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SINGLE MASK VI A METHOD AND DEVI CE CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application is related to
applications Ser. Nos. 09/532,886, now U S. Pat. No.
6, 500, 794 and 10/011, 432, the entire contents of whic
are incorporated herein by reference. BACKGROUND CF
THE | NVENTI SINGLE NTASKIVEE METFHODVAND DEVIOE Present
invention relates to the field of three-di nensiona
integrated circuits and nore particularly to the
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Rel ated Art Sem conductor integrated circuits (ICs)

are typically fabricated into and on the surface of a
trtiaaria velaisst o aniicaionn SEC NeS A% hi BRggtow U.S. Pat.

ransi stors

hdréls, bycreferencyg. referred to as Moore's Law, has all owed

a substantial increase in the number of transistors
in agiven IC area. However, in spite of this

increased tr apAGKGROGND OF TREIRVENTFI@N demand i n
increased I C conplexity and functionality has resulted

in a continued increase in IC chip area. This

I pcrea i chi rea results in a reduction in chip
yﬁéﬂﬁegﬁﬂfﬁgﬁnggggﬁdingly, i ncreased chip cost.
Another trend in IC fabrication has been to increase
the nunber of different types of circuits within a
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dintégratout citouitesusirig directuvafer boddiag. increase in IC
area to accommpbdate the increased nunber of types of 1
O circuits. This increase in mask |levels and I C area

ah SBes&iptibnidt the Fedifdd &R N yield, and

correspondi ngly, increased chip cost.
Semiconductor integrated circuits (ICs) are typically fabricated into and on
the surface of a silicon wafer resulting in an IC area that must increase as
the size of the IC increases. Continual improvement in reducing the size of
transistors in ICs, commonly referred to as Moore's Law, has allowed a
substantial increase in the number of transistors in a given 1C area.
However, in spite of this increased transistor density, a continual demand
in increased |C complexity and functionality has resulted in a continued
increase in [C chip area. This increase in chip area results in a reduction in

chip vield and, correspondingly, increased chip cost.

Another trend in IC fabrication has been to increase the number of
different types of circuits within a single IC, more commonly referred to as
a System-on a-Chip (SoC). This fabrication typically requires an increase
in the number of mask levels to make the different types of circuits and an

increase in IC area to accommodate the increased number of types of
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An approach to avoiding this undesired decrease in
yield and increase in cost is to vertically stack and
subsequently interconnect |ICs. These ICs can be of

di fferent size, cone fronIdifferent size wafers,

conprise different functions (i.e., analog, digital,
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bt yield, wdmrmpbndmglwmcrmchﬂ)@%a e (KG) to be
conmbined to i nprove yield. The success of this stack
first, interconnect second approach depends on the
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phot ol i t hogr ki ng, via etching
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bonding, the die are typically substantially thinned

by renoving nost of the die substrate. The die
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i intercoomexdst i on | ocation in the die I C, such that

there are no necessary
One version of vertical stacking and interconnection is where ICs (on a
substrate) are bonded face-to-face, or IC-side to IC-side. This version is
typically done in a die-to-wafer format where die are bonded IC-side down,
to a wafer IC-side up. In this format, after bonding, the die are typically
substantially thinned by removing most of the die substrate. The die
substrate can not, in general, be totally removed due to the location of
transistors in the substrate. The substrate is thus typically removed to the
greatest extent practicable, leaving sufficient residual substrate to avoid
damage to the transistors. An interconnection to the die IC is then
preferably made by etching a via through the remaining substrate to an

interconnection location in the die IC, such that there are no necessary
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2 0 transistors in the vicinity of this via. It is
furthernore preferable, in order to achieve the

hi ghest interconnection density, to continue this via
through the entire die-1C and into the wafer-1C to an
i nterconnection location in the wafer IC This via
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conductive material and the substrate. The fabrication
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i materend thng iftera@ineetts the infat@iriczt (atien én thepdieadd with the
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renovi ng | nsul ating mater on the substrate Vi
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patterning of

