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

Wi rel ess products such-as cellular phones and handhel d conputers such as
personal digital assistants (PDA), has driven the increased demand for
smal | er conponent footprints 10 which in turn increases the popularity of
mul ti-chip stack BGA packadTHCKEBRIELY PIE BLidPASIAGEs i nvol ve stacking
dies on top of each other by neans of adhesive el enents. However, to

achi eve a | ow package hei ght faor, ‘de- "- FATKER di e packages, a
significantly reduced die thiek ; get her with the use of
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hei ght. 15 Thin die handli ngyand t he required speci al boﬁdi ng techni ques

poses meamy redralphsitylslytoa staekedardientpfip dgyiee ekmethpdsdor fabrcagagpitie device.
conventional ways of packaging a multi-chip stacked die package. As shown
in FIG 1, one prior art package 10 includes two conventional stacked dies,
the first (botton) die 12 peCRGROUNICOFMHBINVENTIONINS of an adhesive

el enment 14 to a substrate 16 and a snmall er second (taop) die 18 being

mount ed by a MEdHHEZHARESMIE e ABKES speh arfebulpnrhoges anddaddheld camputers sichfas ¢ he
bot t om d| i { e | 5 Qnsled, t
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and the second. (t die 18a is surfac unted t he inactive,surface of
the 11 rorogge ok Bk S endo derdiTod s brobitvs JoGHL BB San 1o
the subshieat & 16 packabEhei GhtFionGltiachlprstaekeddit phdkage; diignisicatly BhAeparkage |

G in which the fir%} bo tonwzg die 12b_is.nmpunted to a substr tﬁ,le by an
adhesi vehiiasie i nepdes togelagybhE HisRdSRSCav&re PaRY [eshninnss f? B onihe Reishiafit
surface«@@pbgﬁjkgghgggﬂon1die 12b by a second adhesive el enent 20b, and a
third (top) die 28b s nmounted on a spacer 30b nounted on the active surface
32b 18f the seldvndic hendlig asy thi wquigl spemial hordiehteghniquss pesce sapichylopesdofernded
24b to t e 1 ] i i | i .ftom di e
T a {11 PP HBR: 15 hepl A ehith R 1355 BT Plok g Sl Bl PRI O M
package pakigagec @ shewaohFEy.dd ond prica ag pbdl@ee blimshid esvafoesonivantiong stacked dies, the

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

and a smaller second (top) die 18 being mounted by a second adhesive element 20 onto the active
20  surface 22 of the bottom die 12, each of the dies being wire bonded 24 to the substrate 16. FIG.2
iflustrates a prior art stack die package 10a in which the first (bottom) die 12a is mounted toa
substrate 16ain a flip dhip attachment, and the second (top) die 18a is surface mounted to the
inactive surface of the first die 122 by means of an adhesive element 20a and wire bonded 24a to the
substrate 16a. FIG. 3 shows a prior art three-die stack BGA package 10b in which the first bottom
25  die 12bis mounted to a substrate 16b by an adhesive element 14b, a second (middle) die 18b is
mounted on the active surface 22b of the bottom die 12b by a second adhesive element 20b, and a
third (top) die 28b is mounted on a spacer 30b mounted on the active surface 32b of the second
(middle) die 18b, with each of the dies being wire bonded 24b to the substrate 16b.
In stacked dié assemblies in which the bottom die is a flip chip, there is a Limit on the
30  minimum overall thickness of the package that can be achieved. If a solder-bumped wafer having a
150 nm bump height were to be ground to a total thickness of 150 pm to 200 pm, there would be a
high occurrence of broken wafers due to the stress induced on the wafers from the 'bu.mps.

Furthermore, even if the wafer does not crack, the die strength will drop significantly due to the
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150 m bunp hei ght were to be ground to a total thickness of 150 mto 200 m
there would be a high occurrence of broken wafers due to the stress induced
on the wafers fromthe bunps. Furthernore, even if the wafer does not .
crack, the die strength will drop significantly due to the 1 presence of
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I n one aspect, the invention provides a stacked die assenbly. In one

enbodi ment, the 15 stacked die_assenhl conmprises a first (bottom die

di sgfsed on a substrate, a bofNMMARYQETHE INYENTHINLond pads on an

active surfac . - Lo Lot ern hads. :
second di e mﬁlﬁ%’@g@%ﬁ 1@%&&%1&8&%?3&%&%@3&%&%3?@ %}tﬁ%e@ﬁ%%{%ﬁ%@gﬁ? aggjds
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opening for the bonding el enent extending fromthe bond pads of the bottom
die, thueffabucatingdisRpckpagesiwddhr sss¢mbliespacer between the two dies to achi eve
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connects the ive surface o econ m nal
padd5on dtheked disiscahifly, dahgidey @ fattgbemds) diedispbyql @od bybsthwpobentihgtlement t he
two dies and the bottomdie and the su}q[ﬁtrate. | n anot her enbodj nent, the
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st acked tngednginrd padteompt ree suripes gtihe Beter dje i tempnaiiRigls gn dbe supstrate, and a
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formed in the upper (rnactive) surface. second die Is at S
parti al | along Segesachetdr bfithe ditthat poesiesah opaeng forshe domdingelement extending from the
bond pads of the bottom die, thus eliminating the need for a spacer between the two dies to achieve
20  sufficient clearance for the bonding element. A second bonding element connects the bond pads on
the active surface of the second die to terminal pads on the substrate. Adhesive elements are
typically disposed between the two dies and the bottom die and the substrate.
In another embodiment, the stacked die assembly, comprises a first (bottom) die disposed on
a substrate, typically through a flip chip attachment, and having a recess formed in the upper
25  (inactive) surface. A second die is at least partially disposed within the recess of the first die. A
bonding element connects bond pads on the active surface of the second die to terminal pads on the
substrate. An adhesive element can be disposed within the recess to attach the two dies. In a further
embodiment of this assembly, a third die is mounted on the second die. The third die has a bottom
surface with 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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bondlng el ement connects bond pads on the active surface of the second dle
to termnal pads on the substrate. An adhesive el enent can be di sposed
within the recess to attach the two dies. In a further enbodinment of this

assenbl y, third die.is e second di The third die s.a
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package dispoped w&hmahsteaeslsetdadadl tzhssmntiiey according to the invention, at

et Pl ARy BLo Tl Packate o L ol e 2 LB imens,

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

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

25

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

sem conduct or, ckages.. .25 BRI EF. CRI.PTI,ON. OF- THE W NGS, Pr.ef.erred
rbod! ment s QPR HEe PR ETOH A & BELC A EY Bl BhFhrT O L) St oo fgpackae
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Throughout the following views, the reference nunerals will be used in the
dr awi ngseceased adge adppenieg betaiser theustacked diegi |1 be used 30 throughout the

several vie | e riR:1,0 indj cate . Of- 11 parts. .Fl G,
5 topi ot o FIC gt S te SERloRtlHlod bR SleBS s Mo ot eRick dienitheee
of stacke¥1Glicadearkagsan MBI almethbd 6f infehSord FIQ@SSsSastiof) Pessp&dtiie
el evational view of an enbodi nent of a stacked die package according to the

i nvent i oiew Ff e sgcansl dip obtiepagkatepd MlGaH, shosanpthetrhmoped dpporpwof the die

howi t h d d ' b dies. FIGS, 6-1.
I hst ¢ Seitog fERERSR FHaCu S e RetiRtr BEEER, KIS ol aRe S ArE Rioshissitiond S
package elévafibndthiawslof segectid] iepsia tamethadi SBAE dik. FIGEB MO8t plaM VRAL dfQN.
FIG 6 is a bottom perspective view of the second die of the package of

FI G 4, pshdwitlymulieple diepaekiges dishesty] thoreen.on of the die forming the

recessed edg the perineter..of . the die, FIGS .7 an -11 are )

Cr 038 cect | ot 18 s LA TRAR be®lldv ot Siealptiionts balieien 3FR sl ng
of the %gg&gelgbgmdg, 118 tife InQentRir@an view of a panel with multiple die
packages di sposed t%ereon. 10 FIG 12 is a cross-sectional, side el evational

vi ew of anot HAIGS A8k itusirate sequential prengsting stepuiskthg ébaicsdoniphide stackerdie

i nvention., FI =16 illustrate sequential processing ste L n t.he

{ abr 1 cafROFES O G- L ke b PR Yoy ol oGS5 OB M t-d4an o,
enbodi MpREspedtiva Vil B theCtirsi (BwRBiN) @l offth&packded 6f FIG 012, .sh@@iﬁlgﬁﬁ@iéclé@ oo f
the first (botto di e of the package of FIG 12, showi ng the recess forned

in 15 t ilee dice FIGISGE? ang 15rkd ars cuogs-geatiopplo side sleyationed viewsi df sequeantial stensan the
Vi ews Ofmosu% %E%Hhael 4i8d eps in the nmounting of the dies.
FIG. 17 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 18-19 illustrate sequential processing steps in the fabrication of a portion of the
20  stacked die package of FIG. 17, according to an embodiment of a method of invention, showing the
mounting of the third (top) die.
FIG. 20 is a cross-sectional, side elevational view of another embodiment of a stacked die
package according to the invention.
FIGS. 21-24 illustrate sequential processing steps in the fabrication of the stacked die
25  package of FIG. 20, according to an embodiment of a method of invention. FIG. 22 is a bottom,
perspective view of the first (bottom) die of the package of FIG. 20, showing the recess formed in
the bottom surface of the die. FIGS. 21 and 23-24 are cross-sectional, side elevational views of
sequential steps in the mounting of the dies.
FIG. 25 is a cross-sectional, side elevational view of another embodiment of a stacked die
30 package according to the invention.

