FEG i‘ﬁp Flgciricelly) cagnectedito theterminal pads

r enoved a|ﬂBgoﬁ ﬁh% s§%§6 andbddand 40 Moy §)H£ﬁn;ﬁ$ %g@ﬁre : ﬁdﬂﬂ% Bi[b??é\% i %ﬁg Sr@sglltmg ina

edge 62" l'ar to the nou I'rs
the suBst rimeumsimigronthat shornasFIG3tand 15, 30the first (bottorr) d| e

win Che tor m AoferERRERNC 4856E B (bl alRp e hiPhdBoBukf b e secbhe
subst {j at e (ﬁlﬂddltﬁﬂp@g’ﬂ dimaill @ ngthie hﬁmaggn ?ﬁggé Iyer?o?t{\]ﬂiEﬂg 34 g-]geﬂfs%tﬂamodle 42 shoWifin
ot tom i digs 10- 8L gl Tiab] i o el Mopted@ntotie FEL AeiTEF) APas@O" of the scond die

conpri ses 4" g ﬁhﬁ'tﬁés&’acﬁéd bieaskeRBASTHA A" de?ﬂ&teﬂ i FIG19( ai‘?l%'ﬂi’i?a %%ﬂrdﬁ@gﬁ comprises
80" and a second bottog&bsurface 58" bottom surface " of the

second’di & fHe{astivehfiace 00 vt & pharalipcefdend pads 43¢ dang the petiwhenothersaf, and a
die 42" by.gRars Rk 08 waH &N o e%ﬁeny\s sRoWPinFIBY se%oltlci’lﬂ)?{a% 96", of the

di e-attach adhesive as described h respective tgé]at@iem ve

64. The ditkigd @op) dieAB" icalignbd withend éq@mg thor firah(aetiied sirteee 80'boftht sé6iid cmndle) die
be applied,to. ce of either or both dies during fabrication

of the page gﬁgrﬁgasem{)fi The bond pads 48b" of the second die 46" are

then el ectri canhytlﬁmr(mtiﬁdom)cdnhﬁ aktechet nadhe pasdad 8i6" 8 midags StPRARdsive
or hy TAB bi ndi_ng

Pt OB e LSRN s BT SR o) S it epect
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 suffictent 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 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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Referring nowto FIG 18, the third (top) die 94" can then be nounted
on the second (mddle) die 46" simlar to the mounting of the second
die 46 on the bottomdie 42 shown in FIGS. 10-11. The third (top) die

" d th t rface 80" of the second die
a6 1o Tormid JekfidsieleSlrctippme Tvnst e decaphase 48" faprraicrcpbspppmess (o
third (tophodghe Béfeafier)p fﬂuﬁi‘—ﬁle];ﬁﬂelfchﬁ 54 mﬁg’lﬁé{é&’ﬁ)o ﬁH{vid%%Pdé%g kaﬁ\%t h a

lurality of baond pads 48c" along the periphery there econd
E urf ace gG" wi ti¢isrEpp oG- 2 ganotier embedinyenswhia nwltﬁ:ﬂ@chln&e askrnbd e pakage

surface 96¢ &Blngrﬂ@thkm\reguéﬂﬁi& idle§ 11‘?4"r0§.: Sseftid %eV\fe%a fiwf Ge acpage 40™
¢ nd (riaar prYor "7 B

first &act I ve) surface he sec
assenbPy C‘Pﬁ?@ﬂﬁfmarfdst((b@p)m)dile‘taOmbummtobsugpdramibeidat‘é a4 hﬁd &ee@md (tdp 1e 46"

! for exanple, a tape or
attach nongull AdREH 4 420" aSTRRLED e dBin HETRL & edor e hre 2 ereater
el enent 64vidffi{e) didisr lé@th (1184an tii‘aaﬂ)ttb@a d Q¥ FIRS 6). nB@nd)ﬁﬁrsM@Q'@dBB@rdH tﬁ’é first and

dh I can.b plied to either or both |e§ durin
mounti ng. SFCoTaSALY cheth 6 Yire bored RS 9 e dntranel Szar'hé2b‘égle§*sewpon

edge 62" QhbsthR d4hi ﬁfﬂzcﬁtﬁﬁﬂ)e ﬂicﬁ:dgdfnxt cBnth&l ( n?nectt %e acgageqlia“' to an
i o

opening 63" with sufficient clearan or t
ext endf ng cleesienl apparsiws.ofianibir ¢o ﬂhs'dlet% depeteéaqudemnﬁﬁhumtasp&cetmcs 4-6, a

Referrin I of th ?}g d (to 94"

are thengg i O?E:hgljsf?%/onggﬁ'ﬁée}%gﬁpfc?e? Oﬁtg??ﬁ A cfé ‘%é ‘“ f’ﬁé" provide a

support s ufb;sweébége@'“‘ fof mffi@xraraﬂaﬁmc@&;r Vb!e][baxlulbezﬁ}dé 5'(%“%?13}{?&(1&%@ Bili](?lﬂﬁlélg
r fully encapsul ated res

T the: o BRI s Bt ap e Dot et ciohpo Yushe srdpal Coiomowgics 42" of he
in the fobonah dﬁaOtId’pﬁid ¥ iz&Pod ?éceﬁ/ﬁigl ah a(iﬁ’és:v@%h%ﬁen? %4”3@31%1&‘3@%%% fh¥ Bottom die

ter form are nounted on the second (bottom surface
'[rﬁeesl gpogé tNPREVW@ﬁfEW@?Z“ "s Ui trecasscleatures (63" p Y| ahenbitetotachieed 2 lower overall

connect i opadihgd lﬁ@r‘g}g'tﬁ’"@é}q}f@g K48k 400y llinfth e }Sccﬁe % rpa p%é e the top and
e her Qi AP

shown) . Thereafter, panel” can be“si ngu
i ndi vi duabméﬁnéd{?&cﬂ%ég@@rﬁlmﬂleﬁdhmgetetmﬁhﬂow'&s amnrsbrlnerto embe@smm" ifthe bottom

Gepi cted T o gl B A PR R R TR bR e R st gs” spacdivon,
the recess 102" contains a die-attach adhesive therein and limits the amount of adhesive {epoxy)