The patterns defining the via etching through the insulating (dielectric)
material(s) are typically smaller than the pattemn defining the via etch through
the substrate to adequately expose the interconnection points in the die IC and
wafer IC and to avoid removing insulating material on the substrate via
sidewall. Since these patterns are formed after the via in the substrate, this
patteming is typically done at a lower topographical level that the patteming of
the substrate via. This results in a patterning over a non-planar structure that
limits the scaling of the structure to very small feature size that is desirable to
achieve the highest interconnection density and consumes the least possible

silicon substrate where functional transistors would otherwise reside.
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the substrate via. This results in a patterning over a
non-pl anar structure that |imts the scaling of the
structure to very small feature size that is desirable
to achieve the highest interconnection density and
consunes the | east possible silicon substrate where
functional transistors would otherwise reside. 3 0 It
is thus desirable to have a device that conprises a
shisithugsrdesinableato asteha devisefthsl caraprsashe sttctues and a

e e R S Bl R bcad M masking
sstehbacemd mbsking stéwﬂhgsban B& reBRz<f or aq)lékhag*sqmace at the
| evel s of topo ag in the structure. SUVMMARY

® é%‘ﬁ

| NghRst. oRoma©f st. heais pbiepograpmeiottbe struc‘wre
nmet hod and device where a single nmasking step is used
to etch a via or vias through a substrate in a first

devi ce to exposeSUMMARY OFTHE NVERTIGRCcond devi ces
to provide for interconnection of the contacts. As
one exanple, a single masking step can be used to etch

a'{?é%%régérn? WlntiBn i€ Hﬁ‘é&{eﬂ% %%E'ﬂf&fb éﬁq aeﬁﬁggéﬁe% % single

a via through rnsulatin
cmdhmglstep maumd @l etich & via osapwmt’@gind substrateah layfirst

acked | C devi ver desire osed renai ni ng
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n‘ﬁi&bbﬁﬁect%'ﬁdof%@%ﬁtéb?@duc“Ve material in two
separate | C devices by renoving desired insulating

material fromsaid conductive material w thout
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conductive material without removing desired insulating material from said

desired exposed remaining substrate surfaces.

The present invention is further directed to a method and device
comprising interconnection between interconnection points in the two
separate IC devices where a masking step is not done at a lower

topographical level than the single masking step.

It is an object of the present invention to etch a via through different
materials, exposing conductive material on at least two different

topographical levels lower than a top surface using a single masking step.

It is a further object of the present invention to mask an interconnect level,

interconnecting two subcutaneous conductive layers, at a level above the
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t opographical levels Iower than a top surface using a
single masking step. It is a further object of the
present invention to mask an interconnect |evel,

i nterconnecting two subcutaneous conductive | ayers, at
a | evel above the 4 0 two subcutaneous conductive

lﬁf‘y@gﬁb ddténé@u@@&ﬁ&lﬁ:‘hv@%ié?& of the present invention

to avold patterning a mask in a recess. Another
Obj ect of the present invention is to maxim ze the

t Ity bet t ta An
o iSRS Bhiech PERseRRO LRV P Rl 1 B HBrlthiTIag Afgask in a
apapeRt of substrate used to forman interconnection

between two stacked I Cs. These and other objects are
achi eved by a device having a first elenent having a

sAb3fns™ ORI br e piEshT R BRadh B OB P ¥hBd
t Bensicisstdcehawenftacked iQsst  via is formed in the

first el enent and extends from a back surface of the
first eI enent to the first contact structure. A second
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seco stRGeElr e Van
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second contact structures. These and other objects
are al so achieved by a nethod of interconnecting

f Théée and o?r?éi'Qﬂﬂe&E PR akRIchey %gda Hé’?ﬁ% hg?ing;alpﬁlls? %ué?ﬁent

formng one mask over an expose irst
ehavieg @, firetcorgactairuptereraska secend blerhent Ha‘vnim askeondt
and .expase.a fiLst, contact, st,ruc in the first .
CPaaRT e, ThsSioleRenh RP9THE Petbopaf alehBpt, & first
fiass fahbiRaRBdirst @amBhBandefterRSFRSH aaomrﬁbce of the
contact structure in the second el enent, and

chishelemeny to thefirst centagh atrg@telaﬁhdﬁ\ sepandt viagxierds frem the
BHSEEOI%?F%’! -E{,lr(%\lipl%e-g_e'%oﬁ)&% éu%rrg 88§m 'Eg)ir/'r%ﬁmcates

appreci a rese |nven I on an
awvitle tiskafitst via. A contact member connects the first and second contact

structures.

