METHOD OF MANUFACTURI NG STACKED CHI P PACKAGES O aim O
Priority [0001] Benefit of priority is hereby clained

wo e008l0S41Pat ent Application Serial Nunber 11/ 5831/482027/022136
filed on Cctober 19, 2006, which application is herein
i ncorporated by reference. Technical Field [0002] This
application relates generally to sem conductor devices
and device fabrication and, nore particularly, to
~enbodi nents of nulti-chip packages. Background [0003]

- An ever present goal in the sem conductor industry has
‘been to decrease the size of devices and to increase
the performance of devices. However, both of these
goal s pr es¥RtHPaPHIPERAIREIC SEROTERs CHE PATACRD goal s
are often in conflict wwth each other. [0004] As the
m ni mum feature size achi evabl e i n sem conduct or
manuf act uri ng decreases,cihe % C|t|ve coupllng
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as Selaial Niufiber rmfsea,t4m1 efiled oA GREBRASL2006, hﬂnaummﬂrcaﬁén is

devi ces pot ent chi evabl'e in a given area
lnéieé%‘gé%corﬁ%‘agasbé%%%aenﬁher function. The number of

Wi ring connections is increasing at |east as rapidly.
In order to accommbdate the increased wiring, the chip
desi gner woul d |ike to shFgchnief&ieldace bet ween

~adjpeest |1 ne’i‘hfs% Pﬁ&n@h@élﬁ%@g@ﬁé}hﬁy ?cbééi‘m@bﬁ@,{&dr%wces and
ThIS has the unfortunate effect. of 1ncreasi

n

cap!wiqeu f@bmaé@a anfl onoKS] Pagiculggly; te srr@eéma&g @Wh@hm
g{ d wiring and reduce capacitive load is to
stitute |lower dielectric constant materials for the

|nsulat|ng material. A conmmon insulating material to

date is SiO, which has a ﬁhaﬁg%Phhc const ant of

around 4. SiOis now used very large scale
[0003] An ever present goal in the semiconductor industry has been to

decrease the size of devices and to increase the performance of devices.
However, both of these goals present large technical hurdles as the two goals are
-often in conflict with each other. ,
[0004] As the minimum feature size achievable in semiconductor
manufacturing decreases, the capacitive coupling between adjacent metal lines
becomes a significant impediment to achieving higher performance. Further, as
the minimum feature size decreases, the number of devices potentially
achievable in a given area increases, as a second power function. The number of
wiring connections is incréasing at least as rapidly. In order to accommodate the
increased wiring, the chip designer would like to shrink the space between
adjacent lines to the minimum achievable dimension. This has the unfortunate
‘effect of increasing the capacitive load. _
[0005]) One way to accommodate the increased wiring and reduce
capacitive load is to substitute lower dielectric constant materials for the

~ insulating material. A common insulating material to date is SiOz, Which has a
dielectric constant of around 4. SiO; is now used in most very large scale

integrated circuit (VLSI) chips. Another way to accommodate the increased



integrated circuit (VLSI) chips. Another way to
accommodate the increasedw ring and reduce capacitive
wo omd/os13 0 shorten the di stance between devi cCBGI/D2007/022136
denser packagi ng. [0006] Multi-chip stacking has been
proposed in the past; however, one significant concern
Wi th stacking chips (i.e. nenory chips, |ogic chips,
processor chips, etc.) is the manufacturing yield of
the assenbly. Because any given wafer will currently _
havgirthghidaedicdapaditide (0aa tis 1oasheht® thelistahce Bdtivkat 8evices by -
when multiple wafers are stacked, for exanple 10 v
wafdmsernaghagitge |ikel i hood of at l'east one defective
chi@obé) any IivAAR-cHiPGKcIGRERasReR ;pgtﬂid_cséd: althleYpast; however, one
Al ternatively, stacking:individual chips that have
beevignifisat ¢onerRin Rﬂﬁ\maﬁ@ﬂ&)@@%@& memery 6Bips, lggicahips,
a ah [ : :
ot A bestlr ) (R PIEU Bln b9 N P BRI PR gausg any
hi ggivemwafer vail duosstlylhave operaentdgecefidefengivgichipg dnsits surface,

pr ev%ﬁgr;( b hg%qg |7 fe\@ g%e %"il%c%e&] etgg%ga €1 H%%Hglg% d?hef laillrcediéloéd of

devl Cés npr ove nanufacturing yrel

nurdidésst ofie défactivedchip irpany given stadkt goashipmigiafieartlyy . _

What . are al.so needed are inproved, nethods and deyi ces
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scription_of the Draw ngs . FIG ., 1 shows a ‘

el etpgkypg Walsrs PHoK 9 UTPE; ﬁge%r a#néﬂﬁoﬂm&rﬁmwt Bhlss due to

| NV@RAkAAurih@ RN iFpresentA- 2C show two wafers in
vari ous stages _of chip assenbl ing to-an

f :
enbl980Fknt - of WK areyded ars, methodoandrdexices dba tmerayy the

Cr O 8nRctuHAR yid18 WE 195 NS of Stadedi hiss iflaA88Ri-SHip assembly.
chi E assenbl y "accordi ng to an enbodi nent of the

i nv&ihat ene aljooueedpd preamprovedanethedsandideviaes to sabasgey
acc ' - dj ' ' .
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an chip assemblies. ’ ‘ ’ '

Brief Description of the Drawings
[0008] | FIG. 1 shows an eléctronic system according to an embodiment
of the invention. | | ’ '
[0009] - | FIG. 2A-2C show two wafers in various stages of chip assembly
according to an embodiment of the invention.
[0010] FIG. 3A-3C show cross section views of wafers in various stagcs.
of chip assembly according to an embodiment of the invention. '
[0011']A " FIG. 4 shows a multi-chip assembly éccording to an embodiment
of the invention. ' |
[0012] _ FIG. 5 shows anothe:rj multi-chip assembly according to an

embodiment of the invention.