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

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

Prior to mounting, the recesses 102™, 62" can be formed in the first (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, arecess 102" is formed
in the second (bottom) surface 72" of the first (bottom) die 42™'. The recess 102" is sized and
configured to receive an adhesive member 104" therein for attachment of the die 42" to the
substrate 44™. The recess 102" can be formed in any suitable shape, such as square, rectangular,
oval, and circular. The recess 102" can be formed using known methods in the art, for example,

30 patterning and utilizing a chemical wet etch or dry etch, mechanical drilling or punching, and laser
ablation of the second surface 72" of the die 42", The recess 102™ can be formed at the wafer level

or the die level (i.e., singulated die).
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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
width (w) and/or |en té&(éﬁnthan the bottomdie (see FIG 6). Bond

pads 48a", 48 ,re°8§?68ﬁ %47 Alonglie EERRY 91 ©f thesecongdmagtive) wirfase 58" of the

bonded 50&cond@dy) dieud edaiibe F#rmRads dQefbed p?&}?gusﬂpfoﬁr e s§&b‘?@§{é 4%60(package 40)

substrate 44", which further includes external ‘contacts

connect t¥@idanFdeRadé. doportion aftha diel462 iy ieomivechpohtiat, vehen Shaebadrd diod6" is
the die i L hbe i e w10 F GS. 4-6 . .
portion ??e?ﬁghgg%%#g% %gi(tﬁ% \%‘2) ’qg%\‘lregagf:ég e@ggg%f b Eoﬁled% 3’2:8?133”@%p) fog pufficient
46' i S r edlerage vbthebond voensiadcasmding dobgeth Fist dar425ub i ®ithal pads 52a™ on the
cl ear ance B§5ﬂ§ %gIQQQQ'rV“ res 50a" nounted on the underlying bottom

die 42 avity of recess 102" is also etched in the second

(bottom surf dodferiily tOF TG, helem Hototh? surfRBY 1" 8f §leZRd (bdtfom) die 42" is aligned
esive elenment 104" therein to secure the bottomdi e

recei ving an ad

1542' t og‘i’lﬂéa@u’g%& thedirpidpppersunface 68t1nd thesippert fubstraie 44" eH6x to g@inbly.
conbi ne to ach : I, i «67'_ for the package
40" by el i m el B P AEEAIRING AR e of ARt Ement
di es, lland MounbE adhesive elraivati 048" wh berappiied @xithe asegbui LI "ol rbdves 102" of

recess 102: «inAt ttomdie 42° rather than as a distinct |ayer .
bet ween 3 ﬁ%ﬁﬁgﬁc’g%ﬂg?}g‘t 2" anéjﬁod OPWéE%EﬁE{UPBTT Sypipce %?nOfi@‘a?? sgate 4¢h @nd aligned
recess | Gaith ihentcaisri®2 telbereaatived heihh e iehdsherefinfent (oh! dalichSipLifan adhesive
anount of j'idhesi ve %g@%ﬁy 20 _bl eed onto bond f_iegaers and/ or ot her
conponent®! §rfakg,as & ahpue Wik respect eadhpsivegegaent 64 (packgped@). The first die

21-24 i | lustanhaboe tRRusHARNUITERL Ripr@idRENY reatﬁﬂedafoﬂgeiﬁ%nfa?ﬁk\éﬁ\/fe%fe ent 104™ can
form ng the stacked di e package of FIG 20. rlor 1o nountl ng,

t he rlecedeaspliadde thegpriagenf eifberfasbathdhg first die 421 ed the Ivoltstratej4dfideridg the

and the sgggapd )1icH o goth I : hown in FIG 21 "
and in a bgttOI%( %gﬁs%}gcﬁségeelze\%s E}?t%&f?éﬂh%f,%gmree%es?\é\g] %ﬁt'tﬁf Erpigialpags 524",
in the ségbhantivonrfers ofshe fubsteatd 2tk edposthe first (botton) die 42". The

102" i, sized £ d t i ve, dhesi mb
|04~ “therei n ReIEHf oGS AN ML SRR RSG5 4% RDE SR catonhe v otom)

recess 1@ 420 floen fherstiekled dic assymblyi78ablAe skdapR, FISH OB, A8 s@BH@5Bface 58™ of the
rect tagul ar, ?vai . gg,q.circu ar. The recess 102° can _be_ fornmed using _
knowrtUmetRedd (°R) iR&0aixeliepet Wik spteeing Gisdist @stiviehgpriane 78 of the firsg (bettom) die
cheni cal 4petprigt @hs@mblly.yTRS &8 arisgalcaflbl hid " J

| aser abl at itpgn of St hew)'vsecond %nur ace 72' cglf r)t h%dcﬁlghegﬂgﬁg%%g%?&%g%ﬁm
102" can 2BeesischEnh6™t, ifer skample. wish etapgor digattatheadhesied, af deseribed with respect to

singul at egh din€dive el 634di2 fadkhge 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
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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A recessed edge 62"' along the perineter 56"' of the second

(inactive) surface 58"" of the second (top) die 46'" can be forned as
descri bed previously for the second die 46 (package 40) depicted in

FI GS. 4-6, e die 46"' is rempyed such that, when_ t

second ar e RaTBIen D Rutlecrslindeipnon HESHIT Bl eleamicnl ShbecioE 86be e package
edge 62' mr'oumde;aera,al@mamgpﬁaammmm%) cient 5clearance of the

bond wires 50 extending fromthe first die 42 to the term nal pads

52a" on the saPjsdiatioshanuifnle dig-panel or strip py len bawpprfosmed @prsz\ilde indeyidual die
second (hatapedacpurface 71" of the first (bottom die 42"' is aligned

w th and faC| ng the first pper) surface 68" of the support

subst Pat e 44" Rsfamang tod 145 s?ré:mg‘p\heerm‘émﬂlmm ofth muldiple dhip dit hacbly Iiaoketgbe

support s. of, .an adhesj.ve el nt .10 04" -
adhost ve “UISERIC T dneRlo WA a 3 RS SR N ayP T e, e o 40
t he recessmpORs adfrstt(hetidnydié 43" B@;ﬁduafai islh RipAchip attiEhert t0Bbepoh@ubdia®44™, an
(upper) s rface trate 44" nd aligned wth the recess

10571 b BB ot DML e Hhremaied oo the e faptiomigtie 14 4 Benhpids 4657 on the

an adhesisy@ng 48 Peure Fire BBHGHI BES ot
adhe5| ve Sel grre@tglt)p%éel %aciagg 40). The t??{n?%ﬁg?%\é?w &éﬁ?é@ﬁ%g& Hitrate 44"

subst!Pat Exicamal seniagie ST 6va mewntehomthp seondfhstiombsurfacoof tn selritratsid¢y’ for

el ement vin both..th

Firorai o ipselt pRlaB Ry Rl Byl A FpllafihelhefD- P bfibAfiune second
first di ébodin)issrimtet B¢ hefthe secohi(top)hisd 46t C-s réﬁaove‘dx@ ravidd a debess 1l @ mifsakceeiving
pads 52a n.the surf e of t 1N a re exposed.