These and other objects are also achieved by a method of interconnecting
first and second elements bonded together, including forming one mask
over an exposed side of said first element, using the one mask to etch the
first element and expose a first contact structure in the first element, etch
through a bond interface between the first and second elements, and
expose a second contact structure in the second element, and connecting

the first and second contact structures.
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention and many attendant
advantages thereof will be readily obtained as the same becomes better

understood by reference to the following detailed description when
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advant ages thereof wll be readily obtained as the
sane becones better understood by reference to the
followi ng detail ed description when 5 0 considered in
connection with the acconpanyi ng draw ngs, wherein:
FIG 1 is a diagramshow ng die to be bonded face-down

t BoRsiMBIRS infddfPactith with%he 20cbMpantingHraw fsb?}hglr%in:

bonded to a substrate; FIG 2B is a diagra
bonded to a substrate with a portion of the substrate

he. di e, d: . ' di f
oEi S RER B e B0 BB AP G yaegroce-
dupgram showi ng fornation of a dielectric filmand

mask | ayer over the structure of FIG 2A;, FIG 3B is
a diagram showi ng formation a dielectric film and mask

I r £ ] I I.Z] erial; FIG 4 is
aﬁ(yilgazg'?‘ggmégﬁacégng%%@ggﬁoﬁpggqégrérre tl 'the dielectric
filmand mask layer of FIGS. 3A and 3B; FIG 5 is a

diagram show ng etching of the die using the aperture
fb %3 dﬁwgﬂﬂ ¢frdigbgndgd tepgubsataswih & reytamof the

S j f A t 0 expose contact structures
i% t tgﬁ%iogfié‘ngfemrg er;e@Fl G 6B is a diagramof a

process nodi fication including formng a hard mask;
F 0'S di agram of a section . of the structure of
A 8- A1 hoTpBP oA o tasp ToncBH e Araihar PRy
sidewall layer; 6 O FIG 7B is a variation of the

embodi ment where the hard mask is renoved, FIG 8Ais
aF 3 atfk ina diagrpmgshamiine feropatoreefohdiejeabfic filnt end onask layer

| 854! b ¥Rt b LT ERS! 2haver:

FIG. 3B is a diagram showing formation a dielectric film and mask layer

after forming a planarizing material;

FIG. 4 is a diagram showing apertures formed in the dielectric film and
mask layer of FIGS. 3A and 3B;

FIG. 5 is a diagram showing etching of the die using the aperture formed

as shown in FIG. 4;

FIG. 6A is a diagram showing further etching to expose contact structures

in the die and wafer;

FIG. 6B is a diagram of a process modification including forming a hard

mask;

FIG. 7A is a diagram of a section of the structure of FIG. 6A after formation

of a conformal insulative sidewall layer;



FIG 8B is a variation of the enbodi nent where the
hard mask is renoved; FIG 9A is a diagram show ng
formng a netal contact conprising a netal seed |ayer
and a netal fill; FIG 9B is a variation of the
enbodi nent where the hard mask is renmoved;, FIG 9Cis

r .
AEYGL 18 Q1gbyd 5 FEPGRABER et Bidolte SBRIMAXSE rhriovec:
FIG 9A or 9B after chenp- nechanical polishing; FIG

1 is,a diagramof the str cture f FIG 9C aft .
ohSad f.Bam Showing ariseiaacsiching of 3 caragnaninsulative

| lsidréwar"qégé}g nmetal | i zation of the structure of FIG
A, 12 is a diagram of a second enbodi nent
usi ng a mask | ayer WI thout an intervening dielectric

IS0 Sehiod o H8ERTRE e B PP ed omoves

di agram showi ng the structure of FIG 13 after cheno-
nmechani cal polishing; FIG 15 is a diagram o
i Fl@s®m & 8¢ etamﬁmwraqﬁ@tﬂmﬁﬁmmetaltcﬁé acgheenprising a majal

F ilagé Lagramillustrating an enbodi nent where
ag%’d {aﬁg?ar'&c rf@ is located in the surface of one

of the devices; FIG 16B is a diagram of the structure

I: %16A after further processing;

d géf ISAAraPaotidw e@beﬁilmﬁqure.ﬂr@h@rrbm@ét(hwmoved:
according to the invention with the structure shown in
FIGS. 16A and 16B; FIG 18 is a diagram of anot her
ehfed?Cisé vafiatidre of theeernbodimarridvidr&.nolSeddslagedisdfgrras;
showi ng a devi ce produced using the nethod according
to the invention with the structure shown in FIG 18.