FIGS. 26-29 illustrate sequential processing steps in the fabrication of the stacked die

package of FIG. 25, according to an embodiment of a method of invention. FIG. 26 is a bottom,
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FIG 17 is a cross-sectional, side elevational view of another enbodi nent of
a stacked die package according to the invention. FIGS. 18-19 illustrate
sequential processing steps in the fabrication of a portion of the 20
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di e package according to the invention. FIGS. 21-24 illustrate sequenti al

pr ocessistegs & hsoyntingef thebtietat i on of the stacked die 25 package of FIG
20, according to an enbodi ment of a nmethod of invention. FIG 22 is a
bottom perspective view of the first (bottom die of the package of FIG
20, showi ng the PETAIS FPDESECRIPTION CIPTHEPRWFERREY EMBOBIRIERTSS. 21
and 23-24 are crosS-sectional, srde elevational views of sequentral steps
i n the nount iThy inventies willds desurbed z8ngrally wathgsferenwete Hreadrawiigd dowthe puarposmel
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vent i Rk cBRROAR il endnd BE Afenit- e P BE T R S RIS e
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enbodi ment of a nethod of invention. FIG 26 is a bottom ME 734127.1 4
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t he éeczsqs.fﬁrmed in the bottomsurface of the die. FIGS. 27-29 are

cr od8- s AHTBHGN PrOSCHe el evati onal views of sequential steps in the mounting
of the dies. 1helREIN &P daSEHh&Th! AN dChpPdrt abiREGRRREL e BAVRR MENEBcdiRnience and
I nvention will be described generally wth reference to the drawings for the
pur pose ilgdstrative petposasi ondy, and erii s meanbiel lymid e descriptorn plthp usvestion ifasiviieh asghe
t he sane.. The %g%rq‘res i rocessing steps for use in fabricating

| | yst
sem condtiErgFe é’gngﬁx‘g’??B%a ir?é’glt\ﬂ“t h the present invention. It should

be readily appafigiéntioRatlvidifzeBt ) 9ehicBOtheloRRraliHefa B YtaBk ROKE pAck@Es, blifeves a
entire 10 fabrication process. The terns "top" and "bottonm', and "upper" and

"1 oher " dasieablig kv heckegepiodile, eave theewse of dekeridigsis theastackeassemblyde sednt the and
are not nﬁ‘ran%rélt' 0 grac':lie@citiest, Qﬁmgn%i?ectliﬂa %tecle&) ﬁ')r%fspztache? b'emle%pltdlie% olp?c‘»'ivslcrlréJ glgar%%cetitg)rebond

wires extending from an underlying die, and reduces the number of passes required for

manufacturing multiple stacked dies by eliminating the need for mounting a spacer. The invention
further offers more reliable adhesion bleed out control, and the benefits increase as more dies are

20  stacked. The method of the invention can be utilized to fabricate an assembly comprising additional
stacked die layers to those of the illustrated embodiments using the described concepts herein.

In each of the descrnibed 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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referenced item can be exchanged in position. The invention advantageously
reduces the overall height of stacked di e packages, achieves a 15 desirably
| ow package profile, allows the use of thicker dies in the stack assenbly to

reduce t he cracked, di es |mnaethe edf spac, bet ween
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FIG 4, @tdinetbusmipdiyyent of a multiple chip die asserrbly package 40
accordlng to the invention is depicted in a cross-sectional, side
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substrate 44. Substrate 30 further 1 ncludes external cont acts 54
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e e e A0SR B b SIREEHE b SRS s

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

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

30  substrate is about 50 um to about 500 um. As shown in FIG. 8, the support substrate 44 can be in

the form of a strip or panel 74 on which multiple die packages 40 are formed, whereby the panel 74
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onto the bottomdie 42. FIGS. 6-11 illustrate an enbodi nent of a process
flow and nethod for formng the stacked 10 die package 40 of FIG 4. Prior
to mounting, a portion or thickness of the second (inactive) surface 58 of

(e ek A80beS! 6 PR Bl Yol eSSBS o i

surfaceph&afi@s been renoved along the perineter 56 of the die. Known
met hods in the art can be used to selectively renove a portion 60 along the

peri met er of Refreringtodf 45 thaleditonhdie 42tvan beradtaelied ta ghe sippasubgitte #4bnusmeled
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known techniques in the art, for exanple, a chem cal wet etch or dry etch,

| aser ablemenbt caprcomiise anyrsuitabls adhiesive arseradl knewndn thy arhenddeding eortaetf ace 58
of the t die 46 to,a.predeterm ned dept.h. 20 Referring nowto F . 7-9,
Che {1 et fishonlRl tesaS hd BiniiRitha {eSTEs fn B%aR o A Praltaid sy pr
subst r abguiddlent [ 6€a HAIQEIEH, ndld - 16 9T ARSIV thpd fich @ggbw@)desmh{ fafed’th Méthh a
plurality of bond pads 48a al ong the periphery thereof, and a second

( bot t onpideuwithedhegive. Ahedotiam ¢ig 4Elaml/orthetsppor sutistnatesi ¢ande pravigded ithepre-
bottomdie. .42 is.ali d.with d. facing the first surface 68 qof th ppor t
o oblE M afiwda i Vi ah BO6S L o ARROsREG, R p b BN b gl BERER!
el ect ri gabdti of Rl ofol@ e ROl MTREe HppEIHt isAbstiatcsYy @tﬁir@ngabﬁﬁétfbnr(ﬁia%éﬁk‘é&@ie"}iaki@age.
glass fibers, for exanple, bismaleimde triazine (BT) resin, epoxy resins

such adlanRrsyitahle pthesivieappheation metkodsforkiquidmg gploddhiesiive applicsting areknewingh the

| eadfra e.g., A loy42 or .,,copper):. a flexible polyimde fil e.q.
KAPTON. Frieab ST AT e sk PP iohety. 67 BaforBs, SMlshi b adhietistinteanay ve
Ltd., Japsielfrediadepehdte nd shekddat@f a roll bERIpRS@MHPPliEN Grohh BKMEES cAfrich) Em30
substrate is about 50 pmto about 500 pm As shown in FIG 8, the support

subkirat e 44Refamingtd TG hevithothmfisst (bottam) die 97 maumésd quthgisubiirath4dnthe benide
Si ngul abed e 1 aabiPeToR) AT PRt e RRGTbEhapiry S it b oS e
i nto i néippodtUabstrR@ sk FBEExankfRé, &y win@bbdiifg (as showh6r BPiape Au@nfitdlbaiRihge
attached to the support substrate 44 by use of )
("TAB"). For example, ball bonds (not shown) can be thermosonically bonded to the bond pads 48a,
and the bond wires 50a extended and bonded to the terminal pads 52a on the support substrate 44. 1n
20  other embodiments, TAB bonding and ultrasonic bonding, as known in the art, can be used to
connect the bond pads 48 and the terminal pads 52.
Referring to FIGS. 10-11, the second (top) die 46 is then mounted onto the first (active)
surface 70 of the first (bottom) die 42 to form the stacked die assembly 78. The second die 46
comprises a first (active) surface 80 with a plurality of bond pads 48b along the periphery thereof,
25  and a second (inactive) surface 58. As shown in FIG. 10, the second surface 58 of the second (top)
die 46 is aligned with and facing the first surface 70 of the first (bottom) die 42 prior to assembly.
The recessed edge 62 between the first (bottom) die 42 and the overlying second die 46 is sized with
a height (h) to provide an opening 63 for sufficient clearance of the bond wires 50a extending from
the bottom die 42 to the support substrate 44.
30 The second (top) die 46 can be attached to the bottom die 42 by means of an adhesive

element 66, for example, a tape or die-attach adhesive as described with reference to adhesive

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

an i t.abl e.adhesive terjal 0 inth rt, ncludi ng,contac .

ahest vaam FBAGEREE TRbEa el I8 et naiingils fRERLE S G B o dihergr o
a di e- abbacdieedekE Mbunt@fpubMBE Sitbnd Pbppdidenbl e FirdqBottdit) die- | ayer ed adhesi ve
t ape such as ;{)Ol yimde filmcoated on both sides with adhesive. The bottom
di e 42 and/ orA% ewaup pBiG. Kl Histhoad @adu4&net the sprondi(ped dier taarp teemadeatagndly

f it i t t I

be. app! PO BT b AP fo B ENTHe WA RhaRlhe 35 REERAE S BNF Boudie il .

44 dsir i RgovAalM ihealligiiatedl examplea ok by TAREb@atKE Gesultiddinthe Widedind ed et Bisdd\vie
application nethods for liquid or gel adhesive application are known in the
art, suépseablydBeen printing, roller applicator, spray, and transfer.

Simlarly, an.adphesiyve be,. ld ed from.a di spense nd_severed
From a rof | ofeAeEsegphaREcATE i RRM S epea el FRFY SRR BB
to FI G nfhterddl 8, fypgeaflly a3herildRéitredm), te asséhblPitathOthdapalgubatingkaowd, the
bond pads 48a of the first (bottom) die 42 are then el ectrical connect ed

to the teshmigugs inphegricies espmpleescrepnmpmtngsglpbiommet meldipgrand tenpicemoldingyi r e

bondi ng _( as,. sho or by .tape t ted b LN ") - ex | e al |
pondt CREETROT eRe B SeRl T BARRC B0 ifen in FAG: 4ol PGB S o A1
t he bonguitibeest fidasRuibtiesegl canse Platsrd alowkhgol®Eplaiehalfadsn 29en aiuldisvity
support substrate 44. In 20 other enbodi nents, TAB bondi ng and ultrasonic

bondi ng madd, Mecwebly ttithim each cagity frad fellewmg eneansylagipn.tthe msdd alatescse apapted

the term nal. .pads . Referring.to.FlGS 0 10-11, the second (top) die 46 is
t hen m&ﬂ@g‘?’gﬁ%" du[%ﬁga F%Stﬁ{d(%? tqe\f’élagu%%dr'face 70 of the first (botton) die

42 to formthg tisd askadimdhEillasarRadinyFIE 4, dhermareanshtss £ tdficalbpiihe $& af f i r st
(active) surface 80 with a EI urality of bond pads 48b al ong the periphery

t het&of condpcsing seldeadlsdor othercuitolly conductive mpgeriahsudras\genfwctiveEponigs ox he
o _ DA ; . . "
e or S SHRARES B ollae, ESEAR b0 o B BB B ARF el e

r ecesse@4edde: Sppbeisulnstiatd fefok elestricabainheshondifahelencanel dibpackogeldpiasg second
die 46 is sized with a height rzrovi de an_opening_ 63 for sufficient

cl ear anEBMBPNERE poRefeiRial @§C‘geﬁ(ag;2@ftég’(§i P sheim- Exmmmlet olotichieleclie apparanis
cuppor R4 B8 BTl S5S00 A S g
di e2@t t dadic acitadley €Plas), dessting hpparatut ani@fgasthere e Tho saspoeissubstrate 44 typically
includes a variety of conductive through-holes or vias 86 that extend through the cross-section of the
substrate and establish routing of the conductive elements through the substrate 44, and further
include electrically conductive metal lines or traces and pads formed on the second (bottom) surface
84 on which the external contacts 54 are mounted.
25 Where multiple die packages are fabricated on a panel substrate (e.g. panel 74, FIG. 8), the
panel can be singulated into individval die packages 40, for example, by cutting or shearing.
Another embodiment of a multiple chip die assembly package according to the invention is
depicted in a cross-sectional, side elevational view in FIG. 12. The package 40' comprises a first
(bottom) die 42' mounted to a support substrate 44' in a flip chip attachment, and a second (top) die
30  46' mounted in a recess 88' formed in the first (upper) surface 72' of the bottom die 42'. Bond pads
48b' on the second (top) die 46' are wire bonded to terminal pads 52b' on the support substrate 44'.

