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WD 2004/ 059720 PCT/ US2002/ 041181 THREE- DI MENSI ONAL
DEVI CE FABRI CATI ON METHOD Technical Field This
w0 poogfosd7em rel ates to the manufacture of very PCT/US2002/041181
| arge-scal e integrated sem conductor devices, and
nore particularly to nmethods for fabricating

Bacior JTRERDLGESIRAL Dovic, FaBhRCFEOR MR e,
a logic unit and cache nenory. If both the logic unit
and the nenory devices of a mcroprocessor are

TechmicahBietl i n a t wo- di nensional (2-D) pattern,
limtatjons on th hysjcal size of the chip (i npose
by poo&lhﬁr%\‘?é‘ggn W?%gﬁjé 4*6@3&%fa?tgfeg%ﬁ%n@arwca@yntﬁ&rwe%
BRI Bk, Ghd AR ok

sor SRRy T, Ghd BRI bt A b fof AR ek dimensionsl,

vertieallyduntersainyedtédietigsd. To address the probl em of
provi di ng adequate cache nenory for m croprocessors
(and nore generally the problemof 2-D real estate on
a ' a nunber of researchers are exploring

Bﬂ%ﬁﬂ%@s@or bui | di ng t hree-di mensi onal (3-D)

I nt egr Miepedcessor thips genthally wulhriela 18giDuhi and eadhe demory. If both
process includes building devices on wafers which are )
thedogie unih ppdh g naesnoTy dewicesHg MHOTOPIPRESIHE GLA aTanged i fwaxflimensional

P AR W
lardecdreg etilp¥yahAr 18ado rditfitteomedh theMabgit of8sthe dMhdry. Thé Performance

wafers with a suitable material. See, for exanple,
of the mgroprpcessonmay therefprei hegevealydimiteda- chain t est

Don ne SRRt R el FEPRRLER AR Bl o
m@%&&%ﬁg aiftel geRbHall PR HE61EH OF 240! ka0 Estdte bn@2B8}) a number of

o Interchip via technol ogy by using
reseao@iees are @xplesng imethiods fos thuilding thege-dintensiohal (B Drintapmited circuits. A

oS e b 0 05, e
lesd tAEE 80 Ln{BRAN ARG VerkiBdi %ﬁéﬁb%cﬁhﬁ%&%ﬂhé Bfers; stacking the wafers
ol ogy Con

I nternati’onal Ihterconnect Techn erence
so thatooetchl ngmettians(a2OetjblisiBiddretweanamdlens ab Bifferant levels;md bonding

resent _state of 25 the art of 3-D integratjon, . )
theefirs athaoitablE mHEERL £ Spe, Foienample bt &g Fprication of via-

i | i . M ”
chair%é %Et%%uﬁ%&?&? ?%)I@ttﬁtgﬁhlé)gg %1?18? 'a%é{c}txg&{ﬁlgg Bonding on 200 mm wafers,
MatepiatsiReseatia SoeietyUIeST- Xl efonference Proceedings 151 (2002); P. Ramm et al.,
“Interchip via technology by using copper for vertical system integration,” Materials

Research Society Advanced Metallization Conference 159 (2002); and Rahman et al.,

“Thermal analysis of three-dimensional integrated circuits,” IEEE International Interconnect
Technology Conference Proceedings 157 (2001). Significant problems in the present state of
the art of 3-D integration include (1) the need for reliable wafer bonding; (2) stringent wafer
cleanliness and flatness requirements; (3) the need for reliable, low-resistance inter-wafer
vertical connections; (4) stringent wafer-to-wafer lateral registration requirements; and (5)

the need for efficient heat conduction through the 3-D device.
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vertical connections; (4) stringent wafer-to-wafer
| ateral registration requirenents; and (5) the need
wo en4e8972@€i ent heat conduction through the 3-DPCiBEUSMO2/041181
1 WD 2004/ 059720 PCT/ US2002/ 041181 A process for
rraki ng 2-D chip-to-chip interconnects is described in

"Process for _makin [ |tc . connecti ons bet
devi ce %rﬁﬂesastf?%?lﬂﬁ%gﬁgg% dntsroonpeets is d Eﬁcngg‘f’iﬁatp rocess for
e e L e 5

Noi 6,464,560 assigheld¢o &atarnbionabBesiasss Machmesn Cogurativnt theslisclosure of
chi having different 5 functions and

t.ent
Whﬁgé%ﬁnswowgih?r@&baﬁ@f%rﬁmr patefliy thispaientrrbisdigving different
B R0 R P Rl T ot A B sy
polymcb@ushmg studiapnnédtions betdeean ﬁﬁbhﬁng tayexxdndritle fd%pectlve chips. It is
echnlques di scussed in thls atent to achi eve 3-

desgrablg 1o extend Hiedechpgues diseipeqd lnﬁméeatama tgrachigye hl%elnwypband
g The present invention addresses the
waf% cl)év‘)éyg)%tn ed concerns by providing a nethod for
fabr| cating a three-dinensional integrated device
including a plurality of vertically stacked and

Di 1 vvafersh in vvhichthe vvafers may be
liab b t
\r/v:f Ie? ﬁ‘%? %g Hé\;ﬁgg?%%@ ‘{rﬁﬁ%%qg%%l ove %n%ez?wemowdmg a

methll €6:5fabBYatiBe albretRlifRibnal 1ﬁtegfa@éi‘f d&rﬁ:e\iﬁﬂﬁdx@h bMrality of vertically
connect a first wafer and a second wafer, a via is

stagksd iad lntercomcterdu wafersyiafvehichethe svallirntpay be neliably bondast together and

the GRiiREIe BT O wH{eh 82 r Bript SRR rEt S femPbaber B Ffifprapay be
releE&’ M S@lef 1 V%rtlé%gz Qbnriict 4 it %felf aﬁd}' b 5&08d Waere®{ia is formed in the

hinning the wafer to I ess than um An opening is
ﬁrsf wafee dxtending Eobutbk froot $uataee, dhe via éelfng icharacterifedrby a lateral dimension

oy FRHCERE. Blaiel € fafo o 1o g fougne hacsphcashereot

I f t
thir ewa&@tmsgmaﬂ 20! /fin. %{5@“ aglsfta CRIR Bk sﬁﬁ?&"éi‘the first

'ayer of bonding nma are orned on
aﬂer ahd&rels;ue)tp@smg olie vilyeths epenirgs vas fadateral Hieneasion greater than that of the
pr.o ectlng ertlcally therefrom The stud i s the

via.g @YFéd’ @en Yeling patrriabisiformed dn Bt Rpeainer s sudpnd néayer of bonding
mat{g:h&lgatr ’onttﬁfﬁo}(‘@sfuf%get &¢ tﬁe bapde gz | g stltu P}oﬁ‘éécglﬁg %rtwally

ngmaerla estudmaese

therefioi CTheMthdhistthen aligaed tothe bgeting i thebaskaarfagcsf thbfitse wafer; the
waf ers, the second wafer is further 25 provided with a

