200200134-5. 0 9 JAN 2002 STACKED DI E IN DI E BGA PACKAGE FI ELD TH??4 5

ILNVENTI ON This invention generally relates to assembling and packdg8ndAN 2002

mul ti pl e sem conduct or di i cyl a stacked nultiple

di e devi ce and net hods fos%f%épﬁgi;}ﬂg&mgﬂ Eé%k%ﬁ@mwm OF THE

| NVENTI ON M ni aturization of wreless products such as cel | ul'ar phones and

handhel d conputers such as p?«ﬁ'ﬁﬁ% PRt gNants (PDA), has driven
clil 1 ()0[

the increased demand for snal FETComMpone Tt s 10 which in turn
I ncr eases t Mhigiapertivni geyierafly pelates ta:dssqanlsling:dndﬁﬁék@ng(nglnpge seutisondwgtor idiashi p

C1 con B4 TR BAFBPIT 0 ASRPk APl AESk A B DTS 1F FURERERE (e AEVeb neked

di e packages, a significantly reduced die thickness is needed together
with the use of special w re bond techm ques to reduce the height of the
w re bond Ioop hei ght. 15 B. DU 2ANVIENTIONuUi red speci al
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I n Wmch the first (botto die 12a is npunted to a  substrate 16a.in

flip c ihigkness saieadask together wﬂeﬂ@@@e afispecigp yvirgibend gechniques torrgduce the height thcshe
t he tﬂo\ﬁﬂlé éjg of the first die 12a by neans of an adhesive el enent
20a an W e bortde da to the substrate 16a. FIG 3 shows a prior art

thige- di e sifhikdiBGandiagagahe reguiredispedial botding techmijuésqidsesmaiybcleillengélito itise

ted t bst dh | 14b, d
i e 108siey BREsc FAFS: b dabic poineanoua vy oF bAekeBOEiBgRYBrAILR Badkir) o,
second ,3dQes] U8 sROGHRIFIGOR ond ﬂolaart ;,Mage 16 'E}Rz\ludih Bwe BohveRti R %@l‘ébdclﬁe@ the

spacer 30b mount ed on the acti e surface~32b of the second (mddle) die
18b, wifirst (bettdm)odie {l A beihigssribes mgumed by bravieolf aﬁmdheﬂve; tlemsobkt ﬂoat subdtgdse 16,0

st acked |easean| i\n.whigh the bot mdle S,,a .f
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acho ev grfadel22%IR¢ B&ttonk 1B el TTthd\diés Béingd wire bonded 24 to the substrate 16. FIG. 2
illustrates a prior art stack die package 10a in which the first (bottom) die 12a is mounted to a

substrate 16a in a flip chip attachment, and the second (top) die 18a is surface mounted to the
inactive surface of the first die 12a by means of an adhesive element 20a and wire bonded 24a to the
substrate 16a. FIG. 3 shows a prior art three-die stack BGA package 10b in which the first bottom
- 25  die 12b is mounted to a substrate 16b by an adhesive element 14b, a second (middle) die 18b is
mounted on the active surface 22b of the bottom die 12b by a second adhesive element 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on the active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.
In stacked die assemblies in which the bottom die is a flip chip, there is a limit on the
30 minimum overall thickness of the package that can be achieved. If a solder-bumped wafer having a
150 pm bump height were to be ground to a total thickness of 150 um to 200 pm, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from the buinps.

Furthermore, even if the wafer does not crack, the die strength will drop significantly due to the
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150 pm bunp height were to be ground to a total thickness of 150 pmto 200
m there would be a high occurrence of broken wafers due to the stress
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dies. In _a further o
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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embodi ment of this assenbly, a third die is nounted on the second die. The
third die has a bottom surface with a recessed edge al ong the perineter of
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ext endi n&éfromthe bond pads of the second die, thus elimnating the need

for a eptheseconddin: dipsieliminatingthe seeddond spasgebgveemthe twe dinsd Bond padseon the

connec . b ' | I ,
and anscn i 64 R RS Roihal BRisTA AL blsfatdyh SEERT B G BReft, TR
| n yet adhesive elenesiib ot becuied té hitachithe seeondliuid thirdeiidsl y, conprises a first
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at t achment , Iy agolher eypbrdiment, thei stagked disassemblyy Gomprises a fifsd (hastomyidie disposed
(i pact | . . o . _ - : '
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t he setherbattdinginadtive)dneaces eThel fatedie iscatdedsepartialiydispabediin themedeseof the samnto
attach ,t he Les.. I n another. aspect,. the invention proyides a

Sen cofifutia S gemerropari i Brads B e seconblin A atbestie e e
st ackegdisposed N He YeRSE R H1aBH tHeQwholied Nvention, at least partially
encapsul ated. The package can further include external contacts di sposed on

t he second buarothes agect, thesinyensionmrovidess semicendvictog packagpabikeagipus smhodiments,

t . . el egtrical i device. | . t,
e L S P T R S e
assenbéncapsudateld. SThe pakagctarfufAériagiade extbrnal 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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BRI EF DESCRI PTI ON OF THE DRAW NGS Pref-erred enbodi nents of the invention
are described belowwth reference to the follow ng acconpanying draw ngs,
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description to indi catesmeor l i ke FI GS. 1-3 depict
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vi ew of -an enbodi nent of a stacked di e package - according to the invention.
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d ed d b ked d
equenciat b asedife bf e RrEE AL FIG, 7, Bk 6 vt SrsheDadmian 4iEhe 852
5 of FliGimihg tRCeeEHbdE el tHEBOGTMBRAGS OF dfe. TIARNY Aid 9-mvaf3¢r@£s-seal&a1 Gides

a bottom perspectlve vi ew of the second die of thelé)ackage of FIG
showi ncflevational rvwes(pf(sequmeal)stmrm thermenntingof theedies. F M fyistaiep pka@é/s@eaf edge

al ong t elRﬁlthrrﬁ%ineplef-&eé)a #gé 1|sp @ergo and 9-11 are cross-sectional, side

el evat iF6h&l" Vi Ee S Tn'the nmounting of the dies. FIG 8

I s18 top pl AFIGLI1vs @Eroas-smﬂﬁbl yilé Blematidnapliewdfanphekagbsditientsiaastadkbd dron.
10 FIG 12 is a cross-secti onaI side el evational view of another

enbodi rPéﬁ]Eag&faC‘éPrémSGRéhFIEY@UOEackage according to the invention. FIGS.
13-16 il
L T Ay bS5 SRR UL,

st acked di e pac an e
I nvent ipackageloBFIG412,aceorting, to apenmbpditiiént of unmdmdfofhim&-ntmn SFIGbhDnt isan))p,di e of

t he packa e of FIG W n he reces or in 15 the die.
and 15 PEEPSHe g Of é&ﬁrﬁtdﬁavm%ﬁl&@f thedrpg %f}fﬁgi ddss 1%%@6@?&‘?%1 orepéas
i nshe HOBRNFICS. 3 ah#959652e clobectiéndlSside SePanatHbive BAs uéﬁtﬁ‘? steps in

el evational view of another enbodi nent of a stacked die package accor |ng
to t he monngingiobthe di¢sGS. 18-19 illustrate sequential processing steps in the

accor di ng T G T2 AEb AR SR R RSt eR YRy G Proe SRORETLHHe abehticng
of the pablkdgd até2Bihgdb the ifféatioR0 i s @ cross-secti onaI side el evational view
of anot her enbodi nent_of a stacked die
FIGS. 18-19 illustrate sequential processing steps in the fabrication of a portion of the .
20  stacked die package of FIG. 17, according to an embodiment of-a method of invention, showing the
mounting of the third (top) die.
FIG. 20 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 21-24 illustrate sequential processing steps in the fabrication of the stacked die
25  package of FIG. 20, according to an embodiment of a method of invention. FIG. 22 is a bottom,
perspective view of the first (bottom) die of the package of FIG. 20, showing the recess formed in
the bottom surface of the die. FIGS. 21 and 23-24 are .cross-sectional, side elevational views of
sequential steps in the mounting of the dies.
FIG.25isa c_ross-sectional, side elevational view of another embodiment of a stacked die
30 package according to the invention. |
FIGS. 26-29 illustrate sequential processing steps in the fabrication of the stacked die

package of FIG. 25, according to an embodiment of a method of invention. FIG. 26 is a bottom,
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package according to the invention. FIGS. 21-24 illustrate sequenti al
processing steps in the fabrication of the stacked di e 25 package of FIG
20, ac t [
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i noti rfﬂ)ﬁdaﬁoﬁpf&ess-rhe figures illustrate proceSS| ng steps for use in

fabricating sem conduct or devi ces in accorda"nce Y'VI th the present
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"“botto are used onvenl ence
i || ust refereneedditerp omebe ebtﬁtmtgeﬂridpamﬁomot meant to limt the descri ption of

t he |nvent| n i_nasnmuch_as the referenced it hanged in

posi ti on. SiiRNFBHPT advaRtAgsPshy ERdues ¢ avrel bmeﬁteofgwisq? fierpackages.achieves a
st agke e ows
h Zgus;*e%ta‘*”% RS ERRIpe FORIE U SMhe b OERIASP U, Lt Rk afen ‘B‘% Gucelhé

cr ack e dunhbesof arackeil dixscelinhinatedbeindedrfona smcebett&e«tm&emtocﬁremde olepramze fbe bond

cl earance fo W I es, exten die, .a reduces the
nunber Y9fS§ é&g@g T fp Bader @fﬂgfﬂﬁw&f’&e@ ﬂ'ﬁ ﬁteréf%a%étsat&ﬂ%e Es by

el im n%ﬁdnﬁ&cﬁﬂﬁigﬁﬁﬁﬁpfe%iacﬁ&ﬂﬂ%k BY eBmBRAERE the A28 fHrmeMktindh spabérl Mok iVenBbR
nore reliabl e adhesi on out” control, and the benefits increase as nore

di es aifertiyep offersanerg relighle addesion blsed toheCQnWémld(ﬂnﬁ bemefitsdncreaseias aapre dies are
f a% | Rtk ﬂ%%ﬁétﬁ&é’ of ﬁ))g'%vle%{l&g c%dlge' &th?zre]: 'to fabricate an assembly comprising additional

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

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

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

30 further includes external contacts 54, for example, in the form of conductive solder balls, to connect
the die package 40 to an external electrical apparatus (not shown). As best seen in FIG. 5, a portion
or thickness 60 (shown in phantom) along the perimeter 56 of the second (inactive) surface 58 of the
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stacked die layers to those of the illustrated enbodi nents using the
descri bed concepts herein. In each of the described enbodiments, prior to
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ot her conneBripnig meurtiog, s pertion or thigknesyef)the second (ingctive) surface S8 dlqmdmc%a

t he,baot §. di 42 t h trat t nee
o pacor (B8 48T Bube HindyRy 10 Forti B8 HBiid e 87 Ba PTG GY 16 stond  ne
necess ghywalie phaiéa ih FIGDS)6f the §1ﬁfac€>§8¢1@§lb6§x refded Meng ericersd of thé\die.
t hus achieves a | ower overall package height 67. Adhesive el enents 64, 66

can beKnpwnimeshods in thepsteanhe used tpselestiviely remevere persion d0@leng the perimeter of the
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f or m neddera2 Iﬁ'bﬁdkeah opedind with sufifieipat él@axﬁﬁcd:fbﬁheéhonﬂ’l\mws 508 exending Ifﬂ)m the
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removed al ong the perine wn et >the art can be
us ed t meshanical ineasyofiredurirgs the boﬁbmanrfﬁﬂ: 38 ofiihe tapadipd6 rtmmpﬁafdemfmhied depthdi e

(oAt om o el aad Rt b g 4Bt bt At L Wiouehon g At riech 68 of e
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support substrate 44. The recessed can formed using known
pads 48a along the periphery thereof, and a second-(bottom) surface 72, As shown in FIG. 7, the

bottom surface 72 of the bottom die 42 is aligned with and facing the first surface 68 of the support
substrate 44 prior to assembly.

25 The support substrate 44 can comprise an electrically insulating polymer material such as a
resin reinforced with glass fibers, for example, bismaleimide triazine (BT) resin, epoxy resins such
as FR-4 or FR-5 laminates, ceramics, and polyimide resins; a metal leadframe (e.g., Alloy42 or
copper); a flexible polyimide film (e.g., KAPTON from DuPont, Wilmington, Delaware, or UPILEX
from Ube Industries, Ltd., Japan); among other substrates. A representative thickness of the

30 substrate is about 50 pm to about 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



techniques in the art, for exanple, a chemcal wet etch or dry etch, |aser
abl ation, or other nechanical neans of reducing the bottom surface 58 of
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subst r giackagés. The bottom die 42 conprises a first (active) surface 70 with

a plurality _of bond ds 48a al o he peri phery thereof, and a
second- ( bot (RF{§TREQ g@é ‘;zﬂ_xe battamy, a%n‘bl Ganpe@ttacheditp the ygpery ﬁ‘\'alésHF‘?eafEf‘e"y?‘?ed’ff

t he bothoahdi®k deémért 63! im@%ghé’&\kkblé}ﬂ&ltf@‘\cgﬂ Be taglﬂié(di Intd thRWoltBmSuPRcOT2 bifhe
l'y. 25 Th

support substrate 44 prior to assenb support substrate 44 can

conpri dettam di¢ 42 (asisbawh), andrstitocthe figst purifaoesi8 ofthesuppbrisubsiratesdsh Theeaihesive
reinforced with glass.fibers, .for_exanple,. bismaleipgde triazine (BT)

Fesi . COSRY 63 GaT AN EASIERY SutabiE AdHgS VB Rktriel KA b theagh i EERe et

pol yi madResives] hermapl4SHE alindspad Bﬁ&ﬂﬁnﬁ@seaingwﬂlaégv& f&rexaﬁi-PEPE bie-atfich ngas&})ére
polyimde film(e.g., KAPTON from DuPont, I Del awar e, or I CEX

. / : , Wlmngton, De
f r om Usauivalgns of 2 deuble-sided, multiaayered adhragivisttins such bs pelainide filmroopted arbotht i ve

t hi ckn s b 3 rate..i g,about .50 m t bout 500 As .shown in

' S S sdBeste. SHRNBirtais o A} e mBbe, ety Ao Beprh S e 74
on 10hi edpedifbrin Pith adlia@hexivdapestatlediheret) o adhdipreadldmél 4RaNBE apflied to either
WKE/ 734127.1 6 can be singul ated, for exanple, by cutting or shearing al ong

an exp&hbopfihehotom died2ang thg sHppos substratediyduringrfabreation gf & starked dig package.

botto | - At t b te 4 use,of an
adhes m I Sglr?rtgﬁ'? Qgg&‘%haéﬁg%i%g itll\?eéﬁ‘;(alﬁef?%gﬁ&é ;r ?ginaﬁ%)‘é&‘é %leﬁg %Yodmrg kpﬂ\gn Hbmeo m
sur f acart/@uichfas séreen priftigl tolletl aplitatof,asprah) and fransferd/Siilay tdheadhidi®d tapel ifag R
68 of th«ﬁ.su_ ort..substrate 44. The adhesi ve el enent 64 can conprise any

sui t ab/@BP Pdispgnser and squiserdfrom arall of fape, qriappliefl fiegmadranster (casderd filmes,
t hggnopl ast i | ' : ' veved] &, ,

i & ot ach. AGHRERS VRS, 5 6 BRF 6yl B0 GRoH R on BE wHEIE A, o hond,
t ape speds 48 qfthe/first (hottbin) diecdPadre thenreldntidallyioiractetd tohthatthaiial padsB2a ohahé om

die 42 and/or,th ort substrate 44.can b rovided in a pre_10_taped
form ws?ff?oﬁugﬁftfﬁ%%&gfm ’[sbgcvf‘i‘é?tlb‘i”ﬁjé'i’% aS,Sﬁ‘b‘g"‘)aﬂ{ bg{dm%wgngqeg bendings can
be appl(iTEgBt)0 Fok bxiiple,Halltoh Kol ' -

substrgte 44 during %Zbl‘i ?aéti%ﬁ;o{)% a s?géegﬁﬁ%@g%%ggggh&%ﬁeeéﬂﬂ%abdfgsa’
adhesi ¢@d theopd sxires $0aextandsd andbonded todhotermizial patiséi@ave thepippor substrate 44. In

1 2 bfbet Bibodins AR EhaRE FE YoM ook e B BER <. Fon o8 Bedle, “ana

sever edorirfeottha bond padsf48tanfiehe Rfmi@Ppdded2f rom a transfer (carrier) film 15
Referring tg FIG 9, with the first (bottom die 42 nounted on the
substrate 4 ,efegwég 1ok §>S. 10-11, the second (top) die 46 is then mounted onto the first (active)

surface 70 of the first (bottom) die 42 to form the stacked die assembly 78. The second die 46
comprises a first (active) surface 80 with a plurality of bond pads 48b along the periphery thereof,
25  and a second (inactive) surface 58. As shown in FIG. 10, the second surface 58 of the second (top)
die 46 is aligned with and facing the first surface 70 of the first (bottom) die 42 prior to assembly.
The recessed edge 62 between the first (bottom) die 42 and the overlying second die 46 is sized with

a height (h) to provide an opening 63 for sufficient clearance of the bond wires 50a extending from

the bottom die 42 to the support substrate 44.