Referri néhet}?)o%lefr‘ég 4% %ﬁmt ©EEEDS aﬁfqerf:gﬁ? dﬁe S& ieyed JoWenoveihraskpee height
ont o t he 6biT &t the Q@&Ka@@@‘dllﬁf I{Jzatmgt e fiftk Meldb® Gliag 'ﬁf‘efbv‘éﬂfmg%&m Lie ag"".

781f1 . As shown in_ FIG t he second surface 58 hé 20second
(top)3di e 46" F1GS34- b?m%rsfw% AN embrdinientef 2 mehoriand processtflovefor Sumingcthe stacked
70" of tra@gabga%gogh@(;tm die 42" prior to assenbly. The second (top)

die 46" can be attached to the first die by nmeans of an adhesive

el ement 66', Poeriexeepliag, thi tehesa 108 sambe firmedirt the secanthésitum) suface 58" of the

descri be L ve .el e 64 (dj.e packa )
Ei t her o?ec\t%%lﬂ f(;))fedﬁ?%g st %)Qarlfgﬂgg?gnag d gegjﬁn perfté“lﬂée B 8?‘83%0621833 recess
in a predf&fedn bofamed att thewaﬂalnézszw@ tied ema BlGic rects FQEPt ise kel @and®édnkigiired to
or bat.h dies during 2 e unt i picted in FIG

2he Biske ﬁbo@"ﬁ%‘? e 4% R ¥Eetrtl %? Ewe@jfneweuﬂgﬁﬁslwﬁeﬁu as square,

eI ect ri cadctangalanRest ad dlﬁulahﬁsﬁ%kﬁﬂvﬁﬁtlec s ile a@N the substrate
44" . The recessed .edge e second (top) die 46" has a hei ght

(h'") suffici éﬁtﬂeﬁlﬁtegiﬂbﬂ%@"aweéﬁ@rﬁ?q&ge)eﬁrfaﬂff‘o "helbde fre (Ratiean i@ " ois aligned
t he bondiyg IsGadelcQMm v

substrate 44?% o @grss\nﬁrpg&ggndae% 6§t a%:ftlzlgedﬁl gP @E‘g;é; gféﬁ ih fg—&) Ecquss%mbly The
parti al | getbie Sflﬁﬁqeyme efdps Girsatisd 2 inbludes aplembyuifangd naisevlt}adonﬂﬂdtwe bumps

y51ngsknouns GG ES UG Bk PO FOCERRHL SRS HACHSS e
54" can bm lm)ummeﬂ m’nthte lqnpport 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 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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MKE1734127. 114 second (bottom surface 84" of the support substrate
44' for electrical connection of the die package 40" to an external
el ectrical apparatus (not shown). Singulation of a multiple

di e panel Stri an en.be perforr t, rovi de individyal die .
packages Sﬂﬁ{ as aé??eefoér 15 EH%QI? adhsgv ﬁ%éesgjnt?egr“f‘ FSpéﬁ‘HSd]i‘erﬁﬁ‘Fs%? éi%mmt 64 (die
mul ti pl e patkage dd)e Bithsestitloph grabk Agearceesididig 40", Ube daR\bepkdWied in § pre-taped
depicted in a ch%oas-sec i onal , side elevational view The gackag_e

40" comp?Th&sth aphestye CEW 66y can applisd t\gilhat @potndiss ring theyngunting step.
attachnment t 0 RafeSHIRPAIHIGS 9PShE . 0 | Z885mm

(top) die 46" nounted on t he fi@é@tp%?%ggtt?oﬁgtﬁ%%%Bﬁ%'ttf)ﬁéﬁoggé ngfgfﬂgﬂga

on thé séleshtsalix epineddediode teamimalpade SPUf de the50bitratend4"8r i nal pads

52b" on the s SLI .44 10 External,contacts 54" are

nount ed on thg?@glg%rr@'i’? c&Pﬁ%%onsOtgF}feaégeeasﬁm lﬁzksucﬁgt P&F@"%ﬁd usigg known
cgnne;:ti m@hhiqegspiadieagte:f ﬁﬁf&m" ﬂleegﬁhpg.ﬂﬁtecﬂ ﬁ)ﬁﬂca@cf&m §Ho§xﬂi ina?m%ﬁtme[{]gﬁbngacts
shown) . portion of the secon ottom surface 58" of the second
(top) di ?446“%“?“?8%%{?‘*@8 ﬂbf‘r%?\?iglzﬁe( gteralweaceg” 0? e splstratevitnfottpralitate
bot t om dieRchRial dohdclbRof B BohF&GREBE BAKUEELILOR 4\ BB a1 252 RY

overal |l package heicght 67" ?or t he 1pgckaége 40" %y nes%i ng thlgap??#?%?%{m
die 49" $h¥¥n the overl yi ng second die 46". 15FIGS. 26-29 illustrate

an enbodi nent .0f. 3 far form t.he st acked .
e package ofipy B G MC AR LB AGRRR e Bl @le L AP FerBhBRIE fope 741
be for me&lGn8)dae bs egpmrated(tyod dingnlatimrtéarud8” of the second (top) die
46", as shown in FIG 25 and in a bottom perspective viewin FIG 26.
The recess 108" can be forned at the wafer |level or the die |evel.

