SEM CONDUCTOR ASSEMBLI ES, STACKED SEM CONDUCTOR DEVI CES, AND METHODS
OF MANUFACTURI NG SEM CONDUCTOR ASSEMBLI ES AND STACKED SEM CONDUCTOR
DEVI CES 5 TECHNI CAL FI ELD The present invention is related to.
st acked sem conduct or devices and net hods for manufacturing stacked
sem conduct or devi ces. BACKGROUND Packaged seni conduct or devices are

utilized in cel BEMECONRAHEROR petpMBLIES; SEAGKEDSEMITONDUKSKORt ant s,

conputers and many o p f | @ el ectronic
products. M croel ect ?ﬁ{@giﬁﬁ@ﬁﬂ@?g‘@@g%@?&% %re

sophi sticated devi ceSEMICORIDUETOR ZSSEMBRIEEANDCSTAEREDIesi gn
criteria, sem conductor conponents have increasingly dense arrays of

i nput/ out put terminals wthi YEMEQNREGIYR PEMGES nt s” on printed
circuit boards (i.e. the height and surface area the device occupies
on a printed circuit board). 15Sem conductor devices are typically
fabricated on sem conductor wafers or other types of workpi eces using
met hods th@tusicad, Fepgeus! y process a | arge nunber of dies (i.e.,
chips). Mcroelectronic devices generally have a die that includes an
integrated circuit having a hjigh density of very small conponents.
The dies typi ddelnreseatinygtiannisdelategl tofstaskeddsqmierndyeton dedeescandapeihpds for
electric ﬁjggl - AR upply voltage, signals, etc.
to and fﬁgﬁ#?cé S?ﬁ %3?§§§§ﬁ§%§%%$ F%. The bond-pads are usually
very small and are assenbl ed in dense arrays having fine pitches

bet ween bRAGKORA¥INDNe t echnique to increase the density of

m croel ectronic devices within a given footprint is stacking one

m croel ect roml%clgalggd %Qm&c%ﬁdt?gtora e%tichagrdre -Il-llﬁfige%gpﬂ %&Rﬁérr ]?lgo%es, pagers, personal

10  digital assistants, computers and many other types of consumer or industrial electronic

products. Microelectronics manufacturers are developing more sophisticated devices in
smaller sizes. To meet current design criteria, semiconductor components have increasingly
dense arrays of input/output terminals within decreasing “footprints™ on printed circuit boards

(i.e. the height and surface area the device occupies on a printed circuit board).

15 Semiconductor devices are typically fabricated on semiconductor wafers or other
types of workpieces using methods that simultaneously process a large number of dies (i.e.,
chips). Microelectronic devices generally have a die that includes an integrated circuit having
a high density of very small components. The dies typically include an array of bond-pads or
other external electrical terminals for transmitting supply voltage, signals, etc. to and from the

20  integrated circuitry. The bond-pads are usually very small and are assembled in dense arrays

having fine pitches between bond-pads.

One technique to increase the density of microelectronic devices within a given
footprint is stacking one microelectronic die on top of another. Through-substrate
interconnects, for example, can electrically connect bond pads at a front side of a lower die

25  with contacts at a back side of the lower die such that bond pads of a top die can be
electrically coupled to the back side contacts of the lower die. An existing process for
stacking such dies includes thinning first and second wafers by removing material from the

back side of the wafers to (1) expose interconnect contact points on the back side of the dies,
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i nterconnects, for exanple, can electrically connect bond pads at a
front side of a lower die 25 with contacts at a back side of the

| ower die such that bond pads of a top die can be electrically

coupl ed to the back side contacts of the |lower die. An existing
process mei (;S)traab.lce ige thinkinesdi efsthé dieh.udbs sedond walky i§ igenaralndiinged ot fess

Sxpose | e RHERES CORPHENTS TRSrocrr Wepa Regigd Gy TREuR e bicy
(2) redU%n{ hge Shioak n@ﬁﬁr Qfe Ghekd Bfto dibe onegrNfrswalier. i sAgenedpatlhnt is

thinned to not |ess than 300 microns. After thinnin t he second

wa]t er i s sshsaquently dispqsed betweenindividusl spepud diess angl the flif?q‘dfﬁf%fﬁéd 8RAApFHYpnt are
waf er _are st acke o,dies on the first wafer. An encapsulant is
subseaueﬁ‘(‘ﬁ@s‘éﬁ%"g cg(eggf’%e@h i ndi vi dual second dies, and the first
waf er and encapsul ant are 5cut to separate stacked devices. BRI EF

DESCRI PTBRIEPBEEHRIPRON SEIHE DRAWINGSe 1 is a cross-sectional view
schematically illustrating stacked sem conductor devices in
accordance w Eh an_enbodi nent . of the

S SF e o EnL i1 A el i e BB iystrating, stocked Hi@hductor

a net hod glQdsqh 2 SBRARACHIA bR BmBEdTEAN e itlentish el i es. Fi gure
3 is a cross-sectional view of a portion of a stacked device as shown

in Figure 2F p%@#ﬁar ?ﬁi%, u%@ctﬁﬁﬁ%@&s mhfsﬁlgﬁdaﬁytim%ﬁngm@ges of a method

Figure 4 is a strating a method for manufacturing
stacked dbemamficooindsehizonasteaiiemblies. 15Fi gure 5 is a flow chart
I 1lustrating another nethod for manufacturing stacked die

Figure 3 is a cross-sectional view of a portion of a stacked device as shown in Figure

2F illustrating three stacked microelectronic dies.

Figure 4 is a flow chart illustrating a method for manufacturing stacked die

semiconductor assemblies.

15 Figure 5 is a flow chart illustrating another method for manufacturing stacked die

semiconductor assemblies.

Figure 6 is a schematic view of a system that incorporates stacked semiconductor

devices.
DETAILED DESCRIPTION

20 Specific details of several embodiments of the disclosure are described below with
reference to semiconductor assemblies, stacked semiconductor devices, methods of
manufacturing semiconductor assemblies, and methods of forming stacked semiconductor
devices. The devices are manufactured on semiconductor wafers that can include substrates
upon which and/or in which microelectronic devices, micromechanical devices, data storage

25  elements, optics, read/write components, and other features are fabricated. For example,
SRAM, DRAM (e.g., DDR/SDRAM), flash memory (e.g., NAND/memory), processors,
imagers, and other types of devices can be constructed on semiconductor wafers. Although
many of the embodiments are described below with respect to semiconductor wafers, other

types of devices manufactured on other types of substrates (e.g., dielectric or conductive
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sem conduct or assenbli es. Figure 6 is a schematic view of a
systemthat incorporates stacked sem conductor devices. DETAILED
DESCRI PTI ON 20Specific details of several enbodinents of the

di scl osure are described below with reference to sem conduct or

assenbl i egbstmteariey be sthinothe sedperof disingesionméd treder.ofeverahethercanhodingents

d b thods of. f ked
Sem cond(REY THEV RSN Tye HETHEGk SRS A EPIPELE o Keseduish i gos

vafers tRRkerbad bW Welehis Wesidmt % peReR oMbiathaANSIRT ini the H, Cllerefore, will
m croel ectroni c devices, mcronechani cal devices, data storage 25