The substrate further includes external contacts 54' (e.g. solder balls} for connection of the die
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el ement 64. The first (bottom die 42 and/or the second (top) die 46 can be
provided in a pre-taped MKE/ 734127.1 7 formw th an adhesive tape attached
thereto, or an adhesive elenent 66 can be applied to either or both dies

during npynti of t he Secq on to th bot

ahown i Rk B¢ 8 dfheBRa B 3 s Bl SleSr R ety GOT Ve ThErah it Ghne
el ectri gatkdry di€on aﬂgﬁ@ﬂlets@c@ﬂme(t@;grdne 6o padncORR 188 bbi8mSHORYT thus WBISEVIAL @
44, for exanple, by w re bonding 5 shown in the illustrated exanpl e, or

by TAB bbvﬂnpmgrallmgkﬂgeuhﬁ@m A7t h°e11 edhe@vgéka@at 66'zaR &d uiiliged tostteabhe speondTiep)

di e ass ally or fully encapsulated with a dielectric
encapsu ?nnt% tﬁ?ﬂotpo‘??agzﬁ typically a thernposet resin, the assenbly 78 can

be eswcapsul aFed:SU$3N8 ilndar: ant @6 BIERSflahrb&gs Ably, anﬁ%etﬁmrmlfams@rtﬁ@ﬂacked
gl ob- top, pot nol di ng, and transfer nolding, 10 resulting in the

printin
encapsugmr@dk@eaﬂcﬁ«eﬂglﬁel%@ackage 40 dep| cted in FIG 4. In one enbodinment, a

number of i ¢y RRe PR 58 ohSicE el B kARl B LT e B Dl P SuS bRk oPlpe

encapsufigd (Wtonk e BPIif aflipcED aaheNas Blealbstedtél4t’herd dhdival theairsii@eages 40
can be singulated. In the enbodinment illustrated in FIG 4, external

cont act sorBprisesyafirgtartyve) sutface ?Cbﬁmd dpecond (pedithge surfasedal. dBlne wraive suxtace X per

ol os e Ea e el bifta i ar RS P o R P mbBRF EhGhar i
sur f aceareBfrafbed e prepRemhinéd @@ﬁﬂ@‘i‘:ﬁl(ﬂﬂ mrcoﬁﬂ@ﬁﬁzélbﬁﬁips%n@ﬁ%ll? Rofiprisd® metal

encased di e package 40 as a conponent to an external "el ectrical apparatus
(not showalloy sBehmplceppentsilyecdr galléor @icondybiae @pb@aenrmiemdeamd Rabedprioethiy

20. | ogi Eneh bk n (e MR mB HCofalit 8 SRty e B i sl B

subst r akendfing Y Phé Algport subGt€l8s can ¥a i £EmPds dégmtmat for@xhmpRUGMhHedpREt tBlthe
vial 86 that extend through the cross-section of the substrate and

estbbl i supnodwmbﬁgat@ﬂ4(¢1@p@@maéﬂ) VR GS. 6rlddt s thr ough the substrate 44, and

i e A S L

ar e nouHotdm)e ¥edsshiuwhtin prees-Geionas FRGEE3,ame in alép sat etion vRwaElG. 14.
substrate (e.g. anel 74, FIG 8), the panel can be singulated into

i ndi vi dlhe Tesess §Rixatpdandgonfignred iarpseiae theyseeond digdothersivetaya swpsequent step. The
recess 88' can be formed in any suitable shape, such as square, rectangular, oval, and circular., The

20 recess 88' can be formed to a predetermined depth and width to accommodate the placement of the
second die therein using known methods in the art, for example, patterning and utilizing a chemical
wet etch or dry etch, laser ablation, or other mechanical means of removing the second (inactive)
surface 72' of the die. Dry etchers are commercially available, for example, from SECON, having an
etch rate of 25 pm/min. for an §-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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Anot her enbodi ment of a nultiple chip die assenbly package according to the
invention is depicted in a cross-sectional, side elevational viewin FIG
12. The package 40' conprises a first (bottom die 42' nmounted to a support

oot g sindlthie 48 @ Lbdfinifl L@ L BGHIERLe p@hRLBRRCMNbLAPINEL Beirdls 4 s

mounted Tn a recess upper)’ ‘sur

bot t om dh@nhlcompBeRdompaasaldB8be uad. tThemparpald bog theifestdrfasd 68'wif te: fappeied
to term nal pads 52b' on the support substrate 44'. The substrate further

i ncl udesubsttaie fhlareenposrd domgythemsrigheryo| der balls) for connection of the die
MKE/ 734127. 1 - . 1 - :
BRI TIGR, 1 $162EOTRRRTN) R AT SHAERRh] 5B G8L o e

apparatus (n recess € bot

secofd (Hoebh dle @246 hetsecdifd (kdiy @ie 40 tombHeesbiofisOficdi® stFace SR wathaC hiueNitnaf a
| ower overall package height 67'. An adhesive elenent 66' can be utilized to

at tac h thead padotih’ ploppfhe mﬁcr@hme" theigpb anda seronddhettime) apface §8T | Assthoparing
st acked 1161 45 BE kRO B ke 8T e RoRYNEHIEE s i il Flipe e

Cr 0SS- s@€deksOB8in YeasaBorRf surface MRWTtheotne dieordpigr tofasidneblyfirst (botton) die

42' in a flip _chip attachment to the substrate 44'. As shown, the first die
42'  conpri sedhesesendton) sig 44 ¢pn bepttached tothe bation deddrhy mrasalispayhesivg ace
72" ,4Th VA=Y rf .70 of the flrs: .. 42" | |.ur.al.i f
7o d0 oG S B Pt et e B 08 U8 b e

a predetFiig Ratne 82429 uhdbt anthe Te®ndeadbEs 38V 6f s ARG’ {a4Rh6Rh). YTIEOMDELSE 2
metal or alloy such as copper, silver or gold, or a conductive polyner

mat er i alclermgny 66 ansempoiseraey BYtablerashesirematsais] knpwinim the art, fosexamplept @pe

el ectropliat i n | ,Stid . i ; i r and i 4 Th
oo A e S B TR BB e AL RTE L ERGppf e

respect eléndnd&61dn%dpee tHiclaisbs duchttBat4dfub cichsp alkspacer 40 oritol % dégprdelof.inftiar
to mounting, a recess 88" can be fornmed in the second (inactive) surface 72'
of the fafitliaseconbdiedf)inky heageess &, Jhefistisnd/eF sreond 8isiddn 4pneapibe pragdediid i n
a top pers ' ' [ 3 4 r S 'l ' i Qulr

o roconiorERd AT NG tyelndesie hCuuachRPReERERE o Banl v REn e AR b

can be fefthéfast Hoth diey detimg fblieatidiagiahe stackedalie papkage40'r bk adhesias clewil 66' adnd
circular. The 20 recess 88 can be forned to a predeterm ned depth and wi dth

to accobrdaBlied bheonpeadenstmetyrdsknewn deBsiHdt di e therein using known net hods
in the art, fﬁg de‘i?f&éﬁf’inelrlcﬁ’%t, HeBAE pg&d4$‘bt' 'o{" {e's8& 3 (?ct}ﬁ @ié:%' are then electrically

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

The wire bonded stacked die assembly 78' can then be partially or fully encapsulated with a
dielectric encapsulation material 82' using known methods in the art to form the encapsulated
stacked die package 40' shown in 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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wet etch or dry etch, l|aser ablation, or other nechanical neans of renoving
the second (inactive) surface 72' of the die. Dry etchers are commercially
avai l abl e, for exanple, from SECON, having an etch rate of 25 mmn. for an

8- h waf b d. at . t he die 25 | I
(ih o o mguiAY BASERES. T paaee QL imaprsgy o ra ¢ PalopHUC d7emgsm et dnipy et on
the subs{p@tfe 44" 18- aﬂn%tc'hippattachﬂi%’t Bt 4 EBoHi %nﬂl%lle)(a@@4@eatméﬂb§rﬂaﬁ’ﬁréc@ﬁzed
support substrate 4 by ‘conventional flip chip 'nmethodology. As shown in

FI G 13,witlhe aa&tasavéS 'Smrthabetto?iﬁ d1e042"t fimibotd thmddi package 4@ (BIG gi2ad The tpbuclalgd 40"

facin e first rfac 0 f.the s bstr of to
hosentl v horsoRprishY Turddm GRS BBt P fhe DL e iod ths fepd
sur f 3ce (@8qa1ef gik B6" SHpRAh twéxégaasa e 46’ (FP(l“,ezl)CQSHridg}éH?dS@OLlE@' SPfegsRgad to
t he confl guration of bond pads d the conductive of the bottom

di e 42' .(middle) dieddliend the thindfreppdit 9ﬂ'ha1teh@r¢bmrrdedftomnﬂndmlpbﬂlﬁﬁﬁ)"c&t"be
reflowed to physically and el ectri cal bond,w th th races qr other
Conduct TRPeE IR NG RURIIE: SPRELe (o it G ria s inegpdes Fatedi goacs 54° (..
MKE/ 734 12 fief bal]s§ YOSonRbQirthe dRpaCkgR A0 Bs B*&&nﬁ@fé&nﬁi art QIRAREAT AR TBF

bunps, although’”other nethods such as thermal conpression canal so be used.
Ter m nalshpwd}s Azpbrtlmmnlbxhgt}n‘elpesmemn of theese6@id (miactlhe) ssfppof” ofshb gtirdaitep)4de 94"