The recess 108" is sized and:ogﬂfrhwmlﬁ@eign&mmeﬁhe bottom di e
42" therein, and can be formed in any suiifable shape, such as square,
rect angul ar, oveMpagig of therkagedes ayshensin FlGchnripies) with thepagkage design
As depi ckgdvid A F1cGi227, 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 assenbly. The active

surface 70" eof—thefirst—dre 42— nctudes—a—pturat+ty—of—bonrad—pads

wi th conductive bunps 25 90" nountied t HdGe@n, which arEHGnganged|in a
pr edet er m nef i O ttomdi-e 42" can—berounted—on t he
support subst Batten 4, thakoessdi ng t o] convemilsonal |fli p cléimils echni ques,
resul ting I nfthe—structure-shown—+nFG—28- The—secord—(tap)
die 46" is th&éeconddist bitkoesso the flirst §imdst on) |di e 426 mits f orm tlhe
stacked di e gssenbty 78*As shown—+n FG-28,—the—second—sturface 58"

of the secongB¢adlye, hickn@B 46" is jal i gnédilvi th and facilngilt he seg¢ond
surface 72" of—the firrst—(bottonj—dre42"—pr+rorrtoassenbty—Fhe
first (bottofflotifrecean depth received at |east partially Hmilshe recess

LNaVadll

108" and canibeattached—to the recess—surface106—of—the—second die

46" by neans; OFecrahtoallilgskness efltberent 66'13 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 asscmbly process.
In compliance with the statute, the invention has been described in language more or less
specific as to structural and methodical features. 1tis to be understood, however, that the invention

is not limited to the specific features shown and described, since the means hercin disclosed

MKE/734127.1 16



WKE/ 734127. 115 such as a tape or die attach adhesive as descri bed

Wi th respect to the adhesive elenent 64 (die package 40). Either or
both of the first and second dies 42", 46" can be provided in a

pre- taped for or t adhesi ve enent 66" n a plied to either or
ot df es bt ayelened i At e Bisiaation Mg FiRdnveson s beridpia daimed in
pads 48b"anghf ithRriaecomedificaiins HidirkEe pﬁ)?@r debpoMge %eﬁ@etdrdlé?ﬂg L¥propriately
connected to the term nal pads 52b" he substrate 4

Partial drtefted ‘éﬁ&%@@cﬁﬂl@ﬁh%oeﬁm ofiequingestprbl y 78" can be
performed using known techniques in the art to formthe encapsul ated
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 die package 40" to
an external electrical apparatus (not 10 shown). | ndi vi dual die
packages of a nultiple die panel (e.g., as showmn with reference to
panel 74 in FIG 8) can be separated by a singulation technique.
Conpar ative Exanple 1 and Exanple 2 15A conparison of the package
design shown in FIG 2 (prior art) wth the package design shown in
FIG 12. FIG 2 FIG 12 Bottomdie, thickness 6 mls 6 ml|s Second
di e, thickness

MKE/734127.1 17



6 mls 6 mls Bond line, thickness I ml| 1 ml| Slot (recess) depth
--- 4 mls Overall total thickness of the stacked dies 13 mls 9 mls
By utilizing a package design according to the invention, a | ower
package hei ght can be 20achi eved using thicker dies. In addition,
thicker_dies can be utilized to help reduce the nunber of cracked

di es t ¥EHAJS CLAIMEIS:he assenbly process. In conpliance with
the statute, the invention has been described in | anguage nore or

| ess specific as to structural and nethodical features. It is to be
under stlood, Artasieédic apdeatblyt, hemprsiegiti on is not limited to the

specific featur shown and descr.j bed, since the neans, herein

o scl osed MESES S T AR B T LLAR op 3l Piiele R SR R G e substat
I nvent icofptigii@a st @atace ibeing BYRIMIItPBf lefminkiRESk0dted thelah®Rd a sBcadldudice:
its forns or nngificatjpns within the proper scope of the appended

clai ms appr 8Pt diceAyprisingadresaefasersielied po I dEstat i eral dhedestrais andy second

equi vals@hdce having a recess formed therein; and

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

2. A stacked die assembly, comprising:
at least two semiconductor dies situated on a substrate in a stacked arrangement; the substrate
comprising a first surface having a plurality of terminal pads located thereon, and a second surface;
a first die comprising a first surface situated on the first surface of the substrate through a flip
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

arrangemment.

5. 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 sitvated on the first surface of the substrate, the first

surface and a second surface having a recess formed therein; and

18



WHAT IS CLAIMED I S: A stacked die assenbly, conprising: at

| east two sem conductor dies situated on a substrate in a stacked
arrangenent; the substrate conprising a first surface having 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 subsfSeoRd digridiaied ar Bisdecid sudwepatiedtstaliy edespards howithin the

t herei pgceanghf second die at least partially situated within the
recess of the first die. 2. A stacked die assenbly, conprising:

at | east twdtyedieshiadianrthelsasendificuated on a substrate in a stacked
arrangenment; the substrate conprising a first surface having a
plurality of term nal pads |ocated thereon, and a second surface;

a firs®. di e Acarped dicagsembly, kepsting.ace situated on the first surface

of the substrate.through a fli hip attachnment, and a sec¢ond surface
conpri si ng ﬁﬁ?sé@ées%’,mpgg‘&g& frér%tc,sgﬁgice E)t@atﬁcﬁ on @a@strﬁfg,ﬂpggp?vngﬂrgﬁﬁ? Eﬁi‘”“ga
W t hi ndcbe foR@SHeefn:; be first die. 3. A stacked die assenbly,

conpri si ng: a first die conprising a first surface situated on
a subst r at e? s¢Bd fliesivated atflgast paitiel bt Wighis deorerss of the fiest Hinin pagtagkadecess
formed thesflels, and a second die situated on the second surface of
the first die at least partially within the recess. 4. A stacked die
assenbly, conprising: a first die situated on a substrate

t hrough a fl,i hip attachment and conprising a surface having a
recesst}'si tuét%%ﬁ%glﬁglssﬁf“% ngOmPHSINE g second die situated at |east

partial ly waphirality bEsehfe@@iactof dithigthict oh adligstiate id aStaakéBrangement; the
arrangenent. 5. A _sta(f;ked di e assenbly, conpri sing: a plurality
of senPBSHAGCPHPIIER@A gt syrdtcs baviRg Sratigbpadgiecated thereqng andgysecond surface;

arr angement j fkdlQieSRHHERES MHAMFAG sNbarBd b IR SULFAGS MARuBErdE &M D &cond
pads | ocated thereon, and a second surface;
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.