enbodi nent of the invention.Detail ed Description
[0013] In the followi ng detail ed description of the
w0 poogsides, reference is made to the acconmpanyP@mus2007/022136
drawi ngs that forma part hereof and in which is
shown, by way of illustration, specific enbodinents in
whi ch the invention nmay be practiced. In the draw ngs,
| i ke nuneral s describe substantially simlar
conmponent s throughout the several views. These

enmbodi nents are descri bpdtdiledPestriptieRt detail to
enabl e those skilled in the art to Practl ce the
1

i nf8M3lon. arlrehe &flyringdatedledrdgscrigtion pf thedgveniipn, reference is
St Ubdhe adBHpa lnﬁ %%ﬁk? fHak ¥R a ﬁzﬂ@ﬂ%éf A% inb®hich is

- made w t hout depar fromthe scope of the present
i n\sbnwndw whpoi d]usurh@on,@pcmﬁc ﬁmbedrmqnﬁﬂjm"\shnbb theingention may

us

ot B eesaf, P tne WhOBEARE fuhér ] deRelud LB ARty similar
_ an contpegemts ddocghcmn tie s(elv@)al giemsc ﬂﬂnrw ahbadiments\aen tessnibed in
- The ter.m subpst.rat underst,Q0
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. t 0 ehtfodimérts amynheondized and sﬁ-mcmtau rle@cai pandgjeqriogledmnges may -

[o; ot her | a
o e TR EhatE GeBarine oy e SepBe ST e Prossurangasion.

f at[oopqt ed t hEletepas “wBM’haMﬁ‘fﬁbstﬁd’td 64¢dsh tied follondhgide
doped and undo ed sem cong?ctors,, |ta

S eEB IR B CHE oY SRHIBORFSg B oBHSur Ber B thick t form

OF anffiteAh&d circbit (I€) étnﬂﬁur@tdfﬂle RO RN diHe! téfm substrate is
structures well known to one skilled in the art.

e runderstapddp srclnde semieondusing wakersn dhe rmsebsEaig s E‘FB pged to
| e Ffep fo ge‘?ﬁl%x’l&ﬁwr%m&u%s cﬁirﬁn?%&fésﬁng sndgfa :yriﬁguaé’ other .

ude any material that 1's ['ess elecCtrica fy
" coralyersisveh ahsilicerhen-imsudaton(SOT), <t e thas dave begn fabricated

Co S & gﬂ I ?i;ﬁ%d |

th Qg&gﬁ i c% t|Q 8,#}%% Uciiesfuli)n alg:q'gd p %g arﬁ%rﬁg? to the

c 0 rsemlnqndnabrsp Epitexidrsesirondoetonfayerswapportast bysa baser at e,
CuerirRteih of {EyRld- P 8o fcedtBlor rucrures gt

p erpenai to wnaskilled tim ehehwot. | Plonteerh caﬁdtd:ecﬁri in adderbtwd to include

.E) L Sgﬁiclfc}r:dgnsmctge ?wsm;rgﬁ gr dig é'fc. is dre]:ﬁ (!l go mc{ude ahy
material that is less electncally conductive than the materials referred to as
conductors. » ,
‘[0015] The term “horizontal” as uséd in this application is defined asa
plane parallel to the conventional plane or surface of a wafer or substrate,
regardless of the orientation of the waf‘er or substrate. The term “vertical” refers
 to a direction perpendicular to the horizontal as defined above. Prepositions,

3 <€

such as “on,” “side” (asin “sidewali”), “higher,” “lower,” “over,” and “under”
are defined with respect to the conventional plane or surface bemg on the top
surface of the wafer or substrate, regardless of the orientation df the wafer or
substrate. ' .

{0016} Although the terms “memory chip” and “logic chip” are used in

the following description, one of ordinary skill in the art will recognize that in

3



are defined with respect to the conventional plane or

surface being on the top surface of the wafer or
waeashsate, regardl ess of the orientation of tPer/vwsfoer/022136

or substrate. [0016] Although the terns "nenory chip”

and "logic chip" are used in the follow ng

description, one of ordinary skill in the art wl|

recogni ze that inone enbodinent, a chip may include

both nmenory circuitry and logic circuitry on the sane

ChioRe efiboliment) 4 Bhip@hdy INEREE Yoth membiy Mirdiidy bad| ld‘glc circuitry
C|rCU|try on the sane chip. is defined to be bot

momIh ST Fhipa R AT gPA SRR SCHRE OB Tediry on the

f olsh QwichE, HeRAhEPLI B botl Q@nfe?ﬁdr?‘@h[w a‘iﬁ@taaflbﬁg chip” as used in
descrlptlon I's, therefore, not be taken Iin a

| whe follgwieg descaiption.nEhe &llawing detaded descaiption iy diprefgre, not to
i s ydehidgd 29 SrARRE AR of ki ﬁﬁsen@ lRRet%h iadfi@d only

i
full scope o m%lva ents to which such clains are
entbiytthe dppe[n@eci ¢]a1msx adonigowithrhe fublscepe oigawi vadentstp which such

haQFu Jalg% ?S%xﬁfst%@ such as a personal conputer is

ow an ‘enbodi nent of "a hi gh-level device
apd00rHti on fAn etﬂ’o@dpnm: efitn urrfoenatnmm:anldh@ sgstery sgch as a

bl ock di am. o tlonh lln t
nEretp et e is flqbadh B OB R AE FAiEebel device

f gragpﬂcdmnrtaf hﬂqjir?seﬂt mvesticha ke, i nk b biook dam@anhn ofant of

t'he vent | nf or mat on handl i stem 1

ST TBALSE SHoR Lo ring L 1S b Tk R faasenbly 4
Pr g8RMEd by HRAMdIde smrmwm oerehﬂfodemamﬂfese invehtiste,

but are not limted persoB% dat a assi st

(Pindymation herdingeriephbiidasre Geny i dpgtronic
S ats?l;tk:int ﬁivhlm\ kHel SEdenyY ﬁﬁbﬁﬂl&f'carﬂs&useaoﬂﬁ&r dxﬁnlpl‘dsﬁnclude but