30 The second (top) die 46 can be attached to the bottom die 42 by means of an adhesive
element 66, for example, a tape or die-attach adhesive as described with reference to adhesive

element 64. The first (bottom) die 42 and/or the second (top) die 46 can be provided in a pre-taped
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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

bondi n?omal ese tg%e £t?a‘&ﬁecl’"ﬂ'1%ﬂa'?&é‘a?ﬁn Qgﬁ@é\}e}%lerﬁen-{’ﬁ@ 0%1(1) Rggg,ﬁgqgggﬁer dral |

bonds (not own) can t her nosoni to the and
t he boﬂxit}vdleeduxﬁ@memnmgdﬁdheasedommmp)cﬂle ontbHke fiest (hottam) pladls 52a on t he

bondi ng, - as ASSNTIA T4 Hr 158 boa il AR0 e sccpBhTapL ot A S HER HRRECAD) and

the t erghidtedid five t'é%mnﬁieﬁa% 5058n i Subfott sitbirte 44, 0 XEMBRIbY WRRbARgHES | S

then nounted onto the first (active) surface 70 of the first (botto die
42 6o fshewn imthedlustiated eamples echybT A BAsndifigeresulting dn theovitGbondedystacked dia
first actlbx%?] surface 80 with a plurality of bond pads 48b al ong the
peri ph % 25 and a second (inactive) surface 58. As shown in FIG

10, the secqrh@ dwssfsaﬁsl %%&Wﬁtﬁ?%%ﬂ)ﬁ sdl'ét@d evﬁhla&hakd:tﬁe%ﬂcaysﬁl%@md
facing the first surface 70 of the first (bot on die 42 prior to assenbly.

The r ecealereal 82dtypicelly p thepmeset resin, fthe %ﬂser(lbbtl&mp bgieacapsulated using kawain yi ng

second rovid 0 i ng 63 for

Sut 11 oteabiidhes i b Sy Wedabie Seith Shbund il R rnflapl, ARG aR ey o
42100 trésltigindhd ervapaildied gacked d?d})athﬁe&ﬂr&p@btéd PFIGli4€ 14Gn6 ambb@indint,ac hed
to the botto die 42 _hy neans of an adhesive el enent 66, for exanple a

tape oMmupber ofdiaasrembhies 78 eante piecedin pdewen mold pigte prhalfot an epenaryliiccavity .
or ovi e onk'aSectlthy i Bhyi), Snd R EnceBfl SRS Bie ORIy fre el 1°

t her et canddremduvaﬂhbmckagesl%rmnbesﬁguhtedbe applied to either or both d| es

during nmoun of, the se ond t.0 d|e ontq the first (botton) die.
shown in FlI H%l lm H“él Gof qxﬁ%'nglt,f@Bﬁﬂts(sf‘oﬁ’P“@ Iy lﬂﬁleafpﬁnpﬁen

el §§t r iceAddckive 5‘(51&5}%]1? (brtdﬂlértgﬁltéb‘fé EBd?l%Etl &eﬁglﬁsu Eﬁ&%@é’éﬁoé%é bgtrate

44, for exanple, by wre bonding, as shown 1| ustrat'ed exanpl e,
or by W\Bllb‘tsmﬁlhé epoxiss)l colwmns, pins) end/\lhedlkbpard admstedcinehe skoend ﬂxﬁtem)lsyrfi(&

The di artiall.y or II enca Iated t

di 2I el:t%r |°§§bns(?8%%rg ﬁﬁtﬁgﬁﬁg %‘F‘Iftﬂf’aly °§)§P8 efnﬁ Q}erﬁi"é%%mger ?Sn" t he

assenblcympénentv ﬁﬁe}@&ﬁﬂ@éﬂtﬁé&ﬁg atﬂﬂ(dblfl @Pimvn)t EXBRDI OF sitch élét@nélﬁé})arétﬁi

exanpl e, _screen _printing, op, pot nolding, and transfer ng, 10

resul t inenderr RGR op ﬁ@ﬁpwmb@r@ztack@a shijven) pudk@egemnmedmrcto'@commrogrmn n

ngne WF)(%(;I R 7 an be
(()j p J:e or 1ef¢Lf§3"§§ers%%%r§B P a@%@# £ ;'/‘Sersnogmf Supart g%bsggrﬁ%fngltcﬁﬁ% each
cavi t y jnchndts b ohtietyiof gomhmﬁpstlirﬁighﬁmled dreviasBathay extend thioagh @RAdradsaéction of the
substrate and establish routing of the conductive elements through the substrate 44, and further

include electrically conductive metal lines or traces and pads formed on the second (bottom) surface
84 on which the external contacts 54 are mounted. '

25 Where multiple die packages are fabricated on a panel substrate (e.g. panel 74, FIG. 8), the
panel can be singulated into individual die packages 40, for example, by cutting or shearing.

Another embodiment of a multiple chip die assembly package according to the invention is

depicted in a cross-sectional, side elevational view in FIG. 12. The package 40' comprises a first
(bottom) die 42" mounted to a support substrate 44' in a flip chip attachment, and a second (top) die

30  46' mounted in a recess 88' formed in the first (upper) surface 72' of the bottom die 42'. Bond pads
48b' on the second (top) die 46' are wire bonded to terminal pads 52b' on the support substrate 44'.
The substrate further includes external contacts 54' (e.g. solder balls) for connection of the die
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and the individual packages 40 can be singulated. In the enbodi nent
illustrated in FIG 4, external contacts 54, typically in the formof 15
conduct ) | & Qfé.g jt SRoWEY. eftledbeea¥ 88 iA%h
conduc%?%@gigg%g 35?;}@1&’53%%%612%%%?1?#%%@%pgﬁél}es ,%déo ?ers?m& n(':s, anci thee
li ke, bomomdicd2dllows thesesomddtop) (iect6! e insetfimo ¢he Bottond dicH2', shyspshieving a

substrate 44 for electrjcal _connecti.on of the encased.di.e package 40

conpo ng}wertogeréﬁ PéﬁlfaéF&‘ﬁig?‘Eﬁ%cﬁni aé@Fs“é‘?)ﬁ‘ﬁ’inﬁ? E#bbe WHizgA Yo g@?ﬁ%@? %"é’oﬁ‘?&gﬁ)c h
el ectr iy APBRL I SottdnD@lcyde a PCB or other external circuitry (not shown)
such as a not her%%%r of a conmputer, program 20 logic controller (PLC), a

t es§i ng appFLESut3-1aitiustraetanembodifhent ofip processsliios andimethod foy forming the stacked
i ncl udes a yar i@txggf& nductive through-holes or vias 86 that extend
t hr ougA'GHREXELGE's® i¥n of the substrate and establish routing of the

conductive gGSENS and 15 desibt giJﬂPliﬁéti)érbésaéeeﬁMal vidvek dfithd Metntingsldbbding of the

electrically conductive netal lines or traces and pads formed on the second

( bot t oifiyst {eattomvalie 4% ina flighchin attachment tor the substiateA4'.s As shawm thofirst dig. 4205

Y o g R o e e s e
f 010 ex gigfiret diow2'Gb¢lhdest pliratibesf bond pad$with Refidieibe Binips 00'Fhoutéd theteph,Swkich P

di e assenbly package according to the invention is depicted ina |
cr oss- SEcATapged in aprgdetenmined ¢anfiguratipay The cenductivobunipe90) fviNeally comprise a metal

FOMDY BRIy B cort S 0orlof, 2 ORGS0 TURRAL b Wt ety "
88'0I foldmdnb methods irf t'hbsagc, forprampleseledtropiating, mefal lﬁthé bhrdminybydWE' i e%ﬁ?derﬁgnd -
- 48b' .an t nd (t i e 46 e wire bonded to term.nal pads '
on t hestsacaﬁgg-t eﬁﬁg’fég&%ﬁﬁ? .44%@%@@5{061 FR(S _dﬁsmgﬁgrfox plesvi FegpeehIo e

copé aCE&)f%ft'suﬁﬁrﬁe 4l§ﬂii€'g£q[kggé 4e)(Fi@S. g9pyection of the die MEL734127.1 8

package '40° as a conponen o0 an external electrical apparatus (not shown).
The recess 8gibr formoundinghotecess &’ eanie fominkd ivsthelsecond (madtive) spfaati 22' dbthetfiwstbe

i nset | ttomdie 42" thus.agchiey .1 |
ner ght (oyom) dfe 24 As 3Bk By et coRs impBISo. Al i o tof Tefrmtive view REFEGTER o
(top) THE eechés 880RtsizeiAAd ROMA QIR PioSrededve the sEdond did 46’ Heerkihlin' & shie§ué step. The

enbodi ment of a process flow and nethod for formng the stacked die .
packagtecew 88peantheformed inFangsuitalie shape; mich ap squars iregiangulazdoval,cwd cirewlar. ohbg

. ' Y ; ; . . R ¥
o0 oftosts Vi BRI ety HRPGuRQ) dbofand Widhh o HEbIRRkIRE e BpgeBhubetnd P
conpr i sesnd dfei thaein(itg kiewnsethedsin (Re arfyTor exangple)pattérinfipcdnduttilizing o chemidal' .

The active surface 70" of
wet etch or dry etch, ?aser ablation, or other mechanical means of removing the second (inactive)

surface 72' of the die. Dry etchers are commercially available, for example, from SECON, having an
etch rate of 25 pm/min. for an 8-inch wafer. The recess can be formed at the wafer level, the die -

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

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

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

30  to correspond to the configuration of bond pads and the conductive bumps 90' of the bottom die 42'.
The conductive bumps 90' in the form of solder bumps can be reflowed to physically and electrically
bond with the traces or other conductive elements on the first (upper) surface 68' of the support
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10 the first die 42' includes a plurality of bond pads with conductive
bunps 90° nounted thereon, which are arranged in a predet er m ned

config t lmf%%'l 815058 ShefmTBloal r

al | oy g{lj %?dygm%aWuﬁvég%/ee%%ﬁﬂlﬁ%&g&Ia conddctive % ﬁglrrer mat efwc‘?las,
-and ‘cathenmal cmmprehsmp cak nisarberssédh dﬂammnl tphds 34 on therfirstxamfabe68' of the support

el ectropl atin net al t&ﬁ) gllim‘pl ng by wire bonders, and stenciling. The
suppor fubsite 44 ars expes ng Bt m as described, for exanple, with
respect to mﬁrﬁé%ﬁ}mtlsst@ﬁtés%g dﬁg &‘)%@4 ?é:ﬂﬁ@ﬂﬁloﬁmed(lghﬁecés%@)oftﬁ)é' or
to nounting, a retess 88 can be in t e second (inactive) surface
72' 5of botiemfdie 42'. Thestcond]topl) die 48’ qonqmsshmﬁrst (active)msface8®'ivaith 4 pluFdli®y of 3,
and in. a B ,sect ve view in FI.G 14 rec ss .88'_.i s, si,zed and
Cont i qtpubibtls 4RhEAGR b RertalRty Hpretcindg: seemd BoROT) SRR 8L AT By, The

recess p3@, 15,3he S&oﬁd) m@rﬂ) Juidabe S%Ubf ﬁ@ ls&conl }40B) dﬁ%hxs%ﬁ itk and facmg the
rectangul ar,” oval, circul ar. 20 recess 88 can be forned

predet W&\%Bdﬂd@ptswoadduﬁhmﬁ' of)ﬂlabgttmtﬁdfaﬂ% pnhetqmsa@eblwnt of the second
die therein n hod |nth for ex e at terni .and
Gtilizing a1 THR Sfi2ed Fi36] i3, by, atgeE é?é‘Fquﬁé’E}e& B fogREs ¥
meggan bléﬂienﬂwn Yhe EdH@i%\éldihﬁbﬁft B6' caft e afpliddRithih 180 recésd BBEGRhd Feceiisutfae: ghi'e.
Dry etchers are conmercially avail able,” for exanple, from SECON, having an

etch raf ﬂle&pttgm dier#3i and/arde thesegond wifage S8 of thirtep dia46: fasshawny Thye adhesixe
the Wafe ct:e}ﬁggéeeang%u t?o‘i? L%}{eswg téﬁﬂgﬂ{)\?}é Frgth% a?t) foroegi?.l%Ble) a?t Ll p

| evel foun e su

bot t ormdheew%r dtbaditable adnwme,eai; descrited vﬁﬂpmpéct folddhiesios €ledrént 64). The wmsivenal
flip chip nethodol ogy,. As shown in FIG , the active surface 70’ of the

bot t onFl§Mment|o6’ canshaye; agth@éfnvﬁStSHc}aﬁhat it ﬁ&t?Flﬂ@S 7SPREGTSP contyl dhg degres efdiasastion of
t hes SUBPRfelseIARSIL £ ?nt)64he &E%sg r818 géféﬁxﬁfiﬁ 465LE0 | prifided in
I rst sur ac e t

connections (not sho on t g support substrate
44" ar prectapéd @mme;ﬁtlsﬂl adhesive tapsattachetl dhéréte, mcm:fadyas‘mde element 68) oatdbqna;qﬂiedmi

t he con t.he ttom dj The . con tiv 0'
in the® ’%Eﬁr g’? hs‘g‘ir’g)dﬁ’l“ngtfﬁlﬂé"a&‘ﬁﬂ Ogg'erstéﬁ‘?dlé‘ﬂ packags ¢l c'éielagﬁ%ﬁ%e éF’@E’rPE)qS%%q y
bond V\'béb%élféﬁﬂyrc%ﬁe&tfbhal%&ﬁédﬂﬁfwﬁﬁh'tﬂéa&' ements on the first (upper)
surface 68 of "the su%gort MKE/ 734127.1 9 substrate 44', or cured in the

case of cond@dﬁpwf?dp@b @el6,sherbend pads :48b|'gllf thﬁmnmp)ﬁﬁs%'mthas electrizalinl
T "
of 28 e Qbef B0 o Ertyipd eda Sor SR U8 BuaR §ralea, i camel bVyvinberdie (85 ¢ o

FI GS. M,orbpqmbeﬁujn top) die 46 is then mounted in the recess 88" of

the 5 bottom die 42 e second (to%) die 46' conprises a first (active)
surface 80" The Mirebopded $111qu9 distassqalyy 785ern thebbe partially emillyenpansulaied with a

t her e0fe1 it &c%%gn CRRLR g lﬁﬁ{gf ﬁ%%ﬁﬁethoé’ﬁn%ﬂé) o td form the encapsulated
stacked die package 40' shown in FIG. 12.

