METHOD OF MANUFACTURI NG STACKED CHI P PACKAGES Claim Of Priority

[ 00011Benefit of priority is hereby clained to U S. Patent

Appl i cat i oWOS8eg/BI41Nunber 11/583,411, filed on Oct ober BOI/U2008B)22136
whi ch application is herein incorporated by reference. Technical
Field [00021This application relates generally to sem conductor

devi ces and device fabrication and, nore particularly, to enbodi nents
of multi-chip packages. Background [ 00031An 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 goals
present large technical hurdles as the two goals are often in

conflict with each ot Refuopl SOYIALARENT S0P CRAS YE&aTEIC
achi evabl e in sem conductor manufacturing decreases, the capaC|t|ve

coupl i ng between adj acent netal |ines becomes a signlflcant

| npedi ment to achi eving higher performance. Further, as the m ni num
feature size decreases,. the nunber Ghiml®fiRréerigyot enti-al | y achi evabl e
in a given ar ewﬂbhbreasesﬁnefs oﬁplsmgmthxdyyewlarinedaom PaTMAlpphtMmmof

W ring CO”““% e Nmbe?éﬁ%@? Ay fﬁ%%!)neégtobg?e%aebéi v}inc ipation 1%0

accommodat e t he I'ncrease nar Woutw

shrink the spmmﬁmhenmnpmaadmacehkmbenes to the n1n|nun1ach|evable
di mensi on. This has the unfortunate effect. of increasing the-
capaci.tive |l oad. 1000510ne way to acconmpdate the |ncreased W ring
and reduce : _ _ . Technical Field

[0002] This 'appl‘ication relates generally to semiconductor devices__and
device 'fabrication and, more particular_lj; to embodiments of mulii-qhip

packages.

Background ‘

{0003] An ever present goal in the semiconductor industfy has been to
decrease the size of devices and fo increase the performancé 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 achieyable in semiconductor
manufacturing decreases, the capacitive coupling between adjacent metal lines
becomes a significant impediment to achieving hig’hér performance. Further, as
the minimum feature size decreases, the number of devices potentially
achievable ina givéu area increases, as a second power function.. The nurhber of
wiring connectioné 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 accom.qu'ate the increased wiring and reduce .
capacitive load is fo substitute lower dielectric constant fnatérials for the

' insulating material. A common insulating 'fnateria! to date is SiOz, "which hasa
dielectric constant of around 4. SiO; is now used in most very large scale

integrated circuit (VLSI) chips. Another way to accommodate the increased
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capacitive load is to substitute |lower dielectric constant materials
for the insulating materiaF. A common insulating nmaterial to date is
Si @2, whi cWOdes/B14bel ectric constant of around 4. Si 02PCEUSROW/WIZESE
in nost very large scale integrated circuit (VLSI) chips. Another way
to accommodate the increased wring and reduce capacitive load is to
shorten the distance between devices by denser packaging.

[0006] Mul ti -chip stacking has been proposed in the past; however, one
significant concern with stacking chips (i.e. nenory chips, logic -
chi ps, processdirieganssredspe cppacitiveleadrisioshastenthndisipnes hptween dryices by
assenbly. Beca n-wafer will currently have a percentage of .
def ective chi pgér%ﬁlaﬁ%kg%lng ace, when nmultiple wafers are stacked, for
exanpl e 10 waf &096h; gh, Midtitchipstackingchas been propessd inofhe paet boweves ovhi p
in any given s 95 dkﬁ%'”tfh I ki ng

i ndi vi dual chi ;E)gmt?ﬁat hg%ﬁtg{lgt{ est edkﬁaérgtzI""A\Ilzlrﬁéoﬁli&?tdﬁf)‘§ Mggggﬁ)ﬁnvol ves -
a great er _anmpuhtoceisohehips, gicads éhedﬁalhmﬂwlﬁmgﬁt@cﬁﬁmtgn Becayse@i ng
wafers prior tglﬂh%a?& willtuftehfhEh av%fagﬁﬁ!e fage Qf&HMWQrEﬁ?QtonQ& shidgg, due .

to manufacturi yi el ‘present at are need are net hods

and devi ces t hathen npnhm)e “taﬁfés mﬁ@p&% foriexampledOgvafers bighy éhelikelibeed off
stacked chips biyez gHJ: HéfeEﬁUeQ:h?pgﬁleﬁp ngvenm@i: g s%p%@ﬂf@érﬂglged are

II’TpI’ oved net hods and. devi ces to enhance - ormance uce Size,

and i nprove ot Ademativglys tackineindividugl ﬂv@sth@ffhambeqntéﬁpcba%lww tods.
Brief Descripty eaamofve@ngfe%wr aﬂxémﬁmﬂﬁgﬂr&man AN, %eﬁ'c@ hfkhé

system accordi ng to an _enbodi nent of the’invention, 1 2A—2C' '
show two waf er Stagking wafess priak tg dicing f Inciher ssenasiep? Plgéi@etﬂua Aiglossoiugrio-

enbodi ment of LhgufaBNERE VRN is[RELR]. FI G 3A- 3C show Cross section

views of- wafers in various stages
[0007] What are needed are methods and devices that improve the

manufactunng yleld of large numbers of stacked chlps in a multi-chip assembly.
What are also needed are improved methods and devices to enhance - '
performance reduce size, and improve other propcrtlcs and features of multl-

chip assembhcs

Brief Description of the Drawings
[0008] . FIG. 1 shows an eléctronic system according to an embodiment
of the invention. | - l | _
[0009] - FIG. 2A-2C show two wafcrs 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 stages.
of chlp assembly according to an embodiment of the invention.
[0011] ' FIG. 4 showsa multi-chip assembly accordmg to an embodiment
of the invention. ' .
10012] _ FIG. 5 shows anothex; mul'ti-chip assembly éccording to an

embodiment of the invention.
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of chip assenbly according to an enbodi nent of the invention.
[0011]FIG 4 shows a multi-chirp assenbly according to an enbodi nent
of the i nvE&IHP51419012] FI G 5 shows anot her nul ti - chi pPGRBRAYH022136
according to an enbodi nent of the invention. Detailed Description
[0013]In the followi ng detail ed description of the invention,
reference is made to the acconpanying drawi ngs that forma part
hereof and in which is shown, by way of illustration, specific
enbodi nents in which the inventi.on may be practiced. In the draw ngs,
li ke nuneral s descr.ibe subst ant i allPgtatedPeseriptionponent s t hr oughout

t he .several vi Thes S&h

detail to enable those skﬁﬂ?ggbm ﬁetﬁ!e%di to plbgg?fﬂggn%félgbﬁﬂ\?ﬁ%r}cgﬁs
O her erTbOdI neméc teethe b@oqxpﬁ$¥1§@draaﬂle35§b¢tdemp aprt herggl angd in verieh is

