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1 Stacked Wafer for 3D Integration Field of the
I nvention *159159* 5 The invention relates to stacked
wafers for the integration of nultiple wafer

platforns into a single scal ed package. In part [ mmﬂym mm"'"”"”m
the invention relates to a nethod for

packages so as to conbine mul tiple corrponents W|th| n

single integrated structure. 10 Background IIl The
sem conduct or i ndiackedWafdrden3Bdateghatiep f or a vi abl e

"t allows 1C dosi gn on a monol 1t i ¢ substrat e« oMM

partitioned and reconbi ned using | arge nunbers of veéf¥po2*
BRQ &f tMETdvkf@dn | Nt erconnections. 15 The 1C s thus
fabricated offer higher density and speed due to

small er die size and correspondingly shorter RC

del ays. Processes that are not corrpati ble e.g., anal og

and gital . can be fabricate fully o

pr ocegg%@VBW‘%SQFeétt% sipglkadr watergiter tggtmte%r %‘ﬂ?&ﬁ‘ﬁ“ﬁgﬁ wafer
function) and then re-conbined to generate a 3

diatfermey intrag sipglp)scales package I@@ﬁﬁ@@a}l@éﬁb@lnm@t@@ et ggnethod
substrate integration at wafer level for ultra high 20

fie cfaating saié pagllageds® amdd cembink enyleplg comBonentaiw BhiGa single
digital and RF conponents respectively).

integrated structure.

15§I59‘

Background

The semiconductor industry has been searching for a viable solution for wafer
level integration for years, for it allows IC design on a monolithic substrate to be
partitioned and recombined using large numbers of very short vertical interconnections.
The IC’s thus fabricated offer higher density and speed due to smaller die size and
correspondingly shorter RC delays. Processes that are not compatible e.g., analog and
digital can be fabricated using fully optimized processes on separate wafers (without
compromising function) and then re-combined to generate a 3 dimensional (3D) IC.

As a consequence, heterogeneous substrate integration at wafer level for ultra high
performance will be achievable (e.g., Si and SiGe for digital and RF components

respectively).

3D integration involves the integration of specific components such as memory,

sensors and the like. Said components are fabricated on individual substrates and then
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3D integration involves the integration of specific
conponents such as nenory, sensors and the |ike. Said
conmponents are fabricated on individual substrates and
then 2 bonded to forma single package cont ai ni ng

several devices. To maintain the package at a size

that is usable within state-of-the-art appl i cations,

it is necessary to thin the wafers upon which the

bordied ta fomin adewgle psckage comvainingdewwaltdesices. NEo maartainlthe package at
size of the 3D integrated package is conparable with

4 bige HHaZ B W3hbla wiihivgtetebF\hEart applivafiom) itliy netesddry fo thipathé wafers
fromthe size benefits of containing nultiple devices

W)Jnmvﬁ‘icﬁ R iR@VRIuaPASHRS ‘ﬁre lﬁg%téd’@oeﬁﬁlathé Qﬂeﬁﬂ §ﬁe BF el JAeS
flor conbining inconpatible technol ogies

gg%é:%% B%e 1%%091%11 Bfe '&?%e%% ff H@ﬁgﬁq{&%@ ta3§ cﬁfreﬁtﬁﬁused

ereas

i ntegration, multipl e devi ces may be separated by

| arger distances requiring 10 additional wiring or

further for conpletely inconpatible technol ogies said

devi cApativdipm the size henafits ef ¢raaining nptinla deviees within a single

di m ni shing the performance of the conbined system A
Bidkingd, 8Dr iategrhtivackageoddessfips canbininganqaatihte teGine)ogiesrwhilst
reduce or elimnate the external wring associated

Wwhraving Rpédd Reforh kel ifgRSiohslag bNthetpaclaige devieéd. OThus/whereas
15 manufacturing cost whilst inproving performance and

engbﬁeﬂb H@eg"i‘%%&ﬁaﬁ{ult%le Hé\ﬁces er s% fed b %m%%lstances requiring

product I cat'l ons. attenpt "to conb
B SR o m@orﬁ{aaetabﬁé*téﬁ@fﬁcﬁé -
of the devj rn tlvel ts_.to create
gq!ww@gm wa'ﬁla%vg EPishifg wﬁtp@ OBRAIEH Of 2By System.
| evel, whereby nultiple devices are connected through
transistors whilst still in the sanme stack. Wil st

A 3D integrated package or system-in-a-package (SIP) can reduce or eliminate
the external wiring associated with non-integrated devices leading to a reduction in
manufacturing cost whilst improving performance and so keeping abreast of the

requirements of new end-product applications.

Thus, any attempt to combine multiple devices at the chip level requires external
wiring and therefore seriously affect the performance of the device. Alternatively,
attempts to create a 3D integration have been attempted at the transistor level, whereby
multiple devices are connected through transistors whilst still in the same stack. Whilst
achieving better results in terms of size than at the chip level, integration at the
transistor level has limited effect on the speed of the integrated device. In any event, the

construction of such a stacked device involves considerably greater levels of
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achieving better results in terns of size than at the
chip level, integration at the transistor |evel has
limted effect on the speed of the integrated device.
In any event, the construction of such a stacked

devi ce invol ves consi derably ?reater | evel s of 3

manuf acturing cost as connectrvity between devices
require a nore conpl ex connection in order to achieve
mheufdgsiing cost escornectBatyrtetweenfdeviceeretliona fofé evreplex epnnection
the object of the invention is to provide a nethod of
fnQdraérmg acilevathe desifeddequitckage W t hout having the
problens of the prior art. In a first aspect, the

i nvention provides a nethod of formng a stacked wafer
10 device conprising the steps of providing a first

gﬁu&ﬁrai é@r [‘}%nqgna plurality of copper pads in a first
e first wafer; formng at | east one
enbedded vertical connector in the first wafer in
i solation fromthe copper pads of the first wafer;
providing a second wafer; formng a plurality of )
coppelhgratpse,ithe ebjeqtof thednyantien inho predde 8 meding offpaning an
the placenent of the copper pads to coincide with the
Inbegnatedpackhge Wethdi§ havmgehe pablensfof theepriarmstt waf er ;
formng at | east one enbedded vertical connector in
the second wafer in isolation fromthe copper pads of
the second wafer; bringing the first surfaces of the

waf er g, 1 Risp ?%‘r%gtté ﬁ{égnv?xﬁgﬁ%(;v?de%%%&%d %k ta dg vafer

applying a fers at a pre-detérm ne

ressure and at re-determped temmerature. unt.il the
RS RR RE BRSO R LA wh RIRE ARy afyitalitylpt Bper
f devi f t bond first, 20 d
mgg*sgfra a ﬁ(:)r;/tI ss:lrefacer c?frphe Plre;t w%?er;e orm{nrgsat least on‘rél:ré:mbse’rsgé)dn \(/jertical

connector in the first wafer in isolation from the copper pads of the first wafer;
providing a second wafer; forming a plurality of copper pads in a first surface of the
second wafer, the placement of the copper pads to coincide with the location of the
copper pads of the first wafer; forming at least one embedded vertical connector in the
second wafer in isolation from the copper pads of the second wafer; bringing the first
surfaces of the wafers into contact, so as to contact the copper pads; applying a force to
the wafers at a pre-determined pressure and at a pre-determined temperature until the
copper pads are bonded, and so forming the stacked wafer device from the bonded first

and second wafer.