are expased t he er| her to FI 15 16 th ond (to
di o 18 1 galﬂlaﬁ)a QR Proy i tee s%,ss §d%ﬁ‘8&qdf) pf% .fgra wleli*h(e )
S econd 3,11 cg '0? th%%onﬁ%?és' 4 c@mfe'cﬁﬁ t}{eao%‘hﬂ Xﬁ?m W'fo‘%ctﬁe §19:08W %n(h;ﬁt(tﬁ?%&’ﬁ@l fol Y

al ong the periphery there a secon
s ur f ace tEBSubsn:stes%H()mms dlmﬁﬂamlg ﬂtﬁ: netdh ﬁ)rsmpami b(etmd:e!nclh@ twudiende",53". dhe rdvess

d d 46' 88 h
Socond SatBA i Bt gie anR Al S e iana 1 BRadifrF 6 e T nSe B Theop)
die 46" [calshanptd @Q’h%‘" ﬁdl/ah{}%e&ﬁi)t &ﬁ?ﬂh@t(ﬁ&hléﬁé a%@@ﬁo@ral?ﬁa%@@ﬁél\gﬁt é—’ﬁ

el ement 66'. The adhésive el ement 66° can be applied wthin the“recéss
to tlhe r@ﬂmswmmmﬁbm:%@? 98“ odn h:mtmll:mdtmspedheely,zro atta«:tdfh@rsed;qmdt(hﬂdéle):dm%" to the

f 58 Th | 66
Compr | SRRy Ga g g e 1) g TR IPNseom PRORBORAS o oxanpl e

tape adhesi Vﬁe%a&b@d@ﬁa%ﬁﬁgeamﬁ%? FE. lﬁéaﬁjﬁ‘é%b%@d \Mﬂt&!né ﬁ%ﬁ%&es‘é gte?ghem ve
el enent 64'. The adhesi ve ement 66" can have a thickneSs such th

funct i onleseribed abpmwfabm%mgmﬂd{agth@d’é)gr ee of insertion 15 of the second
di e 46’ intoaI;he reces

vt ded |n- P S BRERERE e releen i b2 AR P RED B e g (dtamied B e,
adhegi venil BEBNic 86", redechieelappl ied to

A recess 88" can be formed in the second (inactive) surface 72" of the bottom die 427, as

described with respect to die 42' (package 40) and as depicted in FIGS. 13-14. The recess 88" is

sized and configured to receive the second (middle) die 46" therein in a subsequent step, and can be
suitably shaped to correspond with the shape of the second die.

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

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

30 the first (bottom) die 42" is mounted on a support substrate 44" using flip chip technology, with the
terminal pads 52a", 52b" on the surface of the support substrate 44" exposed along the periphery.
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either or both dies during fabrication of the stacked di e package 40'. The
adhesi ve el enent 66' can be applied by conventional nethods known in the
art. . As depict ed in FIG 16, the bond pads 48b' of the second (top) die 46

are then eIe cal ly to the . term nal pls 2h' on t.he,support
Subst rate 44 thesgrondlomiffes SEIRGL Ben Bt it LE oS RR) oMoy HhetiB dha ing.
The wirge R%QH HGAC k8 60 IThcassmiaidiy 46 8congbet B%Hu&lﬁyl%'bbh@bbdé 48'b“foH|a|ﬁfst
encapsul ated with a dielectric encapsul ation material 82" using known

met hods (retiviehsuréace 8004 andrarpecdmsl (@ntt@;p% sibrface 8" s The kettbrd iserfaeeciée gd thikosecerbiin
in FIG 2.. 25 ern cont act " du lve sold an t en
be mountba HROVHES SEBIhERI b Brg T2 e o A £ e eiBsoten dibes vdtEn

for 90nm%0tgu619 ab Heapréloe d&a&ka%ﬁ%dﬂ&*weté% cﬁséﬁHeh%hﬂ%Eﬁ’ecthé tPhdREIveleRSEdnt 64| The
appar at us (not shown). Where applicable, a panel substrate conprising a

plurali tdyesciﬂ"d‘ifé's:a(lé)eg)re tapbdaor 8n agfemsivie e?fm)en(t ah" caremapplied tomthelsatfeck ofraither or
i ndi vi dyal % pack&g fﬁ’ A furt her enbodi ment of a nmultiple chip die
assenbl 3’ Pudgs g Pﬁ?tf?cj'oté ¢ Rk ention is depicted in a

Cross-secti Onﬁ-lebo'ﬁﬂ%d@h%"%f'tﬁ@@cof{d 8¢ 46N afd then él%ctn'EQﬁy %r%e@t%ﬁl%@% téQnmal pads
incorporates features of the die packages 40, 40" depicted in FIGS and

12. MKE/S282bRYhe support Agbsittateit”y fur eslamplachypwirk dgediag'or by Mk B dosling, fresumng in a
(bottom die 42" .nmounted,ontao upport substrate 44" in a flip chip
a_ttzléhrrém’cmma"s %?fcfh?wpd’ah?: 3 ‘e 46" at |east partially received
within a recasgedie ool bfINChaB! BRUEE(OR dic 94 Medthed B htntliSRAE kaaRa 40
(FIG 12). The packKage 40" further conprises a third (top) die 94" nounted

on the f(imﬂ;ﬂe)(@eﬂﬁ\/s)mbutd the n@@ting of thessesmrlatic 46 ofhalohte)m dieet24diowngini | ar

toth ' 40, (FLG. 4) . d pads 48 th ! i ddl
di e a0 MG Fredntd bigp b osbrmaPieora i fatlertOurien s “pins Sapd o
52¢” 483 RS FdrhiBL Y¥tacltd dléﬁsséﬂﬂl)})?g" §é19e°ﬁxété&§1}4fb lﬁuh%tthﬁf&‘EtoﬂildlefW'TcBﬁﬁmses
i ncl udes external contacts g | der for connecting the

package a4rst (astive) surfpenklot “tlth aaplueilleit of bccmﬂ padpﬁ&cr“aalm {hegeripbéryihdreofpand a

t | t f th f '
PR 1 (COpPaarE g T LeesPy e 07 doomialy i TR0 Pofl S Ra0 sttars S gk e
to proviigied aappcne oing a@%ned AithaHl frAGhEMe ﬁr§t| (@@tr@m §1?rf&fe gohef bfwtxgcamr @fiddebdie

connecting the bond pads 48b" on the second (m ie 46"
46" prior to assembly.

The third (top) die 100" can be attached to the second die 46" by means of an adhesive
20  element 98", for example, a tape or die attach adhesive, as described hereinabove with respect to
adhesive element 64. The dies 46", 100" can be provided in a pre-taped form or an adhesive element
98" can be applied to either or both dies during mounting of the third die 94" onto the second die
46". The recessed edge 62" of the third (top) die 94" has a height (h") to provide an opening 63°”
with sufficient clearance for the bond wires 50b" extending from the second die 46" to the support
25  substrate 44",
Referring to FIG. 19, the bond pads 48c" of the third (top) die 94" are then electrically
connected to the terminal pads 52¢" on the support substrate 44", for example, by wire bonding or
TAB bonding.
The die assembly 78" can be partially or fully encapsulated resulting in the die package 40"
30 depicted in FIG. 17. Extemal contacts 54" in the form of conductive solder balls (or other suitable

conductive material or form) are mounted on the second (bottom) surface 84" of the support
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the substrate 44", thus elimnating the need for a spacer between the two
dies 46", 94". The recess 88" in the bottomdie 42" allows the second
(mddle) die 46" to be inserted (nested) therein. The recess features 62"

88" ad | t hi al k ht 67

O o2V AREONE i sHOEL 0B RGN B YRR SRR s PREK DR Y nd°
second (sRbWH). eThedetef & mbiRi- @ﬁ%anél%ﬁ@g‘sﬂgﬁla&% ‘intoARdividifl Hff&'p’a@ke( gp) die 94"
to the second (mdd Ie) die 46". The stacked die package 40’ |G 17 can

be fabri cat ediafcmngzo k&Gt B apothersmbediasst O%ke@@}tmé@dnaldm/@ssmblfymﬁkmt i ng

packages 40 4 or.. to unt i, n t he r 8 27 can pe fo N
Phe rr eecubistia e n Elirss TRRCEN D% st E f FRE S0 Shvan it Rl Db a

recess &8mpriaés Dfrst (HoiBeh) idie 411emBaHRA% § kil S8 trabuhacmdilsecohd (B oubom
die 42", as described with respect to die 42 I(1£)acka ge 40) and as depicted

in FI GSmagitadon thedoftematie 428" mssllusérateédthmdcwd @@@” eedlatgﬁr mamew@ targeeater

haped CBoGeDBflsRIEh ) B8 vk peliePh SRS T na PR pRTs Y S cbibe Bt

62" al ongedrialfesd Bk eardRire Bbnddies et sowl {J t@ﬁﬁﬁqhy&)dssqa'f'a% "o th@fsuﬁﬂb?t
third (top) die 94" can be formed as described previously for the second

di e 46 csﬁbqjmt«éﬂ‘é vdoclaﬁmth&smcheipa: extemnal wxm@fl"zltoacomegdh@ dl@rpaelcageéﬂ"‘tth@n

br ofae Seetrisel Sandtitut umiBF S e i A imef 85 fenerbRE M Rendtip BB 20 on
the subslh@difofitie S&Bﬁ&"(‘inh&w%? CGirfacd3 S&Qﬁtﬂésecofﬂ)(tbﬁfdlé ubS s feBRfvE@R pfdvRich”

IS nounted on a support substrate 44" using flip chip technol ogy, vmth t he
t er m nalreqeasksl &gz 62" Sotsuflaeientrpieasanck dethe boadhwirss ppat mountsd onabeunder] ymg)os ed

I t 734127 The m ddl

mount e TOHBRAEAZEL ARy OFfectfuingaris Sip aREed 3 Rty dhofergysace Tl o he
15-16. HRoftsiend" Hi i¢fized RIFRELSASg Bn BiltsAlelel &t 109N eheddH So $Rire MR bBtthin dié
(active) surface 80", and a second (bottom surface 58". The bottom surface

58" 16f 438 toduosuppdit subsiBte 444", Buermteoehs fentures 162" $021% sorsbint 4w eclieve wlioweheverall
i o- at 1 deraamethy B ador i pRalt AT bK S BuFERR 1o BuR Sar s EoRPERETE B andne
di es 42'%tt4f'dié2Rnd oRhEngd BReAh&ivadledeNaD4Va s aheaRAtinfRA he EatRsPR2A0RIth€Bottdn
the surface of either or both dies during fabrication of the package.
die 42" rather than as a distinct layer between the bottom die 42™ and the substrate 44", In addition,
the recess 102" contains a die-attach adhesive therein and limits the amount of adhesive (epoxy)