el ectrical chagges, BP%ap8 ﬁ-at\mnt Q;seiﬁcd&mdmaﬁsi QA B i56aRBn e
t he present |nvent| on. 47 The ferns “wafer  and "substrate’ used
in the foll ow brpraetinedi fﬂ“ﬂég%éﬁée awe@!&dmnheéuhaw@yannéacposed

surface with whjeh, nmsmw%mt RSERALGY S I Triekd eméé&eﬁ; %H@&éé&ﬁbé&fm
the invention. -The term substrate is understood to I nclude -

seni conduct or - fieipet detmiido eazhls thepeskilledsinithe art tnpracticg theinvertion. Qher

sem conduct or éﬁﬁéﬁ%&%t@ﬁma?%'u%ﬂzm Qﬁ%%bﬁgal% c£ia¥nd Aeditids cﬁéﬁ'g%ﬁ may -
| ayers, such as I con-on-insulator (SA), t hat have been

fabricated thebeupdmvitsyit denmtiog ffaWdh%EFt?@FPﬁtbé ProsERtUBEETOPed and |

undoped semi co[gwqt OVS ﬁ%&ﬂ%&ﬁbafé?%@%ﬁﬂdﬁ&t@*uéc@iﬂﬁ% i%HQvDﬁfgt ed by a
base seni conduct or |nsul ator, as well as other sem conductor.

structures wel qiesmfw& ipgjudmanystiucigghaving aeexppsed sprace withwhishdo fomn

i s under st 0od {intepedtstiEreaRTICIMILRIOSSthe R ehtidh. t’ﬂferﬂ:ﬂn{lﬁlﬂsﬁrb@ﬁs or
dielectric i-s defined to include any material_that

el ectrical |y cHKemeade mauds SFWéCOHQE“"éP‘i walers, dihg f?@bﬁ@aﬂ%{g ISRl s

[0015] The t er mefdh@b keaRiBbiluctorStrbttads H%ﬁé‘lbﬁ‘ace%ﬁiﬂklaﬁ&hia?nndlﬁddiﬁﬁémed as
a plane parallel” to the.conventional plane or surface of ‘a wafer or

substrate, r egaves.cyeh af siliepn-op nsplptor i(%(ﬂl)o?tc 1that hws eendpbrigated 1 4t e.

The term "ver tihgRbpor. C8&h wafé aad @hbsaatd 1ﬁﬂuﬂ€dcﬁﬁﬂ%@uh@d’peﬂo the
hori zontal as def.i ned above. Preé)omt! For such n," "side" .(as

in "sidewal | *)ScmigngHgiprs; epifaxigl scmico aY&FFcF“PEHfEFé' Vaa'i’aéedefl ned
wi th respect t&nh&fhdﬁ&ﬂiv’mhkxﬂﬂta} aplv@neas @fhcﬁtﬁ’nfua@rﬁiub@h' B@uddiret Rellt op

surface of the vafer o sybstrate, negardless, of L heorhepiabion, o

semiconductors and the term insulator or dielectric is defined to include any

' material that is less electrically conductive than the materials referred to-as
conductors. ' . _

.,[00151 The term “horizontal” as used in this abp]ication isdefinedasa
plane parallel to the conventionél plane or surface of a wafer or substrate,
regardless of the orientation of the wafer or substrate. The term “vertical” refers

. to a direction perpendicular to the horizontal as defined above. ‘Prepositions, |

1% e

such as “on,” “side” (as in “sidewali”), “higher,” “lower,” “over,” and “under™
" “are defined with respect to the conventional plane or surface bcmg on the top
surface of the wafer or substra'te; regardless of the orientation 6f 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
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[ 0016] Al t hough the terns "nmenory chip” and "logic chip" are used in
the foll ow ng description, one of ordinary skill in the art wll
recogni ze Woaa04/431419ne enbodi nent, a chip may include bRITUSPRITIZY136
circuitry and logic circuitry on the same chip. A chip with both
menory circuitry and logic circuitry on the sanme chip is defined to
be both a "menory chip" and a "logic chip" as used in the follow ng
description. The follow ng detailed description is, therefore, not to
be taken in a limting sense and the scope of the present invention
i s defined onlgndwnhddémqpp@ﬁdgmaaflimln@ bogh megrony cincuitme adilogicsiwpiryof
equi val ent s t o, h of
q Qﬁﬁ'eg{;]m%ﬁgyst G nﬂ BotEinb Songﬁpcomégic%ﬂ%%%ﬁ%e

an information uch as ap ter .
i ncl uded .to smmlmﬁbbﬂn%mbedmﬂaa WWOWM"M\A“(IQIQMDD sdednnf or .

the present i r‘t‘ﬁ@%limn§ﬁ 1od %ﬁﬂh%&g‘ﬁe@a@l’e@ﬁb 8?&1 is”ﬁagfeg%%y&l} to

handling system 1 1 nco ora I ng at | east “one 't - .
formed by net hfemtak¢wnaadu@maﬁe@em@ thegperecefitbel present lm@ntmremdnﬁmﬂcprdn '

I nf or mat i‘on ha&ﬂ!hb%ﬂpé‘bﬂﬁaem 'aﬁm it the ANNLsBPLOEE .y toaoﬂlwhd;ﬁ‘?lelr

el ectronic systemin which t sent 1 nvention can be used.
exanpl es i ncl udeimsinge e%trﬂaednot I l m ted to, personal- data assistants:

(PDAs), cell ul H@m-} el eph0)31§i§mbl§4§i PeRt @Mﬁﬂﬁforﬁl?ﬁ&d I?:Irfdlmé &sBdrh bich 'sn.?] %gl i ng

mlitary vehic etc. [0018]In this exanple, Inforfation
system 1 corrprmegwahcq!w‘aerps ehisisd trgshgysﬁwhmvcmmé pbégdsleyeldpvicem

bus 2 to coupl ;ﬁ;: pliB&iofoot ﬁ’fé?ré‘sgﬁm%%{% PIG 1S a DI grad SESM Dus 2

provides communi cations |inks anong the various conponents of the :
i nf or mat i on haRfirmagos handiing sysiem lmwliﬂ?ﬂﬁtéﬁ?éh?wa@'@%?ﬁﬁgmbi%s .

as a combi nat i Qpmed bPHﬁ&ﬁﬁs itPdcchidafddyw il b erﬁ%dn%@ﬁt%f'ﬁ?é]ﬂ%nnon
[0019] Mul ti-chip assenmbly 4 is coupled to the system bus 2

Mul ti-chip assi@fymptian hﬂ}ﬂlﬁﬂﬁémm Lingnersly eng embedippaiofanlesBamist i bl e

conbi nati on Of‘sy@‘iehpﬂlmch i pREentaiRedbAe be Haght Otﬁé}'eﬂatﬁﬁl%ﬁmé]dﬂe“but
|ncI udes a. processor t hat ‘can_be of _any o used herein
P{g‘}sr #