3. A stacked die assembly, comprising:

a first die comprising first and second surfaces, the first surface situated on a substrate, and
the second surface having a recess formed therein, the substrate comprising terminal pads thereon;

a second die at [east partially situated within the recess of the first die and comprising bond
pads on a surface; and

a third die situated on the second die and comprising a first surface, an opposing second

surface, and a perimeter; the first surface having bond pads thereon, and the second surface
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a first die conmprising a first surface situated on the first surface
of the substrate, the first surface and a second surface having a
recess fornmed therein; and a second die situated on the second
surface of the first die at least partially within the recess; and a
third die situated onFéhe second die. 6. A stacked die assenbl

conpr i SPREFSING a recesyeq pdgepogion AlgHEdRe BsTHREt Phesin B Focased %qg@@aft@a ofHhe
a substdiat @e BRAIRs SEFORA: c%!:ﬁi@@?m%ﬁﬁlﬂ? e@1ﬂeﬁﬁ%§§n AL weth P BhG élahds aPgle

a second die situated at |east partially within the“recess o e
first deendicdo shedeeitalpedapydrsnstra, A stacked die assenbly,

conpri si ng: a plurality of sem conductor dies situated on a
substrate in a stacked arrangenent; the substrate conprising a first
surfacé.havﬁngwkaiMEmawnmad$OMpﬂﬁhgd t hereon, and a second surface;

a first die_conpri,si n flr surface S|tuated n the first surface
of the subsfriyde Biiye toReeStrien AYTHGeRF & Se08d pufaps faving a recess;
t herein; and second dle%ltﬁﬁé@ﬁqlthﬁlll tBe Alceds @RBle M@rdid;akdy situated in the
recess of the first di e, rising a first surface having a
plurality oﬁtmﬁﬁﬁeﬂ§&§’Hﬁ@ﬁ?éﬂoqﬁéﬁeon an opposi ng second surface
situated on the first die wthin the recess, and bonding el enents
connecting the bond pads of the second die to the term nal pads on

t he suﬂ@traﬁemmaﬁﬂﬁeaﬁembﬁfEWMpdﬂdie conprising a first surface, an
opposi ng se face, i rst surface n

o G al 1y of TRO AR sBE % malTue Db ETRE spbroFinand Bt slifeadavingd ritess:
si tuated Onatsélﬁmﬁ diesfitusted hawm 0 rdcbs o 8aniet did;@n@nd conprising a
recessed edge . Jtlon ong the perineter mhereb the recessed edge
portion pro 'ﬂa@s g alflfaf‘%u %tge &908%1‘? dig@ad haiing %erﬁfs%‘ g adpeeaEeAtegee portion on a
ext endisiigack ra@éﬂt&ﬁ’@pe@ﬁ%@er%@é’rﬁth@tfthé fh%es%@(?&ié@ dhfon &ow&s%ﬁﬁﬁ@%l@ér@nce for a
assenbl y, conpr|5|ng first die conpr|5|ng first second

sur f ac&gnnegtien ¢fjar bonding efcaeaat Eﬂ hand peds wriheasesenskdie andsternainel naldecns deonbbtrate.
surface having a recess forned therein, the substrate conprising

term nal pads thereon; a second die at least partially situated
wi thinlfhe ifeedssiseintihel diyrfiClaime 1afdfchepsdngiristhgbbndimadanans ennecting
surface; and third die situated on the second die and
conpri$ngp%h9fp§ﬁe§wp#§€@tmangﬁB §Wﬁge§gﬁgﬂﬁ'surface, and a
perimeter; the first surface having bond pads thereon, and the second

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

tape.

13.  The die assembly of any of Claims 1-10, further comprising an adhesive element situated

within the recess between the second die and the first die.

14.  The die assembly of Claim 13, wherein the adhesive element comprises a die attach adhesive

or a tape adhesive.
15.  The die assembly of any of Claims 1-10, being at least partially encapsulated.

16.  The die assembly of any of Claims 1-10, wherein the first die is flip chip mounted on the

substrate,
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conprising a recessed edge portion along the perineter, wherein the
recessed edge portion of the third die provides sufficient clearance
for bonding el enents extending fromthe bond pads of the second die
to the term nal pads on the substrate. 9. 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

wi t hi n itthe %@@Sasasﬁﬁmﬁlggf Ay SHC 18R 1 ﬁf‘@bh@re?rhhé gecgés(?n ﬁ'letﬁ@tto‘?gg%ﬂbstte{?ﬁaliy

second die. 10. A stac e assenbly, conprising:. a

havi ng SgU4¢ pisieciangylaictansdt uat ed 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
peri nmetlér aﬁaeakﬁesEQSEdf@dgé(hﬂnmneh)omemnshékﬂae[abmuhﬂkhemsubﬂmnmny
peri met e recessed edge portion provides sufficient
clearaﬁgécﬁ%ﬁcmg%ﬁh égtlon of a bonding elenment to bond pads of the
second die and term nal pads on the substrate. 11. The die assenbly

of any of i 1-10, further conpr|3| bondi ng el enent s
connectllgngdggﬁg’%ﬁ‘éﬁfé“k&’ ot #y f &dymY Sane 7t® tlathet seanprisigdoafing lylsments

substr %bﬁwctlﬂgzbon-ﬁl'}ﬁdgbﬁh@%t%@é % t@lfmll%é%'ag@ drlthe %@%ﬂ %‘Ih n the bonding

el enments conprise'a wre bond e die assenbly of
any of Clainms 1-10, further conpr|3|ng an adhesi ve el ement situated

di e asdbmbl viop o e Sy lE AFRSEad 2aER ok e R Kt egion ol
die atﬂaghuadheﬁﬂygemnrmaﬂa@ékadh35|ve. 15. The di e assenbly of any

of Clainms 1-10, being at |east partially encapsulated. 16. The die
assenbly of any of Cains 1-10, wherein the first dieis flip chip

mount edion The dRuRShitaY 8F 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.