25 - External contacts 54' (e.g., conductive solder balls can then be mounted on the second

(bottom) surface 84' of the support substrate 44' for connecting the die package 40' to a motherboard
or other electrical apparatus (not shown).
Where applicable, a panel substrate comprising a plurality of dies (e.g., FIG. 8, panel 74) can
then be singulated into individual die packages 40'.
30 A further embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in FIG. 17. The die package 40" incorporates
features of the die packages 40, 40' depicted in FIGS. 4 and 12.
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FIG 15, the second (botton) surface 58 of the second (top) die 46' is
aligned with and facing the recess 88 in the second surface 72' of the

bot t om di e Ed, tRe pRREFEUO/- BRH(Hokem) dit £2"4Bourftélom aduppsh
to the bottgﬁslclilpgﬂrédb pgla:rctlgtans of ;Eri:ﬁadhey ve 1092I enment %6 The ad%e& ve

el enentsubgtatedd' ina fhpphnpaﬂtavhmtntmndraesqc@mb@mdéb) diech6!' iatlenst pastinllyreteives 32
f the bat d : "
Cas. shovitin S et anhdPotam istie" SimiacR e fismedtie 30 €, 198 prblfis

mat er i aﬁmhétqmpr@est hird (o %Hw%emkea ortht Pt (ackiVepsuriee go" 6f e atdondh
adhesi ve, as déscribed w tp respect to adhesive el enment 64'. The adhesive

el edent(mdddle)din 465 simidarito ﬂmgpsckgg@ﬁo(lﬁm 4): Bond padsotsb” A48ch os thesacond
Cot " AR YR e AR g Vi BRI ot A 08, 2o

f or m vmrb&peaﬁrva&ﬂrm&ha @ﬁp@ﬁ&uﬂé&a@@#\ﬁ’d Jubstedth 44" Aurthepineliides éxternal @ititts S0’ (egan
be applied to either or both dies dur| ng fabrication of the stacked die

pack agesolgdsr balls) for-connegtipg the digpackage40caga companspt toan algetricah opparates ot

hod f ok
Second SPPAEN " pardgiuid he REAERL OF 6 skl oy shitee i Srbttind fop) B o
pad® SAbpartially removedpo piovidensieressed édie,62f v providepinepehing 687 forlzaffitierg ( as
The wire, bond tacked die assenply 78 can then

h by TA
Do pal (SGFFe 6f theipony vaiks 208 ek the band BRBIAGPT PR ShecieeaTELE g e 46" t
t t Sl rat

ot ke s bstrls 449 HEHRRLAONS npltfob § sBidsy blyicth e (WD SCHR SO Y ocess
conduct88Ven thelbdttpmixhé #2" diowsthe sedond (mlddﬂeecdm:)%"ttbebes?cﬂadi (nested) thergin. s’i]’hé ace
84" of th " trate 44' for .connec he di e pac e

ot her SRR e e b Ay Bt B sty Db W achiggt a Ltrmoy eroler e rane 501 o,
pansg! sadebive hRnfers6"s 08%am ueldﬂml%éd traspeémﬁaf %o ﬁt‘i‘acﬁ the, Eéc@hd émdaﬁ-.'j ale Zo‘*)to &

then be singul ated into individ di e ages

enbodi rhettomalie 42'nand thel third (top) dicQ45§5ﬂan’§¢t50npdmkd§@@ th@é@'? d| ng t o t he .
17 The i ¢ T BakE 88 pallds 300 BEFRC T G adiciiediiriioRa BF Brookiseténso, a0

depi ct elésdribeﬁlaﬁﬁzeﬂfﬂjﬁbaﬁﬁgp&dkﬁégs%laﬁ" 1 10 As illustrated, the package 40"
conprises a first (bottom) die 42" npunted onto a support substrate 44" in

a flip chi p Palor fomeupting, hegeeesses &8N0 raa de &y mcﬁdenzol@ r5t (bottamy) dieA2"iaad the
recgi v 1 " in the bottomdie 42", simlar to the die
pa? age 4%&%1%)21 %93’&?5?@%% package 40"

A recess 88" can be formed in the second (inactive) surface 72" of the bottom die 42, as
described with respect to die 42' (package 40) and as depicted in FIGS. 13-14. The recess 88" is

sized and configured to receive the second (middle) die 46" therein in a subsequent step, and can be

suitably shaped to correspond with the shape of the second die.

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

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

30 the first (bottom) die 42" is mounted on a support substrate 44" using flip chip technology, with the
terminal pads 52a", 52b" on the surface of the support substrate 44" exposed along the periphery.
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further conprises a third (top). die 94" nounted on the first (active)
surface 80" of the second 5 (mddle) die 46, simlar to the die package 40

(FIG 4). Boril wadu (tiadle) dié%" Qﬁh&ﬁoﬁﬁ@@ﬁﬁhe@éﬂe@ﬁé@)of%@b&&m afedir hay

third (top) die 94" are wire bonded to term nal pads 52b
r espectdepisted in FIGSh&5-d 6pFbe secwnd dter"eﬁt"etorwhse&lﬂmalléx of bpnd p'ad$ ﬂ%ie ror alﬁrsﬁdes

70+ e RN SR 07 gol f secnd, BRI s 38 Te KERORERANS st St r Sr SR
t he perdemes bubd bive thefeead shifdod "w}heswubamea@" b9 mdali€of & ddhetivoBlenttne

94" 10 is partially renoved to provide a recessed edge 62" to provide an
opefi n gi66,38uch 8% 2 tapefor dieeaitach adhesivgme dessribed withgpepeolivede adhesivecdlernentitdndhene

ol mi nabdr vie Rned Prefbaltr aldiet ol B el pepRitigahe Gcdgfandy

88" |nUoﬂedlb@aﬁmrgﬁbﬁca4ﬁnoatltﬁWkigbe second (m' ddle) die 46" to be inserted
(nested) therein. The recess featur 8" advant ageouslé conbine_to

achi eve a | ovherbond @ady 48b6é2ék1§gsscm %}ﬁfmém ﬂi@ sestacallyconpegied © the termnal padsy
be util
bgt;J o%ggﬁggﬂg{eﬁgﬁ%%ﬁ@ ird’ tolgaﬁbél’e g‘iﬁg?%lé‘%b@g&:on lir?ﬁhé 1%6%"98{1% W
ThdOst &u’ne(drejsmﬂpﬂokhgehd@ﬁ iwFIGII8. 17 can be fabrl cated utilizing the

t d, b t 40, . 40' . P t
Pount 1 ng. ¢ Mefoiag aeuoRae: 1ine Bhird i) dor Hcheh et mosndid o e ssrndi o 42"
and t hgmiddley dié 46" Skl t&h@m%ﬂntm%@ftﬁggédoﬁﬂ ld¥e 46’1 ﬂx&%&z@xﬁhe gg@mgﬁn frpr med

I n the second (inactive) surface e botto scri bed
withr dﬂﬁﬂﬂ-ﬂd dihe i (topadi& S4ftis auntedconds thedsio(petiive) surfac@S0" b8 thedecditdalie

thor oi o to i i Safkeie ERRmbN A Con fopieteEintiich 15, TRC Ot é@)ﬁ’dﬁ Z
Wi 15 tmeﬁrsmaeve?ts xtféte 190 Qi acblﬁrah%r%f%oha%m Alae tﬁ@% ROtheRBT, and 3,
perimeter 56" t he secondgil nactive) surface 58" of the th| rd

94" cgﬁemdfsgrfw@gwwecss edger6Vi é\§§h9Wfl(m FIGelf& élﬁmmomﬂ sirfage aé Rage
'o. o BEL(BBRYE b8 alghdd i S el B factiverGiiap Byt R sbiadh B bmfiefey e

edge 626" phibitiol a3senililyt he m)untl ng of the first die 42' on the substrate 44
shown in FI%e 13 and 15, 30 the first (bottom) die 42" is npunted on a
support substhedhizd Gap) digil P ‘falnlbﬁaétﬁ?}ﬁdtt@ regldie dp't by means efanadhesiveads

5230, Jfdinen?dg! 0L

per i phery. erl? ?/I%E?%S%@Péig {%T #ﬁg ?esée%gjr?l gﬁlfer% %%e@{:ﬁoeﬁj@;&ff&%@ g’rllﬁrﬂg) nt tg in

t he r eadbesigBleméntitie Thetlies#6tli K04 24n baprovided in a pre-taped form or an adhesive element
98" can be applied to either or both dies during mounting of the third die 94" onto the second die
46". The recessed edge 62" of the third (top) die 94" has a height (h") to provide an opening 63

- with sufficient clearance for the bond wires 50b" extending from the second die 46" to the support
25  substrate 44".
Referring to FIG. 19, the bond pads 48c" of the third (top) die 94" are then electrically
connected to the terminal pads 52¢” on the support substrate 44", for example, by wire bonding or
TAB bonding.
The die assembly 78" can be partially or fully encapsulated resulting in the die package 40"
30  depicted in FIG. 17. External contacts 54" in the form of conductive solder balls (or other suitable

conductive material or form) are mounted on the second (bottom) surface 84" of the support’
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depicted in FIGS. 15-16.. The second die 46" conprises a plurality of bond
pads 48b" en a first (active) surface 80", and a second (bottom surface

Thepdatd om tg ‘ﬁfdﬁ@@elé&nczﬂ fcoﬁﬁéguéﬁ Sf)ﬁ'l‘é d?’é Packdge 40"%0 AR RcRtaP A pardt(not

recess surface 9 of the botto e 42" by meansS of an adheswe eI enment 5
66", swshownl Ehereafier, armultiedie parel harsbihsingwlated éntd énxdividbal dliepadkagesspecti ve to
adhesive el nt. 64. d|e 42", 46" C be..prestaped or 0.4 hesi ve

el enent 66" t%’ﬁ'yit 2 ap %@n@ﬂ’?‘ﬁ@é&n&fm@flﬁ?é*lpo 1€ Sﬂ]? afring
fabri C%Eb&ﬂm%fto HAnPafiondedep T&ed RONEoRREER AR, s1dl=f eléVitioRMAGARH. ql'hepé&a aae™

then electrically connected to the termnal pads 52b" on the sup
sub8§t r zomprises,a first (bottamm g, 425} mopnted toonsHppgrt subsirateFls', phdhaiserpnd K@Ehdﬁl‘ﬁg in

he ¢ b eptgddh g oot S B iRigR4ia: e S 4 a™Ss Bk W Rk Bl 26
si m | arwitith (bd)anmwlm 1)1haﬁﬂ1eb$>&6mrtﬁe (beéFiG o) B&R ﬁmm&m g™ 4ah thieditst and
FIGS. 10-11. The thi Ldle 4" nmounted onto_the first (actlve)

sur f ac scenmd digs 427 4§"e' é‘(’?n‘dlr‘él ended $0at' aosqbo rtmt@rﬁen@maé%&ﬁ"aﬁéb'aga thesuppars” | as
d "
eP! Ct Sbdildd4e, r\]n;tgch fibfet Akfufled é)@%%l%l%ggggé S4B Rbh %?%hﬁ e p@acic%%es&o (&% ve)

surface Ity O
t hdbeofelecrivd]l appreatus) cSmnﬂlaf fcthe a2 46\Mdpicte(bme]&lbsd1hbd@ﬁt}ﬁ&specﬂm EIGSwi-6,a FI G

e B e gvst et et A S
to asseglkied ciBE 63 MG dufi G ¢ f@gf‘#gwﬁn tﬁé"ﬂ%ﬂgfwﬁést ﬁﬁh‘?ﬂoﬁrﬂe& &Fthé%g&guﬂ% e 46"

by nmeans of an adhesive 20 e exanpl e, a tape or altach
adhesi \beftomgliel 42 r Atmdltjn or EcessllO2¥ 1S/\nls¢1emhexbmdhe S@ondi(i:fwmn) suace 't ofdlie

The di 3 46' rovided in or an adhesive A
o1 enenpotgB i 430 3 sipe B o5t an eSS e it Beie i Boitom e
thiisd dpe t§the sUppéit bildtraRUA™d ThieQecedPieatutéle 62'e ms'%WoQZhleeé a Id¥erloViedafl

(top) die 94" has a he| provi de an ‘openi ng 63" h sufficient

cl ear apeekagg height6 Do the P@gaﬁﬂ‘ﬂ'" o eléimiviating themeed frg a@@mbemxnﬂ@ topand he
. 19 d d
Thira CPudh AHE bt RELEHE i 1 04 i nsbeh i B30 R0 A% 8 o5

52c" omdid 42" Sithep than as Wllistinet ﬁy%awé@rmebaufmh die 42" sidthe b@d%ﬂ'h!%gt@'r In h8&tion,

bondi n The di e assenbly 78" can be partially. or fully encapsul ated

resul t %?Fg‘eF‘i’?S A" gprtaing aidigyeitach adhesiveherein and limitsthe;ampunt efadbesive (epo¥idact s
54%pi ny f | t uct | ve
ot 3r i 2128 PR R e CriBineh ot BB ey SRR 1
support* 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, a recess 102" is formed
in the second (bottom) surface 72™ of the first (bottom) die 42™. The recess 102" is sized and
configured to receive an adhesive member 104" therein for attachment of the die 42™ to the
substrate 44™. The recess 102" can be formed in any suitable shape, such as square, rectangular,
oval, and circular. The recess 102™ can be formed using known methods in the art, for example,

30  patterning and utilizing a chemical wet etch or dry etch, mechanical drilling or punching, and laser
ablation of the second surface 72™ of the die 42". The recess 102™ can be formed at the wafer level
or the die level (i.e., singulated die). |
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MKFJ734127.1 12 substrate 44" to provide electrical connection of the die
package 40" to an electrical apparatus (not shown). Thereafter, a

mul ti-die paedcessa ege 62MalbhgRDekificer 58 ofititiikorl @ &ﬁek)ag.%ﬁce Ref 8f theng
to FIG 20, anoct8her eegrcbodl man? of a nultiple chi podl enasserrbl ackago)

accor di mg)ltdc(tQpI) die 46/'e¢ﬂn| hﬂformedj%s;ﬂesmdlme\aoml)oﬁsﬂaﬁawmﬁ@le 465(P%Rkage

el evati naI T ri rst botto d

ount eciepiied oSt 5 R BORRR ot e die 465 3RS b vty e 8 P The

the botthéimndhﬁe&lanto méﬁrst eusstY BHeqtcestdaced SGQ“%r&h&s‘hﬁ opehifig l637UBF stifficiehZ €,
.e., a greater wdth (w) and/ or length (1 an the bottomdle&ésee FI G