DEJN 101 b Segr&hl %@%trTb!ﬁ r@BEPRB%DoEWéY%%o-

Referring nowto the drawings, in particular FIG 1, a
f Meshasiepbewlisbing; of

FIG. 10B is a diagram of the structure of FIG. 9C after chemo-mechanical
polishing;

FIG. 11 is a diagram illustrating metallization of the structure of FIG. 10A;

FIG. 12 is a diagram of a second embodiment using a mask layer without

an intervening dielectric layer;

FIG. 13 is a diagram showing forming a metal contact in the second

embodiment;

FIG. 14 is a diagram showing the structure of FIG. 13 after chemo-

mechanical polishing;

FIG. 15 is a diagram illustrating another embodiment of the invention;



the nethod according to the invention will be
described. It is noted here that the drawi ngs are not
drawn to scale but are drawmn to illustrate the
concepts of the invention. Substrate 10 includes a
device region 11 having contact structures 12.

Sphst16A & 4G é’@%&igﬂﬁu@% An 8 énﬂﬁzp@%@ﬁbﬁﬂaﬁt

such as sem conduct or er| al or rnsulatin
matreetiueg is idepleddn tige snrfaceotiesé péthe deptessat i on.
Typically, substrate 10 is nmade of silicon or I11-V

materials. Contact structures 12 are typically netal
PRNS. TBB ik QiPARESthS Istiehute ©F FICBKEA &P mr&fér &r@cessmg,
device or circuit structures (not shown) forned

substrate 10. Substrate 10 may al so contain an

PSP ke bt noiind phdihiod AR EPB Sk hbitipdies”

caotatingnto thel:ryvemohamth B sipfdtilireSshdvd ineRa®! WA and 16B:
substrate 10 may be a nodule for interconnecting

structures bonded to substrate 10, or bringing out
c ; o} D er
PSS B A Dhod REAPEF Ryt 9
rinted circuit board. The nodule may be made of

p

' I t h t eram c.
LE@#%%Ya?d%raer{aé%%ﬂ@é%e@f%ﬁr%éyée%s&g t@aﬁ?%&b@dls
ah&cdrBin®to 80 Mvaingin viireindAstd RturBaHu v

substrate portion 19, a device region 1@ and (:ont act
structures 17.- The die nay be previously separated

AP vAL e RS RPN P e PrErrReEd Endofinetrs

naterlals dependi ng on the desired application.
lé pically, the substrate is made of silicon or II1-V
gtariing sowdsriha drawikgsuietRarteular FiG o1 .ta fiist ambpdirseat of

ai g AR A R e b 73 BE SRR Toud e
1Bat Treedrawiizgs aef npladtawhZoasedlslFuteeiramy ty dlustraidthe
sizes and_relative sizes are dependent upon alignnent
t?ﬂr&egﬁ%%fs thednyention. desi gn paraneters or ot her
factors. The sizes of the pads are drawn to illustrate

the inventive concepts
Substrate 10 includes a device region 11 having contact structures 12.

Substrate 10 may be made of a number of materials, such as
semiconductor material or insulating material, depending on the desired
application. Typically, substrate 10 is made of silicon or -V materials.
Contact structures 12 are typically metal pads or interconnect structures
making contact to device or circuit structures (not shown) formed in
substrate 10. Substrate 10 may also contain an integrated circuit to which
the contact structures 12 are connected, and substrate 10 may be a
module containing only contact structures. For example, substrate 10 may
be a module for interconnecting structures bonded to substrate 10, or
bringing out connections for packaging or integration with other modules or
circuit structures on, for example, a printed circuit board. The module may

be made of insulative materials such as quartz or ceramic.
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are and are not neant to be limting. Device region 18
may al so contain an integrated circuit to which the
contact structures 17 are connected. Substantially

all of substrate portion 19 may be renoved, |eaving a

| ayer of devices, a circuit, or a circuit |ayer.