]?l grrent s aceqdingly, undsestandr that oflesrpembodimentsd e hiavertiont mag shaye cadditional
abri cate |
(o0, 5 NABHENS I P smbodient AR e st i s R iR B

can be C%&Héﬁdﬁb&tbe%wﬁﬂmr&@ﬁﬂb&fo%%MBSS Although many of the
enbodi nents are described below with respect to sem conductor wafers,

other types Ofjfigy1CRSa BsYlseGionhle dieN tial ReHenlatiPAR ﬂfusﬁ&t@ﬁfarﬂrﬁ&nductor
(e.g., dielectric or conductive

assembly 100. In this embodiment, the semiconductor assembly 100 includes a

semiconductor wafer 110 having a plurality of first microelectronic dies 120 (identified
10  individually by reference numbers 120a and 120b), a temporary carrier 130 releasably
attached to an active side 112 of the wafer 110, and a plurality of singulated second
microelectronic dies 140 (identified individually by reference numbers 140a and 140b).
Individual second dies 140a and 140b are attached to a back side 114 of the wafer 110 in a die
pattern corresponding to the arrangement of the first dies 120a and 120b, respectively. The
15  stacked first/ second dies 120a/140a and 120b/140b form stacked microelectronic devices
150a and 150b, respectively. The wafer 110 can be releasably attached to the temporary
carrier 130 (e.g. carrier substrate) using an adhesive layer 132 such as an adhesive film,
epoxy, tape, paste, or other suitable material that secures the wafer 110 in place during
processing. The adhesive 132 should have suitable release characteristics for removing the
20 carrier 130 from the wafer 110 and/or stacked microelectronic devices 150 following

singulation.

In the illustrated embodiment of the assembly 100, the first dies 120 are at the active

side 112 of the wafer 110. Individual first dies 120 can include first integrated circuits 122
(shown schematically) and a plurality of first terminals 124 (e.g. bond pads) electrically

25  coupled to the first integrated circuits 122 and exposed at the active side 112 of the wafer
110. In the specific embodiment shown, the first terminals 124 are in contact with the
adhesive layer 132; however, in other arrangements, the individual first dies 120 may include

a redistribution structure intermediate the first terminals 124 and the adhesive layer 132. The
individual first dies 120 further include first through die interconnects 125 electrically

30 coupling the first terminals 124 to corresponding first back side contacts 126, For example,
-the plurality of first dies 120 can have a first via 127 that extends through a final thickness T)

of the wafer substrate 110 in alignment with at least a portion of the first terminals 124. The
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substrates) nmay be within the scope of the invention. Mreover,
several other enbodinents of the invention can have different
configurations, conponents, or procedures than those described bel ow
in this section. A person of ordinary skill in the art, therefore,

wi || accofict mgl 127 tumi‘éaesbara’dleash@artualljflﬁﬂecbwhbdlcmducsv@fnatehel blﬁvha@tcbpm:r, to
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15 ot her enbodi nents, the wafer thickness Tl can be approxi mately

| ess than 50 microns, and in further enbodi ments the wafer 110 can
have a thickness Tl of approxinmately 20 to 150 m crons. In the
speci fic enbodi ment shown in Figure 1, the second dies 140 can be the
sane as trhierdns, &fid i fsthé?@mbodintens, decplodlithi of sdobdfd clies b4) darf haveeatfinal
than the first dies 120, diyid 20 second dies 140 can include a
second aégﬁc{?‘gs%fh‘faﬂ@x‘%mg@@mﬂT%L’(’}k"r%‘}sde 144, a second integrated
circuit 145, and second termnals 146 at the secgnd actjve side
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procd$si ng t o Bebwersiptldng thepsgeendidies MO ertie thedinghdien 420, \Ibe gqcaéd 41'&\1/92 14} can
the Seco%?sodnle%?dn;iﬁgall qg%cf{?%e%me%ﬁ\hgggﬁ geimﬂds §?Aﬂ] %@Hﬁ%‘)?cféegond

el ectrical” connec S W copper I’I ca Ive

mat er i al slidss 40 0 ADrshvwheinf Figate dncknd®fogsbdt becond hdiel G40antaeer aouhedt &
125, 147.

corresponding known good first dies 120a to form a plurality of known good stacked devices
150a. Likewise, known bad second dies 140b are mounted to corresponding known bad first

20 dies 120b to form known bad stacked devices 150b.

The singulated second dies 140 are spaced apart from each other creating a plurality of
gaps 156. In the illustrated embodiment, an encapsulant material 158 (e.g., an epoxy) is
disposed in the gaps 156 between the second dies 140. The individual stacked
microelectronic devices 150 can be separated from one another by cutting through the

25 encapsulant material 158 in the intervening gaps 156 and through the wafer 110 along lines

A-A. After singulation, known bad stacked devices 150b can be discarded.

The embodiment of the stacked devices 150 illustrated in Figure 1 have an ultra-thin

profile enabled by the thin final thicknesses T and T of both of the individual stacked dies

120 and 140. As previously described, there is a continuous drive among semiconductor

30 manufacturers to reduce the “footprint” and height of semiconductor components. In

conventional devices, both the first and second dies are fully thinned to their final thicknesses



10 The UBM pl ated pads 152, in conjunction with the stud-shaped first
contacts 126, space the second dies 140 apart fromthe back side 114

of the wafer 110 by a stand-off height. An underfill material 154 can
be di sposed between the back side 114 of the wafer 110 and the

pl ural i tyat afie SafeeKewkl SRI@NRborsy tdietsofok isupplying siuarnel Gluppap datng bakk
provi de support for the stacked, second dies, 140. 15Before_ stacking
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The singul ated second dies 140 are spaced apart from each ot her _
cr eat i ng 380 phigroab. t Follpfwing skisco®sy of rihishgoblemuand: theelimitativongi ofeeanventional

encapsul ant _material 158 (e.q. n 0X i.s. di sed | he ..
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25 encapsul ant material 158 in the intervening gaps 156 and through

the wafer 110pgheRoahliresifstie AdedE & R9YpRIficOmboaRNdNt b S infeiead for
devi ces 150b can be di scarded. The enbodi nent of the stacked devices

150 i | | usnanafaetring seenigomdaictor assemblies 110t Fagurei2A ignsifatdser stagginf dep hgthodhat

thin final,.thicknesses. . d T2 aof .both of, t i ndi vidual stacked

di'es 120 ich BaORds | e EE i dle it rlkaep, AfehtlohE KnoRti g R 130
drive amppgheRmtGRNdHEIGD. Q tHIBPbThE EHelkiAES] [0Mak 86l iigal tthieknebODibRIWERA the
and hei ght of sem conductor conponents. | n conventional devices, both

t
the fir stioahgideddgrapddhe dagk sideul 4y The iniéa thiskeeseiTs ofjthgwafer 110 can be
t hi | : t . -

sulpglkl?le;iES rt°’r‘@‘{cattédf2“10\02{6’328!3‘?\4%6?‘#’%@%5&“8r. ngiylrjlg ;ﬂ]hﬁ%ﬁﬁ‘er F)m nIHi %‘5‘“

t echni quembodimeanttentvafendll 0 drayi be partialie tHinhddybdfbienin dsl atarhed do dieesarrier
are accordingly_singulated and sta d correspondi ng first di t
Choir fi SabstRiI3R (eds T r?@PW&E@W%bﬁ%%dpwf@ébgﬁ?ez‘é’&g‘t’%a’? “P?é%ﬁ%ﬁg'e