6) SBorrieasangs of the'bond Adtes' 50a"’ﬁx11en@ngifn0§tﬂ1§ t diedbhte the tesminal padsg2a™ qaythe
wre bo @b"' to term nal pads 52a"', 52b"' on the support
subst r at gg(%l?lﬁ)%tr%ﬁl‘%h further includes external contacts 54"' to connect

the di e packrefernihg'to FIG. 21) tHdseebrd (bottom) saxfiuer7at s theSfirt (bdttoin) didu2"tisaligfed
depi cted and described with respect to FIGS. 4-6 a ortion of the second

( i nact i Wit and faging hestrst (uppes) gurtacs 681 fthe,pippart substrate 44" prigrdo essemblpr ovi de
recessed ‘ﬁ-g%s d;ée 42h at&gﬂ%d t%'tﬁé‘éugf&h%%ﬁﬁ%%?e 4 )&/Hl%m%o%‘@dﬁ%g\ééa@lpgm

rmunt ed on t riyin tom di caV| recess
al 46 etldd¥d Tha aﬂ]msn&e(tﬂndlt(lbé't' tambe spplied tc@thédecesofurfdee 106V bf therdtess 402™ of
n to sec

d i i zed f dh | 10 t th
bot t omthe Brsi oliom) dit I B4 o B et (pReg Swiface 6571 pf e pihelatp ddT and alignsd.
102" Qﬁ'ﬁpih@?eéegs AR B\HR recdiviitherifhe e/ adh&@%‘é%e:lgqoqhtcaﬁz mpfis¥ arf J}gxeswe

package 40"" by elimnating the need for a spacer between the top
bot-t omgél estape ad desstibed hereinaboedhitis tespect kemdhesivé Blefrientié4 @ackayemb The first Hie

recess J10Q2' bat t. of; e 42 rather than as a digtinct. |ayer

ot veor madios tre mBarrae 57 calt b pictided B e ratapaR for of o AdheSIVE Glmen K™ can
reqsss bkQgpliedRhédutface of kither bt B6h tRIRAS e R b beRat 4T tderihf eheamounNt
of adhesive (epoxy) 20 bleed onto bond fingers and/or other conponents on

t he sulpstachipent sigpadbeafirstdiq 4" lélaéta@nééo the| sabstrape 44 such| thasttheiteomimal pads 52a™,
enbodi Bk Efﬂél %Epggth%'lgb earg%% gav for formng the stacked die

package “of rror 1o noun the recesses 102"', 62"' can be

forned in tha:fémngto FIGS 128494, dheseddnd (tamhe he" isstheP idubied Bhtothe fiddh (bottom)
respectjvely shown in FIG, 21 in a bottom perspective view.in

FIG 24ie 4% @cfé’ﬁ@ ﬂmzacked dier asponahly 781 ﬁﬁéhg\!@éfhﬁlféb%ﬁ ma)ecgm yustase 78" of e
heqf
[ 020]  S8cor36p) BBac™ i€ anea:yifiVind BEGR IS (ackie) Shftck Aot g B e,

the syRS'tpratr & ab4emblyTThesecmd(top)dic 46 canlbe attacheddo the ihwdle lby'mdaheoﬁhﬁpe
such as uar angul ar and circul The regess can be
7 or red BTG Sermi S fobaeapley Wih & 4be o Ghe atashpihesive, is described with respect to

the adhesive element 64 (die package 40). Either or both of the first and second dies 42™, 46™ can

be provided in a pre-taped form or the adhesive element 66™ can applied to either or both dies during
25  the mounting step.

As depicted in FIG. 24, the bond pads 48b™ of the second (top) die 46" can then be
electrically connected to the terminal pads 52b"™ on the substrate 44™. The recessed edge 62" of the
second (top) die 46" has a height (h') sufficient to provide an opening 63 for adequate clearance
of the bonding wires 502" 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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30 patterning and utilizing a chemical wet etch or dry etch, rrechani cal

drilling or punching, and | aser ablation of the second surface 72"' of the
di e 4235 8ot Tﬁﬁfw@w £ sBEpdrosipRaB U4t ff@reft@étﬁéallcsm!cnoﬁbf&tael fkage
| eve econ. T.(S(S)I ngﬁ t 3 I\S/K@7 34127.1 13 A recessed edge 62" aélj%ng S

t he per40ﬁﬁbene5’@malclfecmi¢elWwﬂd((wtrshown);e) surface 58 of the second
(top) die 4 f or.ne s_described Vi, QUS 0 the nd .di,g. 46
(package 40) m%‘g%f WES T uﬁF © Py or%n&gpl?hsrﬂbgﬁne{fﬁ %ftg pﬁ%w “Pé‘ﬂﬁ@éed

such t hatkagsbgomt he second di e 46"' is then nount ed onto the f| rst die
42"', the recessed ed?e 62" prOV|des an opening 63"’ for sufficient 5
cl elrance ofRefermingdn F1Gi 252 fgnherendwﬂmmt@@am@mlpﬁblpfdw aysembly ppekage o t he

- t | d Viki}
the sedsraemBdd i ipvSliohaf deRA%h bR IbHREL Stg slevigral eb 1 aghagee

wi th arvdntp@@emﬁtsh@ao&bﬁg the(wp @founted'ih adlip OBip’ atteétnﬁém t(Sal ampbtt sﬁbitﬁitd.‘ 04"6 and

44" prior to assenbly. The first die 42" is attached to the support.

subst re@tléfnglze%?e%ﬁﬁ@Pbﬂleéﬁ aEquated en dhefigshbotton) !!644‘2 BHEdH veon the

el errent il ..1 "
"SR AR Ao BB RS e Spph SR
suriDac Exiétnal mhtat:fsé%'ﬂheﬁmamd%hl the a¢xdnd I(bcgtm@ suvﬁaté”loftthe swlsm?ﬁwﬂ)r to Ibe
recei ved therein vesive el ement 1 can onprls an adhesi.ve ge
or tap&onneeting &&R%E%ser@r efamexiermna) qlwmei ﬁemra% e AePtien of e second
(packa Win 0 "
(ackato ofaes S sk eotf{on) ke a8 et b il
sur f acdhobotten drerd28Y therdim TherebesssféatdneelOSZ" helpmabhidve adower ovatrall yatkag&imlghtg

th tt f t dje t h
s ughat @Qhﬁ@“’t Eﬂcﬁgg?a‘}&] by E‘E%*Z‘&' the ﬁr% glf‘ 42%0 he E’g gg g‘FC%lfJ‘ ‘es st r at e
ar gsexposed.FIgH. QEIZDHHusitﬁté: éx@nb&ﬁmgﬂt oftalReth68 %ijr%&@)ﬂow for ffiming ﬁlets%ﬁed

m)unted onto the first (bottom) die 42" to formthe stacked di e assenbly
78"" . Alie packoge ofFIG.@5. 23, the second surface 58" of the 20 second (top)

die 46"' is ned th.and facing the first .(active urface 20" ' o0f e
first (bott(%ijl %f'g' Hr\éfmg,gterg?es?gbé; MF@“"FH@“(‘& ﬁ?f)d(@fiﬁ gftg;%gss ‘?ﬁfﬂ%e
attac h%écdnﬂ (tdw dfel 4631, adisRowy inERR.2dnddh a b@&bﬁ%d@e&iﬁm&b i 81G. 26.0The recess
exanpl e pe ‘or. die_attach adhesive, as described with respect to,

the ad HQ§" 'V@néteémﬁd o Ahq wafer Jsyelarghe dig)leveki Therecess 1981 hissized ped configuredte
5300 oS R, B by B BRRE T of 0!
step. Asctaeplari @dl, mndléiréixlaﬂuﬂsmg kovaotedhriquiks id @iz'drt.of the second (top) die
46"" can t hen cPeplcted in FIG. 27, the first (active) surface 70"" of the first (bottom) die 42"" is aligned
with and facing the first (upper) surface 68"" of the support substrate 44™" prior to assembly. The
active surface 70"" of the first die 42"" includes a plurality of bond pads with conductive bumps
25 90"" mounted thereon, which are arranged in a predetermined configuration. The bottom die 42""
can be mounted on the support substrate 44"" according to conventional flip chip techniques,
resulting in the structure shown in FIG. 28.
The second (top) die 46"" is then mounted onto the first (bottom) die 42"" to form the
stacked die assembly 78"". As shown in FIG. 28, the second surface 58"" of the second (top) die
30 46" is aligned with and facing the second surface 72"" of the first (bottom) die 42" prior to
assembly. The first (bottom) die 42"" is received at least partially in the recess 108"" and can be

attached to the recess surface 106"" of the second die 46"" by means of an adhesive element 66""
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el ectri caI'Iy connect ed to the term nal pads 52b"' on the substrate 44"
The recessed edge 62"' of the -second (top) die 46"' has a height (h"')

suf fi cg@énastaqagé Vdid Grtath é&H@dWé‘& d’e% beh%t@ dﬂé&kﬁthe lgResARCGem&lt 64 8ie
bondr ng W res extending fromt e secon """to the substrate

44" 3®ckige 40). rEithso ntibeth of ﬁtﬂdérdt atidesecorsladity 42"7.346™" canbeberormied iimp pye-taped

full d.wit.h
tochini dEs oF e Besiy SIPmeR e FHLaRAEa At Brbuh Hsscurine I mRhestRy - s
depi ct ed '”R'él"e?nngfbFi@elﬁﬁfetlﬂﬁudpﬁdéﬂﬁ"&bfﬂfé%bﬁﬁquto?‘}dlewmcﬁﬁth@ﬁ%t ed on

the MKE/734127.1 14 second (bottom surface 84" t he support substrate
44"5 f gleceically p@mptedmlﬂvdcmmnalmads Hb"dion tbesnbag@te 44Y"' to an external

Strip can « nRALG i oRHmBREY S e R OEAbOR st berkisthel wif 9305 o
Ref er r kdtinig@edinthe & to forinlihé aarapaﬂaeai pmlage m" "a;hawh fih PIG. 23)i Bxteinal aﬁﬁeﬁfdal y

package according to the invention, Is derga@ i'n a cross-sectional, side

el evat PHnganhahe maunted en thescamd-(botermpsurtass 8&" "tofithe sybstrate 4" toi facilytate
t b
o s Skl bl o L RGRIRAL BudkaBd B9 o MRRHF Bl ol oy .

Boh@ paksv#)8b" " on the second (top) die 46" are wi re bonded 50b"" to

term nal pads_52b"' E(g port, supstrate 44"". 10 External contacts
54"" are nodfftl u@rrh £R5H @ mygpleshs pangl {eaeea%ﬁhownémgh%%rea&eéomml Thdn

connec“@gsj%bgag%%g@ﬂéggeséﬁdaﬁ(lgﬁh?@%@ el ectrical apparatus (not

shown). A portion surface 58"" of the second (top)
di e 46"" is renoved to provide a recess 108"" for receiving the bottomdie
42"" therein. The recess f ature 10"" he ps achi eve g | ower overall
package hei ght 67"" for t&E5PAT gmple ] and Uxample.2,o ¢ st die 42"

W iHin the av&m I I

enbodi ment of a ﬁr?g? %gpgﬁgg%@ggggfg? sl:)ovﬁ i'(Ijlrlsi;é;'orz ?rg?frillgglg?{h)e‘hg? g{e?agkéggidgmgn
packagshoym m¥kIG.23. Prior to mounting, the recess 108"" can be formed in

t he second (botton) surface 58"" of the second (top) die 46"", as shown in
FIG 25 and in a bottom perspective viewin FIG 26. The recess 108"" can
be formed at the wafer level or tlhe die |evel. [The recess 108"" ils sized

and configbred to 20 receive thd bot t¥di e 42" the®dGn12and cdn be
formed in any suifabl e shape, sugh as square, rectangular, oval, jand
circular ub Bﬁﬁo%ﬁ’%ﬁmﬂ&ﬂﬁ‘hl ques i|n theOBHIS. As Hepi ct ebmils FIG 27, the
first (act{ve) surface (0"~ of tne first (ootto dire 42715 affjgned wth
and faci ng| Berondidie; thickneser) surflace 68milsof t he' suppof milsubst r atje 44" "
prior to afsenbry. Tne

Bond line, thickness , 1 mil 1 mil
Slot (recess) depth -— 4 mils
Overall total thickness of the 13 mils 9 mils
stacked dies

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

is not limited to the specific features shown and described, since the means herein disclosed
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active surface 70"" of the first die 42includes a plurality of bond pads

w th conductive bunps 25 90"" nounted-thereon, which are arranged in a

pr edet elofpiied pfeféttddfdias bPputtingithe BV enfibh HtS efféct. The dveRBon R HeRdoRNclhided in
support substrate 44"" according to conventional flip chi f echni ques,
resul t iany of ifs tfmsgtrrrmﬁlﬁwogﬁwgm the proper s®pe Phthesappended claipy apireprsely i s

t hen : i botto ie 42""' to formthe stacked die

ass enbwﬁw&e& %ccé{]h%ﬂ%e \Iﬂﬁfl ée@oc&y@qt%gugfgﬁgﬁd 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 assenbly. The first (bottonm) die 42""
is received at least partially in the recess 108"" and can be attached to
the recess surface 106"" of the second die 46"" by means of an adhesive

el ement 66"" MKE/ 734127.1 15 such as a tape or die attach adhesive as
described with respect to the 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 adhesive el enent 66"" can applied to either or both
dies during the nounting step. Referring to FIG 29, the bond pads 48b"" of
the second (top) die 46"" can then be 5 electrically connected to the
term nal pads 52b"" on the substrate 44"". Partial or full encapsul ation of
the die assenbly 78"" can be perforned using known techniques in the art
to formthe encapsul ated package 40"" shown in FIG 25. External contacts
54"" can then be nmounted on the second (botton) surface 84"" of the
substrate 44"" to facilitate electrical connection of the conponent die
package 40"" to an external electrical apparatus (not 10 shown).