23. A semiconductor die package, comprising the die assembly of any of Claims 1-10, further
comprising bonding elements connecting the bond pads of the third die to the terminal pads on the

substrate, and being at least partially encapsulated.

24. A panel substrate, comprising multiple die assemblies according to any of Claims 1-10.

25, An apparatus, comprising:
an electrical apparatus; and

the die assembly according to any of Claims 1-10, in electrical communication with the

electrical apparatus.

26.  The apparatus of Claim 25, wherein the electrical apparatus is selected from the group

consisting of a PCB, motherboard, program logic controller, and a testing apparatus.
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17. The die assenbly of any of Clains 1-10, wherein the recess in the
first die is substantially square or rectangul ar shaped. 18. The die
assenbly of any of Clains 1-10, wherein the recess in the first die
is substantially oval or circular shaped. 19. The die assenbly of

any of ai San =10, further c ri sing bonding el enents

connectzlqng ngﬁat%fs*gagf%’fw%% atsﬁ’infctﬁng‘irlg()ltd&v‘? *RIMREF"Sads on the _
substrate. mntidh@efitht Qurfes 8MPFivst 8f ARYsuBdtrafd, BleMRstRAi@RH iy A QoM @I Bt \With
the third die has at |east one of a length or a width greater than

the fi Adecegs Berepyandhe die assenbly of any of Claims 1-10, wherein
the SUbStra%uﬁfsﬁ?’%ﬁJE? nd dleSag]if eces%gfthéo‘ﬁﬁfm conduct or die

package, conpri g e die assenpnly of any o &S ains 1- 10, being at
| east partially encapsulated. 23. A sem conductor die package,

comr | Sh00. el PRSI -Obu R ot U, corrLsi o

bondi ng el enents ¢ ird die to the

term nal padsuating Hftrss dieDhlagubstrabd) thelFRbtiGe RdvidemSbeddtituatdlWithin an exposed
encapsul ated, 24. A, %Snel substrate, conprising multiple die

assenbPHEEeabE Biogismizet & K5§Ve P seeoad fis therdip, ands” An appar at us,

conpri si ng: nRAn@l LG EdBAl dRAPRIREHSecc@N the first aftNe di e assenbly
according to any of Clains 1-10, in electrical comunication with the

el ectrical apparatus. 26. The apparatus of Caim 25, wherein the

el ectringal A d.f t.h roup.consi sting of a PCB,
not her l%g'ar d%p‘ﬁ%g&r gﬁaFlgﬁa?l§E§§%]$}08P(?u§§1 dsﬁaga“"%’ St'1'%ig apparatus. 27.
A met hod of fdralng catesndn afisse sarfeadigfisst didevi ce, conpri si ng:

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

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

30.  The method of Claim 29, wherein forming the recess is by a chemical wet etch, a dry etch,

mechanical drilling, punching, laser ablation, or a combination thereof.

31.  The method of Claim 29, further comprising:
mounting a third die on the second die, the third die having first and second surfaces with a
recessed edge portion along a perimeter of the second surface, the recessed edge portion having a

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

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

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

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

22



mounting a first surface of a first die on a substrate, the first die
havi ng a second surface with a recess therein; and nounting the
second die wthin the recess of the first die. 28. A nethod of

fabricating a sem conduct or devi ce, conprising: nounting a
first die on substr at e%tttihrgt 3' e having an recess situated
within an efi’lﬁ)&igré'?ﬁ &P %‘r BUEY dieqnAYLRIEE @Bdi ve a second die

t herein, anehom%aglﬁoﬁdﬁ@iewmme%c%ss%mmsttéa?faéee&%}%éfﬁi dithe first
die. 29. A hod of fabricating a sem conductor device, conprising:

formng a recess in a first surface of a first die; nounting a second
surfaceyof the I.ng a second die

wi thin'the rec(fatsﬂééi ?f\fagt&u? a%eﬁé&ﬁﬁ#%@o&%e}g@{ %ﬁ%é die. 30. The

nmet hod of Cheumids fimhentice of ofirst dig ohheubseess is by a cheni cal vvet
etch, a dry etch rrecha i.cal. . drillin unching, |aser. abl ation,

conbi nat i on TOHBY R e59n q“ﬁé” it ?15?8658?'1' ?:F‘?ff’?r‘?%?ﬂc? BE%F\QF“E‘MW g H@“d pads
mount i Rt stdoint dicddx@osd; ke second die, the third die having first

and second surfaces wth a recesse e portion along a perineter of
the second SPHPLRSe? “‘t“ﬁéi‘er@b@%§'%¢@“%6§é’”g’o“rh? perf PRgy Chiie seqeatl gistsituated within a

suf {1 ClegRlsell OgeGlFRLANGE: PherbRR 19 AhETRR! ot Cag:eg% Sdr @8R RQAHE PR%k

exposed on the second die. . net hod o

sem condiiietent fodelgprgece chh@pdms ﬁhgrents extending frowni theybendosls bhihe efcond die.
thickness froma surface of a first die to forma recess sized to
receive a second die therein; nounting the first die on a substrate
such t Bat tneneteccesﬁfabscm@@sad;coamﬂtmuﬂbé RembAsingecond die within

the recess of the fj die. 33. nmef hod of fabricating a
semi conduct GPPUREAS B 1st 18|£Pﬁla| sy sﬁr@te the irst die having an recess situated within an exposed

surface, the recess 51zed to receive a second die therein;

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

second die.