~ exahpl e, information handling system 1 conprises

datase petdiraited toy Pessonal dataassistants (E@é’ss)epeélyéar éﬁ"%?me% MB3
Cogﬂiz,%rg *A?rc gauﬁuésomam&ua& the system System

row conmuni cations | i nks anong the various
codﬂ@t&lnt s of Int this qurmimfpunatrmhmrndhgg sysfemnh comgpiies a data

”%DgceeskxﬁB gﬁ@ﬁttﬁﬂ 1ﬂ«§lu@?1 SUI ! aﬂﬁsz t(ﬁg% ééfmgg%ﬁ O8nponents
Muldfithe$pispenas Smtbhwus 2i ;gowdeqa(ccsdrmmlcahensslydtsamdmgstht? various
g/glé:fplgiﬂ%)xr}lengtg I?g g}e 18Fc}lnn€8gn;2¥an ﬁ'nl&,]usglgtfe%n}/aﬁé 51%9'1;% iglrplemented _aé a
single bus, as a combination of busses, or in any other suxtable manner.
[0019] Multi-chip assembly 4is c;oupled to the system bus 2. Multi-chip
- assembly 4 may include any circuit or operably compatible combination of
- circuits. In one embodiment, multi-chip assembly 4 includes a processor 6 that
can be of any type. As used herein, f‘proceSsor” means any type of
computational circuit such as, but not limited to, a microprocessor, a
microcontroller, a graphics processor, a digital éignal processor (DSP), or any
other type of processor or processmg cxrcu1t ‘
[0020] - In one embodiment, a memory chip 7 is mcluded in the multi-
| chip assembly 4. Those skilled in the art will recognize that a wide variety of
memory chips may be used in the multi-chip assembly 4. Acceptable types of

memory chips include, but are not limited to, Dynamic Random Access Memory

4



circuits. In one enbodinent, nulti-chip assenbly 4
i ncl udes a processor 6 that can be of any type. As
w@e@d/osiei n, "processor” neans any type of PCT/US2007/022136

conmputational circuit such as, but not limted to, a

m croprocessor, a mcrocontroller, a graphics

processor, a digital signal processor (DSP), or any

ot her type of processor or processing circuit. [0020]

In one enbodi ment, a nenory chip 7 is included in the

mul (DreAMR) WURAMSTBWSI RPRAMs bhe odtfer mAMs

regﬁgnl ze that a wide variety of menory chi ps '
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may al inclu n externa 1

ity TSR R ﬁgﬁeﬁﬁﬁ% 08P JiskBiegsp compact

thedlﬂ?éf(@lﬁé)l&gnt@mhé&&EkﬁDVBbU:Bndi&neQH& or nore hard
drives 12 one or nore drives that han | e

r en@%ﬂ e nmedfnformatgpdandling sty 1gnaxalse dclu isplay device

&&qg%)moﬂh&' L@dltlb’l’léj %@rlﬁl‘leﬂiﬁoﬁg\é@éﬁm 180shchnA shbdi®rs, etc.
[0023! I nformati on handling system 1 may al so include

ksybgand and/ar @ugnllqslﬁ ¢agrinclydel p Mise trackball, game
per 8
key%oar H ér‘l’g; or rﬂ{i’evnééJ %pal\?\)sho%ﬁlegé;ﬁéﬁ%k g?ﬁ&mé‘&dsy@tem
Mo UseT ta maukmmmtnga netocaodtrcm‘reemfommlgeﬁwmtimhfqrmatlon
deV|c 1 s oy 1 ot her device that permts a system user
| g PE; %ﬁornatlon into and receive information from
t he[(hom#pr mat i Ergdnesrﬂiﬁ+2@st&ysse&ntal ac[tsOWﬁ»roEesgmfé‘ermmg multi-

rzrﬁl-‘f ?B %Q V:\:llggse L&%trcﬁng ?cg: :Ems e&xﬁoé}'nl%EP (():te the nr(l)\fen 10N m[n 91gure 2A,a

first wafer 210 and a second wafer 220 are shown. The first wafer 210 includes

" anumber of individual chips 212 and the second wafer includes a numbef of
individual chips 222. | :
[0025} In Figure ZB the second wafer 220 is electncally coupled to the
first wafer 210 to form a wafer assembly 200, In the operation, each of the
multiple individual chips 212 are aligned and coupled with multiple individual

" chips 222. In wafer form, the joining process between chips 212 and 222 is
eésier and produces a higher manufacturing yield. Among other factors, the
'larger size makes handling and connection easier between chips on the first
wafer 210 and the second wafer 220. Also the interconnection process joins

rﬁultiple chips 212, 222 in a single operation.



packages according to an enbodi nent of the invention.
In Figure 2A, a first wafer 210 and a second wafer 220
wae@spsiarh. The first wafer 210 includes a nunmper/usfo07/022136

i ndi vidual chips 212 and the second wafer includes a
nunber of individual chips 222. [0025] In Figure 2B,

the second wafer 220 is electrically coupled to the

first wafer 210 to forma wafer assenbly 200. In the
operation, each of the nultiple individual chips 212

ar ;u(ﬁd] gned gp q:lgﬁh' RIS theebbndWhid: b6 id SHOWH KiAng & MiBness

' I'n wafer fofm the ol ni ng@(grocess bet ween chi ps
| 2122an&h onomiethod of ineanufasturg, the irdividualyhipse?22 are partially scored

v na“‘r'th%‘\ﬁéei‘é} gg)n#@,l da n@%ﬁﬂ{g&n% beS fdsALRE S101! ﬂ?oﬁ@&gﬁ{od the

si ze onnection easl er betwe
c hspwred nide o€ thej sesond/vwh&lr 220 (s lmoated btths entcrfdcm\mtmeenz g@ first