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

FIGS. 21-24 illustrate an 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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The bond pads 48b" of the second die 46" are then electrically connected to
the term nal pads 52b" on the support substrate 44", for exanple, by wre
bondi ng or by TAB .binding, resulting in a 10 structure simlar to that

h i FI G, 16. Ref i FIG, 18,..t t hi 1 di 94" . th
e it et orf i SRR 628 AR b pdiisg o P sfdnf g Thiince st rotns "o
second deeordiftéy) didhrg6'beir pefddned 48 deaved in’&vﬁluggb ol fire béconlinBe 46 gﬁd@kﬁé@m die

94" is nounted onto the first (active) surface 80" of the second die 46" to
f or m t hedepictaddad 1675 426 sArmsirijorygfthe die 468 bis seraavadrpuph that, ohenthe seaend dig 46 pis
die 94" conpri Sradfir AGLL Y rface 00" . with a plucal.i .band
pads 4sdSOLMBRER g P APt t RIDLAEL OB QLB i pf gBaMblhS iy hcidh

r ecessed|@pbfe®? the RShdSHRS0a dxtdadinkSiroth Tfe SR BRRAI2SUGtRERrAfhal PAdstd28™ ohhe d

(top) die 94" is aligned with and facing the first (active) surface 80" of
t he seconppqtbelstrale 4'e 46" prior to assenbly. The third (top) die 100" can

For “exanpl e, eteRng E 1 af Be steond (pAEHE Hacf AL R RS (o LoRh AETR" iF Bignea
respect vigh aihRSgMBe Gk (Bifer Bhirfadd68'dbthe4bpporifdstreRR4be iRk ey hfdesbiyn a

pre-taped formor an adhesive el ement 98" can be applied to either or both
di es during nbunfiishdedR tipettadhied ¢ desuppprt subswate Hé" dacoeans dif en adigesiveTiement

ol 62", 0f t t hi wl T di 4". h hei ght . (" ). t '
openPng 1689 rigpn@lys et {6 sk abfedd hABed it Lod Lotimé SRS
fromt th@ﬁFs@(@bt ' d4§32’t',0arfdhﬁ onuPde frst (ﬁﬁp&}lﬁﬁfaﬁzébs‘”%ﬁhe Joekiedte h@'g ah@aﬁé&d
19, the bond pads 48c" of the third (t%ﬁ) die 94" are then electricall

connect ewith thetraeess 02 Hube eaeized thereinn Théredhesiyp slament h84'Y aarecamprisefagradhesive
exanpl e, wre ndi,ng,or . TAB bondi ng., . The, di.e gsse 78" C .
o 5T 1 e R et eeinalig B BARTEH: P AhiiTe ER N phcka® A0, Ofhe firs die
depi ct ed4armarfdl Spthd dubstife@ianmatantRiranitied ifa pleltapdiefobAl 60 Af adhesidy elelneat S04 den

balls (or other suitable conductive material or form are nmounted on the

secdAd (Wscppbed tosthe Padaceg either Qrﬂ?@tlsqurftssttdiMKEﬁn@Strmzsmbstratq%‘% doding thee 44"
appar at ULACRBER SSHoahs TTnar a5 tuf achOfig bF sBREERERL e PR BB R LR seiio
i ndi vi duab" dinahp sefages thdaibetrite Atk &pokddc 20, anot her enbodi nent of a
mul tiple chip die assenbl ackage
Referring to FIGS. 23-24, 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. 23, the second surface 58" of the
20 second (top) die 46™ 1s aligned with and facing the first (active) surface 70™ of the first (bottom) die
42" prior to assembly. The second (top) die 46™' can be attached to the first die by means of an
adhesive element 66", for example, with a tape or die attach adhesive, as described with respect to
the adhesive element 64 (die package 40). Either or both of the first and second dies 42", 46" can
be provided in a pre-taped form or the adhesive element 66™ can applied to either or both dies during
25  the mounting step.
As depicted in FIG. 24, the bond pads 48b™ of the second (top) die 46"' can then be
electrically connected to the terminal pads 52b™ on the substrate 44'. The recessed edge 62" of the
second (top) die 46™ has a height (h') sufficient to provide an opening 63 for adequate clearance

Hy

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

package 40™ as depicted in FIG. 20. Thereafter, external contacts 54" can be mounted on the
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according to the invention is depicted in a cross-sectional, side
el evati onal view The package 40"' 5 conprises a first (botton) die 42"
nounted to a support substrate 44 , and a second (top) die 46" nounted on

the bot i h R i i.ze.

e ot Gottim) syrfe B KRS ?eng*hﬁt‘?%%qt ﬂfgﬂH?ﬁt‘l‘l@%ototl%en%*%n%&%@e%%é&ge
6) Bon@loriadanéﬁamal eléBﬂmaal,a;xparamse(nbi shetvnand second dies 42"', are
wi re bonded 50a ,.50b"" to ierm nal, pads 52a"', 52b"' on the su ort
substrate 44'Sngulgfionpiapuliple dinprmr o5 swprcap than Recerfemed typrovids boniduek dighe
die pacgg 8604040mt0 an 10 electrical apparatus. Simlar to the die 46

depi cte and descrl bed with respect to FIGS. 4-6, a portion of the second
(inastive) swdfatiag38FIGOLS, tafertBacmtsbdimenm)ofdirguldiple chisdieastenesdy packagevi de a
recessed edge 62"' for sufficient clearance for the bond wires 50a"' nounted
on the @feREIMgitathe ipvention didepigted in agressyseeljorgt, spdecdevational view.sThe perkage fdd

in the %Sﬁlﬁﬂges(éjﬁlts toﬁlg'a %zfou:[lbe%fmrapﬁg cﬁff)t&t@mnglaﬁ té % SP%&Bg.lﬂstsrat% Z‘re'd fgd

for recervrng an adhesiv rern to secure tom

42"t o atllngessipgh sécond PP aieG4644mounﬂ§benrtb@ﬁms (licea»m;rdiew? Bonli(p%as 481§Jr'f1mmnbe
to achieve a |lower overall package height 67"' for the package 40" -
eI i mi natFeRRdiing) At are \alreg gS&é wedampinal Ragp Sahd onybe sernods selbstrfaﬁd4

o e {)) ot ﬁg&né?ﬁ%lacﬂﬁgg Vsﬁ;"g{;rﬁerﬁ‘r?&%%%do&a@e?c@% (b&?@ﬁ sdrﬁaEQBI“ & shfsStiaR é43‘0

t'rnc ween e bozf?omd ie

42" andohietisg st paek g™ to émeﬁdﬁ‘lbwl@d’mcaltabﬁarﬁﬁl@(%ﬁ(& shOwn). A& Pottadr s the second
di e-attach adhesive therein and |limts the amunt of adhesive (ep9”>|< ) 20
bl eed ofbiasdnriope o2y §félpf‘d$e@@nd>€tﬁ@rdleéﬁpdﬁm%veéﬁomﬁen%%acmlé) adfadesrivieg

he di S
(e 68 A2ty ISRl EOAE e TRHIUMIGLRLESERR,
recesse%710fr the @Zkageofkm‘ " be nkstinpte Iﬁlisttdhmfll"l" rvaithif et dvertying secélidl diedgtt’. t he

second (top) die 46"', respectivel 25 As shown in FIG 21, and in a bottaom
per $pecti ve \;ﬁl@s ﬂﬁ 28|ittustrate aerpbedingntofamethed ppd REQ$SSS ﬂpwﬁefgeeeﬂdhe stacked

(bot t omy; &f the first (bottom) die 42"". The recess 102"' is
si zed andéﬁgc{(?#l%ﬁuﬁed to receive an adhesi ve nenber 104"' therein for

att achnent ofPrioheo ﬂio&mﬂ@ 'thd 1ecéshd 08'S'uattbedbanelin' the Jéveond Ger®m)kdZface S&M olf éhe
formed in any suitable shape, such as square, rectangular, oval, and

ci r cul asecopddtapddiedd” s shown ip BEGt 3y de@sl?qﬁ@nk%wcm Kissini FIG-R8. dihe reqesy
exanpl €4 ?’0' d&ﬁ %Hhé@atfméngfe!r !lév%l &%h?d&h@%lcﬂe%sfig mgé’dyan% Hﬁﬁ)red to

nechanlca I'1'1'ing or punc aser ablation e secon ace
72" 20 of rédetvedhe bdi2d dieldie'™ ltlmressarfm%h bedamdakinfanyrvadatde shdpe, ssehes siere|
rectangular, oval, and circular using known techniques in the art.

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

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

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

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

attached to the recess surface 106"" of the second die 46"" by means of an adhesive element 66""
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or the die level (i.e., singulated die). MKE734127.1 13 A recessed edge 62"
al ong the perineter 56"' of the second (inactive) surface 58"' of the
second (top) die 46"' can be forned as descri bed previously for the second

die 46 ( 40) ;. ' in EFLGS, . 1A port th i nLs
renoved s@ﬁﬁﬁ@?ﬁ% %} %ﬁg"‘ﬁg?ﬁ%‘ﬂ%&:"gﬁa déiﬁ 3 bﬁ%%lthirgppef: %tgﬁﬂ?rgé}h e egen %]L%t(é ﬁédlf irst
di e 42" 'packdpe 40RCERBEDr ddgLoGRe firf) a0y belRad AfesARENi4B0" bah be providedid & piecped
cl earance of the bond wires 50a"' extending fromthe first die 42"' to the
t er mi nalfopady thpadhesiyp cloment 86prentappligsktoreather adoth digstluripg e meuring stepl

t he second ( a taenf i a2 i | i gned
w th and facﬁﬁ%fgr?h% t??lriéf 5?’&%%3?3" §%Jdrsf4|§§e %{éﬁé S%?%&@QS%{@H%’U%’S Pgte 44"
prios t alassalplcisnnethel thithsterdliral A2ds 52bs" ah tirchberdt@44''e support substrate
44" by neans of an adhesive elenent 10 104"'. The adhesive el ement 104"’
can be appl i dartial of fidl encapsdatian ¢fibe dieggsembly 7Bhecandiepsformed usipg knpwe f i r st
(bottom), die 42" / ORt.0 i rst (u W surfac e @f th