the seco ’ﬂlﬂ'og% Jie hbRbndddisNISNGn ARG niHeAGHA! kiR ThosubstrB AT IRNGARH110 at an
because the I nned individual second dies are fragile and subject to

br eaki ng.intGorediatpdentt B atdbis spge pbpratessiegond or top dies are not
thinned to final thicknesses |Iess than 300 microns. Foll ow ng
di scQoery of Fipuge PBdHhermtandsthpre aftérntht 3taifeynidl Oolias dmeen éhinneah frbm the initial

techni ques, the_ present, i nventor deyel oped new processes for, .[form
stacked AMEkngSCRID Moalssitastihinkness ik of cXemBlgiBeistialican bg ryraeyed i e gk

m crons 4§eCK4 of the wafer 110 using a suitable back grinding process in which the temporary

carrier 130 and wafer 110 are mounted in a grinding machine. In the embodiment shown in
Figure 2B, material has been removed from the back side 114 of the wafer 110 to at least the
25 intermediate depth D) to expose the first back side contacts 126 of the first through die
interconnects 125. As described above with reference to Figure 1, the thickness T can be
less than approximately 150 microns, 100 microns, or even less than approximately 50
microns. For example, the thickness T can be about 20-150 microns. Further processing,
such as etching, can remove additional material from the back side 114 of the wafer 110 such
30  that the first contacts 126 project beyond the surface of the substrate and have an elevated
stud-shape. In some embodiments, the first contacts 126 can project 5 to 10 microns beyond

the surface of the back side 114 of the wafer 110.
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10Figures 2A-2F illustrate stages of a specific enbodi ment of a

met hod for manufacturing sem conductor assenblies 100. Figure 2A
illustrates a stage-of the nethod at which the front side 112 of the
wafer 110 is releasably attached to the tenporary carrier 130 by the
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shown in Figure 2B, material has been rempved fromthe back side 114

of t hd wdrapproximately 200 @400 migsonss mﬁthérmlthw@eaeﬁn R the seeond Wiss 40 is
the first Iy
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t hi ckneséﬁ %“éffi}ﬁeap@t%ﬁtgé@-ﬁfg(ﬁherﬁrétr‘ﬁ Further processi ng, such as
etching, can renove additional materj al from t he back side 114 of, the

waf er 110 suchggesonddigsnktr ¢anshe attsghegciocorpspopdie dist dies bbby placing the
sur f g%e %Ec&nﬁetﬁ&tip 8 nak S dvdii y%ggﬂlat@& SUA P ﬁltggitto 1 i cdr&sg‘éﬁaﬁlg first

enbodi nent's Irst contacts can-proj ect mcro
beyond t hentacts fi2€ endfisitde rdfhok poicess, drilddhemfthemhel wafigy prbt€s, to electrically and

Referring next to gyre 2C _a.pl aIit S d di es,
140" ar e StHvY SplendenscRid dil b v ol ind hes Na0s pt dpenioned
apart frqmeasty, ﬂtetteéonaydlwweéﬁmeriﬁdlgﬁaaiylta@ec% dnldk tﬁalt%eeﬁgséh sHesid
140 are arranged in the die pattern of the first dies 120. At this

stage, i itsvidflaare atachadtodinesvil g@dhavedies halladoifagn knpwigeed stagked devices
bet Q.o 4k he 5 2
Frourd 1) Skhah ek RSl G dodun o b FEORA SRS RS 1 gp o

Fi gure 1)kneRp6sad fteckededitdssitsobl de 142. The second dies 140 can be
full-thick when attached to the wafer 110; however, in sone

arrangenent s, pihig S19GMRNtadds ‘ﬁ%uﬂs‘éﬁuéi@?taé@oﬂtﬁé MeﬁJoHXn WhidANBS uMel] material

attached to the wafer 110. For exanpl e; the handling thickness Th can
be appr oxdiSfrdiae bgengdispensad beteeenche tiinoedowafer 11 anchibe pémkqufetaplsect $veond

The. handi99g DnRebmmag i o Fieth RS Mrtabe! mag el PaERePafy G B eons

t hat Ashe 13@CKullechOMe asthcked 43cotld tilke BRCRANGE 1ASOpAHall endaphieite AR &ticked
147 are located at an internediate depth D2 where they are not

exposed drictoplsctsenipdryiess d60.1 Fhe wvansulans maderish 85 Hcansberdpposiied v theapy 156
the fif d o .4

cor  osportiiig beEpietig, aefsd BN, RRIEE o BBo SR AIRS ehdtess gr gt

with OVershﬁahle’l@chﬂlqmeedThadﬁcaZjaEtﬂaml’ln@t@tfiﬁlal(SB indgeferaldy & @opaiedion @tter saitable

contacts 126_and usin refl ow process, or other thermal heat

process, maerial ghat P’i%%&%l tge %tﬁ%esﬁiﬁgreat 30, The gpragsylen leaée&lla%r@séltﬂe RS

corr g@porlgs APthtiekht @htBe drQpsifisht WRMaP DSis REAYAIRHS-Yandr B b8EHIRsecond

di es 140 can be individually tested to ensure that khown good second
di es 140aiderld4 af theseeedd dieskAOwdheopper firfase ofithe sndapeelantandteriainl k§ dawever,



Figure 2D illustrates a subsequent stage of the method in which the
underfill material 154 has been di spensed between the thinned wafer
110 and the plurality of stacked second dies 140. Referring next to
Figure 2E, the .encapsulant material 158 is deposited in the gaps 25
156 bet wemn jirbjectsitaek et sseondididdi B9 sADnp ais ahe kpaptulparmatatidlyl 58 does not
encapsul at e tacked m croel ectroni ¢ devices 150. The encapsul ant
mat eri al ’T@g‘a@é’ﬁaﬁé‘g%ﬂﬁgW%ngl’{%gl%é’rﬂ%ﬁseﬁs| ng a needl e-|i ke

di spenser, stenC|I|n nmol di ng | ob- tépe di spensi ng rocess

tlher sui t abl g‘%‘%‘é%ihﬁ%“t‘e%ga&@ﬁ e etnd afierths sespnd digs lyérﬁéf-'eal thlyn%d
pol yner %orﬁ’ttlﬂ:q{ [g[tﬁﬁkﬁ‘es 1 gdeéagﬁtthlPlFrﬁEfgt Srﬁerb%g%éloggﬁt?% #%‘éﬁﬁf%oo

150. The encapsu materi a can fi gaps
ext ent3 t hah bt heueted aips gﬁaaling metkine ahd th® 8edosd gidaddhbf ﬁnecsacﬂpﬂaliﬁarlm can be

bel ow t he, secon i de f thescond ies 40 Th er . st

of the. erbpEtREHTARENY foufie dagredy ik giagipbrtbepice) medtarica
second sigighadidfliod Cor! &Hé} sﬁﬁaﬂl@ Ero%ék‘éé’do S’Pﬂe%@&oﬂ&‘%il&r 148l ard a&ofiifsy Hﬁﬁned after
interfere with subsequent b gri ndi ng/thi nni ng processes.