"processor” meHf §°’é’1‘f}7“?‘§/$5’epﬁ”ﬁ°‘@bﬁ% f‘-ﬁ%‘ﬁaﬁ lag relepiiongs, Ng’ét not

limted to, dp"rhferrs)rai@ﬁaasménma ﬁill@dt?@@kﬂ&k@'ét@r a graphics
processor, gltal g’&a processo (DSP), or. any other type of

processor or ssi ng s Grample, g e handling SENTn ACAMPTSES AR y
chip 7 is incl ptde&smg sydiem ikt ircludeh b Bystét 8092 Yo doupld@s @aﬁ&isbbﬁﬂohéhts '

the art will recognize that a i ety of nenory. chi
used in the mfft Pgﬁweﬁna %%%P?S gpro;( éﬁ?émué’cf‘g*?ﬁssl}/“& WEH%H{?/‘ "@HPb% .
i ncl ude, but adonpvRknts bﬂﬂieeﬁlfohﬁaudamaﬂmcg ﬁaadﬂnhpﬁsmeﬁse iaptermynted as a -

single bus, as a combination of busses, or in any other su:table manner,
[0019] ‘Multi-chip assembly 4is coupled to the system bus 2. Muln—chlp
. assembly 4 may include any circuit or operably compatible combination of
. ¢ircuits. In one embodiment, multi-chip assembly 4 includes a processor 6 that
can be of any type. As used herein, .“proceésor" means any type of
computational circuit such as, but not limited to, a microprocessor, a
microcontroller, a graphics processor, a digital éignal.processo; (DSP), or any
other type of proccssor or processmg cxrcult ' ‘
[0020] . In one embodiment, a memory chlp 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 assémblfy 4. Acceptable types of

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

4
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(DRAMB) such as SDRAMs, SLDRAMS, RDRAMs and ot her DRAMs. Menory chip
7 can al so include non-vol atile nenory such as flash nenory. [0021]In
one enbodi YE0U8/0atHdFt i onal | ogic chips 8 other than pro(8¥EB7ERLIPE
are included in the multi-chip assenbly 4. An exanple of a logic chip
8 other than a processor includes an analog to digital converter.

QO her circuits on logic chips 8 such as customcircuits, an
application-specific integrated circuit- (ASIC), Sc. are also included
in one enmbodi nent of the invention..[0022]Information handling system

1 may al so i nc{RBRAM) sutt asrSRRAMSNSFYRAMS, RiNReAMsand ather BRAMAC| Lde
one or nore NefRbYorfLREFEdS a?éé'lhﬁ%@nénov&lﬁlﬁe RRLIdre Yh as3RRY hfeRol@ N,

such as one or nore hard drives 12, and/or one or nore drives that
handl e renmovabl®2kkdi a 13 easembegdimensadditionallegicabips Ssiprrdhangpregassor

(CDs), digital CMEQ% 19&1§&%’%1 ;ﬁ%e\él;zﬁm..ch@ms&myw kﬁe{aq,gﬂébmf@mwn-

handl i ng system 1 may al so include a disp device 9 such as a
moni tor, addit P@ﬂ'a!ha%érpr‘iﬂ?éﬁoamcl!@ﬁi)@h@?ﬂ% tmhgl%ew@gcs JehRegiEcuita pg

and a keyboar di3Rcébs @&&fhrag leb6m ttcuitd b BpfiRBtid Pkt 1ﬁte5%%b?lecnrcu1t

trackbal |, ganme controll VOl ce- recognltlon devi ce, or_ any other
devi ce that ‘pefASIC, ec ﬁ%@@m@wdiwnqmﬂdmrﬁpm15Y1=riuﬁvo and

recei ve infor ”gigz?]g f r0nlﬁtﬁﬁndti%ﬁ@néﬁ@kﬂg%?st@ﬁﬂ%bﬁﬂlsé%ﬁ:’ilﬁfé"aﬁ external

[ 0024] Fi gur es show sel ected acts in a process of formng nult i -
chi p packages BEEWRHLhgvhish Hrfuehgagdnchedaongfor mpse menony £lsments suitablg,toe
2A, a first vwafiRipadiia ngpl?caﬁﬁl‘ff%ﬂéh AedRlor Akie BArQ BREWR. ah8Rr bhd &t

waf er 210 includés_a nu I ndi vi dual, chips 212 and t he second

waf er i ncl udes™ersdftss thashanidle remayighie rpgdin 3 %2’2 as flgppy disketics erpadts,

t he second waf g{skg(@;g)sdlg{tﬂchdo@gysmmplaggtﬁeqlgehe first wafer 210
to forma waf er assenbi 200. In_the operation, each of -the nmultip

i ndi vi dual chi f923h2 ar eI"éfP'F%’@B ha?'FngéMﬁP@d WY ﬂsﬂiﬂcﬂ‘}qﬁlaé"ﬁﬂlﬂii in"ﬂiﬁal
chips 222. In %ﬁafasmhmudrhﬁdﬁtmxlal pHipREAT&sTSpdneha e sueh b spedftes,akél

222 15 easter, Sl pLOGNCES ML ADGL IR CLU LG L 1, Mg il
chips on the fidfitoldR eiceddédganidnidaics, Qﬁ@ﬂjﬂoﬂ@f GevickAfat RS & Bﬁtem
i nter connectl on progcess, OI ns rrul ti.p} e chi 22 Si n
operation. WOHP¥H EFB’PBBTE rﬁﬁ‘i%g‘i‘[%@%ﬁ‘ %‘H“F':hﬁ tﬁafB nt he
second waf er Z%m,agap@m 1havi ng at h| ckness
' [6024] . Figures 2A-2C show selected acts in a process of formmg multi-
cﬁip packages according to an emqulment of the invention. In Figure 2A, a
'f_irst wafer 210 and a second wafer 220 are shown. The first wafer 210 iﬁc]udes
" a number of individual chips 212 and the second wafer includes a numbef of
individual chips 222. ' '
[0025) In Figure 2B the second wafer 220 is clectncal]y 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
' Chlps 222. In wafer form, ‘the'j Jjoining process between.chips 212 and 222 is - '
easier 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 Jjoins

mu]tlple chips 212,222 ina smgle operation,
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224. In one nethod of manufacture, the individual chips 222 are
partially scored in the wafer 220 prior to attachnent to the first
waf er 210. WOrRR0{514iRt hod t he scored side of the second RMEES2007RQ2136
| ocated at the interface between the first wafer 210 and the second
waf er 220 after joining as shown in Figure 28. [0027] Figure 2C shows
a stage in one nmethod of manufacture where the second wafer 220 is

t hi nned fromthickness 224 as shown in Figure 28 to a thickness 226
as shown in Figure 2C.  In one nethod of manufacture, the partial
scori'ng of.thd0826jond wdhdiig@e0Bj theceyopH atafet 220 lsm“u*ﬁming‘agthbﬂcocﬁass
in Figure 2C tpal r :
part 1 a1 scori iy annBy HERRErkio bk et ituaf iy 3Re pikialip Udhea,
i ndi vi dual - ch|1psh52\22fef 22hptidrao stabnentvafthe i ®afer B40.i hvenetmethod thenot
so limted. [ \ f
t he present 315 ggﬂ%gs? ﬁeg)f%\;\h %Féﬁe%%fe}mﬁzotelg? e at Eﬁ htg&? %J\%&Q%}.%& fird
separ ati ng i ndvafedRil arxdhhqasecmtiws&cﬁﬂasﬁﬁublhlﬂgmsakmsm BigwiadP-af ter -
waf er connectl etc. _