Subst r at'& M i e Alo Mg Bk Al BhackWRREE! U RERIGRS, JBeibiEsontage
The adhesrvearcthende nohBrkd onaBE s&dRY (bR AU BES4 'V & f tigedubstratt 30T todcilitate
descri bed hereinabove with respect to adhesive el ement 64 (package 40). The
first diedectdep] cormediion of the cempenenidie mwkagecHl " heapexivingbele¢tiical apperatugfeet

for or,an _adhesive el ement 104"' can 15 be applied to the surface of

ei ther OSPOBB'h the first die 42"' and the substrate 44"' during the
attachment stjagividuadieipasltagdh 6f 4 Aultiple did faaeNR 142 shbenSkislef@bife4d pand 7ahn
that the term nal pads 52a"', 52b"' on the surface of the substrate are
exposed.FlRe 8 e byysaperataddsy a sipgplation rshsigeend (top) die 46"' is then nounted
onto the first (botton) die 42" to formthe stacked die assenbly 78"'. As
shown in FIG 23, the second surface 58"" of the 20 second (top) die 46"
is aligned with and faci ng id#nparative FBaiple) snd'Ea6epié@' ' of the first
(bottonm) die 42"" prior to assenbly, The second (top) die 46"' can be

att déhed to theompargondif shepackegmdestgn awnao ka6 ¥ épeorearbnyitiedre package design
exanpl e thrla F,Iﬁgpf or die attach adhesive, as described wth respect to

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

el enment 66"' __can appl iLed. to.-either or.bhoth dies duri ng 25 the nmounti ng
step. As depicted in FIG 24, the bond pads48b"'| of theygegond (tagp) die
46"' can t hen_he

Bottom die, thickness 6 mils 6 mils

Second die, thickness 6 mils 6 mils

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 invention

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

wires 503" t endi fr he. on ie 46" -t .substrate 44"' . .30 The
wi 1 0. boraep S aENBCE e AR bR RAeAlch i orep, TRFRERIR, Geldlns; tisdaf
with an afngagsohadér MBdiEchdns8thin Uk figpdesovge & abb apsEnded tRirhd) riatéyf or m
t he encapsul ated stacked die packqgelgogﬂ a?mhepictggfﬁ n FI G %H?ﬁﬁ Y
Ther eaf t @terprgteddn negordanse adthsthg doctripg af puivades-ed on the MKE/ 734127.1 14
second (bottom surface 84"' of the support substrate 44"' for electrical
connection of the die package 40"' to an external electrical apparatus (not
shown). Singulation of a nultiple die panel or strip can then be perforned
to provide individual die packages 40"'. 5 Referring to FIG 25, a further
enbodi mrent of a nmultiple chip die assenbly package according to the
invention, is depicted in a cross-sectional, side elevational view The
package 40"" conprises a first (botton) die 42"" nmounted in a flip chip
attachnment to a support substrate 44"", and a |arger sized, second (top)
die 46"" mounted on the first (botton) die 42"". Bond pads 48b"" on the
second (top) die 46"" are wire bonded 50b"" to term nal pads 52b"" on the
support substrate 44"". 10 External contacts 54"" are nounted on the second
(bottom surface of the substrate 44"" for connecting the package 40"" to
an external electrical apparatus (not shown). A portion of the second
(bottom surface 58"" of the second (top) die 46"" is renoved to provide a
recess 108"" for receiving the bottomdie 42"" therein. The recess feature
108"" hel ps achieve a | ower overall package height 67"" for the package
40"" by nesting the first die 42"" within the overlying second die 46"". 15
FIGS. 26-29 illustrate an enbodi nent of a nethod and process flow for
form ng the stacked die package of FIG 25. Prior to nounting, the recess
108"" can be fornmed in the second (botton) surface 58"" of the second (top)

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

therein, and can be formed in any suitable shape, such as square,
rectangul ar, oval, and circular using known techniques in the art.
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As depicted in FIG 27, the first (active) surface 70"" of the first
(bottom die 42"" is aligned wth and facing the first (upper) surface 68""
of the support substrate 44"" prior to assenbly. The active surface 70"" of
the first die 42"" includes a plurality of bond pads wi th conductive bunps
25 90"" nmounted thereon, which are arranged in a predeterm ned
configuration. The bottomdie 42"" can be nounted on the support substrate
44"" according to conventional flip chip techniques, resulting in the
structure shown in FIG. 28. The second (top) die 46"" is then nounted onto

t he firiégéfﬁitigb é "" to formthe stacked die assenbly 78"". As shown

in FIG rface 58"" of the second (top) die 30 46"" is

al i gnedy wi t b\@ﬁkq(ea@@dggerﬁmy offpPispgsur face 72"" of the first (bottom die

42"" prior to assenbly. The first gbotton) die 42"" is received at |east

partial |y imtleas tve sasisondygtor dmadlwawd@easab&t@ma staskedharrangemeny; $1gr f ace

106"" [ sy I e E/ 73412
s];.lbg;t ?easﬁ'g)?@fﬁgq f?rst4§ rfaceg%/ vai%ﬁ g@s lﬂgzﬂgcﬂhgl%oﬁ" eg%%%cﬁﬁ surfads

Z 1 15°suc e or die FVeVEs descr B respett to
t he adhesi va fakteliesituated mdheﬁrspanfmgef tﬁ@);ubsEat‘eh«he fiest di:ecxtolrnpni‘snrigheﬁrﬁu susfhceand

second di es 42"" "" can rovi ded re-taped ar the adhesi ve
T oo e Rlplicy o8 Porfioils Il Shoresn Bl QPRGN B SHEON SHTHSC BBVITE P oS o
Referri feenéd%&laﬁ» th%%rsttcﬂeat&eﬁéh tBQHJeSsuﬂ&pa"té b)%n 5&?\%51%@61@91@nt(£ﬂ9t):d wnﬁuﬂtﬁ" " can
then be 5 electrically connected to the term nal pads 52b"" on the

subst r atesssisiich thapthretadhesivrel¢ment deesdmpsmtabut@to a¥ overpdl hitiight € the il asseraply; can
be performed,.usin nown _techni qu h rmt Jene
packagd M Gosdit et 8fhect SERE BINERads B g fird e o R Bl e BF BREURSHHRY o

on the gzgcond (bottom surface 84"" of the substrate 44"" to faC|I|tate
el ectrical connectlon of the conmponent die _package 40"" to an external
el ectrical a&seenddigsituated onthe Hisbswsbace ohihe firsidisl ~di e packages of a multiple
di e panel (e.g., as shown with reference to panel 74 in FIG 8) can be
separated by a singulation technique. Conparative Exanple 1 and Exanple 2 15
A conpar.i so stﬁclqeﬂdiqmsdmtgg, wheprigingshown in FIG 2 (prior art) with the
package desi gﬂast%wo S icon ulc%r dilé% dlslpz)l)sceid%ﬁ a subsjfrate in a stacked arrangement; the
substrate comprising a first surface having terminal pads located thereon, and a second surface;
a first die situated on the first surface of the substrate; the first die comprising a first surface
having a plurality of bond pads located thereon, and an opposing second surface having a recess
formed therein; the first die attached to the substrate by an adhesive element situated within the
recess such that the adhesive element does not contribute to an overall height of the die assembly;
and bonding elements connecting the bond pads of the first die to the terminal pads on the substrate;
and
a second die comprising a first surface, an opposing second surface, and a perimeter; the first
surface having a plurality of bond pads located thereon; the second surface comprising a recessed
edge along the perimeter; and the second die situated on the first surface of the first die whereby the

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

18



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

t hi ckness of the 13 ml1s9 mls stacked dies By utilizing a package design
according to the invention, a | ower package height can be 20 achieved using
thicker dies. In addition, thicker dies can be utilized to help reduce the
nunber of cracked dies that occur during the assenbly process. In
conpliance with the statute, the invention has been described in | anguage
nore or less specific as to structural and nethodical features. It is to be
under st ood, however, that the invention is not limted to the specific

feat ured shdhﬁmaﬁéd&@%@@?@édxmgFﬁﬁg t he nmeans herein disclosed MKE/ 734127. 1

16 compri se e bt A TirsPind b GbS, GO VRRLRRe LA LGB

invention is ere alne any of Its orns or I catlons
wi t hi n havsngprreqss fcgmcqb&lecr:ﬁn,tahé aapqﬂmdedlemeai srmaiappminp'rihau'e:leys sucmthat theet ed in

accordangce.w th t doc of .equ E/,734127..1 17 WHAT | S CLAlI MED
o R et e SR EhlfipRe s o veBn et o G A T onduct or i es
di sposed on axesdtldsdi¢ dtRtdddnahSicRbKEdrALE aNUSMRNEe. t he substrate conprising
a first surface having term nal pads |ocated thereon, and a second surface;

afirst die situated on the first surface of the substrate; the first die

conpri 54 ng %E’aék%ﬁd?eu a.gayac?ﬁﬂ]ﬂgllgg plurality of bond pads |ocated thereon,

and an opposi ng Second sur ng a recess fornmed therein; the first
di e attached first di@isecatedsd oatlestbe byranadhebie\stentdne sienatedswithinb eebevd dffthafitshe
adh sive el enent dpes not co to_.an overall

recess such_ that t ri, Qut
hei ght Bf Sichehaiiths 655%%? grmentdaes 108 GORtHBULE f.HkoMeE @ﬁ@%@f thsdlis FrseidiPdads
of the firsty; @iddde tiBidnThdAlst ads on the substrate; and

5. A stacked die assembly, comprising:

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

a second die situated on the second surface of the first die; and

a third die situated on the second die.