wafgrssare hordedi usiperthe lyeref bopding materah ce thet thesudvarkses elegtidcal
conttac? w1t?1ct%1 aW% %%der Yo interconnect three wafers, the second wafer is further

provided with a via extending from the front surface of the wafer, and the second wafer is
thinned by removing material from the second wafer at the back surface thereof. An opening
is formed in the back surface of the second wafer, thereby exposing the via therein; this
opening has a lateral dimension greater than the lateral dimension of the via. A layer of
conducting material is formed in this opening. The third wafer has a layer of bonding

material and a stud formed on the front surface thereof; the stud is aligned to the opening in
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thinned by renmoving material fromthe second wafer at

the back surface thereof. An opening is fornmed in the
wh2wk/0591ed ace of the second wafer, thereby expPSi/ms2ophiet1181

via therein; this opening has a | ateral dinension

greater than the Iateral di mensi on of the via. A |ayer

f uct.i.-n aornmed i.n.this ning. Th
thenel SRS OF et R, 1k 3 Hoy 1S SntRE g d i water
usm:% 14 15yRF BEBorfing Metefiflosy thatiht 86RA JHies 8l wdrlransdey dlebical

a ned to the opening in 2 WD 2004/ 059720
comtm@zuhe Fafthasecondhwain otithsthe smdeof e sehendwesndind with the via
faﬁgfer a;ﬁthe third wafer is then bonded to the second
0 i ng the layer of bonding material, so that

the st udcshinghs thdpresbnt R EftioRPHR YIRS ﬁ{errbﬁﬁl:tlve"@ﬂ%ﬁ?feed not

with the via of the second vva’fer with the stud of
extersloardcaliz ffierm tlarﬁ:bm/surface hetheiback sirfachef therwafersa fAecandscting

ccor dj t | nventi.on, .a n
bodio Bl kv S Bireah Hie e Feeinm ol Priendigt oteratly ey gonnect
of
L e

thraleghi the wafgyinzay teried endesmredilrthe tatiess ahéryof ithe bondmg tdyer is preferably
the via with_ the netallized openin

at@ws@%le%w m&te%alo%ﬁlgn particylar way,pe,pe a'H}FS p?lmlwwerm be

borB SR e P fﬂ?ﬁéﬁf FRgamiRg T

mat er i Additianal dpenipgy hachd formedhin the baxek spirfacelef thé" ﬁ'm wafer,
permts wafers to be bonded with |ess string

to qoea@ﬁt teaditianal siyds an g frond swrdacs of the r wfﬁé é’éhere the additional

ol BRTSEES: 58 8010 Te LA DRFb g 05Ra vcric

heat BénducOon f)éildﬁvﬁiﬂﬁet@éentth@\xﬁ&@s) Mrhe/srbednt invB@lod thérefore realizes 3-D
addi ti ona genl ngs and studs are _insulated fromthe

verij¢ah integraiéerewiin bpthi relinble destieat comnestionsrapd igproyed heat gpnduction
b t15 he%{e conducti on pat hways between the wafers. The
e%’?%‘s‘é’ ™ nvention therefore realizes 3-D verti cal
integration with both reliable electrical connections
and |nproved heat conduction between wafers. Brief
JESCIIpiiQ awiegswi ngs 20 Figures 1A-11 are scherratl c

et bt 2&3%@ slletuafe 1ot GE et oy BoRaeRiap BrocSss for a
3-1%@%%%@@8&\11 it} &%ofdaﬂ@e%ma ﬁrs%&%&aﬁleaﬁoﬁtﬁe fvEntion.

matic i[Tustrations of steps in a fabrication
pr ocesEighues 2A-2F are schematic illustrations of steps in a fabrication process for a

ot =)

3-D integrated device, in accordance with a second embodiment of the invention.

Figure 3 illustrates a vertical interconnect between wafers extending laterally
under a device region of the wafer, in accordance with the invention.

Figures 4A-4C illustrate a fabrication process for improving heat conduction in a
3-D integrated device, also in accordance with the invention.

Figure 5 illustrates a completed microprocessor device including a logic unit and
a 3-D stacked memory unit, the memory unit being fabricated in accordance with the

invention, where the logic and memory units are connected in a 2-D interconnection scheme
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3-Dintegrated device, in accordance with a second
enbodi nent of the invention. Figure 3 illustrates a

W@ 200/08%R0 | Nt er connect bet ween waf ers ext endi NBCT/US2002/041181
| aterally 25 under a device region of the wafer, in
accordance with the invention. Figures 4A-4C

N 1€ ak| r for inproving heat
umlléé)gg%%:{hlgé@g? ﬁgg%gﬁ%&é %@gglF € evice, also in

accor daipgee Sllubtritbea onpiotet dicropidbesser Gevitd iteludiag @3ogdic unit and

conpl eted m croprocessor device including a logic unit

a 34 atackedamemeryamiccthe mamaty unit being fabsicatedit gecardancewith ghe

il G356 RS PRT el ' DR B4R R i cren
intdrE3RIeERINREEHO BsiSE #8IMia cdniktidRO4/ 059720

PCT/ US2002/ 041181 using C4 technology on a nmultichip
modul eFignenj illuptrages 2canplptied sniergpesessor demteaneldding a logic unit and

m cr opyocessor, . devi.ce i ncl.ugi ng a ic unit an . )
meofy SRS AL G TSR Aagrird dh e Shlang Mt R invention.
fabricated in accordance with the invention, where

the logic and nenmory units are connected in a 2-D
st Miodsf fic j fyynt®Ni nt er connecti on schenme usi ng

st dv'a o cti. . Fi ure 7 illustrates.a copplgted.
i G opi"THSESRARCATR i AP BY SRR, § BTAELRR Pingaters with
devitedPorthed thdrSon YREHE Egl:liedtah& tvﬁlrﬂicﬁlfy @fefconRblibd: Al écleig tembodimen’cs

Integrated 1 n accordance w [

the 1 nvention.

desiuilobel Heoein, Gathregilengl @atk istebricatedrani conrkodtedpit sk be dppreaated that
.W th the present invention, plurality of_ thinned

th%?cg_ﬂ@uamam Perpors S8l andiit e gressis by adapted iR dprg of fewer

thatf firbd @ik yﬁh@&ﬁf Q/@gcfétgﬁ; ﬁ‘lgegra{tgd P&qceerﬂ‘%plﬁgsmﬁxg{gﬁcted in two ways, as

described herein, ree-1evel stac ricated
detsiled betwwnected; it will be appreciated that this is
for illustration purposes only, and that the process

may be adapted to nore or fewer than three |evels.