Fi gure 2Rhéy hausbmatm@mdstpa@eﬁm dmm&%ﬂl&uml@fm@cnalW@m&m@t@nds@s 144.0f
have been, thi nn f t he.hand] i ng,thi ckness Th e des

T eknoednd JobRE Ged LM IoREk B8 b E2s bl £ Bt ptRFES T2 goross
gri ndiong th@plhtaliey aNstcoiiEdise 1400 And iikeunkiddiiof 54 Hl tﬁ@@@dﬁﬁsﬂhﬁ&nal&&l 358 can
be thinned sinultaneously to the desired thickness T2 usi ng back

gri ndi ng,supprshandaroteeicthe siaeleed fptandseoond idins, 126+ 146 frem dowintvarsl forces during

processe dies 140 are accordingly thinned after they
have beeﬁhen%h;atl@q?&g%he first dies 120. Renoving material fromthe

second side 144 of the seco di 140,,t a in

o ocess can v/ Goun fer SRy Atk AL o phiged 9 3 a0 Mol R 3P cygpsg e
second dls@ébn&‘]:@nta@tldﬁl-g la€ thengdesrd thkoukhdicdimtbrédnae$ C4NS Ak Adscrited 8bdvalwith
158 can support and protect the stacked first and second dies 120,

140 fWBomrefsensi iy FEsre: bsthg thickness Ha oghibedlestgthan gppmezimately 150 giczqngni0
th 4 2
the seconiefihtr b tord Guboli R 140 uh ap EERmadS 56 kB T ERRT Ty for

As descr icamdplajoavde abdn 20%0 1 8F micetise to Figure 1, the thickness T2
can be |l ess than approximately 150 m crons, 100 microns, or in sone

enbodi nent s | eggr thading PR SoshigBddLor afs')semng O3 - thJ h@npdi ka@ss 16, cahole
exanpl e, can be about 20 to 150 mi cr er form ng the

sem conduemeyeddfioi ths aetivpsidet 1@ of élPﬁpU?f&? yl%a}drﬁherstasls@ BigfoghEtronigigeiges
fr omjohe lgﬁtc'aﬂ%e §E atédlﬁrggfc ia%g%ﬂ)f@f cui]n]n 1 qgﬁ lﬁfer %%Cnglggﬁﬁﬂt Plenal l1958 and

m croel ectroni c can e separ at
cutting ttlmooglgthe taderdrl O ahmigl laes ArAt exlicadativ &, thaderﬂtﬂurmygh*rteh%@vadtmiso be

110 al ong I|nes A-A At rnatlv , the te rar arrier 130 can
al so be Yt alanelings f-hend Re gempye tféma Mestrckeddesived b éﬁﬁlawwe%%%é the
150 fol | QucRG &8RS akhOFuPhedniife, Shakkswh B8y 'sﬁ@l&dl&q'icef ‘15@15‘%5&7’95 Biscdri&

known bad stacked devi ces 150b can be di scarded fol |l ow ng t
separ at i dollgpviog escpaBibhegrewsond contacts 148 can al so provi de
el ectrical connections for additional stacked
25 The second contacts 148 can also provide electrical connections for additional stacked

dies such that an additional plurality of dies (not shown) can be mounted on the second dies
140 followed by a simultaneous thinning process as described above. For example, Figure 3
illustrates a portion of the semiconductor assembly 100 (indicated in broken lines in Figure
2F) with a third die 302 attached to the second side 144 of the second die 140. Figure 3
30 shows an enlarged portion of the first through die interconnect 125 extending through the
wafer 110 to the first contact 126 which is bonded to the plated pad 152. Power and signals
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di es such that an additional plurality of dies (not shown) can be
mount ed on the second dies 140 foll owed by a sinultaneous thinning
process as descri bed above. For exanple, Figure 3 illustrates a

portion of the sem conductor assenbly 100 (indicated in broken |ines
i n Fi gur ea Ben o trémted thnough the sccand teaminak kifdandgthe Beconé dupehsdig éntqraonnget

h i e 140.  Fj h ' f
First o nidagnosreontreris st TR SEouBel TR Menl b B bt g
the firstygonlaghich 26 elibirichlly SolRae@do taothird erephintiesdeoat 45Rird Pwoegh die

and signals can then be routed through the second term nal 146 and

t he seconaferchrsoi8di e i nt er connect 147 to the second contact 148.
The second contact 148 can then be bonded to a second pl ated pad 304
whi chsi s el ecin thedlluspratedremsodizakent,che thitd; thepugh dig wnterecpoert 348 extends frem a

t hrough di e, i.nt onnect. 8 n 1he illystrated. ' t . .

it por nitsabdns I e Rt 07 Witk side 2o e iog AR fHoIg buigliffieg in a
the thir ghif neRe3 140ohbdakk Si¢i®13dAnohiddlige 33, r AddliienaB0Rdeafiltimaterial 316
culmnates in a third contact 314 on the back side 312 of the tra,i@éq%w

di e 302. caebe dispersad hetienthe secapd end third dies 148,53 03e Furthpraose dhe,bi
th d thi.rd.di . i i '
e 2o VL btk B s R AR e g 136

desi ned tabackpRknghRoédss afughhelbird dizediR hgs beediattachpd ¢ ths secahd die I4he In one

third die 302 has been, attached to, the second die 14Q.. In one .

enbodi mefmbodimentidhg desired AnekurEsss ipdess dhancappraxig B‘é(p‘%PdWW&ﬁeﬁo;? mEpns,

mcrons, , gQ{J{&r%sO“ﬁye tRbkmSs T &aﬁa%@rdiﬁgg bt Rb&itP8%S 1 IBmedshsaccor di ngly
0 150 iguré 4

be about m Ccr ons. iIs a flow chart of an

enbodi nent of met hod ' m’l{é}

assenbl i es. Tﬁ%mrﬁa'% f'nsoadﬂ éggh%%fwggﬁ%%hﬁ?@{gﬁg&gg% con S%ﬂgﬁlh\%g? léerd
t f) 15| a SElﬁ]{m?{Lﬁth‘ ags%fdbiief. Ti metiod 200 ::janTIhelu&ﬁﬁEnnthfgm ir']mxien];ductor warl]fer to
plurality o irst dies arranged in a die pattern on_the, wafer. .The ..
met hdd 40C0CBBIRFAEIE (blpflcs Be The AR e b ﬁ\ﬁi‘ﬁréﬂfy(f)g st dich sgynged n & die
Addi 1 ongllm e WREROIMRCHE 400 Ehut e hRRAE Minfing!ch Shadek Yol6dk 420).

si ngul at seco es to corresponding first dies, wherein the
second didklitiomelly rthangdwdi 400tdae indledepattatieing agrierabifyarfesingansad sepenshdies to

each other b S lock 430). After ,attaching the secpn i

The t 11 SEoRPPRRIDS S e PRS0 tno Pl ERep inRey b GTE fuBEand Shaceo

encapsul ahhfGrofBdaRh oter b ghfS(bIRRSIDRT WaeNatiabking €iosdomt diss {oothe dikst dies,

440) and thinning the second dies (bl ock 450? . L.
20  the method 400 can further include disposing encapsulating material in the gaps between the

second dies (block 440) and thinning the second dies (block 450).