6. A stacked die assembly, comprising:

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

a second die situated on the second surface of the first die; and

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

the third die.
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a second die situated on the first surface of the first die. 2. A stacked
di e assenbly, conprising: at |east two sem conductor dies disposed on a
substrate in a stacked arrangenent; the substrate conprising a first
surface having term nal pads |ocated thereon, and a second surface; a first
die situated on the first surface of the substrate; the first die conprising
a first surface having a plurality of bond pads | ocated thereon, and an
opposi ng second surface having a recess formed therein; the first die
attached to the substrate by an adhesive elenent situated within the recess
such t hat the a hS%Lve elﬁnent does not contribute to an overall height of
the di e assehBR§red AFASSHBNY: PFPESREent s connecting the bond pads of the
first dietgq ﬁrE!Qilé Rivih g tir P A6ace Bitd R s Ribstei€andPdékconEaER0E the RrsCRIFRES Si NY
a first surface, an opposing second surface, and a perinmeter; the first
surfac éiaﬁmuarrgceas pitheapdhepiverelansabisivaied theseinsech thadhedhesive glesisaialogs aelr f ace
conpri rimeter; and the second die situated
on the‘?ﬁ?ggmggg gggg%ngﬁ%ﬂﬁ#fgga%?@b§ﬁereby the recessed edge provi des
suffici ent clseesndndiesifuatedtonahd second sunfack ofyhefiesrdie) with bemtipady ohtiensetdre! di¢ r st

die. 18 3. A stacke assenbl rls a first die conprising first
and sec‘i?ﬁﬂe"é‘iﬁlr‘f‘gb %”t emgnisto tg%?‘f‘éé’é Ss‘?“ctbﬁg'gﬁtrﬁ’ﬁ Pdspstrate and having a
recess formgghih are%hnate@wtmeaﬂh% AR rﬁbﬁgﬁ%ceﬁeﬁ léa%@ﬂor’t%ﬁ Bbdut b P@rnﬁ&@neéfs
such that the adhesive el enent does not contribute To an overall height of

t he di ehathirdrdid tp;pravide sufficentrvdkaginge of saibbadingrelanentsecond surface of the
first die. 4. A stacked die assenbly, conprising: a first die secured to a
substrate by an adhesive elenent situated within a recess of the first die
such that t hheaith@sinisly of enesit Cldiags] -Novhet€in tie ddtésivd deraéntGitedted withigitdght of
the die assenbly; and a second die situyated on the first die. 5 A stacked
di e assfé?ﬁ%Wml?f@ﬁi)?ﬂ@%‘;h%‘hﬁl?’%?r‘%ﬁa@eﬁj&\??lﬁ‘@ a first surface situated on a
substrate and a second surface, the first surface having a recess with an
adhesive el enment situated therein such that the adhesive el enent does not
contri but e tTheaic svantdy bf hei gfitlamis -hdudha campasibg yn adhesive element between the

first and second dies.

10.  The die assembly of any of Claims 1-7, further comprising bonding elements connecting

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

11.  The die assembly of Claim 10, wherein the bonding elements comprise a wire bond or a TAB

tape.

12.  The die assembly of Claims 5-7, further comprising bonding elements connecting bond pads

of the third die to terminal pads on the substrate.

13.  The die assembly of any of Claims 1-7, wherein the second die has at least one of a length

and a width greater than the first die.

14, The die assembly of any of Claims 1-7, being at least partially encapsulated.
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a second die situated on the second surface of the first die; and a third
die situated on the second die. 6. A stacked die assenbly, conprising: a
first die having a first surface situated on a substrate and a second
surface, the first surface having a recess with an adhesive el enent
situated therein such that the adhesive el enent does not contribute to an
overall height of the die assenbly; a second die situated on the second
surface of the first die; and a third die situated on the second die and
having a recessed edge portion about a perinmeter of the third die. 19 7. A
st acked die.gssenbly, conprising: irst .die having.a.first. surfac

o1 £ uat o on hesrorabis aRt &f Qo Uil e eiRss S Ars s SelaRidiong
recess i opitcRPEa sh@p&l. ement situated therein such that the adhesive

el enent does not “contribute to an overall height of the die assenbly; a
second die situated on the second surface of the first die, with bond pads
on the co L e . i . . 1 ! e
substr a@g; and %ée %Sﬁfl&?gw ((J?? él%g?%ltg{}%%ﬂzﬂbﬁgﬁg%c o%§ ai tge gﬁ% ra‘!?g\glt %%bg%gﬁ?l C e‘}g rs]ed
edge pasriciroulacdhapdd. a perinmeter of the third die to provide sufficient

cl earance of said bonding el enents. 8 The die assenbly of any of C ains
1-7, wherein the adhesive elenent situated within the recess conprises a
die attgch a1 ol j : [ : N Cl ai ms
L7, o P her camutiuplor e (AR LORHRE 1R T pBelib AARESPLIIR, iR a0

di es. 1east fntallji encapswbtdsl. y of any of Clains 1-7, further conprising bonding
el ements connecting bond pads of the second die to term nal pads on the
substrate. 11. The die assenbly of C aim 10, wherein the bonding el enents
cConpri sg.a VA kénibéthlcF diz phéiBige ! cdtprisihg theldie aste@bBasand by CRim&l 4| filsther 7,
further conprising bonding el enents connecting bond pads _of the third die
to ter riOENisiHEdendng elementssaniestipg bond pads of the second die to terminal pads on the

substrate, and being at least partially encapsulated.
19. A panel substrate, comprising multiple die assemblies according to any of any of Claims 1-7.

20.  An apparatus, comprising:
an electrical apparatus; and
the die assembly according to any of Claims 1-7, in electrical communication with the

electrical apparatus.

21.  The apparatus of Claim 20, wherein the electrical apparatus is selected from the group

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

22, 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; and the second die comprising a first active surface, a second surface, and a

perimeter;
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13. The die assenbly of any of Clains 1-7, wherein the second die has at

| east one of a length and a wdth greater than the first die. 14. The die
assenbly of any of Cains 1-7, being at |east partially encapsul ated. 20 15.
The die assenbly of any of Clains 1-7, wherein the recess in the first die
is substantially square or rectangul ar shaped. 16. The die assenbly of any
of Clains 1-7, wherein the recess in the first die is substantially oval or
circular shaped. 17. A seni conductor die package, conprising the die
assenbly of any of Cains 1-7, being at |east partially encapsulated. 18. A

sem conductor di.e package, conprising the dje_assenbly_of any of ims 1-7,
further coﬁﬁﬁ‘ﬂ’é‘]grﬂj‘ whpdyngjene ﬁ%ﬂftlggséB%‘é'gt"? figst E}nge BB@@ SkaSIPS){rla e Bnd die
to ter rge%ldcigﬁ%% d?"ghetﬁi@t ﬁlié%ﬁﬂﬂf‘f-‘eceﬁf‘d being at least partially

encapsul at e . panel substrate, conprising miltiple die assenblies
accor di ng t onamyingfthedist dif oiCihaifirst sarface of the sabsteapg avithtths adhesivg elegienigpituatash

ol oot AR R 0B et o R Aol G OLE o 8N Berrefdie

appar atadgently;Cd ai m 20, wherein the electrical apparatus is selected fromthe
group consisting of a PCB, notherboard, programlogic controller, and a

testing app&eeragling the bopd pedsipd dhedfirst i ta the terminabpags on dsabetrase with ppading

conpri sjng. the steps of: providing a substrate, a first die, and a second
die; the subsStrate conprising a first surface having term nal pads | ocated
t her eon, andnaunsieg trdecunfdieca theHest surfate ofthe fastdie.i sing a first surface
having a plurality of bond pads | ocated thereon and an opposi ng second
surface having a recess formed therein; and the second die conprising a

first agtives fldibae® fabficfp N RnIdinliaq6s de3d, AmpPPRINgTRE &Eps F1 at taching an
adhesive elenent to at |east one of the first surface of the substrate, and
t he providing a substrate comprising a first surface having terminal pads located thereon, and a
second surface;
providing a first die comprising a first surface, an opposing second surface, and a thickness;
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 first die within the recess;
mounting the first die on the first surface of the substrate, with the adhesive element situated
within the recess such that the adhesive element does not contribute to an overall height of the die
assembly;
connecting the bond pads of the first die to the terminal pads on the substrate with bonding

elements; and

mounting a second die on the first surface of the first die.
24, The method of Claim 23, 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.
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second surface of the first die within the recess; nounting the first die on
the first surface of the substrate, with the adhesive el enent situated
within the recess such that the adhesive el ement does not contribute to an
overall height of the die assenbly; connecting the bond pads of the first
die to the term nal pads on the substrate with bonding elenents; and
nmounti ng the second die on the first surface of the first die. 23. 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 cond syrface:; .providing a first die conprising a first surface, an
opposi - secbmation f Hbefhie Sehfedaborblen e eahBRing B dfn o1 °the
t hi ckness ofpréviging hisatistdiega fikse diel el S@oomrdisUhé ametrite cb@piiag h Ge® S&facBavi ng
a surface; attaching an adhesive elenent tg at |east_one of the_first

sur f ac aymederaningl pads lacated thagon.rpad agggond swrface; the dirgt idiesqomprising; a fhptsuifaee

recess; t] : ' | I, : W th
e acaSPyA ity o bohd S IoEuciingrith drd'a opBUiAR R surfife FNER L RLGs ¢
el enentfocoaistherein; emhthe isénoné diecoarpriomgadirkt sheaghs sebnd hefate eandageamstey, the

connecting the bond ds.of the first die to the, term nal ds on .the
Subst oS oG S el benrene padsbeafignerbon, add BB apR o RRESAE st
sur f acere@ssdd@gd porfibn lofg tederifieter GRtHRQE; of C ai m 23, wherein the step of
removi ng the tﬁlckness o% the first die is perfornmed using one of a

cheni cal wetattaghing argedhesive elemagtdp ahleesa pnaief the firsysurfage ehihg gubsinate, prdsthe

abl atio . i L ng a sem conductor device, conprising
t he ste%%"“?f%:“ p?eo@itlﬁﬁlgpaegﬂ%liﬁgf%%sa first die, and a second die; the
substrate conqintig thg fastfdi¢ st thedlritaadacelvd iemgbitead)iwitl thpadieesive erinedl didnatedon,

and a S\Si(t:hoirrll (t:ihesfgéefs? s(;:u%'h tlEart] ?hefaidilgstivedélgmgn? rcEBési nsoit antgbtl:tie Eosatln c?v%rrglﬁ?e?ght of the die
assembly;
connecting the bond pads of the first die to the terminal pads on the substrate with bonding
elements; 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

bonding elements extending from the bond pads of the first die.