I ndi vi dual di e packages of a nmultiple die panel (e.g., as shown with
reference to panel 74 in FIG 8) can be separated by a singulation

techni que. Conparative Exanple 1 and Exanple 2 15 A conparison of the
package design shown in FIG 2 (prior art) with the package design shown
in FIG 12. FIG2 FIG 12 Bottomdie, thickness 6 mls 6 mls Second die,
thickness 6 mls 6 mls Bond |line, thickness 1 ml| |I ml| Slot (recess)
depth --- 4 mls

MKE/734127.1 17



T .
Overall total thickness of the 13 mls 9 mls stack ies By utilTizing a
package design according to the invention, a-lower pmﬂ m!muvl&m"‘#ﬂ be
20 achiwysdr 9§ ICIAIMED: dies. In addition, thicker e ni zed
to hel p-reduce the nunber of cracked dies that occur during the Sassenbly
procesd. | n A stapkadaie essemnbly, compdsing:ut e, the invention has been descri bed

I n | anguage re or |less .specific as to stryuctural met hodi cal.
features. |2t {@LY 0@&“’&&?&8?@?5‘3}85, 8%%8@8? ,a spﬁséfa?et e ﬁ%cﬁgﬁwgﬁg%egk’r%
limt e@ubaraw&)rg,ﬂ% first S@FaseDaving thind PadClocited Greon] NGFa sdtondBative;
herei n di scl ose 734127.1 16 conprise preferred forns of putting the

. M ! g th
i nventi on i rtfirsediedisposetinn the fiesh srdaceiof the yubstedterand cempriping aifirst supfacohaving

forns qr LS 1 i W) e ' .
appr oprd AP bf s ki hehel, PRARE sEitpiaCwitl o BRELARREP OB @hHPeting
VKE/ 734R¢Bonld pads to theterminal-pads én thelsibstiakd;lahd | 1" 111 1" 11 11 1~"1 WHAT IS
CLAIMED IS: CL n s 1. A stacked die assenbly, corrpé‘g(si ng: at least t

seni conduct drseaprskdia ceppEsng dirst sutfacs paeeondisurface aRd@BETHRFISH surface

substr . L& i am ra, cog,@ﬁ%- eon,
and a gtaglg ?@Ellraﬁ Q}g(gf;%gﬁfp %?gslto%k%&ea%?esogbyggg%dr@t he ?él rst sbr%jgagégs%?&tgﬁ%e
subst r gioetiorealong thepetimietey ofithei dig tthessecomd dieldisposal orethp lfinstahirfage affthdfirstidieads

| ocated thereon, a second surface, and.a.first bonding el enent connecting
the borftith oeép%%eor&fgwe Brsidle Resifionss] wihin Qpeses éfig‘gnwlans@e 5??&8&93_@5%
Conpr | SioRtforPhvirgd hel i shfifiert /51 RehcR WF HRCfErst BHirE dehbiTRkRdinkTorh teYond
surfac having a plirality of bond pads | ocated thereon; the second

sur f acepadoapthe firsigliea recessed edge portion along the perineter of the die;
the second die disposed on the first surface of the first die wth the
bond pads on the first die positioned within the recessed edge portion; the

recessed edgestapl@dldi®hssBmvly)BoRphdhght sufficient for clearance of the
first bonding el enent extending fromthe bond pads of the first die. 2. A

stacked di e ahlpgstriwoysemicongucton digs disposed an @ subiirateini acterked amangement; dhs posed.
on a s %Bﬁétfa?é (?onlx;;}is?ngsé ﬁ?slf Sﬂfa%% "h%‘ﬁ%& P& Hinal tpgc?s located thereon, and a second surface;

a first die disposed on the first surface of the substrate; the first die comprising an active
surface having a plurality of bond pads located thereon, an opposing inactive surface, and a first
bonding element connecting the bond pads of the first die to the terminal pads on the substrate; and

a second die comprising an active surface, an opposing inactive surface, and a perimeter; the
active surface having a plurality of bond pads located thereon; the inactive surface having a recessed
edge portion along the perimeter of the die; the second die disposed on the active surface of the first
die with the recessed edge portion providing an opening over the bond pads of the first die, the
opening sufficient for passage of the first bonding element therethrough.

3. A stacked die assembly, comprising:

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

a first die disposed on said surface of the substrate; the first die comprising a first surface
having a plurality of bond pads located thereon, a second surface, and a first bonding elemerit

connecting the bond pads of the first die to the terminal pads on the substrate; and
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substrate conprising a first surface having term nal pads |ocated thereon,
and a second surface; a first die disposed on the first surface of the
substrate; tdigecbhd afe BhfprizRIER firsi H8a8L) ATpb¥angS SecbAE SurhRY] 4l Ppdniia tHeVfirof
bond pads | ocated thereon, an opposing inactive surface, and a first

bondi ngsusfagerbaifing a plisality of bondpasis decapeddberson; the s¢cond surflice havinglaghickness nal

pads o te:. and second dige conprisi an. act.ive surf.age, a
bppos st iORR U RiaRar of i G Rl 80RNe SobF B B e Ao
pl ur al i érytheffirtaagfagsahd st iRAvitheedond Fh&seoﬂ théfitst YR 166HtéPwRhiNANE Ridesded edge
recessed _edge portion_along the perineter of the die; the second die

di sposeRPripn;itheresesspd edga noraerchaying ssufficiest heightdonglearanaeofithe-fizst bending e
portio iJing: ' pads of the first die, the

openi ngelg‘ﬁ%egfegg‘t“%ﬁﬁ’?ggsﬁég'ég’&g{°'Eﬂ’gf?%&g?' bondi ng el enent t herethrough.

3. A stacked die assenbly, conprising: at |east two sem conductor dies

di sposeéﬁ on ate in_a stacked arrangenent; the substrate conprising

supsi .
a surfdte h isﬁ‘ﬁfg ifassembly $eMPHsiged t hereon; a first die di sposed on

sai d surfaceylast AR %Hﬁg(%fg%t%f diteF gis i)s(%: toglh es'r?lbgt?ﬁp il 2598 aHaﬁgéme%’;r hace

having a plurality o pads cat eon, a second surtrace,’ and a
first bwhstratgcahpnsng a sadavedavingg phiralityosfiemaidal patls 1deatelithiedéorti € to t he

L1 b el s & de s TR
sur f ace plamiliRgoPbddd\Pad! idclted the?eid al 8pSosifCRb&H & ,:aﬁg’a'girétfb%néﬁg%% yrface

having a thickness ‘renoved al ong the perineter o e to pFPovide a
r ecess e¥npefiing plag bondrpads hfthedirstndie thi the thirsyoed pads arthe kebstiatestind ur f ace of t he

first die with the.hond pad the first die located within th ed

Line. bort 1 dehREad 2aoBa0R adiner s, 8 BRPosie b S A1 OREEEEF ghe Tr pide

cl ear ar@eingfa plielify sEBondPpads deated HRFEIM HOYEM side éo&ﬂ}iﬂl 'sh{gtea {é@@géecpé&g% pRidde
eas WO

first die. 4. A stacked die assenbly, conprising:. at
seni corfdRn&the perimsterpkthe digy thesegond %g dispesedion the Srsh side of therfirsigdiewith; the bend

substr AR .ace | rality.of terni.n ads | ocat ed
ther eoneas SPEREHS tofeeed iAGFI e TB: HOBon pY i et Rt thaftiisier iR

di e corpprticn hayireg 4 heiglit saffitder $or pagsaga o terfirkt Bonditlg ddafiéht Bs tHe®oal §ads of the
thereoH_,lFa &p osi ng second side, and a first bonding el ement connecting

t he bo tdﬁ%l CHHthTONENf i rst die to the ternminal pads on the substrate; and a
second die conprising a first side, an opposing second side, and a
perinmeter; the first side having a plurality of bond pads |ocated thereon;
the sedend sih¢dlicanspmblyioflaim ¢,dfesthertorgyisingoa sécond bonding element connecting the

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

6. The die assembly of Claim 4, further comprising: at least one of an adhesive .element

disposed between the first die and the substrate, and an adhesive element disposed between the

second die and the first die.
7. The die assembly of Claim 6, wherein the adhesive element comprises a die attach adhesive.
8. The die assembly of Claim 6, wherein the adhesive element comprises a tape adhesive.

* [ L M S *
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along the perinmeter of the die; the second die disposed on the first side
of the first die wwth the bond pads of the first die |ocated within the
recessey edgeheié hisembBf of MGins 2CWNetelli the sdéddfd BRARS AERag G@E of P WrigtiDind wwidily
a height sufficient for passage of the first bonding el ement fromthe bond
pads ofgredier than thetfirgfidie.t her et hrough. 5. The die assenbly of O aim 4,
further conprising: a second bonding el enent connecting the bond pads of
the second die to the term nal pads on-the substrate. 6. The die assenbly
of O airp 4, Thedibassembhpst Claing4, whercitathe bomding Elementcbhgiseea TABmape.

di sposed between the first die and the substrate, and an adhesive el enent
di sposed between the second die and the first die. 7. The die assenbly of

Claim wh j i I 8.
The di gl assgﬁﬁd}e%{ggﬁﬁg{qﬁﬁélgﬁnmﬁegﬁﬁttﬁgggﬁ ?]\?@eg‘ @#@’%ﬁggmn ses’ a t ape
adhesive. LLLLELL trerer et et 11t CLMS MEL734127.1 19 9.

engt h Bnd ol die RosembBhilaith drwherBin e SERHRE comprisetmalepeL el o o
dai m 4, f@&éﬁ{asiﬂﬂé gﬁbi@ ?ﬁfynﬂﬂle%mesﬁo?ﬁxp%ﬁnﬁ c&raRids2 B polyimidd %lrﬂ' e

assenbl herein the bondin ement conprises a w re bond. 12.
The di e assenbly of C ai m4 V\/nerel n the substrate conprises a materi al

asins er oot ssslpBEegiiam . RGeS yRRyR Oripasi A B fotifotor i .

wherein the substrate conpri ses a netal leadfranme. 14. The die assenbly of
Caim4, being at least partially encapsulated. 15. A stacked die assenbly,
conpri sidng: The dieassemblyoofulaine 411 afrleatit partidlly pacapeplateda 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

di e di siposeda efackdidalié aﬁs&ﬁlbl%llbbmpﬁsmg t he subst rate, and conprising a first
surface and a, second surface having a _recess forned therein; and a second

di e at | eastat}rapktvg seml‘amé]a%}g@@nemsmswm@ substeate ingg stagked prangemang the 15, A
stac ke%uﬂét?at@écﬁﬁﬁ@ﬂg a ﬁ%ﬂfﬁ:’emwng a plurality of terminal pads located thereon, and a second

surface;

a first die disposed on the first surface of the substrate, and comprising a first surface and a
second surface having a recess formed therein; and

a second die at least partially disposed within the recess of the first die.
16. A stacked die assembly, comprising:

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

a first die disposed on the first surface of the substrate through a flip chip attachment, and
comprising a first surface and a second surface comprising a recess; and

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

’ * [ L M s *
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at | east two sem conductor dies disposed on a substrate in a stacked
arrangenent; the substrate conprising a first surface having a pl-urality

of ternmimal RagekdddiabeembheceR n-siﬁg_d a second surface; a first die
di sposed on the first surface of the substrate through a flip chip

attachnent, aileast orgsmiedndyctar dies dispssedioacesubstintainsesacked amahgarentohpr i si ng
Che 11 EpsBREcTPRIRES firt Spitiae e A rall) ofeminRl PSS ieted thrsoyy od 558cbpd

A st ackaffach;e assenbly, conprising: at |east two sem conductor dies
di sposed on a_substrate in a stacked arrangenent; the substrate conprising

a first surfalest digdispgsed on the firstisyrfege afdhesubatratg shroughve firechip psachorent,and a

second ] : i i the. fir urf.ace of the substrate
t hr oughcog‘lbﬂsﬁ%eac%%tp;dé{atiégﬁdngﬁ%?ﬁgg'%%gcg (;.cﬁrp@rll 1|n§ga rgéﬁs?’r%lfl surface and a
second surf acecomhdie iasleag partialigelisposaithinIBe feessf ehefirst giesSthe Raddnid@id Y

di sposed within the recess of the first die; the second die conprising a
first SoAwrsmgafystsids bavang ¢ plugality of honshpads leratad:shereomsraad an oppesing sesppdsidag

second #ifdced SH FRIFEHON the first die. 18. The die assenbly of Caim17,
further ggrrpr‘lghs?lng: al‘gondi ng el ement connecting the bond pads of the

second die to the term nal pads on the substrate. 19. The die assenbly of
d aim 18, rej.n the, pondin e t conprjses_one of a wire bond and a
ThB taph SO Bedibasrabh iR Thriugher P A PRing lepiens rongecing theRasd ve
el ement adéémseétowhfdmtetﬁ@émaﬁpﬁmoh%ﬁmum? second die and the first

m 17, erei

die. 21. The die assenbly of Ca n the adhesive el enent
conprises one of a die attach adhesive, and a tape adhesive. 22. The die

assenbl,y of i.m 17 ei at .l east .partiall ncapsul ated. 23. A s}acked
di e asdénl ﬁeéa‘fb?wﬁﬁﬁf”g?g(g‘?@a‘& 5.3 5B Jfe bondina sieeAt somprises enel aowie e,
substraheaimmta?k_ac_ked arrangenent; the substrate conprising a first

surface having term nal pads | ocated thereon, and a second surface; a first
di e di sposed on the first surface of the substrate, and conprising a first

surfac QO?nd The die assembly of Claim 17, f_urther comprising: an adhesive element disposed within the

recess between the second die and the first die.

21.  The die assembly of Claim 17, wherein the adhesive element comprises one of a die attach
adhesive, and a tape adhesive.

22.  The die assembly of Claim 17, being at least partially encapsulated.

23. A stacked die assembly, compﬁsing:

a p]ur_ality of semiconductor dies disposed on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second surface;

a first die disposed on the first surface of the substrate, and comprising a first surface and a
second surface having a recess formed therein; and

a second die at least partially disposed in the recess of the first die; and

a third die disposed on the second die. }
[T
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second surface having a recess forned therein; and a second die at |east
partially disposed in the recess of the first die; and a third die

di sposez. on A@ﬁcﬁ@ﬁ&@dss@hfb]y,lcbinbhﬁh I I [ 11 1111111 L M MKE/ 734127.1 21
24. A stacked die assenbly, conprisi ng: plurality of sem conductor dies

di sposed on aplyrabitt efsemicondyctor diek éapmmmmte 1m@stadw§maag@n@uhqu si ng

[ I nd f
o 11 o B ECEARS o R neDRER e s [d0EE et fads SEERASHINAL T g
a first surfafist diedisposeasnhe fisstshiisc JTané fbstate CaRSHIpRIRG filReiRfade andd a

second die at |east partially disposed in the recess of the first die, and
conpri sﬂe?'@da?“fﬁa?%]ﬂav‘%?’f?ﬁ@ Hed e@ﬂplanﬂal ity of bond pads |ocated

t hereon, an f e IS

bondi ng’ of oraRboL g of Bl iy Bscl ARAS AL et S dnd P8R St
pads orsurfacdﬂmvmgyspllumlﬁy ofibshdopads ildddteﬂltheré@mahloppdi@ngsécblfi@ ﬁurfaﬁefd@spased&m the
opposi con urface, and a per.i rst surface havin

pl ur al %BV 8ﬁ opdipe elcgpent sonn eﬁg?gg'ﬁ%o&ﬁ @agsrféflt@‘éﬁ‘??ﬁﬂd digrte é]&“eteEBWﬁJr Padseg. a
recessqfe ﬁﬂgﬁa@oﬁdl on along the perineter; the second surface of the third
di e disposed on the first surface of the second die whereby the recessed
edge porti ora third diedemisirg afisshsurfice cancoppesihg sedond suffaces ainda petimetes; Itefirst

extendi ng. fromthe bo s of t cond die, 25. A stacked die assenbly,
conpri SPHY e}gvmgﬁ%lpﬁl\?y 8@%@6%@6@“&?%@@ thesseend aae CBRETRER in a
stac kede@b@é’eﬂ%?@?@ﬁmntaﬂﬁlg thé PafhERE; theQIBRd §drﬂﬂe 8f {Heftﬁﬁd aiérdxs’iﬁge&‘@ﬁ'ﬂfé%st

term nal pads [ocated thereon, and a second surface; first "die conprising
a fi rstSu mer@fébe sficopddigavhamelytibe récessed edgé p@ﬁonpra\dmssuﬁknmnharamafdrlthq)

chip d s ac Vi a re ss the recess having a
surface ggﬁgsecong %ﬂé&i %Ogbﬁjffbﬁ?ﬁ&f’?ciﬁ?tﬁﬂ%ﬁef% ¥-in the recess of the
first d|e and conprising a first surface having a plurality of bond pads

| ocat ed t hereon, an opposjing second surface disposed on the surface of the
r ecess 25and Astackedidigassembly, eomapmEsing:connect i ng t he bond pads of the second

oS o SRl AN Brb BB 8408 ' Brate B o Mhilly IBp MBI RE O 2

first surfac 0SI ng secon ace
sur f ac eubmterr@nqarpingraaﬁrst yurfn‘ce haviflg paafisnd] pady lecated tHepsdn, art Wisdchbid SR €#RBd

surface conpr
" fllrst (P g comprising a first surface disposed on the first surface of the substrate in a flip chip

attachment, and a second surface having a recess, the recess having a surface; and

a second die at least partially disposed in the recess of the first die, and comprising a first
surface having a plurality of bond pads located thereon, an opposing second surface disposed on the
surface of the recess, and a first bonding element 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 comprising a
recessed edge pdrtion along the perimeter; the second surface disposed on the first surface of the
second die whereby the recessed edge portion provides sufficient clearance for the first bonding

element extending from the bond pads of the second die.