Al so, the substrates of dies 14-16 nay be thinned
after bonding to a desired thickness. Die 14-16 may be
oPositiensdder harding fogybstisatedDarn slﬂl’famﬂ 1dfarelttrberseparated

Di 4- 16 h . .b ane or_,
afife LR ach ol 085 2 SullBrafihioiust A Gk Boion 16 ands
coontdet StrotafdsUte. UMRSdi AP b@?ﬁe%ﬁu@ly s@PUHA8d TP QRother
18. Structures 17 are spaced apart tO | eave a gap

t waferut ‘Wé@@; et Diayl 4016 mayi bgmedstaf gonumbenpt matatials,

SRYofl B Behitdry Ry mEE B BRERSRa e B VeniBodMithlon,

| Mypicaliyache SUbSIt@ét@nQ nedde@fysiidon eellitenstensc Contact
structure, in twy. The size of the gap or aperture may

belrd&HEas] hate tpidaly mesbpalls PhiderapRnectgtisaes making
f eesm%eﬁtooéé\aé&a} Bt ﬁﬁﬁi&? @%Vronﬁ 8% Bgmpssi%)h 13, That

| east a m ni mum W e su sequén
csiragof pags 12tandct Teash tr2ayavaty 1Thé elzbe arel ne&him dizgae

i i ci ent | ow ﬁont act resistance
S ePe R LPOG P ARk SIBE Gh SiEa GRS g parAmeterser eher
t BRISBPTRE snz%@@fftth'é ?aﬁ§ afe H?‘éWl‘?td)fllu@tréiﬂ Q@'?ﬁ\?erﬁi'vg%n%pts

the vertical separation between conduct i ve
sareuand aesnatmeaant lDZbEpllrmtﬂfrUhé)elVIﬂecrlegm1 &fnayh@so contain an

oGl St fnd o el BRAVER 1 ol CaltPus

\Ashbst@nhémaueméabsmté PHARG PR RS Fé?ﬁé‘\\dé‘d il¥8ving a layer of
structures 17 and 12 to enable el ectrical

| AeEPeD ek Ar Btifpel ey Alsouthessubmteates obdies T4k 66 may
Vﬁéttﬁlﬁ@éd %ﬁ?gé?ﬁﬂlﬁg rt}%%ﬂ%é’s‘ﬂjggqgic)énéé% mcrons for oxide

to oxi escribed in application
Ser. No. 09/505,283, the contents of which are

rated hereln by reference, potentially zero
£ gie g may pe i %éﬁé%@ch@l@baw&w@mOnoraafml%@@m on

Sl%bhn&l%gy.l@{ég'?@ﬂ%%ayteﬁﬁh be the same or different devices or
materials. Each of die 14-16 has conductive structures 17 formed in a
device region 18. Structures 17 are spaced apart to leave a gap
therebetween, or may be a single structure with an aperture which may
extend across the entire contact structure. In other words, the aperture
may be a hole in contact structure or may divide the contact structure in
two. The size of the gap or aperture may be determined by the
photolithographic ground rules for the particular technology being bonded,
i.e., at least a minimum width for the subsequent contact connecting
structures 12 and 17 to be reliably formed with sufficiently low contact

resistance.

An additional factor that determines the optimum size of the gap or

aperture is a ratio of a distance given by the vertical separation between
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contents of which are herein incorporated by
reference. Furthernore, the conductive structure 17
thickness is typically 0.5 to 5 mcrons. Wth a

typi cal desired via aspect ratio of 0.5 to 5 dependi ng
on the process technology used, a typical range of

t Eﬁggbﬁt gétrdclﬂ?regair? ér?j ?%%I@th@tﬁrc Hgssﬁéfgﬁeodéin%cti\?e

oxXI| --0 m crons o I rec

bstrdbimge 17[170dal$e $ize 18 the gapenapeattuye.alhigdefines ah aspect ratio
tact tures 12.s t hat tructures 17 and, the
CORB3 1R WL by BRtoi et brbr e PR RN S 17

C@HHaI@ tosér’fd-ﬂﬁé éfe%&m%?lnté_ﬂ%%nﬁéétﬁ)r%et&%haéﬁuoﬁr‘égthrﬁf12.
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a very large nunber of structures 17. For exanple,
structures 17 may have a lateral extent in the range
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production tools allow alignment accuracies in the range of 1-10 microns,
although future improvements in these tools is likely to result in smaller
alignment accuracies. The lateral extent of structures 17 exterior to the
gap or aperture is preferably at least a distance given by this alignment

accuracy.