Figure 5 is a flow chart of another embodiment of a method 500 for manufacturing
stacked semiconductor assemblies. The method 500 can include testing a plurality of first
dies to determine known good first dies and known bad first dies (block 510). The method

25 500 can also include testing a plurality of second dies to determine known good second dies
and known bad second dies (block 520). Additionally, the method 500 can include attaching
known good second dies to known good first dies to form a plurality of good stacked devices
(block 530). Furthermore, the method 500 can include attaching known bad second dies to
known bad first dies to form a plurality of bad stacked devices (block 540).

30 The illustrated embodiment of the stacked first and second dies 120, 140 can be

thinned to a greater degree than devices manufactured using conventional die stacking
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Figure 5 is a flow chart of another enbodi nent of a nethod 500 for
manuf act uri ng stacked sem conductor assenblies. The nmethod 500 can
include testing a plurality of first dies to determ ne known good
first dies and known bad first dies (block 510). The nmethod 25 500
can al so téchaiquete Eorsskampleabypkiackihg the sefondalientitidorde theofingedies Azthwhile the

k d i d d di ock .
Adal 11 ongripa ciend+fate wiiaut b e BT vERdH s RkREy g besasenty
dies to kmaumo #R0dcdid &bs M Dothotht Srdhand Béceh@ldics V120 14004 tetthipkedito less

devi ces (Dl ocﬁ 530). Furthernore, the nmethod 500 can include i
at t achi ndhdon 30 miaxens doothe nadlsdevicek (osun 28301 micsensy e Kugthyrmggey,ip some

plurality of bad stack devi.cas | oC . Thet L

B rbodP e fratenins PGl O diches el GEHond hite R FfEbhis HRkAAL B then be

t hi nned tKinfeddHRGE o 6@ S@reBahingay bf 88 stmked died, vewethl Usjersye.g. three, four,

conventional die stacking techniques.  For exanple, E% st.a ki.ne%.thiq

second difvs, stapofisliessan e strkesito doraxmybidaygs stagkedicrqslegianig Aedcer A2 [gve

sufficie Hﬁie%ykg to be handl ed wi thout breaking, and then

subsequent Ty Imming the second dies 140, both the first and second

dies 120, 140.¢can be.thinned . .tg | ass_ than ] \ T

device (e.qg., E)-"Tgﬂdltlﬂlc!ﬁ%n@f.sg?lﬁrat Er {rri@r é%&?%%lgﬁgzesg@r%%gﬁ%%agg the

severgl |gsersefediiveidas &aowh®additeylcanhbd Getedtediand tacked ttbgethen ao Shat renitire

then be thinned. Because of the extrene_ thinness of the ,stlgckgg%di e d
Ao KaR

several |dgfetivs staskef devifiead 30% ensy be disoprdled ef\is0) bibtackingsihe sine _
to form mylti _-di%yﬁ{o 35@8?@?2@ B Offis et 9205, HEUb&HRA Hridwd bAAV4iBY P40Y Gan

package. e i ndi vidua second di'es 120, 140 can also be
tested bafppoet s peliskinggrigindibg ides endbdd wefer-levelihimirgkaftamstapkidg dhecsepond

be detected d stagk th t.hat ti def i k
dovi cos. T 4G apiones BeLast et I AITEOehBH SeaRdFAERR R Gr GO S RADY
bad gcorb% i%ﬂé@a%e&ﬂ%u%@ iKNeNRa10adwhi gosd dibis 8511 1c3HIP pofliste DERO RE0WN gl

i can support a polishing or grinding pad to enable

bad dies
waf er - | evdids. t hi nning after stacking the second dies 140 onto the
first dies 120. The throughput of good stacked devices 150a can_
accordi ngl y 1Thbdhistrated ambddibeotus nithoeledtrnaiosdevices 1kMolin enaldria siidesrange
will only popul.ate other known,goo i.es. The.illustr : -
brbod e A XGRS BHOBAES PO AL oh Uueng dhy mpuing OGN, il Sing o wice
of mount i Re® JF ITRLR Sdeid meRHaRE SHS Gle @lciiRbl ddnBediRAY ba&Gktt fiRgcontacts
process, incfuding a wmde variety of suitable underfill materials

154. Zbhe @baod thecplhted padrebil cansbenenharced compared (o panmeetions gnagy drogh sacking

pl at ed pads 152 .can . enhanced conpar ed ' r
st acki ng B¢ dief ﬁﬁcé’agﬁée bﬁgr Hrey e’Eg?aueextgrgrglﬁrgﬁﬁggglg%%gé?ngqﬁgéiaﬁgrféond
t hi cknes 1idkh1405 afeauite. stlohg 298 CaRdvitisemd Hgh doen quicke viien angunsing the thick
w t hstand hi gh down forces when nounting the thick seﬁ%n&g{ g;si 140 tod
the corr éﬁ?@goﬁ“ﬁgl‘?q fos thegpasresponding\ s 8¢ 1 20+ PIorEavET e e
during the thi.nning..of ongd. G i @8s
140 agai rging i Yt ogiaeBEH3NE HoaRokis HeRoplehs, fabagaan s, &t
connexst i 0128. e highiddwidctess prafice belitarconmeetions.to Bvgdusdgirable disconaceds a
system 600 that includes a stacked sem conductor device as

Figure 6 illustrates a system 600 that includes a stacked semiconductor device as

described above with reference to Figures 1-5. More specifically, a stacked semiconductor
device as described above with reference to Figures 1-5 can be incorporated into any of a
myriad of larger and/or more complex systems, and the system 600 is merely a representative
30  sample of such as system. The system 600 can include a processor 601, a memory 602 (e.g.,
SRAM, DRAM, flash, or other memory devices), input/output devices 603, and/or

subsystems and other components 604. The stacked semiconductor devices may be included

-10-



descri bed above with reference to Figures 1-5. Mre specifically, a
stacked seni conductor device as described above with reference to
Figures 1-5 can be incorporated into any of a nyriad of |arger and/or
nore conpl ex systems, and the system 600 is nerely a representative
30 sanpl én afy siitbtcaspangsts showT ireFigyste riggesuiting yfemueld un peideasanyrof 2

601, a nenpry 602 (.e.dq....SRA DRAM . f] as [ R Vi

i nput / out"gg? )68%58?' @gscogwgfm%ﬁ%cg?m%gtﬁga eeg%nsglﬁﬁq%tgﬁé?’ corrdﬁg%tg%t@ﬁ@g%s'
The st ackedofaitlys anslughan 600/ icGie De/TRNIthbE [imabticiecth cdliputer Andloy odfer tdam
conmponents shown in Figure 6. The resulting system 600 can_perform

any of amcgssouefmi ey, acdesliap iCAmPREG dapien FRIIPWETo fHgract applidcpghand-held
i magi Rg, and/or oth i ingly, .
w thod (PREE kSt Sl bR SR prb BRI B RRE Mo,

ﬁx agpLei éaatgﬂﬁla kbraputer) ailwblemmiloammr.wﬁmbteehanmmnmmS dppthésansgdems can
and- hel d evice, nulti-processor system processor-hased or .
pr ogr anmasAledegHa-HRS COBPRISES: Bispiable FRPRBIFE; @Hﬁ%ﬁ Pé‘in,og’é qgps, personal digital

i ni - COMEG Ghrses, = tﬁ@'s?st&ﬁ%ﬂ el BirfleMicctaintct], liERES oY $4 8 FonGator, server
and associated server subsystems, and/or any display device. In such systems, individual dies

10 can include imager arrays, such as CMOS imagers. Components of the system 600 may be
housed in a single unit or distributed over multiple, interconnected units (¢.g., though a
communications network). The components of the system 600 can accordingly inctude local

and/or remote memory storage devices and any of a wide variety of computer-readable media.