Thus, the wafers are brought into contact at the pads, and subjected to heat and
pressure for a specified period in order to achieve thermal diffusion of the pads, and

consequently the wafers.
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Thus, the wafers are brought into contact at the pads,
and subjected to heat and pressure for a specified
period in order to achieve thermal diffusion of the
pads, and consequently the wafers. 4 Integration is a
critical aspect of technol ogy devel opnent. Wil st

t here has been considerable 6eve|opnent t hr ough
nmonolithic integration, there comes a point where
further devel opnent is Iimted because of the need for
a wide range of different material 5 systens that nust
be uskekgration is aRflieal depeictef tedinelqgyeize¢lbpmeanteMhilnthere has been
provides for polylithic integration allow ng each

E&lsRietadle dé?/eléﬁﬁfeﬁt @dugh Morofiftiic Ifegttidhh theke édindd@Spoint where
suited. By achieving true polylithic integration, a

AGLCS, v%%ﬁ{ehyﬁtlglgltegigﬁr"e?&gb 3@ tl'fe(}le&l&] for a8 ¢ oﬁi\’iﬁfgr%yﬁ "haterial

provi des rncreas or mance t roug gre er spee

d bil.it

Sl it et B A e AR SOt NG DRACT FBIF TG e ides for
Mul ti - Chi p- Modul e I\g[%\:/}pl Mul ti-Chip -Pack%%e(l\/CP

or
Byslithin lnwgmél@na&ewm mggesiabto Gapry vt digiasktp Syhdch it is best
between |l ayers may be limted to a few hundred or a

fuitedt Bpacgaeudng tme polylithec integration] odeviceacodstviated 4asprediag to the
according to the present invention is capable of 15

preyénd thveanen plovites @icseaséd parfpimbndahrongk gfeafer spedpdesity,
of amllion). Further, ULSI designs can be fractured

}e%glhmha?ng%gﬁ}ﬁ Hich.and reconbined to generate
hi gher”'yield By havi ng shorter connections, through

greater integration, RC delays may be r educed
resulting in | ower power consunption and hi gher speed.

2 : S
0 As compared to other methods of construction such as Multi-Chip-Module

(MCM), Multi-Chip-Package (MCP) or System-In-Package (SIP), where
interconnections between layers may be limited to a few hundred or a few thousand
inter-die connections, a device formed according to the present invention is capable of

having several orders of magnitude more (of the order of a million).

Further, ULSI designs can be fractured into smaller components and recombined
to generate higher yields. By having shorter connections, through greater integration,

RC delays may be reduced resulting in lower power consumption and higher speed.

In a preferred embodiment, the embedded vertical connector may be separated

from the substrate by a barrier layer.
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In a preferred enbodi nent, the enbedded vertica

connector nmay be separated fromthe substrate by a
barrier layer. 5 In a preferred enbodi nent, the

barrier layer may include a netal barrier |ayer
conprising any one or a conblnatlon of : Ti, TiN,

Ti XSi yNZ, Ta, TaN, Ta,, Si yNZ, M/ W, and WN2. In a
further enbodi ment, the barrier layer may include an

oxi deln agreferred empodineénit, the barrinelayesmaydinatude 2 metal barrier layer
barrier layer may include a nitride layer. 5 1n a
poreprévingshysoread iaenibinatibe oft Ty BN, My, SON. DR ARN, fadi,N,, W, WN,
whi ch nay be electrically connecting two joining

UYef WING. BSa A@thkr aﬁb&ﬁﬂl@hm ﬂleﬂidfrliéi’ﬁfz%/er ARY iRSudd MCBEdPRyer. In a
the sane plane with the dummy copper pads, which do

09 nFhSPLALSRKeH, BRNARELIAR: hD U Midihgre and

only serve or yoining p I'n a preferred
enbodi ment, the plurality of copper pads may be forned
with nore than two shapes of bondi ng pads on the sane
gtane simyl taneously. In a_preferred enbodi pent, the

a| prglerred ranbodiaente Hlev%lﬂfﬁl‘éﬁéIOf COPPRECRASS: Whiphpmay ‘oe electrically
formed by dry etch process utilizing fluorine based
phraxsoting two @imng avafere he el dis bonding puimeseitmay he placed on the same
enbedded vertical connector nmay extend into S
slahe twitht thefdupithy Reppdr ads, i witieli -dowiod lelediritlaltg ichhmecting two joining
layer). In a preferred enbodi nent, the enbedded

V@ﬁ&é&ﬂimﬁgaﬁeaiR@ﬂngﬁgzﬁqﬁﬁ@edded in Si substrate

be in the range of 10 m deep. Further, the

errbed e e :
the r gﬁg é)‘fgi;eygg %lmboﬁgne(h ﬁlxggoth?{ahg}er - op ﬂ%hcgs mqutg {Oﬁrged with
gl%?ee than %iwg gﬁatpleg g% bocn%?rpgelg:atdg E)n r{'iqaey same ple?n%l s?r%&l?ane%usly

In a preferred embodiment, the at least one embedded vertical connector may be
formed by dry etch process utilizing fluorine based plasma. In a more preferred
embodiment, the embedded vertical connector may extend into Si substrate from the

IMD (inter-metal dielectric layer).

In a preferred embodiment, the embedded vertical connection depth embedded
in Si substrate may be in the range of 4 — 10 um deep. Further, the embedded vertical

connector diameter size may be the range of 0.2 — 10pum.