26.  The die assembly of Claim 25, wherein the recess in the first die is substantially square or

rectangular shaped.
(UL
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recessed edge portion along the perineter; the second surface di sposed on
the first surface of the second die whereby the recessed edge portion

provi des sufficient clearance for the first bonding elenent extending from
t he bond pads of the second die. 26. The die assenbly of C aim 25, wherein
the recdss iThadieassembly of Claing 28 whereintthatecossdn ther firstdie iy sbstantallyaovad haped.
et *aIIIIII FEEEr v 111t CLMS ME 734127.1 22 27. The die
assenblc)llrcg &a% 25, wherein the recess in the first die is substantially
oval or «circular shaped. 28. The die assenbly of Caim?25, further

conprising: a second bonding el ement connecting the bond pads of the third
di e to 28e tErefipassemphbsoffslain 35 sfuhencomprising: a second bending slement odnnertinigithe

25, fur I L Si:Da: . at .l f. 0 adhesi ve el enent di sposed
bet merﬁo@ﬁga&l)@élﬁl@%ﬁ% tthﬁg&ghel%ag%gdsd“{)%@réﬁgsqg - adhesi ve el emanf di sposed

between the second die and the third die. 30. The die assenbly of Claim
25, wherein the third g{ieﬁt’}a_s at least one of a length and a width greater
than t HE- seddidligpssembly of frlaimy 25, fyethenpomprismgratiesst one ofn sdhesive plement

partialg; Bl - di Gl I 31 g: | east
t wo seml'ecbc?n%ﬁct or @%ggrﬁidz%%%dégég%%gggﬁ%gﬁ %?g [ nﬂvéds aegigéiés Jégr}rggﬁgseeﬁ%g%

t he ssheindatieambthphisd dig. a first surface having term nal pads |ocated

t hereon, and a second surface; a first die disposed on the first surface of

the substrate; the first die conprising a first surface having a plurality

of bongopadsrHeakahRemblASRARim 28 dviaieif RROMIrA Wi SEEUP fhaSiiredtq 1834 glgda%width

recess fornmed therein; the first die attached to the substrat

adhesi \geatdrdhamthe decopdslial within the recess; and a first bonding el ement
connecting the bond pads of the first die to the termnal pads on the _
substrate; and a second die disposed on the first surface of the first die.

33. A $tlaCk%e@i@aﬂ&ﬁ%&laiﬁ?ﬁﬂrﬂeﬁgﬂleﬁipdrﬁﬁﬁle ﬁﬁsﬁﬁéﬁ.conductor di es
di sposed on a substrate in a stacked arrangenernt; the substrate conprising

a first surface having term nal pads |ocated thereon, and a second surface;
32. A stacked die assembly, comprising:

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

a first die disposed on the first surface of the substrate; the first die comprising a first surface
having a plurality of bond pads located thereon, and an opposing second surface having a recess
formed therein; the first die attached to the substrate by an adhesive element disposed within the
recess; and a first bonding element connecting the bond pads of the first die to the terminal i)ads on
the substrate; and

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

33. A stacked die assembly, comprising:

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

a first die disposed on the first surface of the substrate; the first die comprising a first surface
having a plurality of bond pads located thereon, and an opposing second surface having a recess

formed therein; the first die attached to the substrate by an adhesive element disposed within the

pa— 2 RN O




a first die disposed on the first surface of the substrate; the first die
conprising a first surface having a plurality of bond pads | ocated

t her eOfecesdl@nd @ fREHRHUNG ef@@@mdoxﬁié&m%:&e%ﬁ& PEASOfRE AfsS dieft6 it rhid@l F4ddon
the first die attached to the substrate by an adheswe eI enment di sposed

V\nthlnth%@bmm127123l AEEEEN 111111 Vil Vil I[1l'l recess; and a
f bond bond
L1501 LR R GRA Brkgh

surfac eurfﬁfe lepiigsd plgratier of tbnd\patiakrtated fsbréon) €id sEebRT surfabe compiding & védesved
having a pI urality of bond Bads | ocated thereon; the second surface

conpr i $Aggalang tegiesimetersingt 8P%ﬁ?§ d dirdippospdran he firshariage oS the Siset dig g(hereby the
di Sp_Ongcng};F geé §ﬁ'fﬁfc?e?1?c %ﬁfoﬁ‘ Hefir H%ogxrc]i 160t le'eFd{n Cfgozﬁ fﬁ'gr fe.

provi des su It Cl 8ar ance |rs g .el'enen
the first die. 34. The die assenbly of Caim 33, mherein t he adhe5|ve

el enent, ,di sposed withjn t S es onge di e _attach adhesive,
and a th’épe g@'ﬁéié‘? Frécem f‘?ﬁ%‘ gg "é‘fé"éﬂg{) SIYe meg lisposed wathin haEeGess ng:
a SECOI}Qm?HE@%n\Q%f@d%%hQH% e&dp&bgemhme first die and the second

die he di e assenbly of alm 33 er conprising: a second bondi ng
el emrent connecting the bond pads of the second die to the term nal pads on
the suhgtra 7. The die,ass of O aim33, wherein the sec nd di.e has
bt | eads: ond s eissenEiy ot CIARES T mthe? compeii§ beahing Aherive Sleraing dogaseThe
die as%emgeﬁﬂggﬁlgﬁb%galegé&m@t | east partially encapsulated. 39. A
stacked die assenbly, conprising: _ at |least two sem conductor dies

di sposed on a substrate in a stacked arrangenent; the substrate conprising

2 1180 o BN ey ST Atk SR Re b SR heRins BRER Rinittne 6

subst r dbad paisbfdie seopRbdie iy theas@iitalpaas a6 te sabstrate.second die conprising a
first surface having a plurality of bond pads |ocated thereon, and a

second surface having a recess forned therein; the first die at |east

partiakhy d?‘ﬁggﬁe&sétﬁblwﬁ? CI&fPSS vilereid fife s%@(ﬁﬁﬂﬂe HhPat 1ddst orteldlikhgth Mn alwilin®

MKE/ 734127
greater than the first die.

38.  The die assembly of Claim 33, being at least partially encapsulated.

39. A stacked die assembly, comprising: -
at least two semiconductor dies disposed on a substrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second surface;
a first die comprising a first surface disposed on the first surface of the substrate, and an
opposing second surface; and
' a second die comprising a first surface having a plurality of bond pads located thereon, and a

second surface having a recess formed therein; the first die at least partially disposed in the recess of

* c L M H *

the second die.
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40. A stacked di e assenbly, conprising: at |east two sem conductor dies

di sposed on a substrate in a stacked arrangenent; the substrate conprising
a firstuosur frasacka\didssstBbR, Bathpiagls | ocated thereon, and a second surface;
a first die conprising a first surface disposed on the first surface of the
substrat e i it kgastitwp semiqendugterdiemdisposed nol asnbsiraproisi angacked errangementiche and a

d_di i si - f hayi |ural i bond
" ocar ed e RRtp R el alrien Bl iGmil phty OeRr L e ot PRARER e ¢ ne
first die at firsadié c@gsﬁéiﬁg b Yirélisaffaseafisgoled Oi¢ tHeSiSiSsarfate of the se&ardndifip cHip

The di e assenbly of aim 40, wherein the recess is substantially square or
r ect an@tip¢hment i an oppgsingrsesond surkacsandl y of C ai m 40, wherein the recess

i S substanti ey I 43. The di e assenbl f C ai

40, furt hor "aseohatBobeihl £ 8 TR ne dptumBiEof tehan tatta Phergiel ahd =
bet weesedond stuificthasing secess dorttiedtheréih, thEfisitiie atleast Pl dispbsddn4ke recess of
wher ei thgvgldé}esi ve el enent conprises one of a die attach adhesive and a

tape a 85. The die assenbly of O aim40, further conprising: a
bondi ng el ement connecting the bond pads of the second die to the term nal
pads on the substrate. 46. The die assenbly of C aim45, being at |east
partiably efbadisdsserably of Claith 40; whersin thetrecesslisssubstantiedly, squareor irsdtaiguldie di e
assenbl?( Ofi Claim1, further conprising a second bonding el enent

connecf 5% he bond pads of the second die to the terninal pads on the
substrate, and being at |east partially encapsul ated. 48. The package of
Claim47, further conprising: a plurality of external contacts di sposed on
the sd2ondThadieassendily tolfi €laimA0, mdierein thielrbdeiss islsubsthntiallylobval dricidctilar hdped.
VKE/ 734127.1 25 49. The package of C aim 48, wherein the external contacts
conprise a conductive solder, conductive epoxy, or conductor-filled epoxy.
50. Tha3pacThgdietissdahisly O €Faim s FigtHer E&ﬁpﬁéﬁhﬁﬁﬂ@&hé&%@&ﬁéﬂ AsPosdd Wit iR M
of balls, colums, pins, or a _conbination thereof. 51. A seniconductor die
packagEecesdiebreesithe firsh andisecond disabl y of O ai m 15, being at | east

44.  The die assembly of Claim 43, wherein the adhesive element comprises one of a die attach

adhesive and a tape adhesive.

45.  The die assembly of Claim 40, further comprising: a bonding element connecting the bond

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

46.  The die assembly of Claim 45, being at least partially encapsulated.

47. A semiconductor die package, comprising the die assembly of Claim 1, further comprising a
second bonding element connecting the bond pads of the second die to the terminal pads on the

substrate, and being at least partially encapsulated.

48.  The package of Claim 47, further comprising: a plurality of external contacts disposed on the

second surface of the substrate. ,
TR O D
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partially encapsul ated. 52. A sem conductor di e package, conprising the die
assenbly of Claim24, further conprising a second bondi ng el enent
connect4ag tTie paekaberd@daiaf 48, Mehekdin ik Skit@milacohtagtsiconipriseh coadlRtioa sdlber,
substrate, and being at |east_partially encapsul ated. 53. A sem conduct or

di e pacieagdective SRP¥Y. §F ﬁ@f“ﬂi@ﬁﬁlgdﬁ@’@hbl y of Claim 32, being at |east
partially encapsul ated. 54. A sem conductor die package, conprising the die
assenbly of Claim39, further conprising a bonding el ement connecting the
bond pafs ofThemackarafClaine48, avlichen tiey ¢xiteraal qoatsts@ie inthe forhiséfaille, colanink,

bei ng at, | east rtially encapsul ated. 55. A nethod of fabricating a
seni corﬂiﬂﬁzf’ﬁ?cﬂg&nﬂ?ﬂmg—i sing the steps of: providing a substrate, a

first die, and a second die; the substrate conprising a first surface

havi ng term nal pads |ocated thereon, and a second surface; the first die
conpri silng A semisbnductdraliepadkage, cgmariging tisd dit yssebbypofiChirdd 5| beiag stdeast

t hereon, a a secpond surface; the second die conprising a first surface,
a secorﬂ?‘ﬁgf%@’“ ‘a perineter, the first surface having a plurality of
bond pads |ocated thereon, and the second surface conprising a recessed
edge along the perineter of the die; nmounting the first die on the first
surf acé2of t/hecmigbaductaralic paskags; comyrising theodid agsethdly6f Claem 24y Rirthe eomyprisifgea

term nal s qQn the substrate with a firs ondj.n | enent ;. and unting
the s eéSﬁg‘%ﬂﬁ%gm %e“? F?Iér{ecﬁ{‘%&{ﬁtqoﬁgﬁ’ﬁ‘is #&hﬁa’ﬁ‘gdt‘e g%t?‘F ferming! ?PQ%I?QBHCOC at ed
wi t hi n subgratd, a6@béifg aeﬁgg;paﬁﬂgyreggﬁ,gﬁﬁfgdedge havi ng a hei ght sufficient for

cl earance of the first bonding"el enent extending fromthe bond pads of the
first die. 1*11G [ILLLTLELL 1HTT 111 L MKE/ 734127.1 26 56. The net hod

I
pplyi T o SAREORG AT bk, oBbilink ot E BBl SRR o RERTRE e
first oasiallyentdpeulatedst surface of the substrate, and at |east one of the

first surface of the first die and the second surface of the second die.
57. The nethod of C aim56, wherein the adhesive el enent conprises a

3 LRy AR BT b 0B e

adhesi \bending element connecting the bond pads of the second die to the terminal pads on the substrate,

and being at least partially encapsulated.

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

providing a substrate, a first die, and a second die; the substrate comprising a first surface
having terminal pads located thereon, and a second surface; the first die comprising a first surface
having a plurality of bond pads located thereon, and a second surface; the second die comprising a
first surface, a second surface, and a perimeter, the first surfaée having a plurality of bond pads
located thereon, and the second surface comprising a recessed edge along the perimeter of the die;

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

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

mounting the second die on the first die with the bond pads on the first die located within the

recessed edge; the recessed edge having a height sufficient for clearance of the first bonding element

D

extending from the bond pads of the first die.
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is applied by one of screen printing, roller applicator, spray, and
transfer. 59. The nmethod of C aim55, wherein at | east one of the
substrate, the first die, and the second die, are provided in a pre-taped
formw th an adhesive tape attached thereto. 60. The nmethod of C aim 55,
wher ei A6t he Toeapethydd ofClnise 65, rfgrthﬁetonmquapltsordp thevmonnting stensethestapyof applying

t her nosoni n uItra oni ¢ ndi n e

The. modRatesvea et ckal 1P DR 67 BE HoRd s Rt SFRERY S Thh Be BRECURRe of e | .
second sgbstrateQand dtdedscome dthe Bt Suﬁitetdifﬂldiﬁlﬂaﬁﬂﬂ’e&h& thwd deBorid siefaoe of theredond die.
el ement. 62. The nethod of C aim61, further conprising: the step of

encapsul ating at | east a portion of the sem conductor device to forma
packag L: i fae : is
By ot Plast eadfod it 36, AT RZAIEE Elchchl GortiriR L SRGRE M A1
nDIdln@me&ﬂhmﬁhgoﬁEbmﬂHuﬁﬁoﬁﬂﬁﬁﬂ£62, further conprising: nmounting a
plurality of external contacts on the second surface of the substrate. 65.
A nmet hod of fabricating a sem conductor device, conprising the steps of:
provi disRg a LdHes i 1] 2BRESy
Iocateggthegzgﬁﬁmg%&ﬁgggggggn #%%e I%FE%?%?t%%%%%%s%?Fg?ﬂ%%lg eﬁﬁd

L MKE/ 134pbhiéd by diie nDsonéeninding) noﬂer abphcatnr tspemyf andstrarsfarf ace of t he
substrate; the first die conprising a first surface having a plurality of
bond pads | ocated thereon, and a second surface; connecting the bond pads
of the sbi r Strydinferid 4 ake 55 PRkeiR3E RaRbrbld® HRUBBLFAL Ghd'itd af, kid b second
bondi ng el ement; providing a second die comprising a first sufface having a
pl ur al diey arsfprovide meeciprettayeest forin witheaneashesive tape ottathed tenete, a perineter, and
a thickness; renoving a portion of the thickness fromthe second surface of
the second die along the perineter to forma recessed edge portion;

nmount i g, t hahe sl ¢H Glaih 55 Rehdréin the ﬁé}ﬁoﬂ‘édnheétﬂ% tB@Banpﬁﬂ% oPthe 8t dieishy
die located within the recessed edge portion; the recessed edge portion
havi ngoBe pEthgreosenicttioniing: ultresoni¢ bonding; end tape gutomatest bondingdi ng el enent
extending fromthe bond pads of the first die. 66. The nethod of C ai m 65,
wherein the step of renoving the.thickness of the second die is

61.  The method of Claim 55, further comprising: connecting the bond pads of the second die to

the terminal pads on the substrate with a second bonding element.