From the foregoing, it will be appreciated that specific embodiments of the invention

15  have been described herein for purposes of illustration, but that various modifications may be
made without deviating from the spirit and scope of the invention. For example, specific
elements of any of the foregoing embodiments can be combined or substituted for elements in

other embodiments. Accordingly, the invention is not limited except as by the appended

claims.
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i ncl ude pal mtype conputers, wearable conputers, cellular or nobile

phones,

personal digital assistants, etc. The system 600 can further

be a canera, |light or other radiation sensor, server and associ ated
server subsystens, and/or any displ aglddviSce. I n such systens,

i ndi vi dual dies 10 can include i mger arrays, such as CMOS i nagers.
Conmponents of the system 600 nay be housed in a single unit or
distributed over nultiple, interconnected units (e.g., though a
comuni cA@ieensmnet wor k) . The conponents of the system 600 can
accordingly include | ocal and/or renote menory storage devices and
any of a wide variety of conputer-readable nedia. Fromthe foregoing,

b i at t i fl odi nents, of the invention 15
have been deskr | beh R o1 AP IEHERG SR PURkEr MUy ComapSine:

various nodi fh&@ting"$ sBRicoR@udt@Aakdr th O kerfltht ddtGer’ ARl &S Riafer thas a
and scope of the invention. For exanple, specific elenents of any of

t he foregoi ng enbgqiunbind fustlitrearcogd] imedlie patsuh o itheuwafédr;f or el ement s
in other enbogjnent ) Agfordingly, the invention is not limted
Rewa

it will

except as by
manuf act ur i NGtk

t

RaIngs % claims. CLAIMS I[fWe claim 1. A method of

8 ISRy GPRABGIRI RSSRINL 8o

%58?1'21& | 739 giRD Y8 th
a sem conduct or ma%er to a tenporary carrier wherein fﬁ% ma?%r as a
plurality of firstsechndsliesarangangednn thedlie pgptert endspaned fymrifadrareach other by
t hi nni ng the wafer;

gaps;
disposing an encapsulating material in the gaps between the second dies; and

thinning the second dies after attaching the second dies to the first dies.

2. The method of claim 1 wherein thinning the second dies includes grinding a

back side of the second dies.

3. The method of claim 1, further comprising cutting through the encapsulating
material in the gaps and cutting the wafer to singulate stacked microelectronic devices having

a first die and a corresponding second die.

4. The method of claim 1 wherein:

individual first and second dies include an integrated circuit and a terminal electrically
coupled to the integrated circuit; and

before mounting the wafer to the temporary carrier, the method further comprises
forming an interconnect in at least a portion of the individual first dies in
electrical contact with the terminal;

thinning the wafer comprises simultaneously exposing a plurality of first die
interconnects at a back side of the wafer that define external contacts; and

attaching the second dies to the first dies further comprises electrically coupling front
side terminals of the second dies to corresponding external contacts at the back

side of the wafer.
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attaching a plurality of sing-ul ated second dies to correspondi ng
first dies, wherein the second dies are arranged in the die pattern
and spaced apart from each other by gaps; disposing an encapsul ati ng
material in the gafs hethveonclhingl seeaist di es; and thinning the second
dies after attaching the second dies to the first dies. 2. The

met hod of cl di5Rre afiReiag tha plurhitn gf serend diesria Q@ﬁé@oﬂlﬁéﬂguﬁfééd@ﬁﬂ thelinghod
a back side of t hefuistﬁ Ogoqngﬂﬁ%;lg testlﬁg 1ﬂd1v1duaf'ﬁg n-%té{% of fVé(fqag]serﬁldtﬂgs to

further conprising cuttin e encapsu

gaps and cutting tdeeer@dekndvn dmgﬂﬂsahm %@ﬁ&@@s%au@@bvﬁqiaﬂqnmcand second
devices having a first die and a correspondi ng second die. 4. The

met hod of claim1l dNPFeﬂ@d n: i nd| vidual first and second dies include

an |ntegrated CII’CU t and mnal el ect I cou | e o_the

"t eqr ated crsguline e S5 gLl on i Bish s Forbfn it ipyn eood
carrier, the methadedndrdibefo IGRWRY sRISTkOARY BSd ﬁt@achﬂfg%ﬁ%q%tsebdh@&es to
| east a portion of the individual first dies in electrical contact

wi th the terninal kopwindaddgstdies teafoen aculmptinseSkremmugdodrataplied devices and a
exposing a plurali onnects at a back side of the

f f t
waf er that defineI%%?@pﬁgkhﬁgﬂg3€§@§ke Vi&fY¥aching the second dies to

the first dies further conprises electrically coupling front side
termnals of the second dies to correspondi ng external contacts at
t he back si dé.of tThe methet of claim 1, furthd . coiipesimet hod of claim 1

wher ei n: before attaching .t pl.urality of second dies . ,
cor r espondi ng P S‘&gﬁlé%dt H %HB&OF%FH%WWW digg S?é’sfhf“hgle third dies

i ndi vi dual first I ies to determ ne known
%@%a@é@aﬂaﬂﬂ%&ﬁ daal ot@@rg)@;glapg

good first and second dies nown St and second dies; and
at t achi ng t helipesiogdddiiiesal eocapeulnstapatadalig tifel gapt betwesn therpird des; and

attachi ng known good second di t 0, kno Qod f|r t dies. and
attachi ng kn69m°‘%aﬂ n%"é%‘?ﬂi (j’aﬁlf) ‘I@ﬁcﬂf)ﬁl\ﬂ%gﬂrdf ‘th%f‘l ¢ Eeposinerthe gngapsulant
plurality of known,ggeod n?fh%%%ﬁs‘%é%@&xﬂ‘ﬁ% tRRfgigs pl urality of known bad

st acked devi ces.

7. The method of claim 1 wherein the individual second dies have a handling
thickness when the second dies are attached to the first dies, and thinning the second dies

comprises reducing the thickness of the second dies to about 20-150 microns.

8. The method of claim 1 wherein the individual second dies have a handling
thickness when the second dies are attached to the first dies, and thinning the second dies

comprises reducing the thickness of the second dies to less than 100 microns.