AI so t i nt,erconr HhRS
4510 JaHEPRRRE sl BOUER Foih S s B S0
_ t hemmq ond . weffi gureZKDshcﬂvsshsla\gB 1lnamengethod of nianeﬁstuiélWhere the
I n one .net ctu ndi vi dual
r sSaATay 22 SRS Aok ik sV h FigirP B84
“at ttlﬁ@iéﬁ&@t% e? §mef inrfsgurgm‘ce ][ InZd&Z.rgétno@ bﬁnﬁﬁhgmmré ke partial
scored si of t eco waf e i.s ] ocated at
C Sunge! e stronp wle SAtHis Comgleied b e e rogtss i Figure
- Wabef o 2diewadepaatibR of id&v@ﬁalsihqmzlzn AtHuEE paBial k€A and
 VF|ghre 2C shows a_stage in aone nethod of manufacture

isningare disgigcdias ee mothod 4o separpie indivighalighiRsdigstzom the
,-Zzﬂeﬁﬁldwﬁ‘éﬂZZm e BVERiIZBshet & fikiteknens o?aﬁna&ysshnm the

in Figure .- I'n one nmet hod of nmanuf act ure,

part, having thq hegeit of the psesery tHsclefuee vzﬂcew"&frﬁbweqtb%r
by ntléiﬁ Js%f@@#eﬂ'gtugé ng?vclal]ldl %REJS 9'23 %E&Fﬁ Ri1ah]cR¥ess sawing after

separa Ion O vi dua though parti al
- scovafercaanectidm, mtei alg eapmdassedjb}s&dt presephinventiond t o

228"% e i ndi VI du olaLrR tz&% s‘é&&{{ﬁ‘%ﬂ@éﬁf&& f ek with

_ e |nvent|on |s no 50 | |nar
s kiihdividual dslﬁpsﬂzz inhfhipichip dtientatiometoi donoéct ttdn ﬁxepnés/edual chips

cepar G FrtaYeIrTAIG: B e emIag-Siniring BR S Rblugen.o
S a\&uﬁ@ar&fdll@rall\/lﬁémylew Bivedits toincredse thahbelﬂmod mmaﬁen‘ rhx)st of
PRt A b et A7 S Baee SEDSPARREL: A Sampie
' of a high-yield circuit in one embodiment includes only re-distribution plane
circuitry on the individual chips 212.
{0029] In one embodiment the second wafer includes memory chips such
as dynamic random access memory, although the invention is not so limited.
One method includes testing all individual chips 222 prior to connecting the
second wafer 220 to the first wafer 210. Defective chips are idéntiﬁed during
the testing process. As shown in Figure 2C, after individual chips 222 are
coupled to the first wafer 210 and separated, defective chips can be removed
from the wafer assembly 200 without disturbing the other chips 222 that remain
connected to the first wafer 210. The removal of defective chipé leaves gaps in
the chips 222 such as first gap 234 and second gap 236. Good chips 230 and 232
can then be inserted into gap 234 and gap 236 to form a complete array of chips
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i ndi vidual chips 222 in flip-chip orientation to

connect to the individual chips 212 on the first wafer
wQ1i@s/osmr1dne enbodi nent, the first wafer incluPEsUS2007/022136

substantially all high-yield circuits to increase the

i kelihood that all or nost of the individual chips

212 on the first wafer 210 are free of defects. An

exanple of a high-yield circuit in one enbodi nent

i ncludes only re-distribution plane circuitry on the

i ndpy ditdbutCliyRfefestive chipd pseht) WB@reQ‘JEMZMérettHﬂned prior to

second wafer includes nenory chi ps such as -dynam c
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cni W out any ecti ve | resent
i BR33D 2" 90 g oAb LS Pt 5 BRgtcg o T stack of
- T eNMRyfrs aflertHERRE fidctioia? WaliSt ¥dddd iMREIstEONITRAiRS wake:, such
‘used to fill gaps such as 234 and 236. [0030] The

pr o@Se%lg reRisteibp R ciaBEY waleRrap than b dised onseperated by inning,
repg@t @didrOthe %Bmlﬁ%‘{vtafer\e@ﬂ SE re?ﬁ&ﬁ:lﬂ%r dﬁ%‘ﬂa%etods%f&j? tdphtate the

chi ps are being renoved ;E aced as the stack
8

pr og\désdleai muytifqhipstaclest én oge odimang,be hplding ywater attaghment
staf § }%t%apyo %@Xn&’i@[@gf ﬂn}./lﬁl gllﬁggtcack; Qr% 1?%19 ?c'mé\)éd from the

process e easl er st acki ng
waf koldingyeafet. hhl mumlilanilmcmtngleyasé Ivch ferf lnahfgstvelﬁpmterthe

fi
bR DU Bt i
vvaysdijafamg vaaclesaddptlnmnmg waf er | evel assenbly.

o T2L{ acke O BREn: o S HBoey CPTREPTTL  fipEfance

i s bt eehbodirhéas of aekinvetition] wsing theaéiniques @bscribed above. One

contemplated embodiment of a chip stack includes a high-yield redistribution

circuit chip on the bottom, with multiple memory chips stacked on top, with a
logic chip such as a processor chip stacked on top. In one embodiment, a logic
chip in the stack includes both logic circu_iﬁy and static random access memory.
Other contemplated configurations include the logic chip located adjacent to the
redistribution circuit chip. Specific reasons for such a configuration, such as
multiple processor embodiments, are discussed below. Although a chip stack