(l)ggﬁé@;\*@ﬁ%@{%t%%&sism egrated device may be

ways, as 15 detailed below (1)

Top- dopugumell £ Ehowsdf krdsk-86kivg aF 4 EhdvingSdi@ies bild several levels of
cross-section a wafer 1 having devices and sever al

high-dewsiity igereonpaghonwiring 1 (tynieally drn) ée e regionnl ¢ plife wafer near the

o bSEL4 Bl BT g2 B8 e D5 e
regfofl et deVicéMmdIRERN int@SdRidels BeRSLAWIRcome part of the vertical
through-connections after wafer 1 is thinned. Vias 12 are typically formed by etching holes in
wafer 1, forming a layer of liner material on the sides and bottom of the holes, and filling the
holes with metal (preferably copper). The depth of the vias 12 is less than the eventual
thickness of wafer 1 after thinning; thus, if the wafer after thinning is about 10 wm thick, the
vias are less than 10 um deep. The diameter of the vias 121 must be chosen to balance heat
conduction and space concerns. A diameter of approximately 1 1m consumes minimal space
on the wafer surface while providing acceptable heat conduction through the wafer; a smaller
via diameter may be used but may not be adequate for conducting heat through the vertical

wafer stack.
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region 1 d of devices and | ateral interconnects; these
vias wll becone part of the vertical

wa boogisgizconnecti ons after wafer 1 is thinned. POA/ES2002041181
are typically formed by etching holes in wafer 1,
formng a |ayer of liner material on the sides and

bot t : . e .
(pr ef ef GVt B inffticg, v 3s i el BbBvvard
with Bauifblie davetdr urb a2bgibh of theessertfelomatat oflthaidbedtes. Size

t hi nni ng; thus, if the wafer after_thinni na i's about
requigemenis fmithacviay My inpragficg be swissatiphianclaxed belavaesion 1¢n Other
| r.of . - 3S. o)
o et U6 05 ke B SDRRSoh Rl ey

undRBREtheaEEes, ds distisedns Hves déthibbdldl. space on the
waf er surface while providi ng accept abl e heat

conduch erden tedecilifnte hnadling efithe thinped wakdr, a handliag alets @ypically of

TSN T Y R I
bonded fddeaRf 6inP e TdyeiSPe 8R4 thbirhSdlastic Gondifs WRErRI §eefefably polyimide.

illustration, via 12 is shown extendi ng strai ght

downwaWith th¢ handling plateol hattticheetosthe watfes 1atheawpferis dinnedey

srins et e g 1 SR GRR B R TR HbE FIGRRS OrWater 11s
lessRBAPY0 LAY b%erhbl ab&Hth®" m 2N ARGRMBIRiSurd 1B, PRSHIdA process stops
whi ch 1 nvol ve the through-connecti ons extendi ng

shottaifexpdding the bodemrod aids 12he devi ces, as di scussed in
nore detai.l below, In gorder to facilitate.handl.ing of.
et HORFEREAGr the St g Bppiivietops T PE e Mates xposing the
botﬂJn?éP‘)iaslﬁl (ﬁv\%?E 4 @i.h ¢l hféfaﬂ Rt VRhaySitielf3&Se bs @n Sfch s for this
waf er. The er

and plate 15 are bonded together
prouess;adtematiagle ranidictodtop laybiemapd provided boambithey posticer ofdhe wafer (not
preferably polyimde. W t he handl i e 15 .
PoTA L RaPos ) T ontTol Fprhis sy 0t ERuhBeIngiad thet openings
C ‘ T Kosi | . .
1 W e P 10035 RSB By s o vios e
pos&ible, (Wsrlisquseddefipbénbebdvo) theldpeniugs atAe bivkwarthee b guigenerally larger

1B, the thinning process stops short of exposing the
thap Hherviam ap thofrens surfacedgeni ngs 13 are then etched in the

back s - ' .

ook SR ARG} et VSt Bim PR RSB S ety b
spuitefiig t8$nakb cEiitadt witiothebttoihing of ke doFRSMsHFing via 12, so that a

alternatively, an etch stop |ayer may be provi ded at

condneingaratipis foimnd throughavafeile lt ghovld proiedithetiopgping 13 has a
dialglﬁt\ét g%g. é%tﬁgigélgfvﬁgtén%%%rﬁahra gl?arn thzﬂ'o% 58 c?o%?ess;S)Onditgg via 12; this is to

facilitate vertical connection with another wafer.

{D

Figure 1D shows a second wafer 2 which is to be vertically integrated with wafer
1. Wafer 2 has devices and interconnect wiring 21 formed thereon, similar to wafer 1. In
addition, metallized vias 22 (typically filled with copper) extend downward into wafer 2; vias
22 have a lateral dimension 221 at surface 2a.. A layer of polyimide 26 is deposited on the
front surface 2a of wafer 2. Studs 27 are formed on surface 2a, extending above the top

surface of layer 26 a distance which typically is 5 um or less. Studs 27 may be formed of Ni,
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13 have a greater dianeter than that of vias 12.
Al t hough nunerous arrangenents of vias are possible

w@ am4msgeussed further bel ow), the openi ngs atpPeTesSivazéd1181
surface | b are generally larger than the vias at the
front surface | a. 20 The interior surfaces 14 of

Cu S ERERR Gl Y7 DEsonl B EERPAL bR of bR A PP Bl

meﬁlﬁgfpﬁﬁi@@]wy MeteYihis lé’posﬁéd bivee sBriaceitdbie studGhiRFdlithtes formation
formed through wafer 1. It should be noted that

of asyeiesitniggl Q@matsoradurmgah@p@ce@p@ sergicallytigivingavatprst and 2. The alloy

ma’rteﬁfrﬁgls ygrc'ta@y S{‘)& QH ﬁ]na%ozc?evef lﬂnf:og?esg gﬁél?s ondhﬁﬁlwyamajtgﬁals include
Au/%‘ﬂ%ﬁ %h/ﬂ?f Bhe alRY tdt6rid] thaly Be SHj¥GedtS L ERAHaIVBAGY p?ocess so that
be vértically integrated with wafer

layenmacqmrmsrouedqm@a ﬁ@l shqwrem@meép thiy fan@ta@qs eﬂlgmimi of the

suudg gl 2 Borechpplind Preipatin ot Jndve sBitk s A shfEr
codn@étfbn!‘@ér%algf X‘ﬂzafﬁ frof¥thB @t‘ﬁcéﬂ, of WaBdrd), vﬂﬁl@”ﬁ%m%erﬁit electrical

surface | ayer of polyimde 26 is deposited on
combmonﬁwmubalwdvawraa of wafer 2. Studs 27 are formsd

on sur 2 he to
| ayer %% c@@i@ﬁ& aﬂ‘ﬂ%g‘ (} iy {hen 5“%‘3'&5# eégémmg a
1 )
bong #%%g%%lg?t fops g%&% gu%g s%(lgv_vﬁ\lin Flg@re\'f@’ ?rtg@%ré@ gg zn%@eg 2hare brought
intamep@tration witlrbperangsat3 cnfwafet 4l with thelbaglesur@e @b of wafer 1 in contact
nmel ting-pai nt al terial _is depasited on th
with FherEarE sacerod pglyuald HF524. RS RIEHON PR BFFoIed gha

tempkﬁﬁlré bfipreSORE gﬂggf%&ﬂu&%%n&ﬁ%&@%eﬁﬂw{f@rltdn‘&%;le)/ 26 and

terial

(2) eysareelbdtyicd %ﬂi@cﬁcﬁbhﬁébnsmidjﬁ and&nétm b (alné$l$enbé1t0:k1a 12) Depending
alternative alloy materials include 5 Au/Sn an

on thn @mua&gﬂ%t t8e femperayreBayhedp dhe 18aes %OOa G h‘éqqréi and the' pressure
ma% € mgﬁ\’e pan %ﬁxs g)%g ux?.ée %%’n 1%% éﬁ?@ ac’l ? tbg{dlgéj Ql‘fj(?ﬂnnnatlon

proddsk Qﬂiﬁ@@ihe%f)ldbh% t(ﬁﬂ(bkd S0 et welll@r eitBed gurtisllyr rpaiptbitelg fills opening
openings in wafer 1. The studs extend el ectrical