In a preferred embodiment, the embedded vertical connector may be isolated by
PECVD deposition of dielectric barrier layers, said layers may be composed of

undoped-Si02, tetraethyl-orthosilicate (TEOS), SiON, phosphosilicate glass (PSG),
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PECVD deposition of dielectric barrier |layers, said

| ayers may be conposed of undoped-Si 02,
tetraethyl-orthosilicate (TECS), SiON, phosphosilicate
glass (PSG, 6 fluorosilicate glass (FSG, SiCC,

bor ophosphosilicate glass (BPSG and SiN. In a
preferred enbodi nent, the thickness of the dielectric
barrier layer may be in the range of 0.05mto 0.3m 5
flnorgsipease glasedSEnbdifiGrborophpsphosilicate glase AMe) and SiNen
Copper, tungsten, alum numand their alloy are used
for the enbedded vertical connector clained in 1. In a
preferred enbodi nent, the netallization of vertica

conneft Pprefibedienbbdirh@itBe tHivkiRssié Hthe HidecRi OB Fisr [@Yerdnay be in
CWP process. In a preferred enbodi nent, |ithographic

| t ch as stepper alignnment targets
anlgf%%?g)fdr%&géwlﬂaneousl y. Further, the dinmension
of alignnment targets may be nodified to have
di mensi ons conpatible with the dianeters of the 15
vertical connectors. In a preferred enbodi nent, the Si
bt ehrefarmed dnzbpdimenthithe lertival,canaeetet Wihien Slopperabupgpten.talgminum and
vertical connector, may be fornmed sinultaneously.
theirtalley aretused dornteniembetided vettiealSonn&tatvlidatmep ih dyer may
be in the range of 1 mto 100m 20 In a preferred
enbodi ment, the protrusion of copper bondi ng pads
surface from the dielectric surface may be forned by

OWer (g g%gerpé’gﬁ %@ﬁ%‘?lh&g@% %g%aﬁﬁb 3f Wektidaf rcomqé'cf;(ar may be

etch proc ered oxi de enchants

rfroar}ﬁeg %y %S ryclI etfcg rprotcrelzgssmp ar&el%spsr'ocess.

In a preferred embodiment, lithographic alignment targets such as stepper
alignment targets may be formed simultaneously. Further, the dimension of alignment
targets may be modified to have dimensions compatible with the diameters of the

vertical connectors.

In a preferred embodiment, the Si etch stop layer, which may be relatively larger
than vertical connector, may be formed simultaneously. Further, the dimension of the Si

etch stop layer may be in the range of 1 um to 100um.

In a preferred embodiment, the protrusion of copper bonding pads surface from
the dielectric surface may be formed by lowering the dielectric surface using a wet (or

dry) etch process. Further, BOE (buffered oxide enchants) may be used for this process.
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7 In a preferred enbodi nent, the copper surface nmay

be wet cleaned using acetic acid with amoni um

fluoride solution. Further, a 1:1:1 ratio of acetic

acid: ammonium fluoride: DI water solution nmay be

used. Further still, a 1:10: 49 rati o of hydrogen

per oxi de: ethylenedlan1ne wat er sol ution may be

used as a conbi ned process. 5 In a nore preferred
enbodimiprefersrd embagdimenty therrepperriuniacaapy he wieledeaned ysing acetic
conmbi ned process. Further, BAT (Benzene Triazole) may

bad Mé‘dmhmmoniuﬁoﬂhxbritbcholmioncEmﬂlerJi)lzllm mtiproffaeeticegtid: ammonium
enbodi ment, fluorine based plasnma may be used to

BO&Gi®E DI h@ter GORitdh Bafbeaed eFhfierVilicra $U0f4BCAtio of hydrogen
Further, the surface of copper may be cl eaned usi ng

Ri@igeéih ERRITRniRE: Iﬁl&r!at@xgﬁiqutginaiﬁ%@b@ﬁs'ﬁﬁ%s Qlcofi ﬂeﬁ rc‘ié&?s

rocess. n a pre erred enbo I nni ng o
outer surfaces of the stacked 15 (bonded) mafer nay
be formed either by grinding, CWP and wet/dry etch

processes or rrbl natj o these. In a preferred

e mbod A rRoTe; et %ﬂ%ﬂ@%éﬁ fod oty enpslaseiag may be used as a
vertical connector nay be used as a Si etch stop | ayer
dembingd tpogeas. nburthesc BAs (Benzene dl riseler masy bentsedi ase At combined
Si may be thinned by wet etch using KOH base, TMAH

pagess. EDP et chi ng sol ution during the thinning.
Alternatively, Si may be thinned by fluorine based

pl asma dry etch process. In a further alternative

enbodi nent, Si nmay be thinned by CVMP process.

In a preferred embodiment, fluorine based plasma may be used to project the
copper pads above the wafer surface. Further, the surface of copper may be cleaned

using Hydrogen plasma or Nitrogen plasma after or during the process.

In a preferred embodiment, thinning of the outer surfaces of the stacked
(bonded) wafer may be formed either by grinding, CMP and wet/dry etch processes or

combination of these.

In a preferred embodiment, the bottom surface of the embedded vertical

connector may be used as a Si etch stop layer during thinning process.

In a preferred embodiment, Si may be thinned by wet etch using KOH base,
TMAH base, EDP etching solution during the thinning. Alternatively, Si may be
thinned by fluorine based plasma dry etch process. In a further alternative embodiment,

Si may be thinned by CMP process.
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8 In a preferred enbodi nent, |aser or white |ight
sources nmay be used to detect etch stop |ayer, which
could be dielectric layer at the bottom of vertical
connection via. 5 1n a preferred enbodi nent,

resi stance neasurenent nethod_on the pollshlng pad

may be used to detect etch stgp | ayer, which could be
dielectric layer at the bottomof vertical connection
via. In a preferred enbodi nent, tenperature

measur enent nmethod on the polishing 1o pad is used to
det ecln ®prdfersddogmbedimentiaseh or omhitel light sheteacinny belBydto detect
at the bottomof vertical connection via. In a

ateep 18er, il dBadbe dicltRtridl 1ayer Yt Be bBttéﬁlftﬁrveﬁfcﬁh&ﬂmectlon via.

after botton1of vertical connection via has been
detected. Further, the thickness of further etched Si
may be in 15 the range of 0.2mto 2m In a preferred

enbodj ment tgh sto er _detecti i gnal,, may,.

be. ool EtFre EBHon Re T A @?aagremgm%ﬁ dhe'pishing pad
si mul taneously during vertical connectjaqn Vi

13y bgusesh to geseqt etch iﬁ?léilaé’ﬁlﬁ shigh et benliclegte 1ayer at the bottom of
di el ectric layer may be planarized by dielectric CW

perticalsonneatioeridat i vely, the dielectric |ayer may be

pl anari zed by bl anket photo- resist etch-back process.

25 Brief Description of Drawings 9 It will be

convenient to further describe the present invention

Wth 1na preferred embodiment, temperature measurement method on the polishing
pad is used to detect etch stop layer which could be dielectric layer at the bottom of

vertical connection via.