[5023] I n one. JOBEHF nent RS XIHBRS AR 0N SmARGE Elhab INAE Wik e
i ndi'vi dual chigssor2g2@afen22Q B@W@Wﬂbﬁﬂ@ﬁ&%%@h@dnm&@mﬁﬂm :

i ndi.vi dual. chi r £ jarchaly

first wafer |nt§1%k§%5§ ggé%‘ﬁ%ﬁ? ?? éﬁembt@f)gﬁcrﬁgﬁl?tgt‘gt epahﬂﬁ
i ncrease .t he |sckehg bbibe sedead waifdr 23 lsrmplﬁﬁd héleuth@inmgcnmes%mlbgmzlz
on the first Vﬁfﬁoral%wse%mu%smafwas aﬁ{,ézzfmlmgpﬁﬁi scring an

hi gh-yield circurt i'n odl nment- 1 ncl udes |str|bﬁt|on

pl ane ci r cui t rtinpingtane disereised ap et W%’s‘ﬂzmﬂfat[amgfmﬁ chips 223 iwm went

the second wafgrif\Ghidss, m&aﬁtﬁmmt%yﬁm@a @)ﬁ@%ﬁbﬁ:ﬁ@%gﬂmﬁ%ess A
menory, al though the invention is.not so |Imted od i'ncl'udes

testing -all i rafthipvingrhechenght afabe present disglogey vallresppnizgdba Oshid waf er
220 to the fi rrﬁ&hs\@sf&rse%&nﬁaﬁ@duw d?smﬁssu@l‘i 8 fuﬂqmcklfxésgga\ﬁ'ﬁé'aﬁgr the

testing process. As shown in Figure after individual chips
are’ coupl ed towseﬂa@cqmp@tormaqceaﬂre2&@%@@5%%@“ HOERE- ve chi ps “can

be renoved frggrdhe WafglondeaBlinens M é%&rﬂﬂ”ﬁfe)dﬁﬁ Hgllablﬂgn&ﬂeuﬁ)t her.
chips 222 that remmin connected to the first wafer, he renmpval

of defective chfifyidubehing222:pdlipshipipsicatation toopnnegt ¢, thedndividupl chins 234

and second gapzﬁ%ﬁ:m@@m“%mr@aOZwOﬁEim?oaﬁn&mh&hegi“heeruﬂaﬁaased into
gap 234 and gap_ 236.to forma conplete array of chip 222 W t hout

any def ecti ve uhptaatialyadldigh YWFE‘PE’“HM%“?EBE tﬂ%’r‘}é"l’chﬁf’ﬂﬂ?é’ﬂalbf’f gestof

defective chippg ﬁf&?ﬁéﬁal cRipd 2P 6h 1Rl firb eMe O ate Foé Bh@ste@O0Mn cRipSicar €
used to fill gaps such as 234 and 236, LOOSOLJ’ ;i)r ocgss descri bed
im es only re-di

above and in Rfabigkyied 91(9%9 opg embodiment incl stribution plane
' circuitry on the individual chips 212. '

[0029] ‘ Iin 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 chibs 22_2 pri'ox" to connecting the
second wafer 220 to the first wafer 210. Defective bhips are idéntiﬁed during

the testing process. As shown in Figure 2C, after indiviciual chips 222 are
coupled to the first wafer 210 and seﬁarated, 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

6
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repeated to formnmulti-wafer stacks. Because defective chips are

bei ng renoved and repl aced as the stack ptrogresses, a final wafer
stack incl Wes408831415pl e chi p stacks wi thout any def ect i RE&E/G3PFY221Fhe
assenbly process of stacking chips is nade easier by stacking wafers,
yet the manufacturing yield of a given wafer stack is significantly

i ncreased by repl acing individual defective chips wth good chips

al ong the way during each additional wafer |evel assenbly. [0031]In
one enbodi nent, a holding wafer is attached to the stack of wafers
after the | ast 22@mitioutrny defifctive pfgpmmtl Wheeteechipssdi? werp ghifiedgtrior to
waf er, such as '%nﬁ: or
separ at ed by tf#%gtll%g&h@éﬁ%!ﬂaer le %8{% o%ggﬂggﬁrreglﬁggg

or diced, etc. ﬁlmavaﬁleqhym%ﬂan@l%ﬁ t he i ndl vi dual mJI ti-chip stacks. .

I'n one enbodi the h BGUERAL SOhaT the .
i ndi vi dual - rruIthttﬂlm cpu p st?gg? arye?{eg%rg’r%%ermve "1‘1?:0 t he %o ing -
waf er. In one ecersaiitefum mplti-wvafer stogks o Bepayse ﬁ@fe@u\@cqblmmir@bemg)rwed
hol di ng wafer i e I

casi cr separ at R o R B pRfeshitra BB Ricinl B P b
st acks of <chi p§taak33wmtenqoﬂeﬁewc Ohwsaé'beﬂ%‘éawbb! momseﬁtt@dilmhres i8f

t he inventjon, 19&(;&% &gﬂ.}ﬁ, e/plat ed
enbodi nment of g&ﬁ?ﬁ?%léﬁiﬁ:&% udes a E&rrh yi el re&?ls@'rtb?iagw}%on e

circuit chip ontackis sigmifieantlyunargasediby rqpla@mmmwsﬂuewq&cﬂy@ shipewidgood
top, with a 'O%ﬁa fc’og| Cﬂ%&ﬁgy&ix eQEl‘PS&ﬁt? al%r&lékﬁrééaﬂb ntop. In =~

one enbodi nent, I'p 1n"the stack .1 ncludes both g
circuitry and- iQ@tlic r-an & Areerakediment p heldingywader is attachag futhe gtack of

confi gurati ons gk HA& thd fast ﬂ%tfonﬁh&ﬂ‘e} Bcaﬁﬁé“cfime}ﬂé &Q&PtTﬂeOﬁrEmafer, such

redi stribution circuit chip. Speci-fic¢ reasons for such

confi gur ati on, 2stheredistripption ‘ﬁir‘é“fp’i“"tf%fe%’dhc%h%é’ﬁFW§aYa@F‘@YdW§ﬁl§‘§s ed

bel ow. . Al t houglea Lcamrﬂhsha c?@@fen”éﬂnﬁﬂ rémb Rl ctididedlétt a0 sﬁfefyﬁs‘ébﬁra&hh@
at | east one nenor , a_logic chip are descri bed . herein, the