13.connections verti cal l'y upward fromthe devices of

f , i h 22 | ]
conneck shigd bE potf st S Hitalils £ Bl bbiet Hamster opdpe studs 27
andlRe {1RS dble @8 aéﬂo%rﬁocﬂa@é impredifiéiinahé RERADI4RmBSf Sirwater 2 relative to

using a bonding and | am nation process. As shown in
wafei guFerthﬁmosez ogld bemotealithat spriaces lbrand @aware natdirectly in contact,

but r@ggqfi ;{:%gqugttg?mmgp@p%ae élap{%g%]\éva {ﬁcwnt %cknessqo cover small

surface particles, fill in minor surface defects, or accommodate differences in flatness of the
two wafers. Accordingly, layer 26 plays an important role in ensuring a reliable mechanical
bond between the wafers, while the stud/via connection 27-28-14-12 provides a reliable
vertical electrical connection.

Wafer 2 (now bonded to wafer 1) is then thinned to less than 20 um, preferably
about 10 um. As shown in Figure 1F, openings 23 are formed in the back surface 2b of

wafer 2, exposing the bottom of vias 22. The interior surfaces of openings 23 are coated with
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with the front surface of polyimde [ayer 26. The

| am nation process is perforned at a tenperature and
w@e@sssnreo sufficient to (1) ensure bondi ng bet MEENS2002/041181

wafer | and layer 26 and 15 (2) ensure electrical

contact between stud 27 and netal 14 (and thence to

mett\é;s%‘%é%gqeﬁ?ﬁp ﬁggi” ) ”i”ﬁ qf h&ﬁr@%refb%dbsr&%‘ae gﬁatriégl 8“‘{“]%1011 to
anoPicR $Hférss. may be in the range 10 psi - 200 psi. As

shown in Figure 1E, the bonding and | am nation
pr oc esEigoraiKe dlustrates pegerationof wafket 3 fordwndingtto swfate and 2.

Wafly S0 8 lrAnddreRRIRRt il 1S BR0E srkiieBeet o
ord€! TRAIEY eléchAhl bORadtvAttSthé Back ﬁd%ﬁirﬁ‘ext Nusud lslmé formed on the
acconmpdate 1 nprecision in the |lateral placenent of

fromasider3adfivedfen 3. vitutle 37 havean alloy materiab? $ron the surfaesibetedf, similar to

TN RN O S L O —

on étﬁ‘fé?é 328 8 ‘l’ef if 26 eﬂlt thisHiEKRESS vhaPerCPi ke ﬁd’@'ﬁz‘afer of the vertical

surfac€ particl in mnor surface defects, or
stachtodumhmdduh adcndrﬂmglgnwe&r B ms nidt ahinesi(iérdehe mﬁvﬁmechamcal

strepghdRS Ehe SRS R LA eAiSb AT QP B VIO A bt weon € ho.
waf er Se é{ﬁ‘fay Fllﬁcgﬁ thé %l{ﬂ{ 'o?t}fe%ﬂﬁﬁ% Q1 na%ﬁ:n#ﬁ‘oéegs for wafer 3.

provi verti cal trical connection.
Stullé B aredromghtiio ribetichbconedcewith yvia 22, bk e nesuttiofi akiey meterial 38 filling

oo e o 0 e ol B 2 o
waiggi f%ﬁarﬁpto%ye?’ 96 Yafvien %vafe? PQRd BY sidee él?ﬁrﬁfﬁmlég wéﬂ’gia§ provides

e I'nterih or surrtaces O openi ngs are coate

mecWainbal s@reH?hZ@ einRYIOaters RGhd US B tiah ik lBdte 16%S ad lodder required and
referab by sputtering as with wafer 1)1 to_provide,

mase eremaved bt ﬁ’éﬁ’{?@@tt i TS mey conveniertly beedase by lases @}l!#t@nitl’@t is, if

platlﬁgkg? érar?stpg%azp B)eeﬁ) A 'é?&lg;:?o% é@a I(r31 Igg)aé%lseg% %18& th@interface
betwBBpls@NBeMmH IS8R 16 thérgbydetaidhalg theglate. ont sur face
thereof. In order to make e%ectrlcal contact with

t h e b athe mrwllaﬂntmpemeczed veafergstack7l -33eméyother Haverexternal

conpictips Sftichedch ot atiiediedT: Kol T8, FReRmA G4 tsghnolosy
used ?o 86ithedd ﬂh@%eﬁiéﬁlesrtddwto %ﬁlef E&ﬂﬁéﬁe‘nt-é%ﬁ 18BeV@iRE. Opeflings 40 are

pol yi m de | ayer is al so deposited on surface 3a
forraednnl layert16 tb aylmsem: metallized was 12 abwafat 1 ometaleeide d1 3ré then

t f.i nal f t
depogl’?ed 1{1 ?I?e o;;Ae,anEn%rs ?}4 soﬂlgr ‘t\)/lfnrq;sl 402al are then formed on these pads, using (for

example) solder mask techniques known in the art. The completed vertically integrated
device 100 is then ready to be bonded to C4 pads on a mulﬁchip module (MCM) or the like.
It should be noted that the internal structure of wafers 1, 2 and 3 has been
illustrated only schematically; in fact, these wafers may be fabricated by a variety of methods
and may have different functions. For example, all three wafers may have cache memory
devices; wafers 1 and 2 may have memory while wafer 3 has logic devices; one or more of

the wafers may incorporate micro-electromechanical systems (MEMS); and so forth.
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stack to be bonded; accordingly, wafer 3 is not
thinned (in order to provide nechanical 10 strength
wo e40k526t ack) and does not require through- wedBUS2002/041181
vias. Figure 1H shows the result of the bonding and
| am nation process for wafer 3. Studs 37 are brought

into ekgectri can i ' | . .