In a preferred embodiment, the Si may be further etched after bottom of vertical
connection via has been detected. Further, the thickness of further etched Si may be in

the range of 0.2um to 2um.

In a preferred embodiment, the etch stop layer detection signal may be captured
from the big etch stop layer formed simultaneously during vertical connection via

formation.

In a preferred embodiment, the dielectric layer may be planarized by dielectric
CMP process. Alternatively, the dielectric layer may be planarized by blanket photo-

resist etch-back process.

Brief Description of Drawings
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respect to the acconpanying drawings that illustrate
possi bl e arrangenents of the invention. O her
arrangenents of the invention are possible and
consequently, the 5 particularity of the acconpanying
drawi ngs is not to be understood as supercedi ng the
generality of the preceding d%scription of the
invention. 10 Figure la is an elevation view of a CMOS
waf ers according to a first enbodinent of the present
invention; Figure Ib is an elevation view of a CMOS
waf ers accnrrdilig cbiveniche eofiethereddoaribethe presénttilention with
present invention; Figure 2 is an elevation view of an

Seﬁﬁé;ég fedle Y&onfa@ling Qm%ﬁﬁ%soﬂhat iﬂﬁ&%éjﬁéﬁib‘l@a@dhgem_ents of the

diment of the present 1nvention; Figure 3a is an

%g%tfotnl %}hng a} g%%m%?t%eg@relﬁfior? greg):ogﬁﬁlg.ailld %o&s%@h%ﬂy%e

anari zatl gure S an evation vie

R ind e ProBRmaH et tigs 15 4 e dadbrfigod b Berceding the

elevation view of a CMOS wafer of Figure |a stacked
generplithef thypscading dessriptipyof e yeadedrding to a third
enbodi nent of the present 20 invention; Figure 4 is
an el evation view of a CMOS wafer of Figure 1 a
stacked with a CMOS wafer of Figure 3b follow ng

pl acenent PigufORii8 an RRA Gt orf VieW o a TNIOSatafels@¥edriRg to a first
view of a further CMOS wafer of Figure 1 a stacked
LRBOitef: SRS HRLR itvelfiof! JUre 4

Figure 1b is an elevation view of a CMOS wafers according to a second
embodiment of the present invention;

Figure 2 is an elevation view of an embedded vertical connector
according to an embodiment of the present invention;

Figure 3a is an elevation view of a CMOS wafer of Figure 1a following
planarization;

Figure 3b is an elevation view of the CMOS wafer of Figure 3a
following etching to expose the vertical connector;

Figure 3c is an elevation view of a CMOS wafer of Figure 1a stacked
with the CMOS wafer of Figure 3b according to a third embodiment of the present
invention;

Figure 4 is an elevation view of a CMOS wafer of Figure 1a stacked with
a CMOS wafer of Figure 3b following placement of copper pads;

Figure 5 is an elevation view of a further CMOS wafer of Figure 1a

stacked upon the CMOS wafers of Figure 4;
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10 Figure 6 is an elevation view of an UO pad stacked
upon the CMOS wafers of Figure 5. Description of the
Preferred Enbodiment 5 Figures la and | b show two
enbodi nents of the invention both involving IC

| ayered CMOS process wafers. The I C layers 15, 20 have
been formed within dielectricl® | ayers 41, 42 and

toget her formed on silicon substrates 40, 45. An outer
surface of Fighee 6 isahetevBtion diewad ap dféhpad itmkcd 83pon g CMOS
enbedded in the surface of the dielectric. 10 The

maj or wpfetsdf KagurdiSt f erenti ati on bet ween the enbodi nents
of Figures 1 a and Ib is the placenment of the
vertical connectors 25, 30. In the case of Figure |a,
the wvertical connector has been enbedded in the wafer

ﬁe?crriggfo é)?‘tflp?réfgﬁ%l hd;ﬁg&&l&% P46 (metal -1) being
i cal connector 30

enbedded in the wafer 15 10 foll ow ng the pl acenent of

the integrated CIrCUIt | ayers 20, but prior to the

pl acenent of cog pads 38.. In fact, the invention

does Rigtresdpyngdp aw é\ps@émbp@mea@étfﬁ@rﬂnwn@p&@@ myplving IC
formation of the vertical connectors 25, 30 that may

agenell £0QS proasss wafeemyThsfICtlagery O, 20dwau¢ b¢@1yfems¢d withi dielectric
as netal-1 to netal-6 of Figure 1. 20 A feature of the

layweatl | 4Dardli topethenfoiraéd agsitiben wiboatesd0)4s. dn dritgsuefateof the
and Ib is the connection of the vertical connectors

@afer 3010 Rast ? ﬁr‘b& £85 %dé%&ﬁdefﬁ thé Surfdce %? ﬁmejdlélectnE he

connettion 1 en in that the copper
connected fromthe vertical connector 25 through
several IC layers 15. The IC layers 15 may be

constructed in, an ) :
lL"{e ma_?or point o¥ differentiation between the embodiments of Figures 1a and

1b is the placement of the vertical connectors 25, 30. In the case of Figure 1a, the
vertical connector has been embedded in the wafer 5 prior to the first IC layer 46
(metal-1) being formed. Figure 1b has the vertical connector 30 embedded in the wafer
10 following the placement of the integrated circuit layers 20, but prior to the placement
of copper pads 38. In fact, the invention does not rely on any specific location or stage
of formation of the vertical connectors 25, 30 that may be placed prior to any of the IC

metal layers, such as metal-1 to metal-6 of Figure 1.

A feature of the invention differentiating the embodiments of Figure 1a and 1b is
the connection of the vertical connectors 25, 30 to the copper pads 35, 38. In Figure 1a,
the connection is hidden in that the copper pad 35 is connected from the vertical
connector 25 through several IC layers 15. The IC layers 15 may be constructed in any

conventional manner, with the precise nature and structure of these integrated circuit
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conventional manner, with the precise nature and
structure of these integrated circuit 11 elenents

being well known to the person skilled in the art. In
Figure | b, the connection is direct that the vertica
connector 30 is connected to the copper pad 38 by

form ng sinultaneously these two el enent usi ng copper

dual - danascene processes, in two steps, making

demeris being wadl knemindaslep nﬁyscméip]@ﬂ ip thesares In Bigorgy L, éhq

shows a detail view of the vertical connector 25
amectobinnig direct tthee tEmrotiéatreoinector BY grroanécted toTthe sopper pad 38 by
enbodi nent, shows the vertical connector 25 enbedded
fotméhgSdimuB&tolsly thees twatlemést \BifE dppiratihl-temiseyed préesses, or
for instance silicon dioxide. It should be noted that
IN&oSds ! ialtifg $h¥Rior, 0 BiloweY 8y 8dppdt pdRMEN

materials, as woul d be understood by the skilled
addressee, including Si, SeGe or GaAs. The process
conmences wth a via etched into the dielectric layer