~ including a redistribution circuit chip, at least one memory chip, and a logic chip
are described herein, the invention is not so .limited. Techniques described

above are useful for manufacturing any stack of more than one chip.



as the redistribution circuit wafer, can then be diced
or separated by thinning, etc. Later, the hol ding
wowrdoensaah be renoved or diced, etc. to safel yyGEps2vat/e22136
the individual nulti-chip stacks. In one enbodi nent,
the hol ding wafer attachnent is tenporary and the
i ndividual multi-chip stacks are later renoved from
- the holding wafer. In one enbodi nent, the | ast wafer
in the stack prior to the hol ding wafer is scored
deepggssjhan t hggprek 8A-YOKREW side vidwybOLcHi rmaﬁﬁﬁé&iinng
separation with'less chip thinning. [0032] Mny
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r edi t
i e WSoBcE  £ itk il o Wbl OF) 6. ShbRzonal
Cc h| pechstnbutam arq:mmy Gsa,csmeb hs mett] ke lings) abd pias lon comtects 338

TR e W SR g

€O ni‘@iﬂks@dfﬁdsulﬂﬁf' Badirsath ansilicotcdiodidle] May begised ehdlpctrically
ent to the redjstribution circuit chinp.

[ ocat
Spe&ﬁ"?%%éer& ISHDUHGR UGy 4 Z’onfl guration, such as

mul {00H4¢ Pr oCAaDME efibdAHhdHR thS firgichip3 e Rads bﬂrﬁWcrtléal
Al though a chip stack incl udi ng.a redjstributiao
ci r Omnwpgagon 2hame] 34 anda ﬁ%ﬁ?BF;YeEFﬁaLW‘BWb‘“&aPB’Q Fhannel 346.

chi ﬁ‘h@rfﬁ'st%?ﬁd'aﬂ B&AniRi@tibn chitel BALHcIIRSs h Vid) @ tlﬁ:ohke cheral
l'imted. Techni ques -described above are usef ul

fo
. mantYRes of epmgrumigation ghaanst 34bare within thmscopaiop tf[eoesg}tlon
Fi gméd,ﬁé\n?eﬁ‘al%gm&b@e eﬁfnj[g:gy‘éon‘a‘ixct%r§ Bid TRIVEGH %rh&ﬂ

operati on accor odi ments of the invention.
- fi r somohingcagion Chsmmlhaﬂ\ﬁ ilystrates agonxiak ¢anduetier pmbodiment. AS

ori es
o SHRA VOl AU 1 Son iRl ¢Sl Dt

cel Icemnﬁhmatﬂﬁh ehaimd cdsn@3Rsatheoughoamertive thickriess af the first chip
subgg{)ate 330 with a thickness 316. Hori zont al '
rTedrstribution circuitry 340, such as netal trace

|ingeo3spnd vi &Egﬁtl’e msﬁo&%ttﬁe 828 chips3 19h@upled in flip- chlp
i nterconnectin 32.within the first ;_’;QpH
N

e CHPTHEPR G B8ORS CBIP 1205 cAngate SehTEs
di oX%hibedinigiy, the sélﬁﬁd chﬁ) EZ(E&EI&US@& hight yieldadhép bl as a
red II'CSC}lSrt{‘lgllilttl(l)noglrgdltr ghlilrl) E‘lrrlg the ﬁrst chip 310 includes a memory chlp
However, the description in Figures 3A-3C is applicable to a connecting
operation between any two chips ina chip stack.
[0036] In one embodiment, the connection structures 312 include solder
structures such as controlled chip collapse connections (C4). Any of a number
- of pad metallurgies are possible to support the connection structures 312. One
~ pad metallurgy includes TiNiCuAu i)ads. In one embodiment TiNiCuAu pads
are formed using a liftoff process. One advantage of TiNiCuAu pads formed
using a liftoff process includes the ability to form smaller contacts, thus
- permitting a more déhse interconnection configuration. ‘Although solder

connection structures 312 are described, the invention is not so limited. Other
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[0034] In one enbodinent, the first chip 310 incl udes

a first vertical communication channel 344 and a
w@emsnsli4verti cal communi cati on channel 346. TheCT/Us®17/022136

vertical comuni cati on channel 344 includes a via, or

the like. Several types of conmunication channel 344

are within the scope of the invention, including netal

conductors, optical conductors, etc. The second

vertical communi cation. channel 346 illustrates a

COaybRIbIE BbMHiection SteiNad BEDinclie gol@Wzd1d bbhging&odhection
prior to connection to another wafer, the vertical

conFHHAES) CORIUS IR FEPSiessORGICtorRlled FRaFiRshcandushivs films, etc.
thi ﬁh‘?ﬁﬁs of tFhgirE BBShoGAkhA eﬁ%dnﬁ&ﬁ%@er&z ﬂﬁl{roﬁn&ﬁlon structures

shows the first  chip 310 coupled in flip-ch

or i 212 leaven gep 344 beivssn tlm'lrﬁt diip 3d9|ang ﬂa%-‘m@eml Flaig 320. In one
t
SLT %ﬁgbﬁlﬁﬁnﬁ&éﬁab@ lgggﬁﬁl i Yid ntlangn%e g{? :(Blﬂbe? Ridbodifents

i nc es a as a re uti1 on
“ci rtheigap3inps befidopiene Filledsambddimestsanayneieadbesivesnuweh ay epoxy

chi. tﬁgﬁl\ﬁl\f T mat%ﬁ?l tg g%t?‘{lhg 5&&%&0&{? n'lzécggré ?5’1 s%ng& tb% final multi-

app 0 a conn ng operati
chlﬂapmmwaﬂﬂylp stack. [0036] 1n one embodi nent, the

con on structures 312 jnclude s er. tructure .
suc ﬂﬁl&&l contr &P F g Sc‘g*'?rg ﬁ%eeg??o%in“d l?xi Rech &f)oorci% fluid
of suchuistagsas @t ligaid 1ﬁeblaltb paAG tﬁwe&rﬁnﬂm&laﬂ) Ichhpt; @n a chip stack to

suppqrt -the conpection structures 31

ot Siatet 091 e s oPPRFIeTbAL PRGIGIeS s e s athoiment.
TI Nedalfig sPaemn &nmﬁgnther%dpysmg cduplelittotie s@l’s&ﬁﬁﬁﬁcocﬁ)ﬂ €hip
advanta?e of Ti Ni. CuAu formed using a.