O, M U BB ) (ARl B34 el cgraion
is efi®ired by @%(ﬁﬁmﬁﬂg wafryioddat Laysr tSmiridize esdieal Heat-transfer problems

surface 2b of wafer 2, simlarly to |layer 26 between

in theavias; {2 )NusingcpolyimBlerase thersnaplasiie herdinganierialatqyelny wefer flatness

1 chani cal strength to thinne f .
anciTeriinatg oar araeitt 3P Qg GPUR B Rfte g baghotde via
openfiY Githstibtidlly 18roBOihah thelshhd 1o BlaCIaRkYA rﬁé%;ﬂfdtﬁén kequieRnts.

by 'l aser abl ation; that is, if plate 15 is

transparent to ablating radiation, a | aser may be used

o, ablate the interface between plate 15 and | ayer
(2)%@,“0{'%%9‘@5 T ¥BERIRORS the plate. The vertically

i nt er cRABRGhANMRb&Sss Bdrafekdihg wraferfTYa ViBeEn B@AYEis illustrated in

external 20 connections attached, as shown in Figure
Figiirbs 2Ai-2Jirtkis plocessomidl, befdetailed forphree walers beth avhaigy abaysethay be

adapied G oG 0F Rer WL vl b JrstPBiRE AT pat 8 process
sho%ﬁﬁ’ %%uhﬁq Mg,aihié %&Er 18R thian&f toMBLEE 10kim RS MetARLY vias 12
471 "are t hen t | der

eposited in the openings. &4 so
with opgasingb2 3amethé bak suofaoe dnd hag hemdlipgplate ifsittagh¢d torthe front
exanpl e) f,ol der rraﬁk techni ques known in the art. The
suri@geprth ade Y87 19 i ntegrated 25 device 100 is then

d i ki D
(Vong AReRRAPRASS tinfinS 3R e DofedT Wil 51, Pis{TRH Brbpared as
showntig Fipare ZA 1 Wiferr Shasfbotiatias 52 il?d gudn®l @ithaloypmeterial 58, similar to

e e pERse PR LIb DRV oTDRP FiEUTR Do Ashangs Ry 55 i
h if ti .
T T ML T TR

accORYnodaGIds 3Yr Wkt § & thed bonddd babankitiog platke3s, etch penmits the
or nore of 30 the wafers may incorpora

t
waki torls Wlnsed (Higese B Oueniogs s forkin thedagkside Sy ef the thinned

watbr F0 1 RS, B RSt eTRE o GREB U e By described

preylg{lgl%cal integration is ensured by (1) thinning wafers
to about 10,4m to minimze vertical heat-transfer
pr obl efimce wafetsheand Rsach(lpye tespentive bandling platessl Seand S5, they may be

t her mopl.asti c, bondi n terial, to relax wafer
preP@rﬁil’&QedS%ﬁ@h@P_% Fﬁﬂgf?én@% requirenents; and (3) using

st ud/ vizghLitPRARE bl PR BRIA iftBRoRRekRiriE 61! & prepared as shown in
Figure 2C. This wafer (similar to wafer 3 as shown in Figure 1G) has a polyimide layer 66 on

its front surface and studs 67, with alloy material 68 on the surfaces thereof, for making
vertical electrical connections to the other wafers. Studs 67 protrude from layer 66 a
sufficient distance to make contact with the metal layer 54 on wafer 5 (that is, about 5 um).
Wafers 5 and 6 are then bonded and laminated together, as shown in Figure 2D. Since wafer

6 is not thinned, handling plate 55 is not required after the bonding process and is therefore
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5 opening is substantially larger than the stud, to
relax lateral registration requirenents. (2)
w@eaoomm7ap waf er stack process An alternative PCDUSNS2/041181
for bonding wafers in a vertical stack is illustrated
in Figures 2A-2E; this process will be detailed for

_ e e[S .
ol ARl R R T B i
as t0ExPOStEdboat Siunhintheiphpostedsss7. Stada57 arefhgLready foAbafding to metal

this wafer thus is thinned to about 10gm has
layereldaofl wafei! v T beresplt ofjhistpopd@aipregsss svhsein ffacksd oxafers 5 and 6 are
o35 b PSR Mol il & L AERBiAE 1S Bt

wafdfll Sfaling BRvirieel doataer alth intetat layeneaid thefidetg viall2.i After wafers 5
then prepared as 15 shown in _Figure 2A. Wafer 5 has
anddpets bonded Bowafar 1.chendlingatgilf is 29 loggerraguiradand sy be removed,

e RR gt o’ B AP RSB0 RO B s

pads @ 4@1CA soler BLdp§ 42 Porined EO¥SHRE: 10ividy 12 (PRluyé IF;ddmpare Figure
coating 56 which is patterned to acconmpdate studs
1D57. wafer 5 is then bonded to handling plate 55, which

53" ar eireiliedbpisopisd Rt sheae apsoped e fabHauume s pluraicy
of tWRh6d chip& @nll %o}ﬂﬂrﬁfdgcifertﬁdf fnfFEnnb&s ORI chiy & R loRshtly increases
with a netal |ayer 54 as described previously. Since

chipjvedrders ahd fmettion edthouthiacreasingsipoarcal(evordmernsiogalp bize. e Ehess

progisses atb ST HitRHYEACE Fogs Biyias g SHag Bputpt SHGe each of the
thirlnB& A& KRR chi¥s Wil SheRhavé elraaﬁe 38U THS iS HRMhakss 8 overall

Figure 2C. Thi's wafer (simlar to wafer 3 as shown in
proEesging dorlthE)letias significinyly singpder| aag enoré 6canomical.s Itfshowld be noted that

f d st 67 th all. terial 68 t
thess\ prpgsees RBH SHor-Pts! CHB D eromisiiog] Bes maiap the process of
> i . [: eIt .
crefiRtEE SHidica Ry Rl Gipellten cotifedif PR CHAY Gortica
plasénidnt, tboaditgtaad idtergennebdorprovestest Ih conthast to previabsiytleseribed

Am). Wafers 5 and 6 are then bonded and | am nated .
vertieay énterepnnesHorn srhgmes, theshipriqchip intesicaprectipisdp thipprgsent invention

are PRl AR78 s B of 8 Ble b 18 el e REAMBH 4B BES
PCT/ USRGORStW A that @ith ierkedidedtthicBnda®bfthe Istaldd whker Gibout 10

the front surface 5a of wafer 5, is reduced in L.
um), he fntergennsetion length between chips (e.g. between cache memory units) is much

smaller than in a 2-D arrangement of such chips. This gives the added benefit of improved
device performance, besides the savings of two-dimensional space.

In Figures 1A-11 and 2A-2F, the vias are shown extending straight downward
through the wafers and with a uniform diameter, for convenience of illustration. It is not
necessary for the vertical chip-to-chip interconnects to have a small diameter through the full
thickness of the wafer, or even for the entire 10 um thickness of the thinned wafer. For
example, as shown in Figure 3, wafer 1 may be prepared with a large metal region 102

embedded therein. The vertical interconnect may then include a vertical wire 12 with a small
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as to expose about 5 gmin height of studs 57. Studs
57 are then ready for bonding to netal |ayer 14 of
wowd0e059720 The result of this bonding process, IMEUS1002/041181
stacked wafers 5 and 6 are joined to wafer 1, is
shown in Figure 2E; alloy material 58 fills the
. [ [ ' : ' i,cal
sBRERLIR G P oRRE ol P TRLRR ) 810 ot wate,

andh bfich Birgerrnsetdl regiodl 102 axiending themtaltyoundefresthlthe Hevied dregand
plate 15 i s no | onger required gnd my be renoved, . .
connggtingoyit fisdastalizedptarior surfacg 98 backsidggpenipg 0 aQpening 103 is thus