42 ang. siljgon s e i s de Lted

it Bievta st Mgt ti Veica soneciongs pcspsding o the
then a netal barrier 60 prior to the via being 15
embodignen fiFigye lget al 55. The nitride layer 70 has a
dual function to, firstly, act as a diffusion barrier
to prevent the diffusion of nmetal 55 fromthe via
into the surrounding substrate. It has a further
seconThis\enfbetithénd, shbas &t vetiscah torgicctor 25 epbeddedrin duilicog
the wet etch process for 20 thinning backside of the

siREkRdowal %[elech'i@laS)éltth' @& ﬂﬁéﬂ% sﬁféoﬁrﬁibxk& af slfbuld be noted that

thickness in the range 0.05 .1 m and maybe of
glelgubsgﬁ?ﬁ @(ﬂn‘k bls %Y ?Jvefa? dlf%%q?] %a@%lsb &s Rotild deifMerstood by the
I'oxI de 1 ayer;

skilled addressee, mcludmg Si, SeGe or GaAs. The process commences with a via
etched into the dielectric layer 42 and silicon substrate 40. Next is deposited a nitride
layer 70 followed by an oxide layer 65 and then a metal barrier 60 prior to the via being

filled with the metal 55.

The nitride layer 70 has a dual function to, firstly, act as a diffusion barrier to
prevent the diffusion of metal 55 from the via into the surrounding substrate. It has a
further secondary function to act as an etch stop layer during the wet etch process for
thinning backside of the stacked wafer. The nitride layer 70 may be of a thickness in

the range 0.05 to 0.1 um, and may be of SiN.

The oxide layer 65, which may be a silicon dioxide layer, possibly in the range

of 0.05 to 0.3 microns, acts as an electrical insulator between the surrounding substrate
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of 0.05 to 0.3 mcrons, acts as an el ectrical

i nsul at or between the surroundi ng substrate 12 and
the vertical connector. It also has a secondary
function to act as an etch stop layer during the dry
etch process for thinning ba053|de of the stacked
wafer. A nmetal diffusion barrier 60 is pl aced over the
oxi de layer 65 to further prevent 5 diffusion of the
anstthe veycelicomestarf liglsadias hmonﬁ@y\ﬁampn ippefag AR Siop stop layer
the diffusion barrier 60 will be of a thickness in the
dweringeth@ 0 dtch [dro0Gs farthsmimgrimclsidt efdhpstagedmefal. s such
as Ti, TiN, Ti,,SiyNzZ, Ta, TaN, Ta,,SiyNZ, W WN and
WN2. It also has a secondary function to act as an
erosi on stop layer during the CVMP process for thinning

b ack SAqﬁetQIfdlfﬂlﬁgn §51"f‘1‘61‘§(§1 15%50%5 ovEr tRE B8k RABNKer 65 ?o further prevent
barrier netal Ta as a connect or

SPRY ldﬁtok‘ﬁgz %pﬁ ﬁ‘%)m deFgJﬁ%{n?éthlé & r lP?gt?fabgPEheQﬁffﬂ&oxW)amer

con uctlng na eria lra s

t d
T T R
The benefits provided by such a 15 vertical connector
5T RV UdeSivRbs | 2.5 had¥-t Tapiylls WialV &Y andnWda s alse dps 8 secondary

shorter than 15m for layer to layer (wafer to wafer
fimatierctol agt 8s/3n erbsipo stopdayey during the AMB pogesicfor thinning backside of
white-light alignnment targets for subsequent

thetshoRewhice. Preforadss Gk WairidrigetilefoCa enayibdeT 0ds & dvdnector
t hi nned wafer of the wafer stack. The verti cal

e&{aﬁleﬁ‘ﬁﬂlaﬂzﬁm ‘WTH@ ab tas?de& YBLfoP Al br WP cdiRiuctiig hterials,
di aneter and 4 - um deep’into the substrate. 20 The

formati on of the vert| cal connector 30 may be of
simlar construction to that of the enbodi nent of
Figure 1 a and in fact other enbodinents falling
within the broader invention. Vertical connector, 30

can al so be constructed as ian i ntegral part, of
The via is then filled with a metal 55 such as tungsten, aluminium and copper, or

alloys thereof, to complete the vertical connector 25. The benefits provided by such a
vertical connector 25 include very short inter-wafer interconnections, shorter than 15um,
for layer to layer (wafer to wafer connectivity). Importantly, it will provide white-light
alignment targets for subsequent lithographic processes on the reverse side of the
thinned wafer of the wafer stack. The vertical connector may be in the range of 1 to 10

um in diameter and 4 — 6 um deep into the substrate.

The formation of the vertical connector 30 may be of similar construction to that
of the embodiment of Figure 1a and in fact other embodiments falling within the
broader invention. Vertical connector, 30 can also be constructed as an integral part of

copper pad 38 using conventional dual-damascene processes.
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copper pad 38 using conventional dual -damascene
processes. 13 Wth reference to Figures 3a to 3c, the
stacked wafer 72 is forned by conbining two wafers 5,
75 so as to bring the plurality of copper pads 90, 95
into contact at an interface185. The contact of

copper pads 90, 95 at interface 85 is ensured by
recessing 5 the nei ghboring oxide field (0.03 - 0.lum
using wet/dry etch) around the pads. Because of the
exposure of the pre-cl eaned copper pads 90, 95 a high
degr eWithfrefehencatd FigurasSa-tal B¢, ftsstacked fwafére/ 208 fypered pacbombining
may be achi eved and certainly within the tol erances
tvawhfessh, 76 rsofasls bitigd the plurility b€ ceiper pald Mad e intd 2ontddrat an
copper pads are then prepared for bonding, such as

@Rk 89, The chras o@@@bf%b' Pa&m}bm B4 {286 85 [s@H8GRd by recessing
process. Preferably, 10 the protrusion of copper

&%@@gﬁﬁ%&igg gf:raqs.og g b glgs?gg\y&gc}r?ﬁtcﬁ?%ﬁﬁa {1 pads.