pr o¥tagksiormer ggeardingdo amthq48¢e§%1hesr R R& F!"@Pd’é?ﬁﬁ‘tt 4h¢ gooling

t hugy, sR&Hh Ukdstd 8 of a%ﬁﬁr&@é@ ad BRIV BROEE hefBaps 314 and cool the
configurati-on. Al though sol der connection structures

3121@:\edwé§brn8b &ine compressedeas ispludes eprmpressedihydreggn. One
&Erf?,gégée‘a Cﬁ“és %Hlfe%bﬂx?m%&édlﬁéﬂﬁ% SisefectdiCdHBSifRhE, a
to go on

ng connectron structdures, conductive
eposoreposite@as o€ hydrogen arethedjuoxisased farredobing v Biduid peoling fluids

conrakppled oE b feEndioNBe AR CRRAI T IRRAoh Hitjae

f i r solagleiljusdstandrstiperostisal dbmds stich ps B30id darbandioxide.

remrr‘:)@wpgfnt | tnhgtxﬁgg 3@#@8%? Itieln#xg? ghlp 3tlB tl‘?at%als been thinned from

thickness 316 as shown in Figure 3B to thickness 318. In addition to completing

a scoreline for chip separation as described above, thinning chips in a wafer may -
be used to expose ciréuitry for additional chip interconnectivity from the back
side of the wafer. Figure 3C shows the first vertical communicatibn channel 344. -
and the second vertical communication channel 346 as described above. In one
 embodiment, the thinning process exposes vertical communication channels in
the form of through-wafer interconnects to pemiit through chip
_interconnectivity. o
[0040]) One advantage of through chip interconhectivity_ as opposed to
chip edge interconnectivity includes the increased density of interconnectivity
that is possible. Chip edge connections between chips in a multi-chip stack are

“limited by the amount of chip edge real estate. In contrast, through chip

9



the gap 314 is left open. Filled enbodi nrents may use

adhesi ves such as epoxy or other filler material to
w@e@siosig1addi ti onal nmechanical strength to a fPEEIUS2007/022136

mul tichip assenbly. [0038] In enbodi ments where the

gap 314 is left open, a cooling fluid such as a gas or

liquid is able to pass between individual chips in a

chip stack to enhance cooling during operation. In one

el ectroni c system enbodi ment, a cooling system

ut i térileB@orst@inGRARSthéoukh dny 2v8UMVIE€ thehfonh Bethry le@laredf each
cool a chip stack formed accordi ng to_nethods

deselippdrong gmbedimsgh 9thelHp cdgheonngstionspnditaraugh shus
a g@ﬁi&ﬁtl&ls%gggm%ﬁmléﬂe f)ét‘»%ﬁ REDYGR atnlﬁﬂtl%ﬁﬁ stadid

and cool the 1 ndividua I ps. One conpresse

i ncAltiough duprahseiupi lm‘;repmgy@nonsare démﬂbﬁé,s@@blocg)g@nts using only
B L i T A

- c 00[004@] L| quiFigure él sihngs pheentbodioment apa ahipdtsakr400 formed using
inple tatio | e i [ PRI
R Bl heB S By OG0 LA o
[ qhugd wdﬁhﬁxrp siloh)als deedlﬁﬁibﬂﬁ])n Bircnitrg cBip. shawmbehef memory

fir t h from t.hi ckness
breonins SeBat iy it BRI RARL NGRS 410. A
ad dldghcoéhlp a30 @mﬁﬁ ﬁi d mcésssf:ﬂﬁp lid s1gckie@ronatp bf ﬂenfhﬁpattaamoo

gsscrlbed .above, thinnin ch S in %ﬁ nqy g
: us et o %R imept, ping MEMORY, Tl e ?ﬁbmp the bottom .
| Nt gKip WI0QGH ¥ bﬁnglef 16%@&&1?4%&1&&% t6p. ofﬁ\% M&h6fy: chips 420.

Fi gure 3C shows i rst vertical conmunicati on
chafthar esmdamm% H@l‘sd@dBWHP\PéF@'FE’é’I““% (FHEWFY ADiRSn a single