. . . 4 _

sergH AR SIPEy AL RITRS PhoraRAfet S 1B (). This

arrddgenARbiRizEs gie'spacelnbidedOr {He veitichl iRRra@ae@dh tealbvice area while
that the above-described techni ques for_ stacking

a
at thie gam¢ timg redyrcingtthe rrsistange pEthe iercpmest: poradditiey, it should be noted
o B e R TR Do S Baf P incements
deVifCAr8AT We afer TR ¥rkarthpOnftrFERASIIOARD hnsth&ewaftN@SSugh opening

processes are particularly attractive for chips having
103 leatsd disegstyrungdatneathi devisesinakgion 1dhelhis ini tnmeperaite flexibility in the

. stacked. chips wi || en, hav he sane .size,.This.in.,.
iz i orieRt DRehipg 1 nd BN FytrBE AR 13l e & uSiteigomen
betNeBivhietA(m this Slafiple betidn WakSs eaadgyri cal . It shoul d

be noted that these processes permt wafer-|evel

chi p- t She hiefallized setisaloanéations bdtwsemmidersgnashiee wred dersheat
AT B S5, M R gETEREL 18, n i
patﬁ%ggis'?guﬁg @a&ér’ﬁﬁf [ERPIREAVRR B 85w 8Rr 1 k& pRRAU Adktiohd! space

previ ousl escribed wvertical interconnection
betoebreetestricdl kemadetipa bpentigspl 3i ant the bavkrsddet Thowfthe wafene Additional

present inyention 20 are not e al ong .the sides of )
opdHEs AR 81¢ WCAhE Sfofs qudHGeaBs PGS Wb YFIsBHacHR 1 coated with

i t i . he. 2 N _Glen .
el SLE VOB o Gl 19 OB 120l 1 W5med i e
sanheeiotdss bebyeilarbfop sefaligtioh ¢4 Wedr) The bdditimmuboyeningstld} do not

is much smaller than in a 2-D arrangenent of such .
foraagisof amtelestrifial, eanneetions befesgrvsda #Fvidest Pathypn{as deat conduction

o5 AR BES5 gh AR g st o el
128, 1afe ForR8d 8f EheSIROWRUARdETALIRERfSY, @b SHdfwrtia Wi dB. When the wafers

through the wafers and with a uniformdi ameter, for
aredondeshiogether infthe hbaystdesiribed pracesses stugls 127 seanpshiwith the metal 114

. the vertjcal. chip-to:chip . interconnects to have
in Qegngs bl haaam ¢ Relslighd b PhFIcHF ARk bERH Syefers 1 and 2 (e
Fighd £8), A stO%aNn Mifurd e, fAdd 129 ) @hdydtlebasst efecttibally with vias
thinned wafer. For exanple, as 'shown in Figure 3,

22 vsteds 27; mayeldstriqat sigual dxkcanwiiedtoahd Gonfeunfacedf wafgi bn 102

Although the heat conduction pathway in Figures 4A-4C is shown as being
formed between wafers 1 and 2, it will be appreciated that this technique may be used to
improve heat conduction between any of the wafers in the stack in either of the above-
described integration processes (between wafers 2 and 3 shown in Figure 1H; between wafers

5 and 6 shown in Figure 2D; and so forth).

10
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30 enbedded therein. The vertical interconnect may

then include a vertical wire 12 with a small 9 WO
wQeMIHEAY20 PCT/ US2002/ 041181 di aneter (| essPeTras2002/041181

gra) to save space as it extends through the device

area | d of the wafer, and a nuch [arger netal region

102 exgapng § Alibdcd WSteE QI B¥e e sBRK

connec?l@rghgé \%ﬂ%uh@%tﬁe rret%l [1zed 1| na{]‘érllorgsur agesgd? ?@g.acache
meh@eksit)el 00 ppehicinig lat&3lly Qpmected td 0 3hipfe.ghakgicamia 260,ading C4

laterally fromvia 12 in_accordance wth the |lateral, . .
Conpeeiions tp m@ﬁ‘%]mféé? (MEND) 500, T%@%@i fepoRy ﬁ?%‘é‘“{ Ipgic chip

for ' ' [

har SR o185 R @lend 08 KEREHTBy WiCIRE DOMRAL I Jo 501 on the
MQCMs ITHe MICM 300 inlnethienbe integraed tinto larla@etind maove coimpldxalevite.

be noted_ that this arrangenent makes it _possible tq )
| ocat e lessF eeHselian betwean e cechemenpiy andiogiciinitg &gy e realized

.ea .t A < 1AL ion..t .
by G i ARk o8 ARERTBYE £, HeCRERIEy Wi 401 s prepared
accordift feaidvfdRy proessstsdds@ribiedabded), builwith nietalliz¢d vigge20t folyimide

flexibility in the 10 size and | ocation of openi ngas
layarol 1 (gomparh Fisuresr Hinad 2F )| Sivaler viae aredommeddn ppﬁferendg yer 412 on

togff B TRY A SRR 430 Totd B oRicBH IRl L PBE o
polbigtid@eRaya iffefconByct Marikis eibddded ARRdin, Ha9BEUS 42D fordRd thereon to
wel | "as for electrical signals. For exanple, as shown

match ti lpaatéong Af therviasl dayen 458 mayke by o8 arhendling plate (not shown),

RTINS i e
pro%é%g'ﬁ?%ﬂc@@_t&@ an? REScohde@8d With nRAd padd 48 ih Bhdiiad, ?ge handling plate

wafer. Additional openings 113 are fornmed in t
is revaberd fsom Safecedn 0b.hThe gath403 bétweer urots 40U ahd 462 muy be filled with a

.coated with tal imlar to openi A3 d . .
suitgBE AR FS BrpopmdeL et SiecRaipah piny. 3¢ sambingd device
o L . ) o r -
ol 5 8 61 05 AL R P )y e v
C4 padd 450f andrCesadder bumak 462 foreet iconsurfinet456by toecreade pu extenhal

a pat hway for, heat conduction 20 through the wafer
congectiqn fopHgiderishal st uds 127, capped with | ow nel ting

poi nt . i . . 0 .
S  ac A RHSTR, B & Bovjed RCorpRiink RATE A it &1 uni both may
be Mvedgedted ined eerticah stack tas gledvwiein Figure!Te Gumbigeddisiveisno dhcludes a logic
_grocesses, studs 127 connect with the nmetal 114 in
uni

pEhintrgeatad with ceche spamary shipaPP] ardiSG7e din this atrargement, logic unit

at etuee fers. 1 (se Fi gure. 40 . As
SRR B SRoba A irds 5t Bve R iBe Connect
el ect r [1Gaill bk unddritovd @t udies B8, 200,540005022 800 RPFigures 5-7 need not
electrical signal is carried to the front surface of )
be merfelsy logic and/or memory devices, but may in fact be any of a wide variety of devices.
Accordingly, different device technologies may easily be combined in a 3-D integrated device

using the process of the present invention.