surr ectric s er’wet or ry

tch processes follpowed ad suyfac | eani n
BrosCatGE FRrpircp R Pigre aingt ibfe SileR G2 a BEFSgRe o thema
BCE (mi xture of Ammoni um Fl uoride, Hydrofluqric acid
ne-didugen obhe copRA PAGSTEAYIES vh&Végﬁnfé:aert%‘&wlﬂ’gn fhgdolerances
surfaces and recess the surroundi ng dielectric surface
raquiredifod fatvisation efithe s@pkiidnvaler 8. eEhe qoppernada ee then prepared for
conposed of Si2. Wiilst in contact, the wafers are
bodjigg; tsech dscclcamifg the pads gnd sssourelisnshrfaceecsstproeess. Preferably,
conditions to force the copper pads into thernal

fHef Protshsih m}gbéﬁbﬁ)n@ﬁl GaBdsurliBe VR &hofbve% E§ rédesdifsurrounding

i nterface 85 between the copper pads 90,

G 46 L SPol B e et AL Ay e
BBl et YR 9P el eso oy (i of
%rrlt\l/rincr)r%tr}rrlrle quoxfi&r, Hayl/drroe uimqlg ggi aguil rvf/%te?)f ca?l s‘irgul%gleronl.ls )l/J E:l%gr'l Cu

bonding pad surfaces and recess the surrounding dielectric surface provided the

surrounding dielectric surface is composed of SiO2.

Whilst in contact, the wafers are subjected to sufficient pressure and temperature
conditions to force the copper pads into thermal diffusion and thus bonding the wafers 5,
75 at the interface 85 between the copper pads 90, 95. Conditions to achieve thermal
diffusion of the copper may be at a pressure within the range 20 to 60 psi at a
temperature in the range 300 to 450°C in a oxygen free (nitrogen, inert gases or

vacuum) environment for a residence time of 5 to 50 minutes.
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14 Having achieved the bonding at the interface 85,
two wafers stacked devi ces can be made by thinning the
bott om waf er on which 1/0 pads needs to be
constructed. Backside surface of the bottom wafer may
be thinned by coarse and finemgrlndlng fol | oned by
CWMP and then subjecting it to wet/dry etch process

until the bottomsurface 5 100 of the vertica

connedevng agduevgdpbabending atitheinteifasm 88, igrwafews starkeddevices can
by bonding the wafers 5 75 to forma stacked wafer
B@madmby thtihnhhgit]nalboWal&xsmafér oreyhiok ICOhpatks ededsi to fhe wonstruictsd.

of rupturing of thinned wafer during the process, or
BadkeideRartaded dT3he Bottont ¥afdh enagyddebinnédbysdanesimd fine\drinting

of stacked top wafer 75. Exposed surface 100 is

fRe838 89 NP Andthen sabjertitle it tozv&EIrgedh %E‘odéﬁ’st urffl @k bottom surface
process ensur i ng a pr otrusi on of vertical connector

e el s B
fi’ﬁ*a$’t7§38 E Ag oS 1 ALY A S gy bE iR withou
or sel ective CMIde et ch- back processes

ure
flﬂ@oglupwé@g obthinned Walpt dusing the Moeesscen ! at@bhﬁ@ilpsfdufdg the added
is exposed. A layer of 1/0 pads netal 140 consisting

ufbudtngskibiy varek ¢ stackedopi wafen(ft. t Bxpodeshosface 400 js/rexgssad by 0.2~
metal 15 mask can be aligned with great accuracy using

A iilieing drpogetisetsh priobdse enduriag poeettusi@usfvaetical Oéhnector 102
(bottom of connector 102). 1/0 pad netal is finally

g6drisRGuiin i icd 903 BY MeRmSin ¥$iuRd 3£ RV SHIt iA0031~ 2um thick Si02
nmet hods. In order to formnore conplex st acked waf er

ﬁ/ figlgls%cr e&elpgsﬁela' Jvel Hgfag ?G@ va\/% r OLisRES r{;ﬁmed using

bac of top er stac

. r ea h u urfac
St (Epeale iy Oébdrv?n 5F 345 %We igg B ibppprodesses to
recessed as descri bed above A 0.3 - 2um Si Q2 | ayer %
gesyssthe surfens afftle yatiea glegtrigal connector 102 1s exposed. A layer of /O

pads metal 140 consisting of Ti/TiN and Al alloy is sputter deposited. I/O pad metal
mask can be aligned with great accuracy using alignment targets visible on exposed
surface 100 (bottom of connector 102). I/O pad metal is finally defined by etching

process using conventional methods.

In order to form more complex stacked wafer (3 and more) a thinning process
will be performed on the backside of top wafer of two-wafer stack as shown in Figure 4.
Having reached the upper surface 100 of the vertical connector 102, Si is further
recessed as described above. A 0.3 ~2um SiO2 layer is deposited on the recessed Si
surface and followed by planarization process. The new surface 80 can then be

patterned utilizing white-light exposure tool to eventually create copper pad 105 using
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surface and foll owed by planarization process. The new
surface 80 can then be patterned utilizing

white-light exposure tool to eventually create copper

pad 105 using 15 conventional single copper damascene
process steps. After recessin% nei ghbori ng oxi de

surface 80 the two-wafer stacK is ready for

conblnatlon with a further wafer. It should  be noted
sanventional BIBglsEPPREdamasepne pocers stepst AT rsessingaieighboring oxide
connecting pads for connecting the two or nore wafer
slaface 86 thertov oeluafiey stackdlis readytiprecosmationayith svfurthet wefes. It should
el ectrically connecting pads. In this arrangenent, the
benatyd fhattheroppartpads ey hrhdiebgth dédteagdiytvoaheositl @add fog
wafers. Figure 5 shows the addition of a further wafer

dormebtthg tAE m/@of‘"ﬁ*&)% WERPA& ces ahd aiaehyWal s bn theGamB1iMetwith the
the previ ous bondi ng step, the corréspondi ng arrays of

| nt er%@ 90%9%"6&1%%@%2‘6%%8?@? 13{9[[.{? gnﬁﬂ) 3ﬁomote the bonding

t her Lf.fusion whilst having applied there to
Fe@ﬂﬁqf@%&m&ge@ﬁrgl n tenperature for a specified

reS|dence time. To construct a nore conpl ex stacked

waf er, the process can be continued until the desired

devi ce has been forned. 15 1/0 pads in Figure 6 can be
gener Bigotk Bshosys the additienyo G funthpow afsml Wafoeiors a more complex
foll owed by process steps to form 1/ 0 pads as

steckediviader HI0o Vs wilth therpeévdowtmading skdpgtheeorrdsponding arrays of pads
Back- si de processes for YO and the other for Cu,

1261199 @refinfd AignAient fofofik af hrﬁbﬁf&te N30, whae@o%rtﬁ@byds%ﬁwuough

TEGS deposi t ed bel ow 400C. 1/0 pads formation on
f
R T R th‘f%?% iafha ! fEelety Sitpersiyg or

the.circu under the Si

G g adnst S oo ?WOW%P PR B Y o%ess can
t | ud | tt t f whi

USSPl A 5o RS gt s (Tor v ce

I/O pads in Figure 6 can be generated after thinning down bottom wafer 5,
followed by process steps to form I/O pads as described above with reference to Figure
3a. Back-side processes for I/O and the other for Cu, include a 0.3— 2um thick dielectric,
preferably PECVD TEOS deposited below 400C. All I/O pads formation on back-side
of the wafer for the first time in IC fabrication. Elimination of passivation mask (since

the circuit is buried under the Si surface containing I/O pads) for IC fabrication.