62.  The method of Claim 61, further comprising: the step of encapsulating at least a portion of

the semiconductor device to form a package. -

63.  The method of Claim 62, wherein the step of encapsulating is by at least one of spin-coating,

glob-top, pot molding, and transfer molding.

64.  The method of Claim 62, further comprising: mounting a plurality of external contacts on the
second surface of the substrate.

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

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

* [ L M H] *

second surface;
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perfornmed using one of a chem cal wet etch, dry etch, and | aser abl ati on.
67. A method of fabricating a sem conductor device, conprising the steps of
provi di ng anfoulihg aFest die dr the firélistrfacd st the SbsRRE; the Firstidieccinfrisings Arst surface
conprising a first surface _having term nal pads |ocated thereon, and a
‘secondhaving aplurality of bppd;padsilec ereen.igd sepongk sugfagg;ace, and a second
surface co |.S1.J i f I el r | r ;
and the secireet BehChfplis HiFhrs B Gk kil BACER BTN ASET
pads | bemdifigleleefgon, and a second surface; nounting.the first die on the
substrate; and_nounting_the second die in _the recess of the- first die with
the bond paBEOVidipg3second die comprising mbrshsurfacs hayipg a plwality; of bopd padslgcaipd

nmount i B ’eamﬁ]&ﬁ&S‘quaf'cﬁjeég‘%‘ﬁ%&g‘?'a“@amikﬁeg{li p attachnent. 69. The net hod

of Claim erern nmounti ng the second die conprises applying-
an adhesi veemdvingeaportionaf thesthickness drond thelsecarsnrfdcesefithe second didwogethend
die and the sur%ace of the recess. 70. The nmethod of C aim 69, wherein the
adhesi PEIBF TR 3 peessedLdge BPRIOR;  ach adhesive, a tape adhesive, or a.
conbi nat i ondfigfigofhe sedohlitilddrl-thb el did bith e thdeld e bn TSt oMELafRM Rifin 1028
o . 71. The net rlllg%l) gfseCI aimo67/, \]Ar}]{eré%n attﬂ%eastﬁonenct)}% tﬁte fi rsat die 13#%@
t he sevwmessed edgepartion;dhe rbeessed edge portort bapdng 4 beightsufficient fadtlesrane dfahefirst
attached .o the surface of t reces e secpond surface of the second
die, oPonlipgclemsnt %@%%%%%b@ aﬂaﬁ? Bg&effﬁf‘ttq(i%r conpri sing: connecting
t he bond pads of the second die to the term nal pads on the substrate with

a bonding el enent. 73. The nethod of Claim 72, wherein the step of
connecbb.ng Themsthed of {daimbs, mherein therstepivigemovingphethicknesstdfdhersesond die is

bondi n l.tr ni ndi ng, _Aan automat.ed bgndi.ng. 74. The net hod of
Claim g?ﬁy tffj?]%lgllg °§‘8§g?i°§?‘ 'ﬁaf‘ﬁ% eé%gggy %if:ﬁ’ aﬁflgﬁed? §t1°d'gt hird die conprising
a first surface, a second surface, and a perineter; the first surface
having a plurality of bond pads |ocated thereon, and the second surface
conpri 87:ng & metbeeekibrieating asmicenduetonfeyien copprising the sterrs afhe die; and
e ond hoprouftifitla Sy, & Bt il Aha 2U4chRd Bic? Ine' st Ofilprilifig H5hdd shiiocPOn
having terminal pads located thereon, and a second surface; the first die comprising a first surface,

and a second surface comprising a recess formed therein, the recess having a surface; and the second
die comprising a first surface having a plurality of bond pads located thereon, and a second surface;
mounting the first die on the substrate; and

mounting the second die in the recess of the. first die with the bond pads exposed.

68.  The method of Claim 67, wherein the step of mounting the first die is through a flip chip
attachment.

69.  The method of Claim 67, wherein the step of mounting the second die comprises applying an

adhesive element to at least one of the second surface of the second die and the surface of the recess.

70.  The method of Claim 69, wherein the adhesive element comprises a die-attach adhesive, a

) )

tape adhesive, or a combination thereof.
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die located within the recessed edge portion of the third die; the recessed
edge portion having a height sufficient for clearance of the first bonding

el ementyj ext ahdinidhdd SACIaie 6POMEréiadsleadt onBOf tiecfiiendle dh@the Secontindie aRiprovided
Claim 72, further conprising: the step of encapsulating at | east a portion

of t hdn & pre-tepediformovithjany adhssive tapsettrched 4o thegairfaoeof thpsecges, Hiscesgndusiags oF
further, co | $i.ng. unting a plurality of external contacts on the
secondﬂéeusre?g%de‘%g’f&tbr?gﬁ?substrate. 77. A nmethod of fabricating a

sem conduct or device, conprising the steps of: providing a substrate
conprising a first surface having term nal pads_ |ocated_ thereon, and a

{ g ,
second 78ur f e mathod off¢lain A7 ifprther comprisingpeonneefing:the hend padsqithesesondydie to
second ' ; ' portion of the thickness of
the fi PZ&%?@%?%%%%@%&%%@%&%& oéfélg?nr% a recess having a surface;
Y 122221 100Jr 21222 10 i MKE 734127.1 29 nounting the active

G e bttt ot S Ameaon i bout oG DAooHER
die; t h&nEORIN : | ) | - urality of
bond plggfﬁlgggate b%’ ereorcll?n%én ag&ggg%%cgﬁ%ﬁyg%%%&f@%gd;go@ﬁ "he surface of
the recess. 78. The nethod of Claim 77, wherein the step of -‘renoving the

t hi ckness of . the fiyst die_is erforned using o of a chem cal wet etch,
ary et d: bt SR 6 hur b omPR e IR, abiation. 79, The
met hod of O?gdv‘i@liﬁg a thitd Hﬂ%%lbnﬁﬁgﬂg'a%rﬁ‘lgéurﬁgé} '&%Eédda%u}f*ﬁé‘e, Rpdad p@ﬁﬁléteﬁfthé Rt

second di e _the termnal pads on the substrate with a bonding el enent.
80. Theurfasethaslingfa phirality afbonfl padhlorated therdon; angl thh eecond surfade: compisingi ali ng a
third die ¢ 1Sl a, first surfac a.second surface, and a perineter;
the fif$ esse@%??% (gﬂﬁ%\ﬂoﬁﬁt e%qrﬁ?ea{?riq% %ﬁheb d pads | ocated thereon, and the

second surf agRn6Ag e third @ieton the €6k S@daAFethPRebhddicatit e bBRd pals oFtthekecdhd
the die; and pounting the third die on the second die with the bond pads on

t he sedirigcatedwithinghe eogssed edge portion of the third die; the recessed edge portion having a
height sufficient for clearance of the first bonding element extending from the bond pads of the

second die.

75.  The method of Claim 72, further comprising: the step of encapsulating at least a portion of
the semiconductor device to form a package.
76.  The method of Claim 75, further comprising: mounting a plurality of external contacts on the

second surface of the substrate.

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

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

providing a first die comprising an active surface, a second surface, and a thickness;

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

) O L

having a surface;
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t he recessed edge portion; the recessed edge portion having a height
sufficient for clearance of the first bonding el enent extending fromthe
bond pads ofm&ifing SeOR4ivE k@rfac%Jof Jm;}sm% loRdhOfirsthittd¥e 6f thef s%;thﬁé e QBN 4 fip"d
the steps of: providing a th Ie conprising an active surface having a
pl ur al ichip asfachment; puﬂs Iocated t hereon, a second surface, a perineter, and
a thickness;_ renmovin pErti n of t ness of the third.die fromthe
Second sur { TETHRE a3Fet in R sesnatapé i AEr e sorounidle ombihE fopfian,

and MouRffhéthavite dﬂhfa;!upbﬁb&fa ﬁaﬁ@lo?:ﬁﬁﬁ Rsbrébir add b Bedoh@ sFRYE digdsedPdh iheeurface
second di e | ocate thin the recessed edge portion; the recessed edge
port i orefikesepgssa hei ght sufficient for clearance of the first bonding

el enent extending fromthe bond pads of the second die. MKE/ 734127.1 30 82.
A nmet hod of fabricating a sem conductor device, conprising the steps of:
provi di?gg a Hiehnéthed 6f CRirh 77 Skhéteid théstep 6Pihoving tha fdclnc1bf the $ir@ did 13€
substrate conprising a first _surface having term nal_ pads |ocated thereon,
and a JsHermekwsingene ofiachemical wegeteh,dsigtichsmeehanicel delingsprnching, andases
secondzﬁﬂﬁgﬁce conprising a recess having a surface; the second die
conprising a first surface having a plurality of bond pads | ocated
thereon, and a second surface; the third die conprising a first surface a

second _surface eri neter the first surface_having a pI uralit
bond pdds | Jﬁ@«%ﬂ?%ﬁ rfdrthereconprising: serresting thebond spdrplahe @Q,cesé éw to

edge p%é%eﬂﬂm@i@lﬁohl?ﬁe @gﬁétg%&raggndi%e gt mounting the first die on the
gt

first surface he su strate; nounti e second die in the recess of
the first die with the bond pads exposed; connecting the bond pads of the

second |e th nal s, on the, sub trate ith a first bonding
el ements M{“?‘ﬁ%{& ?ﬁfﬁﬂhﬁﬁ@“&’i‘s’c ‘die with the bond pads on
the second %m&agatﬁed metdah@nsfn@ea filsCRefHed a%é&ﬁldewa '&n?tar}‘) s@irﬁdge

portion having a hei ght ficient for clearance of t

el enentsudaeediuings fluxalitst ¢fd>dnd padpladated ther¢on, sntthe deabind sudface éﬁmprrsmgmd of

Claim er. *npntl he first dieis through a flip chip
attach%%cﬁfswa gg R‘F{& ﬂgf Eh%?“u'q fgge& dner conprising: connecting the
bond pads ofmdun€ing ke tHirdidie dnotht Bécond eidmvnnkhepwﬁa pads bl'heSBESId Aé Rockdell Within

second bondi ng, el enent .
the recessed edge portion; the recessed edge portion having a height sufficient for clearance of the

first bonding element extending from the bond pads of the second die.

81.  The method of Claim 77, further comprising the steps of:

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

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

mounting the third die on the second die with the bond pads on the second die located within
the recessed edge portion; the recessed edge portion having a height sufficient for clearance of the

first bonding element extending from the bond pads of the second die.
-

NG O O
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85. The nethod of C aim 84, further conprising: the step of encapsul ating
at |l east a portion of the sem conductor device to form a package. 86. The
met hodgef ClaainBth88 of fabkicitiig £Lmitirtub@r deﬁwtcbﬂ@nan dépstof: of external
contacts on the_second surface of the substrate. A nmet hod of

f abri cat i ngPEPViding & suhstreteo? find die; a seeondydie, anchg ﬂnlﬁbdlgx tép§ulaﬂtratﬁr®mmisw apfirst

bst f havi th ,
S AR T SR, | BB P P
surfac a;rfae,saaﬂcmbc&m fuafaee c@ﬂphsing Qt&:’éﬂﬂ&ﬁ'mg\éﬁﬁ3éjtﬁg sécoﬁddie Odniprisingl d first |
VI ' 111 . CL Mremgving a portion of the thickness of the first
die f r%‘Hif%cﬁ@a‘é‘ESGrPé“r%Wfo@@ggaaq peated thereensandiseronyd surfageirthe thirddient i ng

th h
1 SCLANESHE L8 L, B4 Pl AP I
conpr i bdmdgpaia lauated\tberean)rahd tiee deeoridaprfacptemprisihy a eécesded ddgeapatibn ang the

t hereon %thﬁﬁ aond surface; connecting the bond pads of the second die
to t hePtlp tf) ¥s on the substrate with a first bonding el erent; and

provi di ng anfohhﬁ%ﬂﬁb%r&%@éﬁﬂieﬁﬂs@ﬂﬁ%&ébﬁﬁe%ﬁ%&e having a plurality of

bond pads | ocat thereon, a second surface, a peéerineter, and a thickness;
renoving a pl@nmmglthgfseqomd dishindhersesessaff therrst dierwittriihe bbnabpadsMpesuipnd

ount | ng- nESERTRE G boBFPedia Hiadecndli i e Tomn pade 0o iy Subwial WS

bond pB&ﬁ]u?‘le]Eﬂﬂ@m amfond die located within the recessed edge portion; the
recessed ge portion having a height sufficient for clearance of the
first bondi Mguetingthathirddie @dlth@sehomhdlﬁ véttbthe dopdipadsain the eecsad dradochted witBin

Th 7 h
e otdgeeetlca Buk Bhaibn: B FecShaba cife SRR ntink & eieh Sheichent by Féhmnes o e iy
dry et filst bomiitipelemant eXtdndingfom B bondiads afthe sbevndldi@bl ati on. 89. The

met hod of Cl aim 87, further conprising: connecting the bond pads of the
third die to the termnal pads on the substrate with a second bondi ng

el erreng3 90Thé'mBtbH 3¢ CRim! &P Wherid A2 stbpX ‘%’Bo%%ﬂg‘&% FrsPRLLE t%roucg?xry)fillpséhﬂ)g the

step
attachment

84.  The method of Claim 82, further comprising: connecting the bond pads of the third die to the
terminal pads on the substrate with a second bonding element. '

85.  The method of Claim 84, further comprising: the step of encapsulating at least a portion of

the semiconductor device to form a package.

86.  The method of Claim 85, further comprising: mounting a plurality of external contacts on the
second surface of the substrate.