11
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Al t hough the heat conduction pathway in Figures 4A-4C

is shown as being forned between wafers 1 and 2, it
wowdo/olsg2@ppr eci ated that this techni que may bRCTIESH02/041181

i nprove heat conduction between any of the wafers in

the stack in either of the above- descri bed
hl'gﬁgﬁg 1 QhRy ocesses (between wafers 2 and 3 shown in
—ikrgureﬂékfﬂ%g{meen wafers 30 5 and 6 shown in Figure

2D; an®he prdsexttiinentiddis\¥enat AiBAdipH SOt RefiddndOerdf BeblcdeStructures

Figure 5 illustrates a devici 4ﬁg,having a vertically
whesgtheg]y aredl dlensitycof dewicep is sequiethe The Mvestians particalariyapriigable to

Qs | | . . h .

ey AL SR EL DY i S il DRl P

avall@le mektode @ik i§ AdticlERiAR imitationoradid tb digtited E)Pddéss yigue C4
sol der _bumps 42 and 242 res vely which are bonded

ect i
to C4 Médls thopresent inv&niﬁommgeqrh@smmdm@emﬁpf sprstficlranbodiments,

R TG A RSO S5 pfhatcsions
andirfafioMSRillR dppatehZRGhostyskilied ROths attd/ AdcardigiyI ke inQ8iiion is
as shown in Figure 6. The cache nenory unit 401 is

intqnded tor engompessaallciualy alteynaives, spodificatipnvandsesistionssulticth@dl within the
b Jbut . with metall ' 20 | | yimid
PR S o B R e 1Y) T e

are fornmed in polyimde |layer 412 on 10 logic unit

402. An insulating layer 450 (of a lowk dielectric
material, an oxide, or polyimde), having

i nterconnect wring enbedded therein, has studs 422
formed thereon to match the | ocations of the vias.
Layer 450 may be built up on a handling plate (not
shown), wth units 401 and 402 then brought into
alignnment with the studs 422; after a bonding process
in which studs 422 are connected with netal pads 421
in the vias, the handling plate 15 is renoved from
surface 450b. The gap 403 between units 401 and 402
may be filled with a suitable material (e.g.
polyi m de) for increased nechanical stability. The
conbi ned device (now including nenory unit 401, |logic
unit 402, and interconnect |ayer 450) may then have

4 pads 451 and C4 sol der bunps 452 fornmed on surface
450b, to create an external connection for the
device. 20 Alternatively, in a device incorporating
cache nmenory and a logic unit, both may be integrated
in a vertical stack, as shown in Figure 7. Conbi ned
devi ce 500 includes a logic

12
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unit 510 integrated with cache nenory chi ps 501 and
502. In this arrangenent, logic unit 510 is at the

wo op408972the stack, where it is easiest to renDRET/EXWOBGI1181
heat. It will be understood that units 100, 200, 401
402, 500 in Figures 5-7 need not 25 be nerely logic
and/ or nenory devices, but may in fact be any of a
wi de variety of devices. Accordingly, different

Clafigyi ce technol ogies nmay easily be conbined in a 3-D

" Integrated device using the process of the present
invention. 11 WO 2004/059720 PCT/ US2002/ 041181

L BB 5 RS R el Mo Y s puratey of
verﬁ&e[l 3%‘6&&k8‘c§and"iﬁf%?&nﬁé&5ﬂ%ﬁfé?§ 11RENEhSY cRhpiiking (h€ Steb§ of:

reqadired he invention is part|cularly applicable to
chi ps preyiding afirst wafpe (Heaving adeart surfasat( ta)tasd whiack surface (1b), the

can he fabri ate th ntly 5 ayail abl e

firsf B IRE e il A RTeg o SVEGh { AT Vg o airage thereo:
limte FRER
has beg)n d%scrl éwa@’:‘ ﬁr%tﬁé%@vnbgﬁgrfé@%gg% ?ehréboofﬁ %ﬁ?%,’ the via

being cliasacearizeé by ailatenal dimension (21} afr the ﬁlon'gswﬁse;r i ption
t hat numer ous alltgazr native nmodi f

vari at Tegying mategial fToapthedisit waleral &an'gﬁ YIRS (Sh) thereof,
art. laﬁ%ﬁmﬁé gﬁ) iR ViR ek Quljfa%e !t“ ?te\gafgxo theéeby exposing

enconpas ernatives, I ons an

the wit] tiRtdpenthg \Wavind a laérdal diichsion gﬂeeteilthaﬁ @mﬁ dataratidiaension of the via;
of the invention andthefollovvlng)clalms 12 WO

f2004]{ ofogping apeyer oEoeusicting materialgl4) psaid OPemAgnet hod
oo L Bd PR R0 B Sl e o0

the sédond mﬂﬁmg dertey f%rmé(hﬂiefmt atesaonhe ﬁ'bmgsuﬁhee thefios,
of 3 providing a first wafer (1) having a front

sur f aclrpinga)steth@ 73 on shadrantspefecs ofithy) secenewalersf i r st

o & neoPriste 16 EBandiRE PRRrAT8) b el itagB ATt second

wafeh%héétﬁ&épﬂ‘}ﬁf:ﬁﬁ &eﬁl@amshtnaeﬁmmthe front surface, the
viia 6 being characterlzed by a |lateral dinension

(121) gligningéhd stod (2B ue thecepeningr(dion ithegback serfacel of thefinst wafer;
andt he first wafer at the back surface (Ib) thereof, :
bonding the second wafer to the first wafer using the layer of bonding material

(26), so that the stud makes electrical contact with the via.

2. A method according to claim 1, further comprising the steps of:
forming a via (22) in the second wafer (2) extending from the front surface
thereof (2a), the via being characterized by a lateral dimension (221) at the front surface (2a);
' removing material from the second wafer at the back surface (2b) thereof;

forming an opening (23) in the back surface (2b) of the second wafer, thereby

| exposing the via (22) therein, said opening (23) having a lateral dimension greater than said

lateral dimension (221) of the via (22);

13
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8 formng an opening (13) in the back surface of the

first wafer, thereby exposing 9 the via, the opening
whanise720 | at eral di nension greater than sai d PEr/@szi2/041181

di mension of the via; 10 forming a |ayer of

conducting material (14) in said opening; 11 providing

d_waf 2) hayi f : ] d

back. sarpiies fagdr 34 e kBTl A W ool Govi ces

f or med pkdiedigg B tidel weRN{3)havihp e flonpAirfaee (3D e AT Wafer having

13 form ng a stud (27) on the front surface of the
dedessdpmnedethetein arjacenlrtaithe)frant| sagfage therepbndi ng mat eri al

26 th f 5

v o . Tt HEE P UBE bGPt Gl B AERERE SR 16

al i gni AGnfiktea &Sré&fjof(b%ﬁllin% Padil G bh Ak £did)subfcd d?ﬁ) ORGK third

surface of the first wafer; 17 and 18 bondi ng the
wagusctbe dtude projectiog veically therefiafrier  usi ng the | ayer of

bondi ng. mat eri a , SO t . the stud ke
el ectr %]&%anz{!i‘ﬁ PJ%@I(J"\?\) ft%ﬁﬁ% ﬂ@e‘\??gaégilnfﬁe Ra%eﬁuﬁ’gge ot the second
waleCiqdi ng to claim 1, further conprising the steps of

2 Torming a via (22) in the second wafer (2) extending
f r om t hendingthe thind vafee t@thelsecond fwaf@a)singtthe layeroftheindipg material

R T RN %‘;‘qé B aapern aes e llichCmlact hithife via (22) of the
8 AT ) 0 S OO ) f ot ot

the second wafer, thereby 6 exposing the via (22)
therein, said opening (23) having a |ateral dj nensjon
3. grmelped apqosping i eleiny ¥ ok gl . IprGHsehin thatispidsten plgemoving

ekl dafigl thd RalP SR/ s DEbeRa0og/ Al 181 8

formng a layer of conducting material (24) in said
opening; 9 providing a third wafer (3) having a front
surface (3 a), the third wafer Eaving .10 devices .