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

providing a substrate comprising a first surface and a second surface;

providing a first die comprising a first surface having bond pads thereon, an opposing second
surface, and a thickness;

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

attaching an adhesive element to the substrate, the first die within the recess, or both;

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

providing a second die comprising a first surface having a plurality of bond pads located

thereon, a second surface, a perimeter, and a thickness;
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having a plurality of bond pads |ocated thereon and an opposi ng second
surface having a recess forned therein; and the second 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 conprising
a recessed edge portion along the perineter of the die; attaching an
adhesive elenent to at | east one of the first surface of the substrate, and
the second surface of the first die within the recess; nounting the first
die on the first surface of the substrate, with the adhesive el enent

situated wthin the rece such that the adhesive el enent es no

cont 11 but o (EMGNInEAEPEIN R B Rage® Bhbe dfeand 16 dtam i serkum i foegd Bloge g
pads of pekiftftek itd formd BcdsSed!dae béiidhnal pads on the substrate with bonding

el ement's; and nmounting the second die on the first die with the bond pads on

the first direoungagthegeegndiiinon He firgteieyile thedand psisran tha first Rie lpeatedseithin Bgge

portio i I sufficient for clearance of the bonding el enents
extendir}ﬁg@%/éﬁdr}%‘ﬁﬁégﬂgg’%dpads of the first die. 26. A nmethod of fabricating a

sem conduct @onnkteting the boadpadssifitige fidsedis teegemniadl padpowthedubgrate witlh bondiige
conprising a first surface and, a .second surface; providing a first die
Conpr i SHIFBenks. HirrSgessegroe BOTAD AR HESPLAIGTE RISIEATaRie BRI PO e cond
sur f aceerlifk. @ thi ckness; renoving a portion of the thickness of the first
die fromthe second surface to forma recess; attaching an adhesive el enent
to the substrate, the first die within the recess, or both; nounting the
first die on, the f.ir surface of the substrate. .w th the adhesi ve el enent
wi thi n The. riseteh Mo B RulomlGr{a R frisllsate K8 ont v but e to. an
overal | hei ghévidihg biRebstiar, a figs dieHayingRriirwi sdifig aadeecund stifRceCOitipd tedbRg a
first surface having a plurality of bond pads |ocated thereon, a second
sur f acedispesghergis axd a sgeandydiehi ckness; 23 removing a portion of the

thi ckness Ol difing BRABC AL rsP e SR the b LARPWRAth BIRIRC EltfnPer | et er

to forma recesse ortion;
situated within the recess such that the adhesive element does not contribute to an overall height of

the die assembly; and

mounting the second die on the first die.

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

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

mounting a second die on the first die.

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

providing a first die comprising first and second surfaces;

forming a recess in the second surface of the first die;

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

mounting the second die on the first die.
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mounting the second die on the first die wth the bond pads on the first die
| ocated within the recessed edge portion; and connecting the bond pads of
the first die to terminal pads on the substrate with bonding elenents, the
recessed edge portion having a height sufficient for clearance of said
bonding elements. 27. A nethod of fabricating a sem conductor devi ce,
conprising the steps of. providing a substrate, a first die having a first
surface and a second surface with a recess disposed therein, and a second
die; nmounting the second surface of the first die on the substrate with an
adhesive elenent situated within the recess such that the adhesive el enent
does not contribute to an overall height of the die assenbly; and nounting

the secgnd diR MRhdd6r Elafn$ 2o, GiRreir the stpBRtdREnOthe k@RE iS BY laRUeRicaBNRGRAD I CE OF
rising the steps of: attacﬁlng a first die oh a substrate with

devi ce, conﬁ C

an adhedy gwhegrdpsenablatianiat ed within a recess of the first die such that the

adhesi ve el enent does not contribute to an overall height of the die

assenbly; and nounting a second die on the first die. 29. A nethod of

;abricgﬁLng'Hw&@mhmbm?ﬂGMQBmdgﬂwﬁeomgﬁﬁﬁg?ﬁhﬁgcﬁ?e steps of,, prpvidLng a
irst die conprising first and second surfaces; formmng a recess in the

second sur f JBRINGRE @%@rdf die op thy secondglinthe§ird dis hanmefarstand seeond spriaqse With as

die on Lhg UL hathiSn Wohp a3RriAIRE ST HE s&lofliBitace Sthe HRE&ED YadeHoRidn HavingGeSS
‘ﬁie gdh % t rafl

such that t esive erenen oes not contribute to an o el ght of
t he di eheigs ewfificignt fandearaogetafibgndihg ceenind@xnding fromhwonflipads ordthe sec2nd 88. The
met hod of Claim 29, wherein the step of formng the recess is by a chem cal
wet etch, a dry etch, or |aser ablation. 31. The nethod of C aim 30,

further3xonp nfethod of fbrivhteiy Déemiconductor device, comprising the steps of:
removing a portion of thickness from a surface of a first die to form a recess sized to receive
an adhesive element therein;
mounting the first die on a substrate with the adhesive element situated within the recess such
that the adhesive element does not contribute to an overall height of the die assembly; and

mounting the second die on the first die.

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

providing a first die comprising first and second surfaces;

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

mounting an adhesive element on the substrate, on the second surface of the first die within
the recess, or both;

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

mounting a second die on the first die.

34. A method of fabricating a semiconductor device, comprising the steps of:
attaching a first die on a substrate with an adhesive element situated within a recess of the
first die such that the adhesive element does not contribute to an overall height of the die assembly;

mounting a second die on the first die; and
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mounting a third die on the second die, the third die having first and
second surfaces with a recessed edge portion along a perineter of the
second surface, the recessed edge portion having a height sufficient for

cl earance of bonding el enents extending frombond pads on the second die.
32. A nethod of fabricating a sem conductor device, conprising the steps of:
renmovi ng a portion of thickness froma surface of a first die to forma
recess sized to receive an adhesive elenent therein; nmounting the first die
on a substrate with the adhesive elenent situated within the recess such

t hat the adhesi ve el enent dges not, contribute to.an overall .hei ght,of the
e assenbl JIOUNGE RUTHRA D Rt diiih botPachar BF sSiong A sSed Nini g o
fabri capded@ddgEpirGoNalonis @ peia¥tie£65 the MMAIdic Gretd3SedSdde® podibn havih@¥ heighg a
first die conprising first and second surfaces; renoving a portion o

t hi ckneyficint faselepraneg ofthaadingstamants attaehed do and exdendlingofrom the bpnd padssef the

nmount i -l hesi ve el enent on the substrate, on the second surface of the
first diewthin the recess, or both; attaching the first die onto a
substrate with the adhesive elenent situated within the recess such that

t he adhesi ve elﬁggn oes. not contribute to an overall hei%ht of the die
ﬁ% fqg?

assenbld; aryme geatingasspicopfuctenley e, qompeisingithe stepp ofA et hod of

fabricating aﬁa&%{?oapﬁﬁ?&'iﬁfoﬁfa sHBMafEwitls M RIHeSivOBletnbf ShSRE within AlcbaSBiMg 2
first die on a substrate with an adhesive el enent situated within a recess

of t he firftidissuctitimat thecidhesiet elerhent ddésawit ventébusertonan eiseal! hedght ebthe didnssenbly, an
overal | hei ght 811‘1 théac dcilgieaosnstggﬁlsyaie, nmounting a second die on the first die;
and 25 m)unt'(?]i'él 18 B RYP” GI°SMon° UHe“Second die with bond pads of the second
di e situat egyrovidibg B third die iedae drs aigtEseporid subfced] A weripetdriret er of the third
die, the recessed edge portion having a height  sufficient for clearance of

ht . suf
bondi ng el eftRednge fHcknes frgm thepeesndsutpgepiitheshird die alenathp aerameter toferm gecond
die. 3 fahlricating a sem conductor device, conprising the
st eps g?gégﬁﬁg%ﬁgﬁgg%zﬁprst die on a substrate with an adhesive el enent
si tuat ed wi trinuntiag theckisdsdiefonttiresecond die with bond pads of the second die situated within the
recessed edge portion, the recessed edge portion having a height sufficient for clearance of bonding

elements extending from the bond pads of the second die.

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

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

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

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

38.  The method of any of Claims 22-29 and 32-35, wherein the substrate, the first die, the second

die, or combination thereof, are provided in a pre-taped form with an adhesive tape attached thereto.

39.  The method of any of Claims 22-29 and 32-35, further comprising connecting the bond pads

of the second die to the terminal pads on the substrate with bonding elements.
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first die such that the adhesive el enent does not contribute to an overal
hei ght of the die assenbly; nounting a second die on the first die;
providing a third die having first and second surfaces, and a perineter;
renoving a thickness fromthe second surface of the third die along the
perimeter to forma recessed edge portion; and nmounting the third die on
the second die with bond pads of the second die situated within the
recessed edge portion, the recessed edge portion having a height sufficient
for clearance of bonding elenents extending fromthe bond pads of the

second gdie. .36. The hod, of .an f Cai.ns 22-29 apd 32-35. wherein.t.he
Sahos: v of JhEmeltS AGIRRE wikEh G sltpt Siediain® Bondius Shmearond Yt
conbi nagyl (REobeHi@Bdndine, ultRSoTE bhiRfing® br APY aﬂamgeawﬁdia%o?t%e aBRlisZe3mentiber ei n
the adhesive el enent i's applied by ~screen printing, by roller applicator,
by spr dh¢ bend pads pthe seoond dfeand o e derminag gadsomghersubsisateof any of d ai ns 22-29
and 32-35, wherein the substrate, the first die, the second die, or

conbi nati on thereof, are provided in a pre-taped formw th an adhesive tape
att ached. t hamentethod®f ClhiensBat 350 turther eonyprizing(doahdi®ing theXidnd padSer-tBSthirtldid ther
conpri sing connectin thﬁ bond_ﬁagé ,of the second die to the term nal pads
on t he B aningkRadser thesyhsratiWith a bepdieg clogenty. The nethod of O ai m 39,
wherein the step of connecting the bond pads of the second die is by

t her nosoni ¢ bondi ng, ultrasoni ¢ bondi ng, or tape automated bondi ng of the
bondi ngt2el effibatmetinod dflaey bbQthipada-26aind B35 duriet cdinprising theataphd eneapsulatiig pads
on the bstrate. The t hod, of. i s 34-35, further conprising
connectq%#@S&W%%%J[Ib%ﬁgnﬁqm%flﬁtgrij%"i“fegog‘?@Ef%aCk?We terninal pads on the
substrate with a bonding element. 42. The nmethod of any of Cains 22-29 and
32-35, further conprising the step of encapsulating at |east a portion of

the serfi3eondipemsthadeafiany of Glairs 77-39 pad kadd. fudlwr comerisipg royning aphirabity @ ai ns
22- 29 %Q%n%?gﬁgacé & &g%,éco%ﬁglcﬁgécg;o@t P9 @ plurality of external

contacts on second sur e substrate. 27
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