9. The method of claim 1 wherein the wafer has an initial thickness before
thinning of approximately 700-1000 microns, and thinning the wafer comprises reducing the
thickness to approximately less than 50 microns, wherein the individual second dies have a
handling thickness greater than 150 microns when the second dies are attached to the first
dies, and thinning the second dies comprises reducing the thickness of the second dies to

about 20-150 microns.
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6. The nethod of claim11, further conprising: attaching singul ated
third dies to corresponding second dies such that the third dies are
spaced apart from each other by gaps; disposing additional

encapsul ant nHt er i Almdtiod dfengafistiraigvemicdndactbhivotkpitices compesingmovi ng
material froma back side of the third dies after disposing the
encapsul ant rEfengan ipitiahthigknsss pbt weditopfectemmpigr feeween a front side pfighe

nmet hod of claimlmg i L:Adi_¥i i es have_a handl i
t hi ckness when the se{:%%d(;a%?g(sélgggg%u‘géﬁgwéggp ﬁiéeeﬁafesrt A tsf?rag%d&gﬁm
t hi nni ng the seconfledirdsiredAREdosREcts;educi ng the thickness of the
second dies to about 20-150 m crons. 8. The method of claiml

wher ei n t he iReNRfng faplusdibbeioseppiatedgoendadips dtdrregpansingdinss dicpiire a stagked

second dies are att to. the first dies,. and thinni t he secon .
di es conprises r e&&%ﬁg’g& 1‘%1%“:{ Eolr%]k%ggugalgf 0? ﬁgcg%dc%c&oeﬁ?"ggmfcogffvé%eé’ Wﬁ%rﬁm
100 ni crons. in@vidlbesdBAdI18/Rs BhvEsRbAd IntdBETRER chhfecy@lf 1B tefM@Bald Bn a
initial thickness before thinni ngdof approxi mately 700-1000 m crons,

and thinni ng the Wabtendeeithe recend dischndi ontpntling to an ekemesliate level such that the
approximately | ess_than. 50 nm crons erein.the indivjdual cond .
65 have a hand! SRt EnRRRELEHS e B SRedRd b2 Aoch SR e rscond die
second dies are atdppediRahé frst igef i rst dies, and thinning the second

di es conprises reducing the thickness of the second dies to about

20- 150 m cr orsé least partially encapgulatingrhetstagked devaevsf anct uri ng seni conduct or

wor kpi eces, pri sing: reducing, an initial thickness of a .
seni conduct o&ﬁ)’\ﬁ‘tn rthﬁg??%gnd{? T’r%oﬁ’fp‘)é}n@etthse‘f%Q ‘ﬂ%f‘i?i‘m%ﬁ °8 the, ggeoad gide
of the wafer, whergefallff: ¥atifily dRapRlngiRd éthoke@ledibést dies and

first interconnects; nounting a plurality of separated second dies to

corresponding first dies in a stacked configuration to forma

plurality of .stacked m grqel ectroni ¢ devices, wherejn . indjvidual
second di es vae E@@oﬂ’&ﬁ}(’at gfcf’iadﬁ’eéﬁswg‘ﬁ’f‘?ﬁbé‘ﬁ‘@lﬂ“%%) thes ipifiphy tickpess, of the

first sisd@icBhdidié waePBEnpYiRs 28t P Hins ﬂlﬁkﬁ&sy%{\@éemﬂé fbft S8y glléd the

such t hat th_e second I nterconnects are not exposed on a second si
of the dedondedbeappppdsitely tehe thanr 50 siickens,adndl whatinpthinniag he second dies
encapsul ating th t acked vices; and .

P comprlges re uc?ng a seconéj Sle tﬁlclscness IBe:tween the first and second sides to less than 300

microns.

12, The method of claim 11 wherein:

before mounting the plurality of second dies to corresponding first dies, the method
further comprises testing individual first dies and individual second dies to
determine known good first and second dies and known bad first and second
dies; and

mounting the second dies to corresponding first dies comprises mounting known good
second dies to known good first dies arranged in a stacked configuration and
mounting known bad second dies to known bad first dies arranged in a stacked
configuration to form a plurality of known good stacked devices and known

bad stacked devices.
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t hi nni ng the second di es and exposing the second interconnects on the
second side after at |east partially encapsul ating the stacked
devi ces. 11. The nmethod of claim 10 wherein reducing the

initial thickness ffe h&h&E PO CIOWNRERT tfQIR iﬁéssécgg&tcdg% dolifprises

initial thickness between the front side and the back si
appr oxi rsaneltancbedy thihang H0secdd dies o anldckvess betwetin thenfingartdhescemt sides of
di es conpri ses rejuci g second di e thickness between the first and
second éWH@?“P@Bb’§§t£ﬁﬁﬁx§66“ﬁﬁcrons. 12. The nmethod of claim
11 wherein: before nmounting the plurality of second dies to
corresponding first dies, the nethod further conprises testing

i ndi vi dual fildst ditesnetheld ofelaivi tuaheisgcond di es to determ ne known
good first and _second di es and known bad first and second dies; and
mount i ng t he be&ue sacapselatingthg stacked dpvisesgthe methodgfugher-¢omrisg dispensing an
mounti ng known goqgseaRddhiaRed QnltROWIoAPRL. Lid 8 WGy ranged in

a stacked configuration and froun I 'ng known bad secon ifes to known

bad first di ebingingah®sdohddids chcies grieding HEgpueadrdyidds@f i s8ténd dies while in
plurality of known good stacked devices and known bad stacked

devi ces. aystackyth eofiguFSi@Nof ¢l ai m 10 wherein thinning the
second di es conprises sinultaneously thinning the second dies to a
t hi ckness between the first and second sides of approximtely |ess

than 300 nicna@ns. The methdd of HEmMEL ROredd tigd Aital 1Bickhexs &ifnthe REHROAductor
encapsul ating the stacked devices, the nethod further conprises

di spensiwrderap apgrasintately Saedl 890 micrpes ansicthe s¢rend diednde diidgicamef apheoximately
fer; Lnni t - di i i.ndi th d
of des oP0pHR0RERRES ARG AR St bR PR ekt °°°°™ 15

The nethod of claim 11l wherein the initial thickness of the

sem conduct or wafer is approxi mately 500-1000 m crons and the second
di e have t hi deness\ omedimor oodi Muemifyct®&O0z 180 corducons asdfetmblies, hghe method
nnuntin% stage but before the thinning stage. 16. A method of
nanufactBWWH%ngeniconductor assenbl i es, the nethod

forming first and second semiconductor wafers having front sides and back sides
opposite the front sides and an array of dies at the front sides arranged in a die
pattern, the individual dies including an integrated circuit and a terminal
electrically coupled to the integrated circuit;

forming a plurality of interconnects in electrical contact with the die terminals on the
first and second wafers;

attaching a carrier substrate to the front side of the first wafer;

processing the back side of the first wafer to form a thinned base wafer with exposed
interconnect studs;

dividing the second wafer to form singulated second dies;

populating the first dies with singulated second dies to form an array of stacked
semiconductor devices in the die pattern, wherein the terminals on the front
side of the second dies are electrically coupled with the corresponding
interconnect studs of the first dies;

at least partially encapsulating the stacked devices; and

grinding the back side of the second dies afier encapsulating the stacked devices.
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conprising: formng first and second sem conductor wafers having
front sides and back sides opposite the front sides and an array of
dies at the front sides arranged in a die pattern, the individual

di es including an 6058k 68016k ?&'%ex%ﬂg atermnal electrically

coupled to the integrated circul ormng a plurality of

i nt er connect sheifére glopakatihg athe fenntdéest with tie sdvendlidées] eeninathbd fomhdr emprises
first and second wafers; attaching a carrier substrate to the front
side of the first tGEmgindiyidyalliist %@S prbsasard diep grod@ermipe kpqwis goggfisst and
to forma thinned I i nect studs;

di vidi ng the secon %%@J@g ‘%’%@?%ﬁ?ﬁ?é Ogaeggegd&gll es; popul ating

the first di gpwlatifg Shé fiwt ati@dwiReeshdddies co@pfisdsrat@ashiag kaywafgood second
stacked sem conductor devices in the die pattern, wherein the )
ternminals on the fdigfie kapwa gopd fine diss appagadiia g stackedradiguragign fapd attaching