“nvention is nedndgalimHliiship stskhn PR mOGERdhe BYIGG water aeehment
for manuf act ur ii\@mRBMrphilike AidiNBEA chl@RhP G ckH bl lateMPmoved from the
2008/ 051415PCT/ US2007/022136 [ 0033] Fi gures 3A-3C show. si de vi evvs of a -
chi p manuf act ubPliieopient ingine srbgdimenty thelaghwader indhg Yadkypriogdo the
invention. A fhbﬁﬁngc\bétﬁr 13 50ored dedpRi\haR feSiHoR Walfdts d prBvidBifet easier
orientation in Figure 3A. The first chip 310 includes a nunber of-
devi ces 332 suégPaatioppyiiess HRthinAREry celI's, etc. The devices 332
are shown for npghszp a SU%@&er@ﬁQté&&@f&nﬁﬂr@K&ﬁ&ﬁpﬁﬂe@ mlrde&éraﬂmaal-

redi stribution CII‘CUItI’ such as netal ‘trace lines, and vias or
contacts 338 Xt “é’l‘hﬂﬂﬁg‘?‘ﬁi%ﬁ‘é&ﬁﬁé&‘&‘?‘h@*"ﬂ%me&%@nﬂﬁs descrbed 2boxes Ppet

chip 310. One aéntempﬁtedr&wo@ﬂﬁel%fa B IsRkR incBidits 2 hijhbyiokl rédikti6eilon

di oxi de, may be, used.to el ectrical I.sol ate the redistribution
ci r cui tr y SZO cnrcusltc ip on the bottom, w1tL¥nul§1ple memory chirps 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 mrcmt:y and static random access memory.
ther contemplated configurations include the ldgic 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 rnernory chip, and a logic chip
are described herein, the invention is not so limited. Techmques described

above are useful for manufacturing any stack of more than one ch1p.



[0034] I n one enbodi ment, the first chip 310 includes a first verti cal
communi cati on channel 344 and a second verti<al conmmunication channel
346. The Wworses/osensi cal conmuni cati on channel 344 i nclro@ss200702A36 Or
the like. Several types of coninunication channel 344 are within the
scope of the invention, including netal conductors, optical
conductors, etc. The second vertical comrunication channel 346
Illustrates a coaxi al conductor enbodi nent. As shown in Figure 3A
prior to connection to another wafer, the vertical conmmunication
channel s do not[op3s]s t hr RiglireSBAID sho® didyd vikwessa cllip mmufdcngingchi p

310. 0035] Fi gure 3B sho h " t ch 310

ori ent <[3.t i on] t 1)903’6?388ﬁ8°°6'¥¥?s’§tt 5 ‘Iffé%ﬁ@tg8Eﬁ‘ﬁé'&‘fein§0upt“etdff3tt‘8?%é1®ffﬂ°

one enbodi ment ,ortehedaﬁ:ﬁmdnphnpmaﬁﬁ: inRigurd 8A. arheifirkt-chipe3 10 @mblupessaich

ooy Sont ! oy SHGAS 2SR o BReE AR, 1REES

to a connecti ngu@stmvatfoﬁmed)mmﬁtraﬁaysowﬁh@hhlpmasmbﬁ cHonzcsimck

[ 00361l n. one enb the- c %‘I on truct res 3 i ncl u Ider
e

structures suct® ﬂf‘?“étay A5 gl drag ﬂ%scflﬁ‘ H@S?’iﬁﬁnac

a nunber -of padle ﬁmhxailht&@nﬁ&tmgeiep@nga‘ﬁdmmxﬁ ﬂsamoasmp B oae\aembreon
structures 312. (ne udes Ti Ni Cu

ooy 31 et RN TEhE 4 S A e R e R P R kBl
advant age of Tiibbl4le e eddsibudoneicuisy B4p.a | i ftof f process ‘i ncl udes

e L 0 OBl ST g SRR, e A 10 et RS S

i nt erconnecti o it connéctron s ruc?ures
312 are descri eethmirietion¢batneb3v4 mdraciecad vertival estnmGhication ¢ussil 346.

connect | on str UGkULES, At LORHAEAAS! Bhah 391 RSl U9, SPROSALT Slkere

structures, I'VE epoxi es, con oXI s, con
filnms, etc. | Oaﬁﬂébﬁfgmmuaﬁaﬁmmd mmnﬁntthwmpeof the imentiewt | on -

Zteégﬁh”f;ﬁ?pg’%%d*w R s oS oPRE cbilficlord 3. el el 1°
solid materi al .commuotidation ehdywel Irnillgstrates ag@leall‘andBctbe*tmb@b@nnt Fd | ed
o provt a6 aqd toah i PREN SEeRy 0 AheBRRY shlindtMBEn e e 1
assenbly. 10038bmmeidatidin nhmnslsmemepash ghrgagh allentmstlmécfnpssmﬁéhq ﬁat chlp
cool i ng fluid 440
. [0035] Figure 3B shows the first Chlp 310 coupled in flip- chlp
orientation to a second Ghlp 320 using connection structures 312. Inone
embodiment, the second chip 320 includes a high-yield chip sich as a
redistribution _c’:ifcuit chip and the first chip 310 includes a membry éhip.
‘ However, the déscriptio.n 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 ch_ip collapse connections (C4). Any of a number
. of pad metallurgies are possible to support the connection structures 312. One
~ pad metallur@ includes TiNiCuAu bads. 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 dense interconnection confi iguration. ‘Although solder

connection structures 312 are described, the invention is not so limited. Other

B



-

such as a gas or liquid is able to pass between individual chips in a
chip stack to enhance cooling during operation.=In one electronic
syst em enbW@i 2888151413 cool i ng systemutili zi ng the gaps BI4US28078321p¢ ed
to the systemto cool a chip stack formed according to nethods
described. In one enbodi nent, the cooling systemuses a gas or a
conpressed gas to flow through the gaps 314 and cool the individual
chips. One conpressed gas includes conpressed hydrogen. One
conpressed gas includes conpressed helium In selected enbodi ments, a
conposite gas @pswgp@@mh@hwmwm&@clu@%@plﬂécrgq,lébpmhgg conngglien - :
coollngflwds e BRI 50t he
i nvention incl u atl Fﬁé\@ Eéxéggg%g suggirué&f)?%c%féeasf Emﬂgfds slﬁﬂgh&gs

| i qui d carbon (W(&?llde [@GB@Q geves IEmbuiimentyghere thecopmpacyomn smuatirgs -
has been thinnggsid08% Qf)§Wﬁ§§eMeﬁst%ﬂﬁvﬂo'aﬂdlﬁﬁegé%&ldgﬁiléﬁm In one

t hi ckness 318. [ n addi ?I on | eting a scoreline for c
separation as @ebedimestthsigen 314 isillediwith & saliskmatarigl. Jmpier h@?ﬂcb@eﬁ@ed