~chagaat 466 GndfipRassicichfA Aoy g sm‘g&: SRE £000 Qi BRPbf a hiifber of

-t hi nni Ng Process exposes verti cal” communi Catl on
chadiierentistacking ardermferrthe piaski400.wBlreingiatedistrmtion carcpigry chip

per gid }JUI M pigh! Jraﬂa %hs%r&ﬁ@%%{ Inétda¥es ,LIQI%Q&mmg ield
advant age 0 Interconnectivity as oppose
to dd:HCpbed:l gleovien tPéacunmatelcast vin¢ logincliindde onfae dutsidesuréage of the
d I

gngt %%ﬁ(g(;e %I{I&;ése fo??nx{}gacsgh Xbﬁ}/n&g&aotne of tlpe%)? ] _ég ﬁ\?%mé? gfgll?s in the
aremhdn1ted by the amount of ‘chip edge real estate. 'In

o33l - | o SRR SBRE AR B B R b Vi

such as multiple processors. Two or more redistribution circuitry. chlps 512 are

again used as a base, with two or more logic chips 510 mounted on top of the
redistribution circuitry chips 512. A nﬁmber of mem'o.ry chips 520 are then
stacked on top of the two or more logic chips 510.
[0043] While a number of advantages of embodiments of the mventwn :
are described, the above lists are not mtended to be exhaustive. Although
.spcmﬁc embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that any arrangement that is
 calculated to achie\;e the same purpose may be substituted for the specific
embodiment shown. This application is intended to cover any adaptations or
variations of the present invention. It is to be understood that the above

description is intended to be illustrative and not restrictive. Combinations of the
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chip. In one enbodi nent, both chip edge connections

and through chip connections are used to conmuni cate
whedsesr1thi ps in a nulti-chip stack. AlthoughPeTos2egn22136

chip interconnections are described, enbodi nents using

only chip edge connections are also within the scope

of the invention. [0041] Figure 4 shows one enbodi nent

of a chip stack 400 forned using nmethods descri bed

above. In one enbodinent, a bottom chip 410 includes a

hi ghbdveedribsdiinen&UstY atheerhBstimehis Wil BOasparéititd iose of skill in

chip. A nunber of nenory chips 420 are shown | ocated

on thanrbrpemeeviexing thei ahove dpsceiptien Thg seapepfAhgpinvantion

| ogi . e s

t op "y St and Bt dpEticiof AT TR Y sk Bl Rhechs are

menwsed. ciersone of thedneantiok sowd be slgtesmineadav ity referenehioghe

410 wiih  nal . . _ of _
romabyore B for Wk ThR (S 5F AR d BRich spbRElaims
r edasgtentipledi on circuitry chips.in a single stack 400,
nmul tipl.e logic chips 430 in a single stack 400, and
any of a nunber of different stacking orders for the .
stack 400. Placing a redistribution circuitry chip
first provides a high-yield base wafer that increases
manufacturing yield as descri bed -above. Pl-acing at

| east one | ogic chip 430 on an outside surface of the
stack 400 allows for increased cooling of one of the
hotter running chips in the stack. [0042] Figure 5
shows a chip stack 500 including nultiple [ogic chips
such as nultiple processors. Two-or nore A
redistribution circuitry chips 512 are again used as a
base, with two or nore |ogic chips 510 nounted on top
of the redistribution circuitry chips 512. A nunber of
menory chi ps 520 are then stacked on top of the two or
nore |l ogic chips 510. [0043] Wile a nunber of

advant ages of enbodi nents of the invention are

descri bed, the above lists are not intended to be
-exhaustive. Although specific enbodi nents have been
illustrated and described herein, it will be

appreci ated by those of ordinary skill in.the art that
any arrangenent that is '
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cal cul ated to achi eve the same purpose may be
substituted for the specific enbodi nent shown. This
wa@ppBiosats on is intended to cover any adapt at i PEIEFUS2007/022136

variations of the present invention. It is to be
understood that the above description is intended to

be illustrative and not restrictive. Conbinations of

t heabove enbodi nents, and ot her enbodi nents, will be
apparent to those of skill in the art upon review ng
the\ﬁﬁfg Bs&dkpPtion.. The scope of the invention

i ncl eggg%y o“ gr applications in which the above
structures and nethods are used. The scope of the
~inventio I r e .he

appzn de d'}éﬁagﬁléddoﬁ m‘lsﬁg% ﬂ%gldllq;tBFftll?Jtﬁfe, &ﬁ?pttlﬁné

equi val emttachting Mﬁ'urstlwasferdh acsleatmdswafee. the s¢q0|né avafendheluding a

is c¢lai thod of formng a sem conduct or

str Bh’l’ﬂ[}g OfS%WPPg?CﬁgE W% aching a first wafer to a

seco n d vvaéxﬁbvmg aeleastame deleeted Semitohdattactep fitout eiei suyface of the

'Aof nducéor chi ps; renoving at | east one sel ected

' €t 8f%chip fromthe surface of the first

-vvaf e r aneblaEng A refolvbEsdneiobivdattariigaonidhiat 1esst ©Re peplacement
with at |east one repl acenent. sem conductor chip. 2.

The SSRCABING®T VB m 1, further conprising forming the.

first wafer to include only redistribution circuitry.

3. The nethod of claim 1, further conprising se|ecting

t he2pl ur dihetmgethed ekrlpizy ,oﬁueherrcomrp%n& Brming thedirsetfey to
chi Biudt on Jﬂ?edmﬁb%n‘){%m%lt@ further conprising

sel ecting the nenory chips to |ncI ude DRAM chips. 5.
The nmethod of claim 1, further conprising selecting

chi B, o Tppietly REARART MEREH cdihlnling Gttt FpL Bl of

sel exrhicogducher dhigsi to indligesmenoinchipsle statie random
access menory.

4. The method of claim 3, further comprising selecting the memory chips to
include DRAM chips. ’

5. -~ The method of claim 1, further comprising selecting the plufa]ity of.

semiconductor chips to include logic chips.

6. The method of claim 8, further comprising selecting the logic chips te

include static random access memory,

7. The method of claim 1, wherein attaching a first wafer to a second wafer
includes coupling input/output regions between the chips using controlled Chlp

: collapse connection structurcs

8. The method of claim 1, wherein attaching a first wafer to a second wafer
includes coupling input/output regions between the chips using gold to gold.

bonding connection structures.