4. Aoperbad perording taelpige bRt clen Lrlrthergempsising dbestem et @taching a

ol BP9 2 B M AR O 0B 35804 BhePbrboncin
mateRibErcR! (36) on the front surface (3a) of the third

13 wafer, the studs projecting vertically therefrom
14 aligning the stud (37) to the opening (23) in the

5. ar(Jr:liéthcsxllJ racf:c%(r:(%ng go arpyepr%cee%ﬁ)n%dclaim, further comprising the step of forming a

m

®

conducting body (102) in one of the first wafer (1) and the second wafer (2) and connecting
to the via (12/22) in the wafer, the conducting body extending laterally under the devices of
the wafer, and characterized in that the opening (103) in the back side of the wafer is

separated laterally from the via in accordance with the lateral extent of the conducting body

(102).

14
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15 wafer; and 16 bonding the third wafer to the second
waf er using the |layer of bonding material 17 (36), so
wao bat/054120 st ud (37) of the third wafer nmakes eP@rUS100AD41181

contact with the via (22) of the 18 second wafer,
with the stud (27) of the second wafer, and wth the

V, ) 1 ' . -l ng
6. {4 el ofdrghidFp aby piseiEbinim. Tuher SofphotREURIRRRCETT
of re n%‘ﬂnﬁ% an ﬁdihtﬁrﬂahbpemmgS(e%) mehw\w‘ck rsutfacehof\thee first wafer;
t hi ckness of less than 20, um hod accoyr dj ng
to cl aifpamingan ﬂdﬂ%ablawrlﬂftcﬁ@‘#uc%&ﬁweéﬁ d1thin séldar?ﬁfd fonal
at.taching a 2 handling plate (15) to the front
°p§rﬂ?$’ace (1 a) of the first wafer (1) using a layer of

bondi ngormingYad gdditédnal $t6d (1277) 2n tife ﬁ@ithﬁﬁ'a@&ﬁ’@hdsdagnd wafer; and
any precedi nal claim further conprising the_ s
€

f or m ngligning thegdditigaalistug @ d)totheaddiionaberenie @E@ in the back
firs and the second wafer (2) and

Sur@‘?fﬁr?&% {Wétl%o the via (12/22) in the wafer, the

an® @l%&&&ﬂxéég i EHAY s §t8p OF Pehdir BE 8édovd WWatke o tﬁaeﬁ@ewai@e forms a

of 4 the wafer, and characterized in that the opening

corfrb0Bn bawee:etmad&mgnai etu@f(lmeanddh@addltsoral lo¥grnf goadycting material
(1 48 ongierng heat iyt SesBig el e i At . 2 ©

2004/ 059720 PCT/ US2002/041181 1 6. A nethod according

to any preceding claim further conprising the steps )
7. o mthodractordingrio ekt 6; dmeactmech mt@at(tm a3Jditienal faye nducting

uy of the |rst fer ng an additi onal
m %&?L? 9%&9&&‘@[‘%’@“ émr%rhem@fﬂ n said additional

4 opening; 5 formng an additional stud (127) on the

front surface of the second wafer; and 6 aligning the

8. adfhiethiodatordingdo (;111217)2 firthieh eompdsing theatepspéni ng (113)
in the back 7 e of the fjrst fer;. 8 and
char acf@inean ltfcﬂ’éf ORCAIG g‘t"éﬁb@f?‘%‘ ¢F 9fghe sesond 2ty
waf er t .
Uhe: Pl al bddhioptPhgts drebifiohng v Ao A bening
conductforgngrad &ddittdnal $t0d o 14 frémsudaoecifche 1thgd lmm and
bet ween the second wafer and the first waf

met hod alignieg thepgditional siidnfsthe aridirigpal eppriagin; the PFPA? Sumee of the

Sec%% |“t,a|fé)nal | ayer of conducting

P

and characterized in that said step of bonding the third wafer to the second wafer forms a
connection between the additional stud and the additional layer of conducting material for

conducting heat between the third wafer and the second wafer.

9. A method according to any preceding claim, characterized in that said bonding material is

a thermoplastic material.

10. A method according to claim 9, characterized in that the thermoplastic material is

polyimide.
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2 material (114) is electrically insulated fromthe

via (12). 1 8. A nethod according to claim2, further
w@ormpnsseng the steps of 2 formng an additi one¢CT/US2002/041181

opening in the back surface of the second wafer; 3

form ng an additional |ayer of conducting material in

sai d i.tional ,openi ' fornm.ng an addi ti opal ud.
115X Fip@Od bdcPlRe 0 BRDOS Haims -1 RGP Rp il fpe gD of atthShing the
hréé-iiinsignil iftegatid deR it l(160) W6l a nsulfidkp Addhibi(osy! openi ng
‘ in thg bgck g%?face of(tﬂg g seégﬁa %g?g§?m§ and
characterized in that said step of bonding the third

fer.to the.second fer far 8 connectio .
1258 RELHT P TERE TR PO clemad Lon e e o R e slop 4f aftaching the
- ghalli 0 i i

ey RS g RS (10 Lo o RS it 105 wRERRRRed therein
(4509 usinglastpdda sogneptiecedi ng claim characterized in

that said bonding material is 2 a thernoplastic

material. 1 10. A nethod according to claim9,

C _her ;
L b B 40 B A0 BBt g Tho Pt e o
second hatkr havocathe metoradgyices, adaherthirdl-vider Haglddiedevices.

conprising the step of attaching the 2

t hree-di nensional integrated device (100) to a

| . : §

14 Aol TR 8 o O Uik 21, BB AIAALE LA o of he first
wafet,tthe bscogd wwaer add tie third dvafier iscliaieah MBMSodeviced devi ce

(401) to an insulating |layer having wiring forned

therein 3 (450) using a stud-via connection. 1 13. A

nmet hod according to any of clains 2-12, characterized

in that the first wafer and 2 second wafer have cache

menory devices, and the third wafer has |ogic devices.

1 14. A method according to any of clains 2-12,

characterized in that at |east one of the first 2

waf er, the second wafer and the third wafer includes a

MEMS device. 16
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