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

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

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

removing a thickness along a perimeter of a first surface of a third die 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 removing the thickness of the third die is performed using

one of a chemical wet etch, dry etch, mechanical drilling, punching, and laser ablation.



removing a portion of thickness froma first surface of a first die
to forma recess; nounting a second surface of the first die on a
substrate; and nounting a second die within the recess in the first
surface of the first die. 34. A nethod of fabricating a sem conductor
device, conprising: nounting a first surface of a first die on a
substrat e; nounting a second die within a recess in a second
sur facegof tihe nfetitositordheofClaling 173 Hendrdagsuingttherisegiend ttH Rbstrate is
exposed; and .. . nmounting a third die on the second die with the
bond pé@?”g¥aﬂﬁém§€§@ﬁ@“ﬁ?e situated within a recessed edge portion
along a perineter of the third die, the recessed edge portion having
a height sufficient for clearance of bonding el enents extending from
t he bord. padd¥e afethodef gexoffdlathhe7-36 whararemhowingfthd filst die ahitgsubstrate is by
sem co r jce, conprising: nmounting a first die on a
substrggggh@ﬁgg$¥%§' di e having an recess situated within an exposed
surface, the recess sized to receive a second die therein; nounting
the secqgnd die wiithin the recess of the first die; and i nmount i ng
a thirdldie 19k ﬂeﬂ@%é@ha’f ‘é‘?éﬂ%’fﬂga GHHET pRiBRrisHe. PHer i arasmingthe first die on the

si t uat g@bstatchigplAng BEEAREJe MR I LA sﬁngceaof@i?erﬁﬂg?&i&][thé’ﬁrsE é]ﬁt];ace of the

third die, the recessed edge portion having a height sufficient for
cl ear asestgte. pioiwdhi-ng el ements attached to and extending fromthe bond
pads of the second die. 36. A nethod of fabricating a sem conduct or
device, conprising: nounting a first surface of a first die on a
substrdtie; The methudwhCiaiy 48, seeomcbpdiyinght hilrsiae elesesisis by saegeabiidg, by
surface]?i tne &irst die with the Eond Eads of the second die
exposed?!er aPplicator, By SPEY NG, PHEY A WESLET A0SR a peri meter of a first
surface of a third die to forma recessed edge portion; and
nnunting the third die on the second die with the bond pads of the

i

second *di e di¢ msthed offAaim#0; wherewdbe adgsixeislemprircomprisestartic pitash adkagive, 2

edge pPdiaAReshRVINE.Aigiignthesif i cient for cl earance of bondi ng
elenenté%gxtgnding fron1t%eibon£ pads of the second die. 37. The

nmet hod of C aim 36, wherein renoving the thickness of the third die

i PET ar el Blelifa O EuPbe R 8 bt 8 SbsulleYin€ i aic BR B4 e, 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 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 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.

47.  The method of any of Claims 35-36, further comprising connecting the bond pads of the third

die to the terminal pads on the substrate with a bonding element.
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38. The nethod of any of Clains 27-36, wherein nounting the first die
on the substrate is through a flip chip attachnent. 39. The nethod
of any of Clains 27-36, wherein nounting the first die on the
substrate is by adhesive attachment. 40. The method of any of dains
27-36, further conprising, prior to nounting the first die on the
substrate, applying an adhesive elenent to the second surface of the
first dige, tiine nfetiodtorany bBCRIRS 21-b6 fﬁMkb?Eérﬂﬁr%mg)éncbﬁtuihtm ﬂtlleasTQ%ortlon of the
met hod of Cl ai m 40, wherein applying the adhesive el emen%

screen Sﬁmlcﬁﬂﬁi%&)rdﬁ\ﬁc?&ﬁoéﬁ aé’ﬁﬁﬁ‘g@at or, by spraying, or by a transfer
process. 42. The nethod of C aim 40, wherein the adhesive el enent
conprises a die attach adhesive, a tape adhesive, or a conbination

t her eof?. 4T he Tethodeif ko oOE labmey2 B3 6, ChithersoBFrsdits mainemgiarpladabty of external
substr first d| die, or conbination thereof, are
pr ovi dgé’%?‘ﬁtggﬁthreese a{lges Cgroﬁ?‘ﬁﬁu 85% "adhesi ve tape attached thereto.
44. The nethod of any of dains 27-36, wherein nounting the second

die co rlsei_g afplg/ rlg a1p g{gl ive el enent to the second surface of

the fi di'de fistataPainer 3 aims 4 - k0, whersinghe fiest and sseostdips eacl Bavephe
net hod efohaayd Sk fletRlid Witk ﬁre%@conﬁ‘\!ﬁé Qﬁlﬁteg QR{H s'%icf‘t@c@s@ RREHT d\@&lll%%t less than
pads of the second die to termnal pads on the substrate with a

bondi ndhedieéghsnef the At arthseceret diedrdged Olgathan. 45, vvherel n connecting the
bond pads of the second die is by thernosonic bonding, ultrasonic

bondi ng, or tape automated bondi ng of the bonding elenent to the bond

pads of5It he Asdicassedmtllyecanglidiige:t he term nal pads on the substrate.

47. The neth furt r|S|n connecti ng.
the bord madd i Al¥eR op G Bt bt B RE RS SR Beb iR é SHHe T Hegon

wi t h a dpendiogei®duaiBsttthe first@ie, whaeim@hdiafer@bviaNK eQbosed Wltﬁﬁhezﬁmﬁ(ﬁe situated on
further conprising encapsul at | ng at |east a portion of the

seni coftfudb¥ritélevi ce to form a package. 49. The nethod of any of
Clains 27-36, further conprising nmounting a plurality of external
contacts on the second surface of the substrate. 50. The die
assenbl5y. of Thnyieokse@itdy nBCiain 6], wireegirithe ituee chvinst defiebddydordidds.es
each have a height, and the first die with the second die situated

Wi thin said recess has an overall height | ess than the heights of the
first aad satedid a@ie&ﬁa!ﬁdﬁ@ﬁhﬁOgﬁhhﬁﬁé’r.oom@ﬂisiné\adéo%n@ﬁ&&;ﬁtbit&d within the inner
conprisin irst die situated on a substrate, said first die
def i ni r?@“g’rpfth"‘n@fmgﬁw ty in a side in aregion distal fromcircuitry
of the first die, wherein the inner cavity is exposed with the first
die situated on the substrate. 52. The die assenbly of O aim 51,

wher ei #4t he Thaderasgzantily 9f Claind 88, wleleib phef secandgiicligsicfingighy pites dice form a
assenbl further conprising a second die situated wthin
t he |nr‘1‘é‘r‘%c°§?qf:§g?§?m€5'fa?’?he first die.

55. The die assembly of Claim 53, wherein the second die defines a recess around an entire

periphery and in a side in a region distal from circuitry of the second die.
56. The die assembly of Claim 54, wherein the second die defines an arch in a cross-section.