12



7. The method of claim1l, wherein attaching a first
waf er to a second wafer includes coupling input/output

w0 e@sof”iihet ween the chi ps using controll ed chP@r/us2007/022136
col | apse connection structures. 8. The nethod of claim
1, wherein attaching a first wafer to a second wafer
i ncl udes coupling input/output regions between the
chi ps using gold to gold bondi ng connection ‘
structures. 9. The nmethod of claim1, wherein attaching
the first wafer to a second wafer .incl udes: coupling

I nput / out put regions between the chips using pad
‘et & | ur gﬁlem‘rﬂwd afcleim ., whereiroattashingdhe §rst mf@rrtesa second

10 15 LA Rl o BB SR A0 bs L

wafer to a secon s coupl 1 ng 1 nput/output

r egimetal lurgy liedting HE ﬁ¢meﬁmmmmm connection’
structures. 11. The nmethod of any of the preceding

claims further including attaehing a third wafer to

t he 18ecoMheuwndthod of blairm B wteneaf attaching zuﬁinshg'a&rm eseebnd wafer

I I f hi
bl B AT ARG Ee Bl BonyeE L i 8l
froabﬁﬁyensﬂg{raaergaf the third wafer; and replacing the -

removed seni conductor chip with at Ieast one
repl acenent sem conductor chip. 12. The method of

- claijm 11, ThehRstBbd of Bigy bf ths prebeding cldhmk m@sercaﬁémdmg attaching a
" redistribution ci rcwtrﬂye t he second vvafer i ncl ud
R

e
onl yhirebyyafey t¢ hiesgcond watepdhe thirdgvasy nelyding g gecong ?'grahty of
Iogh&n&gh@@ﬁmﬂ&l sihe method of any of the preceding
elairnms fu cI udi ng separ ating individual stacks
of chi ps remeYNgIHb leastanedsglesiediseminpnduespr olaip of she gagond plurality

Theﬁ%ﬁ%@u&%c&bﬁ‘h@tﬂ@d v&ﬁﬁ‘?fﬁidn an individual stack of

chi ps i ncludes” stacki ng nine stacked menory chips. 15.
The net hoeplading kths rembyed semichnductenahip withgt deashenawngplacement
onesgva{cg dtpctblp{hlé).o subsequent wafer attachment

12. The n_iethod of claim 11, wherein the first wafer ing:ludes only
redistribution circuitry, the second wafer includes only merhory chips, and the

third wafer includes only logic chips..

13.  The methed of any of the preceding elaims further including separating
individual stacks of ¢hips from the stacked semicenductor wafars,

14.  The methad of claim 13, whersin an mdmdual stack aof chips includes
stacking nine staclked memeory chips.

15. The method of claim 11, further comprising thinning at one wafer prior

to subsequent wafer attachment.

16.  The method of claim 13, wherein separating individuals stacks of chips

includes attaching a temporary holder wafer te the logie wafer.
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16. The nethod of claim 13, wherein separating

i ndi vi dual s stacks of chips includes attaching a
wo esoposay hol der wafer to the | ogic wafer. 17. P@I/ms10hpeR2136

f ning an el betFonie ys ¢ np ng formng a

sem eonduct or structure, including: stacking and

i nterconnecting a nunber of sem eonduetor wafers,

i ncludi ng: stacking a nunber of nmenory wafers on a

starting wafer; attaching at |east one logic wafer to

the nmenory wafers; wherein selected chips in one or .

rmre of the nunber_ of semi conductor wafers are renoved

and 7epl dcawthadaffgrping agelestionts %ﬁ@@b%mpgéﬁ%i ating

individu t ﬂwﬁngg

sem condzﬁét o?‘g\%/a ?géogﬁhgtgﬁsﬁ-ﬁ&ﬁ%t ﬁglse eonduetor o

structur e to atap}cmgeqndememmeeum wmbey afisgpiqppductor WﬂfoS,
scrg_@h@ an input device; and -coupl i ng cooling
systemto°the sem conductor structure. 18. The nethod
f claim 17, wherei mtmpgangrnhercmfahd:mgryswsﬁemrt astarting wafer;
sem conductor struct es f.l ow ' ‘ )
fluid- though gaps e a\(fvemﬁ agLeligtsonaer%ag nag?%gnnfgaeﬁ%ﬁy wafers;
structures spaced b\ehmmetdc&:dodhlmn oh® or ﬁ’rwe o€ thHeaohnatfer of

claim 18, ,whereipn flow n |UId . gaps

e POBISSAYO Wetos 3P SLBRY L T5RB%d Pt g S RingRScess;
The nethod of separatind thdiviied Qtaeks bﬁctﬁfaﬁﬁ'ﬁﬂfthé@dﬂ@aﬁof |
i ncl udes hydrogen. 2 1. The nethod of el ai m 20,
whePEPIPORANOIOR WaEBHA | zed gas i ncl udes helium 2?. The

met hod OfyeGhIRgThd Bemi¥oRESdEr dthiRthrBGo 8 sgAShich@uit) Mbﬂldmg a
- though: gaps includes flow ng a supercritical fluid

thrélﬁ@ yggpsn apd anTRput deviBRf cl ai m 18, wherein

flow ng a4 @%g ngcfllrig' sn}sztel?%gﬁe mohmme&@w ng a
.Iqu|d thro gh” gaps

18. The method of claim 17, wherem coupling a cooling system to the
- semlconductor structure includes flowing a cooling fluid though gaps between

chips and interconnection structures spaced between the chips.

19. The method of claim 18, wherein flowing a cooling fluid though gaps |

includes flowing a pressurized gas through gaps.'
20. The method of claim 19, wherein the pressurized gas includes hydrogen.
21.  The method of ¢laim 20, whei'ein the pressurized gas ineludes helium.

22.  TFhe method of claim 18, wheroin flowing a eeoling fluid though gaps
includes flowing a supercritical fluid through gaps.

23. The method of claim 18, wherein flowing a codling fluid though gaps
‘includes flowing a liquid through gaps.
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