Although only one set of structures 17 is shown for each die 14-16, it is
understood that the lateral extent of structures 17 is typically much smaller
than the lateral extent of each die 14-16, so that each die may have
several or a very large number of structures 17. For example, structures
17 may have a lateral extent in the range of 1-100 microns and die 14-16

may have a lateral extent in the range of 1-100 mm. A guantity of
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described in application Ser. No. 09/505, 283. The
bonding of die 14-16 to substrate 10 is illustrated
in FIG 2. After bonding the substrates of die 14- 16
are thinned. Thinning is typically achieved by
pol i shing, grinding, etching, or a conbination of
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a .. dielectric film30 is fornmed over surface
1l§>§g{m§%‘g§b?g{°e$%§'%d dies 14-16. This filmmay be
fornmed by, for exanple, CVD, PVD or PECVD and
preferably consists of an oxide film such as silicon
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19 dboicBIrBgiohi 2378 bifhdRBdo afer 10 such that spaced apart
conductive structures 24 are generally aligned with conductive structures
12. Substrate 22 may be thinned or removed prior to bonding to facilitate
alignment. Substrate 22 may be thinned after bonding, and substantially all
of substrate 22 may be removed if desired. The procedures described in
the following figures are also applicable to the structures shown in FIGS.

2B and 2C, but separate drawings are omitted for brevity.

As shown in FIG. 3A, a conformal dielectric film 30 is formed over surface
13 of substrate 10 and dies 14-16. This film may be formed by, for
example, CVD, PVYD or PECVD and preferably consists of an oxide film
such as silicon oxide. Also, a filler material such as a deposited or spun-on
oxide or polymer 32 such as polyimide or benzocyclobutene may be

formed over and/or between dies 14-16, as shown in FIG. 3B. Material 32
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Filler, material may also be fornmed after form ng the
structure shown in FIGS. 3A after form ng mask 40
(FIG 4), or at various other points in the process
dependi ng on many factors such as the materials chosen
or tenperature considerations. Having a flat surface
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hard mask is Alum num Etchant Type A if the hard mask
i Apettunei 4uim foAned using standard photolithographic patterning and

etching techniques of the hard mask 31 and dielectric film 30. For
example, an aperture can be formed in photoresist using photolithography.
This aperture can be aligned to alignment marks on the die 14-16 (or
substrate 22), or substrate 10. Optical or IR imaging can be used for the
alignment. The hard mask 31 can then be etched with an appropriate wet
chemical solution or a dry reactive ion etch that depends on the hard mask
material, revealing the dielectric film 30 in the aperture. The dielectric film
30 can then be etched in a manner similar to the hard mask 31 with an
appropriate wet chemical solution or a dry reactive ion etch that depends
on the dielectric film material. An example of a wet chemical solution for a
hard mask is Aluminum Etchant Type A if the hard mask is Aluminum. An

example of a reactive ion etch for a dielectric film material is a CF4-based
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exanple of a reactive ion etch for a dielectric film
material is a CF4-based 12 0 reactive ion etch if the
dielectric filmmaterial is silicon oxide. Many ot her
wet and dry etches are possible for these and ot her

hard mask and dielectric filmmaterials. The width of
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appropriately, without having to break vacuum. The etching to expose
conductive structure 12 is shown in FIG. 6A. The etching produces a via
portion 60 extending through the gap or aperture of conductive structures
17 to conductive structure 12.

The dielectric via etching to expose conductive structures 12 and 17
preferably has a high etch selectivity to conductive structures 17 so as to
avoid a detrimental amount of etching to conductive structures 17.
However, there may be some combinations of dielectric via etching and
conductive structures that result in a detrimental amount of etching to
conductive structures 17. For example, detrimental effects may occur
when conductive structure 17 is sufficiently thin or when the vertical

distance between conductors 12 and 17 is sufficiently large.



conductive structures that result in a detrinental
anount of etching to conductive structures 17. For
exanpl e, detrinental effects nmay occur when
conductive structure 17 is sufficiently thin or when
the vertical distance between conductors 12 and 17 is
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plating. This is shown, for example, in FIG. 6B where etching is stopped
after exposing contact structures 17 and before any significant detrimental
etching occurs. Contact structures 17 are then coated with a protective
hard mask material 61, for example, nickel using, for example, electroless
plating. A material such as nickel may remain in the device in subsequent
connecting of the structures 12 and 17. Alternatively, the material 61 may

be removed before forming connecting structures 12 and 17, if needed.