Lo expose CirCyd %@)\g $19s ﬁeﬁcﬂpkh OBfHled %%Bdlhﬁtn%rrﬁﬂnﬁb%fafdhé@n‘e)é sherR dply

back side of the gure 3C sho first vert

conmuni cati on’ @ham'éﬁllmnatami to povide addigiopalmechanical straugih éue fipgl multi-
channel 346 as  ggsctdaitgl above. In one enbodi ment, the thinning _

process exposes vertica contruni cati on channel's in the formof

t hr ough- waf er 1938} conne&r smbedimentgivheraihe gam3 bhis Jeft apes a soolinefivid t v

[0040) One advaghaae dfaslpliguials K & fa8l BEGRANRBNItial YhiBSinPRHS S @
chi p edge interconnectivi t‘i‘/iﬁ'l ncl udes the increased density of

i nt er connect i veREANEs §poling dysiag ppsrationcrin ong glestrenip sestem SWQ%‘&% én
chips in a ml thsigy FseAtifizipahé b4ps3ed iddoublta taRYteRl 0 chblk Afge

real estate. In contrast, through chip, cqonnections’ can pass through
any avail abl e P@elafqraﬁquﬁqhﬁsf%@efﬁp%‘éesmbeé'aéﬂOewla °4’ﬂ136h813 cooling’

enbodi ment,  bokftéhube of 805 FTebRE adttildv ERbEEh mbg@mamaarcbmﬁe
are used to communi cat-e. between chips in ,a multi-chip_stack

Al t hough t hr ou§MitifR4 CPWPe Pag ﬁPFéE’LeF%H@%lF'él‘{S‘@%E?‘PH@EFCd byfroar e

using only chi BoBfEeseaQRB GichidesSordpressad BStivkh.t R deldchR crsta@Andits, he
invention. [nail Figure 4 shows onqunbodl rrent of a, chip, stack, 400

formed usi ng nEPRBeRCEas of hysiseecniznd deliym inpied SoRsoaling nhiqud qoglitg Hpids
chip 410 i ncl ud@,ae.apm@rfoy1nﬁﬁlanaharnm&5f@h1baam@entﬁmtsé {rivlstidndAclude

circuitry chip. of, menor S re sh wn L oG ted on tbp
of the redistri BGPPBW“&‘{SPBH|Sl‘1?e§°r5¥flagﬁ'if@f)suc ¥ @\'"5] dlﬁ% %uch as a -
processor -chi p[oosgpt ac kEﬂ‘lgﬁhPe :wgmﬁ&s thé €irst bhfp 3 Daledt hd@@eenltmnﬂﬂﬁﬁom ‘
enbodi nent , e . do of,.t he bott
Chip 410 i th INQRG S gl f Hems L kabicatg A1 o Sritiondo fambiphe
chips 420. O hersc@amwoﬁembs.epamlmde dezékibedhtsoveptlimming dhigs iam wafer may
circuitry chip si ngl e. st le l'oqgic.c
Cingle stack ab el S SircliRg oradesat e Ferp st Rimdpoued °
for the stack é4ie ofﬂieamtag Figure dCshowbthei frst muahcdmmumbatinnfuhnﬁﬁel 344 -
provi des a high er that increas nfat vi el d
P escri bed SBRYIEE sEroldReia! SmuhlRtaiol ShETRESACRIAISH 0 et e
surface of theesibadiknefif)Gheathinning Hrocess aq:_roea_sedmabodmmgnmitmnﬂ:_amﬁclﬁ fne
500 1 nct udi ngHP R PE IOR AR Blertonccs fo fhil robgfip? 1P =1 ocK
.mterconnect:vxty -
[0040] Oneadvantage of through chip mterconncctwuty as opposed to
chip edge interconnectivity includes the increased density of intérconnectivity
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
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such as nmultiple processors. Two or nore redistribution circuitry
chips 512 are again used as a base, with two or nore |ogic chips 510
nmount ed onwiDaposal14ihe redi stribution circuitry chips S5ICT/Us200TreRE66 Of
menory chips 520 are then stacked on top of the two or nore |ogic

chi ps 510. [00431Whil e a nunber of advantages of enbodi nents of the

i nvention are described, the above |lists are not intended to be
exhaustive. Al though speC|f|c enbodi nents have been illustrated and
described herein, it will be appreciated by those of ordinary skill
in the art thatcourmptnonsrcang:asaahtoughany aileblk desatiorwithin the plase ef ¢dvh

Same purpose ”%lers ?ﬁ%’éﬁnh %“nt%gt bt chi}e @Q%@&J &’Hﬂﬁ%é&ﬁ@{arllﬁ Own.

This application 0’'COVer Tons ot tions
of the present comeetionsore used tosommmealgrbds’v&n@bmsmhamtdmhmmk

ggﬁglr Ingf: gzsl 2 Il ogglgﬁ)gm%ggl cli)l'ri?ﬁjm d:r&%l &l,°h¥ g‘fﬁggﬁfb%& éﬁ@é&éﬁﬁl&ﬁt M@n%mo?lpf

be apparent t ochipaslge ofnigkiidns armalsdwithinttheisrope pEthednvwentjon.he above

description. - R@o\[ﬁj"pe Ofﬁ%@& sﬁ'&fsn&ﬂe%ﬂoﬁ%% tPa t@ﬁé 5%%?%0 formed using

applications i ch the ove structures an are. use
scope of the i mthridsdrscsibed hbovee Inleneembpadinienti 2 bottash chipdd @ inadudene -

ded. cli h
Ry BistEPA S SR8 L 330Gy S VR hERbEE bt by
form ng a seni cbipd 636 ere shown deaated ondompf ths redistributiondincnigryechin 4k A

waf er to a secohdc Wahake sﬁtﬁl fl ';{]géesé’@fc il H%é]&é@oﬂg?]gaf the chlp s ck 400

redistribution ¢TFCUNtTY, secon!t i ncl'udi ng a A al Ity
of seni conduct dn ocﬂrwrplsodlphl}tsnmamequenbw #ep are stagkesk ongtep 0§é13é19ﬁe@

sem conduct of _&fiehbhAM 4 BBeRYSLa0R 450 i Sdilchibp wﬁfhefmen%}? chips 420.

physically replacing t conduct or | ps Wth east
one repl acenmenOtherembedimentoinckude pultippe regiseritpsion sacwiry @h’@ﬁ Fﬂ g single

fur lt hgr conpr i %ea@ﬁ 466 bR Yodib Enips A5 atoYn g st5QIA R0 BMIEHOSE SSRInRS: bP
i nclu e nenor cni
y dlffergnt stacking orders for the stack 400, Placing a redistribution circuitry chip

first provides a high- yleld base wafer that increases manufactunng yield as
described above. Placing at least one logic chip 430 on an 'outsidé Sur_face of the
stack 400 allows for increased cooling of one of the hotter running chips in the
stack. ‘ oo o '

a [0042] - Figure 5 shows a chip stack 500 includiné multiple logib chips
such as multiple procéssoré. Two or more redistribution gircuitry.chips 512 are
again- used as a base, with_ two or more logic chips 5 10 ,moﬁntéd on top of the
redistribution circuitry chips 512. A nﬁmber of memory 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 invention -
are described, the above lists are not intended to be exhaustive. Aithough '
-s-peciﬁc embodiments have been illustrated and described'herein,' it will be
appreciafed by those of ordinary skill in the art that any arrangement that is