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

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

second surface;

providing a first die comprising an active surface, a second surface, and a thickness;

T2 o ) 0 O




providing a substrate, a first die, and a second die; the substrate
conprisi-ng a first surface having termnal pads |located thereon, and a
second surf aggiovinge prfiéd ofthe tIIEKTREY &f thE fisst did BémIbE e8GR sutick BYfoRm a recess
plurality of bond pads |ocated thereon and an opposi ng second surface
havi ng hevingoesssface;or ned therein, the recess having a surface; and tge
second die conpriSi T | V rfa a. . second surface,  and a
perimeter; a ta ?%r%g%‘%‘vgaﬁgéﬁe\?ogﬂ% ﬁﬁgﬁ‘te (’Pgﬁ%ﬁrﬁt élggatceg Ehe g?’ﬁazé’fi rst

surface of theusingssseodrl digifithehecessof the Gest dle; thseb@idadis compHsihi BE attiR
first die.on the first surface of the substrate, with the adhesive -el enent

di sposeiriags having 2 parality eEbondppgds iqcptemtilerﬁ?uamia ;quosld surface] | | p: | { | |
VKE/ 734127. ' !

pads. on t he SupRRIEELAb5H B8 3Co e 8 mb Mimbdel Bhasbnipt Syl D AR

fsegond hﬁndingrelémmt;fand;t tsurfgce_ of the first ndl Sheggi eg\srrg} hg(rjo\c/)}‘di hg .
abricating a sem co ¢t or device, conprisi | ¥ .

su 3 strate ¢ (ﬂ?ﬁY‘ﬁgﬁgﬁg‘ﬂ%{H i "é’_cmlglﬁqgeﬁ!’fécﬁé(?/ Fgg;ctec oﬁr::)lrg ié‘lspihﬁghg’ang’f?? fgdilgﬁtg‘ic) 2 ,

and a (R&eOR P Fracd aBek :

an oppotgi ng ’g‘es?gk%{j sur?eggg’?éhar? ’aﬁldt%tlhmess’s; renmoving a portion of the

t hi ckness ofrembwingiarporticti ef the thickness cfthethirdsdie franethe sedond surdadeamd afongithy i ng

a surface; attaching an adhesive.element to at |east one of the first
surfacé’el}@e??{éo %g?eﬁ?sé,e‘gﬁ(fﬁfwn’éﬁ face of the recess; nounting the

first die ofpéliRinkithethia®d @Ipﬂle%ﬁw&rﬁuba?ﬁﬁfﬁeeonwdwwhg%@?&@ﬁ%&goﬁhﬁma“t

di sposed wthin the recess; and connecting the bond pads Irst die

t o t he seeandidialocpisd svithin theaecsasedtedge po:ﬂ\iotlhtha r?dessd e;l_gmpmiting heiriggnrl!:i_ihghand
' . | t h ti .the first die e )
ot nod "SRR R ekt BF e isfiionlig eshen ERistiing o tiehond mada.ofihe fefond dies

die is perforned using one of a chemcal wet etch, dry etch, nechanical
drilli g, punchi ng, and. | aser . ) . )
. The method of Claim 87, wherein the steps of removing the thickness of the first die and the

O

third die is performed using one of a chemical wet etch, dry etch, mechanical drilling, punching, and

laser ablation.

89.  The method of Claim 87, further comprising: connecting the bond pads of the third die to the
terminal pads on the substrate with a second bonding element.
90. A method of fabricating a semiconductor device, comprising the steps of _

providing a substrate, a first die, and a second die; the substrate comprising a first surface
having terminal pads located thereon, and a second surface; the first die comprising a first surface
having a plurality of bond pads located thereon and an opposing second surface having a recess
formed therein, the recess having a surface; and the second die comprising a first active surface, a
second surface, and a perimeter;

attaching an adhesive element to at least one of the first surface of the substrate, and the

surface of the recess;

mounting the first die on the first surface of the substrate, with the adhesive element disposéd

within the recess; and
* c L M s *
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ablation. _ 93. The nethod of Clain191, wherein the adhesive el enent
conprises a die-attach adhesive, a tape adhesive, or a conbination
thereof. 94.cofinsRinBqRe Bdnd FHds bEteifitg fe RAND CRMIME bads HAkE Q@osuﬁerwn gifing the
st eps of prOV|d|ng a substrate, a first die, and a second die; the
substrdﬁ@-@@ﬁ%ﬁh@ﬁh@ﬂa first surface haV|ng term nal pads | ocated thereon
and a secon th t irst surface having a
plurality of % qg%gmpﬁ%é tng 8 ?Qﬁ%%gﬁ%§|ng second surface
havi ng a recess forned thereln t he recess having a surface; and the

second d|e conpri sj f%a first surface a second 1111 Q 1EHEEL reeer el
1111191 vcEh masthogtof fabricating p seticongRetor qsawﬁmnsmgiéeﬂep%@f surface having

£ L0011 0, A0 8 DB P o o

attachisegomlrsua[ﬂbeswe el enment to at | east one of the first surface of the
substrate, and the Uﬁ)‘ace of, the recess; nounting the first die on the
first surf aégo\ﬁ‘fh“tgﬁeé@ € CPmPpEsingap HCQW%%@@BPQIWW@?‘E&%@d A\ t hin
the reGgRRfnes@Nd connecting the bond pads of the first die to the term nal
pads on the substrate with a first bonding elenent; and nounting the
second di e gembhingfai postiomefithethitknessofithefirsy ditsframn thd"sectbﬂdah'fadé&) fonnaireckss
within,the recessed edge portion; the recessed edge portion having a

hei ght }@uv’f“ﬁlacﬁueﬁf ®for clearance of the first bonding el enent extending
from the bong.8a6s aRhdiidsie eléh?éntﬂi ﬁ 1eadPond b the RAY siHack Pt Abitlle, 3nd the
sem conduct or device, conprising the steps of provi dang a substrdte
conpri §m‘fgcepﬁ‘th¢mcessmface having term nal pads |ocated thereon, and a

oppost g scdrBa R AisF e e s, ek SRl Dt &R b A Sife sfesping Hiposed

t hi cknagithi@thelrest;iandt die fromthe second surface to forma recess having

a surface; attachin n adhesive elenent to at | east one of the first
surface of tRBDESERS 8?“6110@',‘1 padgiof the first digf tadhe tetmiriabpadsondhe substrate with a first

bonding element; and

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

92.  The method of Claim 91, wherein the step of removing the thickness of the first die is
performed using one of a chemical wet etch, dry etch, mechanical drilling, punching, and laser

ablation. -

93.  The method of Claim 91, wherein the adhesive element comprises a die-attach adhesive, a

tape adhesive, or a combination thereof.

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

providing a substrate, a first die, and a second die; the substrate comprising a first surface
having terminal pads located thereon, and a second surface; the first die comprising a first surface
having a plurality of bond pads located thereon and an opposing second surface having a recess

formed therein, the recess having a surface; and the second die comprising a first surface, a second

* c L M H *
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nounting the first die on the first surface of the substrate, with the
adhesi ve el ement disposed wthin the recess; and connecting the bond pads
of the sfu'r{aéé, adli g pEﬂlé]E{?e?, th& 58t Qﬁ’flfadaq‘ﬂﬁng P Jﬂﬂ@li&%ﬁébﬁd%&ﬂe@tﬂeﬁoﬂﬁ and the
bondi ng el enent; "and provi di.ng a secon i e conprising an active surface
havi ng scgidsuaface goroprisinga resgshed kedgepation aleog dwperimetariitler diey f ace, a
perineter, and t hi ckness; .re Ing a portionof t t hi.ckness of t
second die f?t@ﬁ\%f‘ﬁéng OhE %ﬂ?%%%aéﬁ?ft EP%?n st sﬂlg?e‘feﬁ)git@? SI{%Bé?tS’r%dgﬁe
recessegREYSF Bekddesy?; and nounting the second die on the first die with

t he bond pads on the first die |l ocated within the recessed edge portjon;
t he recessedneurfingtbe firss dieronthe firss stifacsaf the substzatenwith the adhesiveglemensfdigpesed
first b dit{;ﬁ? el epe extending fromthe bond pads of the first die.

LEr YRS 2111111111 T WKF1734127.1 34 96. The nmethod of O ai m 95,
wher ei n eachcohedting thé BHEl s OO THE fitgt dib & the e fifindl Paddéh the sabstdicownin first
formng the recessed edge portion on the second die, conprises one of a
chem cgbom@%mt;% etch, and laser ablation. 97. The method of Claim
95, further i SO t i : ] ' .
term nal pa 58{3@ tgﬁdéggetfgg‘??{aéﬁ) g‘ t\}/1\/?? ﬁétgﬁs‘g@%ﬁlgq%gﬁ& nsg&‘t(;ﬁ.‘gS[rr:t;r%?i.il 9?&?@&1@1& e
met hod etestddedpe Portidn;) thehrecesssingdige ponipn Haking s leight buffieienp forlchiarange af thedmsit
a portion of the sem ¢gonductqr deyice to fqorm a package. 99. A nethod of
f abri caRondingelement exivading na@\ﬁbeegpe@%ﬁffth%ﬁﬁgd{%e steps of. providing a
substrate, a first die, and a second die; the substrate conprising a first

surface having term nal pads |ocated thereon, and a second surface; the
first d% coAmsthodef fabricatingasemswniiecter devingt, corsprisimgiths stepsiof; t he second

die conprisin n active surface hay lurality .of bgn | ocat ed
ther eon’ - ancPraviGedt AYbSEE SmPREIDE Adire pe Gt i afeiBi s foralp ferpdt dud 8
havi ng gecorfddukfaeq; mounting the first die on the first surface of the
substrate; and nmounting the second die on the first die whereby the first
die is at | cxevidgera firgt dig compabing @n aglivesunface;anjoppesing sscondsurfasecand ali e.
100. T*}ﬁicizﬁésgpd of Claim99, wherein the step of nounting the second di-e
conpri ses appl ying an _
removing a portion of the thickness of the first die from the second surface to form a recess

=

having a surface;

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

mounting the first die on the first surface of the substrate, with the adhesive element disposed
within the recess; and

connecting the bond pads of the first die to the terminal pads on the substrate with a first
bonding element; and |

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

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

mounting the second die on the first die with the bond pads on the first die located within the

recessed edge portion; the recessed edge portion having a height sufficient for clearance of the first

* [ L M s *

bonding element extending from the bond pads of the first die.
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adhesive elenent to at |east one of the first surface of the first die, and
the surface of the recess of the second die. 101. The nethod of C aim 99,
wherein the step of nounting the first die is through a flip chip
attachnent. 102. The nmethod of Caim 99, further conprising: connecting the
bond péfs ofThelmethed ofiGlaitn @5 wherelnecark ofitheastepp all oromng the reagbssinrthe &rshidierand
bonding.elenment. 1TI1LILILT till 1L IN LI1311i MKE/ 734127.1 35 103. . Th

et hod TBRTBE AP esessed FARRREHOm o e pesond. i RmBFiEs 3¢ LA SEFERALY Foeieary gighy
a portifpg 1akr abilgorsem conductor device to-forma package. 104. A nethod of
fabricating a sem conductor device, conprising the steps of: providing a
substrate conprising a first surface having term nal pads |ocated thereon,

and a co surface; unt.i a first.die on t.he.first. surface of e
SUbst r alle. ¢ e PHR3Y Sl B, o conisit Rofecliflf pieciobl sB 058 a8 opd 5% to
second théltermfal paisOnl tHe Bibsraaritslsedofd Bortg elefgnian active surface, an
opposi ng second surface, and a thickness; renoving a portion of the

t hi ckness of the second die fromthe second surface to forma recess

havi _ : h " . . i
frrst e o praB Bl o7 Ruec i fe: % ol sl BB MR ot
di e. 1QGhe séhhieomtrictop devite fd formnalfadkageherein the step of nmounting the first

die is through a flip chip attachnent. 106. The nmethod of C ai m 104,
further conprising: connecting the bond pads of the second die to the

ter m nalo. pack ufihdd 7 (g Seichlidt e SIcRSe R IR the MbBs ot e et hod of

Cl ai m 104, further conprising, prior to nounting t second die, attaching
an adhesi verevidimgratsubstrai¢, al firatsdie,cand aclecdridadis;thé substrate cohprisingeadfirst sunficé he

" ermvt VPRSP RREs egied Hitglone B Si0BY S(hegr e Qe SHL TP BHEE wt
etch, difa&d afd a S&oNA BhFRle; fHeisbédndBie EotPrNiRPan e s@Eade RMMd flrality of bond
pads located thereon, and a second surface having a recess formed therein, the recess having a
surface;
mounting the first die on the first surface of the substrate; and
mounting the second die on the first die whereby the first die is at least partially received

within the recess of the second die.
100. The method of Claim 99, wherein the step of mounting the second die comprises applying an
adhesive element to at least one of the first surface of the first die, and the surface of the recess of the

second die.

101.  The method of Claim 99, wherein the step of mounting the first die is through a flip chip
attachment.

102.  The method of Claim 99, further comprising: connecting the bond pads of the second die to

‘N 0 O

the terminal pads on the substrate with a bonding element.
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109. A nethod of fabricating a sem conductor device, conprising the steps
of : providing a substrate conprising a first surface having term nal pads

| ocat e he : o h i ' ol b il an
e TR e 197 o BN Sflrenphl | SRR
MKE/ 7 3theaémicopbuctondsevicedgo tfioren apackage.surf ace of the first die on the first
surface of the substrate through a flip <chip attachnment; providing a
second di e conprising an active surface, an opposing second surface, and a

thi cknegs; - KSHBMbABf PRt seficdndBcloP HEHBE TomBhisihp kgAY di e from the
second surface to forma recess having a surface; attaching an adhesive

el ement to providinga sahstratsfcompeisingraf firsesusface having teeminal pards lo¢atedsthexson, and a
surface of th,? first die; and nounting the second die on the first die
wher eb{*PRESYTAEL die is at |east partially received within the recess of

the second gio@ntidgl®first GR dTEthe Fight Qhirfaded Mhel ibstrate) the Bfst ARGV TisRHE an active
connecting the bond pads of the second die to the term nal pads on the

subst r siréacgiand amoppasingrgeendesveface; 111, The nmethod of O aim 110, further
e conduq: BT} & BecBnd ARTARTsHla Athcfbe WEfRh. b Bifobind Y g shlfze andp |
C L MKibick®éds?7. 1 37 -
removing a portion of the thickness of the second die from the second surface to form a
recess having a surface;
“ mounting the second die on the first die whereby the first die is at least partially received

within the recess of the second die.

105.  The method of Claim 104, wherein the step of mounting the first die is through a flip chip
attachment.

106. The method of Claim 104, further comprising: connecting the bond pads of the second die to

the terminal pads on the substrate with a bonding element.

107. The method of Claim 104, further éomprising, prior to mounting the second die, attaching an

adhesive element to at least one of the surface of the recess, and the surface of the first die.

108. The method of Claim 104, wherein the step of removing the thickness of the second die

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

109. A method of fabricating a semiconductor device, comprising the sfeps of:
providing a substrate comprising a first surface having terminal pads located thereon, and a
second surface;

providing a first die comprising an active surface and an opposing second surface;

T
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mounting the active surface of the first die on the first surface of the substrate through a flip
chip attachment;

providing a second die comprising an active surface, an opposing second surface, and a
thickness;

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

attaching an adhesive element to at least one of the surface of the recess, and the second |
surface of the first die; 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.

110. The method of Claim 109, further comprising: connecting the bond pads of the second die to

the terminal pads on the substrate with a bonding element.

111. The method of Claim 110, fﬁrther comprising: the step of encapsulating at least a portion of

the semiconductor device to form a package.

-
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