coupled wi th the GRECESRRNIENg OIS GRS 1HUBRy Oied fighhds®lh U SR

at least partially 8Wcapsu| ating I f

the back side of tdefisaeand tdfem abheilit¢EaRswhaidonGtiched aédedsemd known
devi ces. 17. The method of claim 16 wherein: before

popul ating the fi road sticked d¢viggst he second dies, the method further
conprises testing individual first dies and second dies to determ ne
known good first and second dies and known bad first and second dies;

and popul at i rlg.th%_@élﬁi%bndﬂcﬁﬁa!!ehﬂlﬁ%@ﬂﬂﬁsiﬁ%_es conprises attaching
known good second dies to known good fifrst dies arranged in a stacked

configurati ors thimdedserahndurtémostar hawdng e ectivediids attack sidwropbesitefthe getive
dles arranged [n oyt acksdconll ueal hon Le,Lorm & pl Ut LYol 0E,
sem conduct or assepRk¥n iE@VRLASHAY dies have an integrated circuit and first through die
interconnects electrically connected to the integrated circuit, and wherein the
first through die interconnects have interconnect contacts exposed at the back
side of the wafer; and
a plurality of separate second dies spaced apart from each other and arranged in the
die pattern relative to the thinned semiconductor wafer, individual second dies
having a second active side, a second back side, a second integrated circuit,
and a second terminal electrically coupled to the second integrated circuit on
the second active side, wherein the individual second dies have a thickness of

approximately less than 150 microns.

19.  The assembly of claim 18, further comprising an underfill deposited between

the first and second dies.

20.  The assembly of claim 18 wherein the thickness of the plurality of second dies

1s substantially uniform across the thinned semiconductor wafer.

21. The assembly of claim 18 wherein the thinned semiconductor wafer has a

thickness of approximately less than 100 microns.
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a thinned sem conductor wafer having an active side, a back side
opposite the active side, and a plurality of first dies arranged in a
die pattern at the active side, wherein individual first dies have an

i ntegrated cigcuit i i r :

connacted to Pre i nograray of PO Sherel b MR ENEHES BRtdhas o
di e i nt ewgfonthéskhsesshef\appiaxiratelyrinactharc 60 hdabss exptheehichiest bétli&asekorﬁil dleis
of the wafer; and a plurality of separate second dies spaced apart
fronteaéWPBFWBﬂBEH8“%?@bﬂb€HMP¥Pthe die pattern relative to the

t hi nned sem conductor wafer, individual second dies having a second
active side, a second back side, a second integrated circuit, and a
second ternm ral elBetasbaatly wr clainpll 8dutthertdogpsieimgnd i ntegrated circuit

on the second active side, wherein the individual second dies have a
thi ckness of 2pIprabin ﬁﬁte@Wtq taird digsespaqmioapatdrasn sach other andjayranggbin the die

assenbly of claim 1% %Ielétl C%@thlﬁlle%gse%gn% or wafe%i & 1v1¢$ua Itgllr(tlndles

bet ween the first angméecon € asseﬁb

18 wherein the thiteki@sstnid ddiee Ridel akhitd/bark m@rtﬁlrdhﬁ%gﬂaﬁ:d circuit, a third
substantially uniformacross the thi nned seni conduct or waf er .

21. The assenbly dcm‘@n@h qlectigeallyeqoupled tté ¢he thindriateerted eionvifuen the ﬂmd eﬁtlve
has a thi ckness of rOXI ss. t ha
e assoml v or oifRRERNThE ird fE b A AR atof R simptelialeny tRga100

a waf er thlcknesslﬁmmﬁ@prOX|nately | ess than 50 m crons and the

t hi ckness of the second die is approximately |ess than 50 m crons.
23. The assenbly of claim 18, further conprising: a plurality of

separate third dies space rom each ot her and arr.anged in the
b pat tern P at AT AL I GOEOP NosP PSR vi dual
third dies havhfigied sérﬁicf)ﬁid&%r' W&ﬁ“eﬁl‘l%% #h ddtive gtdléa& blu%élﬂ? of first Iaiers%rangecl
integrated circuit, a third term nal ectrically coupled to

third integrated dnmocliépatberns dnsl fitsi thaowmht diw entsicdenectshadtaidmg fnantthe pclive

di e has a thickness, of approxi el Iess t han 100 m crons. 24.
An internediate SFH@QEG%?§ﬁ§§8nE&@ “lassenbl y, conprising: a thinned

sen conduct or, Wabhffy SeYhRG.eDs@bhd s %t&tﬁted%gbﬂtﬁoha qtrstfdlésswéfe@é the

arranged in a‘die pattern and first through die |nter onnect
ext endi ng from t hendieiduslesesomtbdienam dpack apeddiofh cadheothad By gapa, and wherein

plurality of singul ated sec d di es nDunted to correspondi first .
B s, whorein theu]i“?tiﬁc%‘galé ¢ hayed ARt didee s6and Hde SpAcSpAPATt APBYANe At side
other by gaps, % Vtttﬁ.ruﬁn thﬁkﬁagom dises Bet {%r&)n béﬁ‘. ngﬂ@h the first

second si de space apart ontt e first si ness,
and a second i nt esgientrecin exerediatg depthmin tthefsacemd dlielesuch that the second

internmedi ate depth in the second die such that  the cond .
i nt erconnects ar e IHSICOBGSEEE PR é’é‘égﬁﬁe@tl‘élé‘gﬁpfﬁﬁée%@@dh‘?ﬁ #iks;

and an encapsulant in the gaps.

25. The assembly of claim 24 wherein the individual second dies have a handling

thickness approximately greater than 300 microns.

26.  The assembly of claim 24 wherein the thinned semiconductor wafer has a final

thickness approximately less than 50 microns.
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an encapsul ant in the gaps. 25. The assenbly of claim 24

wherein the individual second dies have a handling thickness

approxi mately greater than 300 m crons. 26. The assenbly of

cl ai m 24 whergin m@eﬁlﬁbﬁ&ﬁ;@orsa%mlﬁﬁgd%ﬁ{p@,@m\gafer has a final

t hi ckness approximately |less than 50 m Crons 27. A

seni conduct ora wefe riumlwing empniabitynef krownagerd first Hiediand agplptalibab knovof bad
known good first and a plurality of known bad first dies; a
plurality of separ &4%nown good second dies attached to

correspondi ng, kReMly 39Q afrht'é§tkngbv‘ﬁsgooar§éc@nd3hfé§ %'tthéh)éd% &%@?ﬁcﬁ% known
known bad second dles attached to correspondi ng known bad first dies,
wherein the secondodidsstaties, apde ptiralpsiof séracredkniwobdtescctyd @apsttachatﬂto

an encapsul ant materi al |n t.he S The ass of c
27 wherein the wafcé’Fref*Pé’él algtwoa%raﬁ@ésfwrabf‘%xwﬁé?18|t preoed gbwaﬁrqwce apart

m crons. é.rg;,l Qfangl aim 27 wherein the separated
second di es have a t nes 6%POX|nately | ess than 100 m crons.

an encapsulant material in the gaps.

28.  The assembly of claim 27 wherein the wafer has a thickness approximately

less than 100 microns.

29.  The assembly of claim 27 wherein the separated second dies have a thickness

approximately less than 100 microns.
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