.~ calculated to achie\;e the same purpose may be substituted -fo'r 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

10
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3. The method of claim2, further conprising selecting the nenory
chips to include DRAM chips. 4. The nethod of claim-, wherein
at t achi ng Wof2oesgs5144af er to a second wafer includes attaiuggoE/ki1set
wafer to a second wafer after configuring the second wafer to include
|l ogic chips. 5. The nethod of claim4, further conprising selecting
the logic chips to include static random access nenory. 6. The

nmet hod of claim 1, wherein attaching a first wafer to a second wafer
i ncl udes coupling input/output regions between the chips using
controll ed chi mboed ¢mbr31§mcma,rmdtdtlmu egbpdiotentsewill be7appaimt frethhsedofekill in
claim1l1, wherei a udes
coupl i ng i nput /tg%? 1{%0%853 %‘e%oy‘gagc?{]né&%ﬁi Bz‘gﬁés)‘%}%" goe]qé %n@l%l' :
bondi ng con nectmo:ludee.v.tanu othm' applicaBonsTh ghivhtthogbayk strictires and m@més mre
attaching a firg f

o ontpet Bk BGleohOofnp ERRRbY Gl kL URRRA o e
lift off conne(appmdedblauus,laltmg thtgthe'ﬁﬂbsqmpe hqu@falmtmorwlach mmms
attaching a fi r%cm gr to.a second wafer includes coupling

i nput /out.put .regr ons between the chips using TiNi CuAu connection
structures. 10. A method of -fornming a sem conduct or structure,
conpri-sing: attaching a first wafer to a second wafér, the first.
waf er..including only redistribution circuitry, and the second wafer
including a first plurality of sem conductor chips; -physically

removi ng at | east one first sel ected seniconductor. Chl p of the first
plurality fromthe surface of the first wafer;

11



physically replacing the first renmoved sem conductor chip with at

| east one first replacenent sem conductor chip; attaching a third
wafer to the second wafer, the third wafer including a second
plurality of sem conductor chips; renoving at | east one second

sel ected sem conductor chip of the second plurality fromthe surface
of the second wafer; and replacing the second renoved sem conduct or
chi ps w tWhatiskkRaséd @ne second repl acenent sem conductor chip. 11.
The net hod of claim 10, wherein attaching the first wafer to the
second maier iﬁ@bﬁg?s attachi.ng ,.a first wafer to a second wafer, the

second wafét™f WG § FFUEONGPUPLITE P O FONRABRE chips.  12. The
met hod of atierkingn figst e p fecand sefarrige firse weler ingludafeemly wedishidbuger ond
waf er i nclircdésy, aiid the bédogd avafdriitotudied €plutadityaofsemivaddiddrehipst he third

vaf er i nchdicRg, RS 1dabiina kéltdePienliQHdGct6NRS fromkBe sulfie FEHLE @ick( Of
claim 10, V\mf’rreéﬂ'd attaching the third wafer to the second wafer

i ncl udes t“fafa%hl ng a third wafer to a second wafer, the third wafer

i ncl udi ngpafamg%lbbwalaﬁma thg tempvert serpeangducipy ¢hdpsiifhhatdeast one replacsarnbiccess
menory | ocatmgonductdrehipogi ¢ chips. 14. The nethod of claim 10,
wherein attaching a first wafer to a second wafer includes coupling

i nput / out I I W Lmting
[TV of 1 EaneLRAAT (R 1 AR rflon: LA BEFPRTL! Sl o1
at t achi ng™"%¥P% PF‘E{I“C(%/&'F%?OW(‘} Ssecond wafer includes coupling

i nput/ out put regions between the chips using Ti Nl CuAu connection

st ruct ur €5 The hethod dfetdnad, dirthbocompring sskettiinpahe meimory diipsretinglele
conpri si NnGRAS agkd Ng and el ectrically interconnecting a nunber of

sem conductor wafers, including: stacking a nunber of nenory wafers
and at least one redistribution circuitry wafer on a starting wafer;
at t achi ng*diiemetiad f slindgaergdyafiachipg @ Hest wakeiga sweprd walepmsiidesn
sel ect ed attarlpsg A firsitvaledst saoed ohfar htemrmonbgringfths erpmbweliactodnclwds er s
are physilggiklcyipsenoved and physically replaced during the stacking
process; and
5. The method of claim 4, further comprising selecting the logic chips to include static
random access memory.

6. The method of claim 1, wherein attaching a first wafer to a second wafer includes
coupling input/output regions between the chips using controlled chip collapse
connection structures,

7. 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.

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

connection structures.

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

10. A method of forming a semiconductor structure, comprising:

12



separating individual stacks of chips fromthe nunber of stacked and
i nt erconnected sem conductor wafers, wherein separating individuals
stacks of chips includes attaching a tenporary hol der wafer to the
logic wafer. 17. The nethod of claim 16, wherein stacking a nunber
of menory wafers includes stacking a nunber of dynam c random access
menory wafers. 18. The nethod of claim 16, wherein stacking a nunber
of : rr:e;lnor %/att&@ﬁi_ﬁg 8 fir14a0895 a SERRK WAL th BrsIRATRE YacWRILRY chly 1'63%trib-ﬁb&81f1 .
nmet hod o : ] .0 e
wafors pri g el G eOR wERTREL IS A ikl 7L ﬁg‘@l@%ﬁ)gﬁ or i ng
2 sem corRiNEHly BN (oSt QBRHIT SFIFRcd SbSiodeig? kil pELE ik Py
second waf drom thhgurfaqes theeffrsrwifp| udi ng only redi stribution

Ci rcui t r yphyaiesllst feplasieg eedfinsedetioved@iichindgetar dilipitvah bt Mabne first

sem conductgiiachicRSscRlEdoMH;) an active side t owa][ ds the fi rkst

waf er; thinni.n .backsi de, of the second fer to.a.first thicknes

to expos eat{aﬁnlfl_gg Sglﬁﬁg"g%(%bﬁ?%%? ?e(‘fﬂli“ﬁ'?/feef’ ﬁhet tﬁﬁ@&a Heiyding s seg ]&IBWEG/C%OI’
chips; renstnicgndustaEchi®s seni conduct or chips fromthe surface of the
second wafswyingntlens phasicnnd sdiectedermi@adseod chindithd sxowdplpslivg frdm

r epl acenmenthsRpfacHPHNAHE sRbnCWaRE aner ei n the repl acenent chips include
the first J.: faelal rein.th
pluralit yre ]P &1@% ﬂ?%g?loél d.% %n(}?;rc esie%qg&?g‘gﬁt%cf gﬁs%{ﬁoar%gea%%%g%ong é‘?p? gent
met hod of é?&PH&%@F“F Wt her including attaching a third wafer to the
second wafer, the third wafer including a plurality of |ogic chips.
23. The nethgdnahod bBdlaim?, whefeihataching thedirftov Ao shd ebehdo@atecigtludes

netal | ur %ta&ﬁ\x}\%gﬁrﬁm@é%’a LbAE GarnaRd ise%an&&,ﬁayfnuuxmﬁ affﬁrst AbsiRichod

of claim23 rein depositing contact netallurgy o e expose
i nter conn%%l??lgﬁ: &y cui try includes depositing a gold netallurgy on
exposed i nterconnection circuitry.