Other features of the invention may include alignment targets (for white
light and IR alignment) utilizing backside of embedded vertical connectors (preferably

placed in between scribe lines) that permit standard aligners to recognize vendor



light and IR alignnent) utilizing backsi de of enbedded
vertical connectors (preferably placed in between
scribe lines) that permt standard aligners to
recogni ze vendor 16 recomended and/or nodified
fiducials. Further, thinning %ontrol may i ncl ude
conposite naterlals on side malls of vertica
connectors, having_ thicknesses in the range of 0.05 -
weampendadgmndigr modifigshfiducinly furthsr, tefpin gATel. mRICTge
for Ta or Ti/TiN. 17 5 10 15 20 25 Cains: 1. A nethod
afmfositerinaterial ssanasidee alid forertital ¢ ymectorsphavang thickingsses apihe range
of providing a first wafer; formng a plurality of
cftipper Odads forSidN, DIOSst0.3um ffarckiOafant 90251+ &1 fovel&or, Ti/TiN.
formng at | east one enbedded vertical connector in
the first wafer in isolation fromthe copper pads of
the first wafer; providing a second wafer; formng a
plurality of copper pads in a first surface of the
second wafer, the placenent of the copper pads to
coincide with the |l ocation of the copper pads of the
first wafer;



formng at | east one enbedded vertical connector in
the second wafer in isolation fromthe copper pads of
the second wafer; bringing the first surfaces of the
wafers into contact, so as to contact the copper
pads; applying a force to the wafers at a
pre-determ ned pressure and at a pre- determ ned
tenperature until the copper pads are bonded, and so

f or mi Qgim$:he stacked wafer device fromthe bonded
first and second wafer. 2. The nethod according to
claim1l, wherein the step of formng the plurality of
copper pads conprises any one of : a single-danmascene
procegs ut Alhe&hsdoQ¥infiigcdsked vathl devidaomapidigg the steps of :
process utilizing CMP process, a dry etch process, a

wet etch p%&gﬁﬁ%é)ﬁrs@%h:r,a wet and a dry etch
process. 18 5 10" 15 3. The nethod according to claim1l

or 2, wher {%lngm} 8k COE) .aﬁ intzbﬁ t rParcéloHHé fﬂ"gt wafer;
R St PPl ey in s

copper pads 1 _ ep of placing a
pads. {1 om Praing e G ety VEEiTh Phdieklst b pe FRERGgcer in

a conbi natj on  of i, TIN Ti,,S YNZ TaN

Ta, , Si YNZ, 15Wtiqur:aﬁ’;h9\@peﬂpadﬁﬁg t]?Feff“Iﬁt)HI Bcor di ng to

any one of the preceding clains, wherein the
providing a second wafer;
forming a plurality of copper pads in a first surface of the second wafer,
the placement of the copper pads to coincide with the location of the
copper pads of the first wafer;
forming at least one embedded vertical connector in the second wafer in
isolation from the copper pads of the second wafer;
bringing the first surfaces of the wafers into contact, so as to contact the
copper pads;
applying a force to the wafers at a pre-determined pressure and at a pre-

determined temperature until the copper pads are bonded, and so forming

the stacked wafer device from the bonded first and second wafer.

2. The method according to claim 1, wherein the step of forming the
plurality of copper pads comprises any one of : a single-damascene
process utilizing CMP process, a dual-damascene process utilizing CMP
process, a dry etch process, a wet etch process or both a wet and a dry

etch process.
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25

step of providing said wafers conprises formng the

waf ers by Plasma Enhanced Chem cal Vapor Deposition.

5. The nethod according to claim4 wherein the wafers
conpri se undoped- Si02, tetraethyl-orthosilicate

(TEOCS), SiON, phosphosilicate glass (PSG,

fluorosilicate glass (FSG, §8OC, bor ophosphosilicate

glass (BPSG. 6. The nethod according to claim1l

wherein the step of providing said wafers conpri ses

formng the wafers by SOG (Spi n-On-d ass) nethod. 7.

The n&t hodltecmethdi ragedrding| taichaith voe 2eimhetelve theadtey of forming the
conprise SOG 20 SiLK (Spin-on Iowk dielectrics). 8.

The et hodhla@tey 66 digpéopaaBYs precedell biylike Pep o€ @iaBlhg a barrier layer
clainms, wherein the step of formng at |east one

enbedded v, | ; e | L eV r

rocess utl iov ey BT PRe, SIFRHG PRIsHo, LN Yaleh Bd tayer
met hod accor di { : r ecegdi chai

wher ei n_t o irithe Sy O B8 PiplifoR 31 R, T IR Ta. TaN,
into the fer S te man inter-netal
dielectrig?xgb§2%95 ?m#hQQhethod according to claim

9, wherein the vertical connector is enbedded in the

wafer at a depth in the range of 4 to 10 m 11. The

nmet hod according to claim1, wherein the vertica

conne4t or Tasmathdidaareending to arlyeoneaofgthe pire@ding-cd@ims, wherein the

step of providing said wafers comprises forming the wafers by Plasma

Enhanced Chemical Vapor Deposition.

5. The method according to claim 4 wherein the wafers comprise undoped-
Si0,, tetraethyl-orthosilicate (TEOS), SiON, phosphosilicate glass (PSG),

fluorosilicate glass (FSG), SiOC, borophosphosilicate glass (BPSG).

6. The method according to claim 1 wherein the step of providing said

wafers comprises forming the wafers by SOG (Spin-On-Glass) method.

7. The method according to claim 6 wherein the wafers comprise SOG,

SiLK (Spin-on low-k dielectrics).