57. The die assembly of Claim 54, wherein the second die defines a T-shape in a cross-section.
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54. The die assenbly of C aim53, wherein the second die is defined

by planes that forma non-rectangul ar shape. 55. The die assenbly of
Cl aim 53, wherein the second die defines a recess around an entire
periphery and in a side in a regi on distal fromcircuitry of the
second of Cl ai.m 54, erein the second die
def i neg an JP%ﬁ'e aﬁseﬁlbgr %%@s ’lf\é‘ﬁ erS?mﬁﬂﬁn%i?‘eaﬁgsé?rﬁl??‘e@fs’t@‘%‘? Prithia the
wher ei tnideheavs9 @O fitkeliglef i nes a T-shape in a cross-section. 58.

The die assenbly of Claimb51, further conprising an adhesive el enent
situated within the inner cavity of the first die. 59. The nethod of
any of ai

o ght and o ouRd of PRERERielS-17, Whpreilfle BRE AL e b iPa OGN ARNMET p B
| ess t hahan preerdBlheagiit Oﬁfhetﬂra difr wsltthelsegomhdic fhlesssbaothe helight efdiskefivst die and the
t oget h@écondﬁ% ad@ d“%éeﬂﬁ’d of fabricating a sem conductor device,

conpri Sing no ng=a Yecond die within a recess of a first die with
an adhesive el ement situated on a surface of the second die. 61. A
net hod br| ﬁ ‘L%fnetg a sem conductor device, conprising: nmounting a
second® ' gne iGRiipA R seraisondigtor Agwces GppREENGMorNtigrastecelidatic witkin a
nount i %e@s drhiffrét it RitRBn bR sRE RN NiBated on a sudRELEHR BHAVEL al |

t hi ckness of the first die and the second die is Iess t han each of

t he thicknesses of the first die and the second di e corrbl ned. 62. A
met hod gpf f n eV| ce r si ng:

nount i ng a %Bé%ﬁg%&f}gbr‘?ca?ﬁgh ?mc C{ug{org tc?lgt"é %he die assenbly
conpri si ng moseiddsedirel divund edessmmrrra&ﬁlesaw%mdfme o8 firs1ARE hivP

surface of a first eint .fi rst and second di es each have a

t hi ckness, Hméﬂgaoﬁeggfelo' F?ﬁ?ﬁ% of the first die and the second

die within saedinfeeRssllidick@ssot fafirst BR dhbukeEs e fafresg %in eb&ﬁéftﬂé e
and the second di e _added together. 63. The nethod of Caimé6

wher ei Higgesses pisthe ﬁfsédies}mfilﬂ?@p?e@%td&fmlﬂhle@ onto the subst rate 64.
The met hod of C aim 62, further conprising nounting a third die on

the second die. 65. A nmethod of fabricating a sem conductor device,
conpri §2.ng: A method effabridatige a sémicedudioe dovicen caapising: substrate

wher ei n sai fines nne a in a in.aregio
ot ol "t ontobileia PlsRe S SRyt g Sl e D oy e o ie
| east tnmnteaposren@ssmﬂlﬂmaﬁhdcth@ sexpeeed i, tinerefr the tirdhed fRUMN &t QBh
t he supg)ort substrate. ] . .
ve a thickness, and an overall thickness of the first die and the second die within said recess is less

than the thicknesses of the first die and the second die added together.
63.  The method of Claim 62, wherein the first die is flip chip mounted onto the substrate.
64.  The method of Claim 62, further comprising mounting a third die on the second die.
65. A method of fabricating a semiconductor device, comprising:
mounting a first die on a support substrate, wherein said first die defines an inner cavity in a

side in a region distal from circuitry of the first die and the inner cavity has at least two opposing

sides and is exposed with the first die mounted on the support substrate.
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66. The nethod of C aim 65, further conprising nounting a second die
within the cavity of the first die nounted on the substrate. 67. The
nmet hod of Caim 65, further conprising, prior to nmounting the first
die on the substrate, nounti ng a second die vvithiﬂ thﬁ cgvidty of the
first die 8. The thod of Claim6l, wherein the thir ie

conpri sd s a@éﬁ%dé{}e CAsHer & f‘gﬁ’éég‘éﬁpréﬁd@éﬂ%ﬁ{r@ﬁg agegoad gierwithin die cagifof the
bond pads ROmbhgesssRAduiGicare situated within said recessed edge
portion along the perinmeter of the third die. 69. The method of
Claim61l, wherei n the second die is rmunt ed on an adhesive el ement

si tuat W t S i

1. anayel n koot G RARER Fudndodndring bioreo FOPRIE HE RS din Sibn B e,
shape. mduntiipe sevehdhdt VﬂfhllﬁlﬁlCB’Y]V)&}ftmﬂfSemﬂ.the recess is defined by
five sides. 72. The nethod of O aim6l, wherein the third die defines
an arch in a cross-section. 73. The nethod of Claim61, wherein the

third dise dghtResicd of C3hRRE, Wﬁer@uﬁth@ﬁﬁrdﬁﬁ@édn%lsegélperMe%Hquceg d edge
A aim6l, wherein the third die defines a non-rectangular pol yhedron

shape. 2758 SHdpetmelr.and pant passon iy sscesriiesa diietest wilinistd recessed edge portion

conpri sidgthe pe“metmlpﬂkltﬂgd gicsecond die on a first die wherein the
second dié is at least partially received within a recess within an

i nactive surface of the fi rst d| e and an overall thickness of the

f t n n Sal recess is |less than each of
tlh:ast h:%cﬁn\é\’;ﬁs]%g] ! dtoﬁg?q‘il rstWHFrgl Qh%lsetcﬂ %’Sésorﬁﬂmﬁ?‘go'bmhﬁ%&e clement situated

within the recess of the first die.

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

shape.

71. The method of Claim 70, wherein the recess is defined by five sides.

72. The method of Claim 61, wherein the third die defines an arch in a cross-section.
73. The method of Claim 61, wherein the third die defines a T-shape in a cross-section.

74. The method of Claim 61, wherein the third die defines a non-rectangular polyhedron shape.

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

mounting a second die on a first die wherein the second die is at least partially received
within a recess within an inactive surface of the first die and an overall thickness of the first die with
the second die within said recess is less than each of the thicknesses of the first die and the second

die combined.
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