12. The method of claim 10, wherein attaching the third wafer to the second wafer

includes attaching a third wafer to a second wafer, the third wafer including a second
plurality of logic chips.

13. The method of claim 10, wherein attaching the third wafer to the second wafer
includes attaching a third wafer to a second wafer, the third wafer including a second
plurality of logic chips with static random access memory located on the logic chips.

14. The method of claim 10, wherein attaching a first wafer to a second wafer includes
coupling input/output regions between the chips using pad metallurgy limiting lift off
connection structures.

15. The method of claim 14, wherein attaching a first wafer to a second wafer includes
coupling input/output regions between the chips using TiNiCuAu connection structures.

16. A method of forming a semiconductor structure, comprising;

stacking and electrically interconnecting a number of semiconductor wafers, including:
stacking a number of memory wafers and at least one redistribution circuitry wafer on
a starting wafer;
attaching at least one logic wafer to the memory wafers;
wherein selected chips in at least one of the number of semiconductor wafers are
physically removed and physically replaced during the stacking process; and

13



25. The nethod of claim 23, wherein depositing contact netallurgy on
t he exposed interconnection circuitry includes using a lift off
process to deposit contact netal lurgy on the exposed interconnection
circuitry. 26. The nmethod of claim 25, wherein depositing contact
metal lurgy on the exposed interconnection circuitry includes
depositing a Ti Nl CuAu netal lurgy on exposed interconnection

1(‘”0 ; <r:n wn tr Be/lse pardiing Adﬁﬁ’dﬂﬂpﬂacﬁs nga{dfrsra ﬁ&n@ﬁb Rtk BPﬂé&eé Y ﬁfercoqﬁgméd sing:
i nter cgnneg | r?éga yoghﬁgafeé Wherem S%jaraél n%f%idwagail Sr%%&s Ot:%}g}ffdlpﬁﬁdes t acki ng
a number ofUATIRE 3 CRPEFS @ﬁerawag@rgptthenlgg%a&r attaching at |east one

| ogic wafer to the nenory wafers; wherein selected chips in one or
nore of thﬁmuﬂhﬁfod@ﬂ‘cﬁﬁﬂllsQﬂK&lﬁh@facMﬁé 8 hEmBED MMV P dafidintRBEaced

dur' ng, ¢ NeaACKIRGPERSERRe i ISRAAL eubliathual stacks of chips
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i nput  devi& &he method ofi plaim d6.avkesein Fiagking & nemberef memose e oot e
st r uct ur estack#fy. nimeaemetyhoafciof cl ai m 27, wherein coupling the
sem conductor structure to a systen1circuit i ncluding a display

screen an in evice i udes coupl.i.n m_conduct o .
truct ur oy e mlEeh o Bliay 6, Akt B RnGRRE WMo (e PRGN ferg prio
keyboardtosﬁ@quW%W AGFhBENE | ai m 27, wherein coupling t he
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t hough gap&viemgstye dé¢g joeraedsdhg mskwelsrinect i on structures spaced
bet ween tthamnaigigimckside of the second wafer to a first thickness to expose interconnection

circuitry in the plurality of semiconductor chips;
removing selected semiconductor chips from the surface of the second wafer; and
replacing the removed semiconductor chips with replacement semiconductor chips
wherein the replacement chips include the first thickness.

21. The method of claim 20, wherein the plurality of semiconductor chips includes
memory chips.

22. The method of claim 20, further including attaching a third wafer to the second wafer
the third wafer including a plurality of logic chips.

>

23. The method of claim 20, further including depositing contact metallurgy on the
exposed interconnection circuitry.

24. The method of claim 23, wherein depositing contact metallurgy on the exposed
interconnection circuitry includes depositing a gold metallurgy on exposed
interconnection circuitry.

25. The method of claim 23, wherein depositing contact metallurgy on the exposed

interconnection circuitry includes using a lift off process to deposit contact metallurgy on
the exposed interconnection circuitry.
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31. The nethod of claim 30, wherein flowing a cooling fluid though
gaps includes flowi ng a pressurized gas through gaps. 32. The nethod
of claim31l, wherein the gas includes hydrogen. 33. The nethod of
claim 32, wherein the gas includes helium 34. The nmethod of claim
30, wherein flowing a cooling fluid though gaps includes flow ng a
supercritical fluid through gaps. 35. The nethod of claim 30,
wher ei n {20 Whe ghethod@Fkiantf 25| wiheileih Aoptahingapstat s UL Sy bn MicRgbsed | | qui d
through g@R%connection circuitry includes depositing a TiNiCuAu metallurgy on exposed
interconnection circuitry.

27. A method of forming an electronic system, comprising:
forming a semiconductor structure, including:
stacking and interconnecting a number of semiconductor wafers, including:
stacking a number of memory wafers on a starting wafer;
attaching at least one logic wafer to the memory wafers;
wherein selected chips in one or more of the number of semiconductor wafers are
removed and replaced during the stacking process;
separating individual stacks of chips from the number of semiconductor wafers;
coupling the semiconductor structure to a system circuit, including a display screen and
an input device; and
coupling a cooling system to the semiconductor structure.

28. The method of claim 27, wherein coupling the semiconductor structure to a system
circuit, including a display screen and an input device includes coupling the
semiconductor structure to a system circuit, including a display screen and a keyboard.
29. The method of claim 27, wherein coupling the semiconductor structure to a system
circuit, including a display screen and an input device includes coupling the
semiconductor structure to a system circuit, including a display screen and a mouse.

30. The method of claim 27, wherein coupling a cooling system to the semiconductor
structure includes flowing a cooling fluid though gaps between chips and interconnection

structures spaced between the chips.

31. The method of claim 30, wherein flowing a cooling fluid though gaps includes
flowing a pressurized gas through gaps.

32. The method of claim 31, wherein the gas includes hydrogen.
33. The method of claim 32, wherein the gas includes helium.

34. The method of claim 30, wherein flowing a cooling fluid though gaps includes
flowing a supercritical fluid through gaps.

35. The method of claim 30, wherein flowing a cooling fluid though gaps includes
flowing a liquid through gaps.
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