8. The method according to any one of the preceding claims, wherein the
step of forming at least one embedded vertical connector is achieved by a

dry etch process utilizing fluorine based plasma.
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15 12. The nethod according to any one of the

preceding clainms, further conprising the step of

exposi ng the copper pads so as to project said pads
fromthe surface of the wafer by |owering the

dielectric surface wusing either or both of a wet and

dry etch process. 13. The nethod according to claim 12
wherei n the exposed copper pads project fromthe )
surf ate i nlhmmethed pscerdme g any ongraf the prepedingeclgimspyherein the
according to any one of the preceding clains, wherein

a materi admigidded vemigalt connectesf is tehitendsriydel dedwetsr silesirlate from an
connectors is nore resistant to CVMP than the materi al

of the corinespondidigeatat Bayer. 15. The net hod accordi ng

to claim12 or 13, further including the steps of
depositing a dielectric layer using conventional CVD

techni que and; 20 processing the dielectric |ayer

usi ng;@ CMY,PL alBrBhQMb 8aith P! meinstﬂﬁg\?e‘f@éal T®nnector is

The net'hod according to c$a|n1T5, wherein t

dielectric layer thickness 5.is in.the range qQf 1 to
oum 17, THROHGEA DS A 3 Renih e s aeesel drig ADup
including the step of formng 1/0 pads on a second
side of the first wafer. 10 18. The nethod accordi ng
to any one of the preceding clains, further including

t he stkp ofhgmiethdidragcandingr toselaiirad ewherfeint the wiraedk @dnnector has a
waf er devi ce,

diameter in the range of 0.2 — 10um.

12. The method according to any one of the preceding claims, further
comprising the step of exposing the copper pads so as to project said
pads from the surface of the wafer by lowering the dielectric surface

using either or both of a wet and dry etch process.

13. The method according to claim 12 wherein the exposed copper pads

project from the surface in the range 0.2 um to 2um.

14. The method according to any one of the preceding claims, wherein a
material of at least one of the embedded vertical connectors is more

resistant to CMP than the material of the corresponding wafer.

15.  The method according to claim 12 or 13, further including the steps of

depositing a dielectric layer using conventional CVD technique and;
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t hen applying CVWP to expose at |east a portion of the
enbedded vertical connectors of either or both the
first and second wafer. 15 19. The nethod according to
any one of the preceding clains,, further including
the steps of: providing a th|rd wafer; formng a
plurality of copper pads in 2% i r st surface of the
third wafer; formng at |east one enbedded vertica
connect or Pracessiagtthe diglepticdayer rsing @ GMB praceesiodreide i planar
copper pads of the third wafer; bringing the first
surface ofsurface;t hird wafer into contact with an outer
surface of the stacked wafer device, so as to contact
the copper pads; 21 applying a force to the third
waf er and stacked wafer device at a pre- determ ned

pressig e angh AkttBdRE&TERE S Bi'aﬁﬁ% tﬁﬁ@&ﬁ@ﬁ&&l@b@ﬁfc' lhydr M8ckness
copper pads are bonded. 5 20. The method according to

claim 19, E}%"ﬁ é%ff ﬁo%rﬁ)f bringing the first

surface of' I'nto contact the outer
surface of the stacked wafer includes the step of
utilizing visible back-side surface of vertical

connectors_as mhite-llg alignment fiducials. 10 15
20 17. The method according to cla1m 15, turther including the step of forming

I/O pads on a second side of the first wafer.

18. The method according to any one of the preceding claims, further
including the step of grinding outer surfaces of the stacked wafer device,
then applying CMP to expose at least a portion of the embedded vertical

connectors of either or both the first and second wafer.

19. The method according to any one of the preceding claims,, further
including the steps of :
providing a third wafer;
forming a plurality of copper pads in a first surface of the third wafer;
forming at least one embedded vertical connector in the third wafer in
isolation from the copper pads of the third wafer;
bringing the first surface of the third wafer into contact with an outer

surface of the stacked wafer device, so as to contact the copper pads;
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21. The nethod according to any one of the preceding
clains, further including the steps of: printing 1/0
nmetal layer utilizing visible back-side surface of
vertical connectors as white-1light alignment

fiducials and; defining 1/0 pads by conventional netal
etch process to generate electrically active stacked
waf er device 22. The method according to an¥ one of

t he precedPRlyieg aferge tofhe tardivafeandsiacked waleydevice afra pre-
form ng any of the individual enbedded verti cal

connect or sdatanpridsgessnie andeat @ preaddterypunet tempewbirg omtil the copper
tungsten, alum nium and copper. 23. The nethod

accor di ng padsatebonde®, wherein the enbedded verti cal
connector is isolated fromthe substrate by a barrier

| ayer. 22 24. The nethod according to claim 283,

wherein the barrier layer includes a netal barrier

! ayerZ(%o np‘gh%ﬂlogg}fc#f}ﬁg%_gﬁing?%%Q%&Ep of gl‘\l/\'\%ng %’IG first
bar 11 er | R AL s Hakd i 8ot dhe SUE Sife R stgered
according to_claim 23, wherein the barrier |ayer

i ncl udes awe@‘rmcéweaéhq%w.: 27. The net hod according

to claim1, wherein at |east one wafer includes a =
utilizing visible back-side surface of vertical connectors as white-light

alignment fiducials.

21. The method according to any one of the preceding claims, further
including the steps of :
printing I/O metal layer utilizing visible back-side surface of vertical
connectors as white-light alignment fiducials and,;
defining I/O pads by conventional metal etch process to generate

electrically active stacked wafer device

22, The method according to any one of the preceding claims, wherein the
material used for forming any of the individual embedded vertical
connectors comprise any one or alloys of titanium, tungsten, aluminium

and copper.

23, The method according to claim 22, wherein the embedded vertical

connector is isolated from the substrate by a barrier layer.
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substrate conprising Si, SeGe or GaAs. 15 28. The
nmet hod according to claim1, wherein the plurality of

copper

pads include electrically connecting pads for

connecting two or nore wafer devices, and dummy pads
on the sane plane with the elgctrically connecting
pads, said dummy pads for proffoti ng bonding strength
of adjoining wafers. 20

24.

25.

26.

27.

28,

The method according to claim 23, wherein the barrier layer includes a
metal barrier layer comprising any one or a combination of ; Ti, TiN,

Ti,SiyN;, Ta, TaN, Ta,Si,N,, W, WN, and WN2.

The method according to claim 23, wherein the barrier layer includes an

oxide layer.

The method according to claim 23, wherein the barrier layer includes a

nitride layer.

The method according to claim 1, wherein at least one wafer includes a

substrate comprising Si, SeGe or GaAs.

The method according to claim 1, wherein the plurality of copper pads
include electrically connecting pads for connecting two or more wafer
devices, and dummy pads on the same plane with the electrically

connecting pads, said dummy pads for promoting bonding strength of

adjoining wafers.