Note that protective hard mask 61 may also be selectively deposited on
hard mask 40. An example is when hard mask 40 is conductive and
deposition of protective hard mask 61 is accomplished with electroless
plating This may be advantageous for decreasing the required thickness of

hard mask 40. A further advantage of deposition of protective hard mask
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plating. A material such as nickel may remain in the
devi ce in subsequent connecting of the structures 12
and 17. Alternatively, the nmaterial 61 may be renoved
before form ng connecting structures 12 and 17, if
needed. Note that protective hard mask 61 may al so be
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materials exposed by vias 50 and 60, those materials subject to etch in
vias 50 and 60 may be masked with a suitable material. For example, if
the hard mask 40, and contact structures 12 and 17 are all aluminum, the
vias can be partially filled with an easily removable spin-on viscous liquid
material to a depth such that contact structures 12 and 17 are covered.
The vias can be partially filled with a spin-on viscous liquid material by first
selecting an adequate spin-on film thickness that will suitably planarize the
surface formed by hard mask 40 through which vias 50 and 60 were
formed. Application of this film thickness will then result in a much thicker
film thickness inside the via than outside the via. A suitable etch of the
entire surface then removes this material from the surface of hard mask 40
while leaving material in vias 50 and 60 that covers contact structures 12

and 17. An example of an easily removable spin-on material and suitable
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mat eri al s exposed by vias 50 and 60, those materials
subject to etch in vias 50 and 60 nay be masked with
a suitable material. For exanple, if the hard mask
40, and contact structures 12 and 17 are all al um num
the vias can be partially filled with an easily
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such that contact structures 12 and 1/ are’ covered.

The vias can be partially filled with a spin-on

£ ot B DRyl tned o EisLefibiprep 12 and
pH ;arwatiie_zleamhg filAt @¢ thed SiEERENOBf tias G0ETked0A bRER YA ace
which vias 50 and 60 were formed. Application of this

f pf srypeaenbsis Rieferablyaaxppeedite crapta ajgdae fon iorrsasing the

eP el aARER Arop Tl i it Y PEne) Ao hoi? Albrees

n‘mdgel vaidtH lrmmdebe of drrhineen if priafarcbdris nidinizidgy the contact
n vias 50 and 60 that covers contact

sf%%‘? & %éh'sékﬁia'i@e WiV DRSPE UPONAeviGEs ANg process
ﬁHFéYﬁ&bFs 168 8A éfg)tzﬁﬁ'o%lglcﬁ“ﬂ Feh%@ktlo‘?\ J@'ualﬁrﬁhm?(nﬁthout
etc ely.

ot oresi st and an respec
Oantﬂ atirainask Bohr@gmoved émefcamfenhainxm ohd:d:r;foernakhaslulbﬁve film
expose stru tures 12 and 17 while leaving film 70 on
?Q SRENOE % of vias 50 and 60. A back surface of
structures 17 is preferably exposed to create a | edge
for increasing the contact surface area, resulting in
r Bathceldilzsnithend ABgnay hacemoned ppioe & fortrwmtg @yai @0hiri this

cEi ToRwita BT of SoftpRbl 656 (P anBlibiie b Biecmev

upeifordead o sab@trateqwﬁ@n 2P A6eaBties Pegibh @8 w@é%ee\:stdﬂ&Bm is
de 5 plt_i@éét}he etched conformal film 70, wi thout and th

ly samouad by sxidation padrBASitien.donesamale
insulative film 70, respectively. Both of filnms 30
and 40 may be renoved prior to formng layer 70. In
t Aiside Starsﬁaace tbfoctdmm:tmjrmwbs ng méy atstf g eRbodayerth@0

SO ERBPIS LS e irkBHasPese Y5 SWAG FisAarshioner e

Cétb'ﬂ?t!a@tt r%'sbétélﬁ!@‘fﬁ@ is s P¥hSlRh 'irPPI@S SRRARI 8B Ofhe 1185 50

e;(r?drrgo can then be further filled or completely filled with metal. Methods of
filling vias 50 and 60 with metal include but are not limited to physical
vapor deposition (PVD), chemical vapor deposition (CVD) or
electroplating. Electroplating is typically used for the deposition of thicker
films than PVD or CVD and is typically preceded by the deposition of a thin
PVD or CVD seed layer. An example of PVD is sputtered aluminum or
copper, an example of CVD is tungsten CVD, and an example of

electroplating is copper, using a sputtered copper seed layer.

FIG. 9A shows an example of a masked electroplated method whereby a
metal seed layer 90 is first deposited over the structure, making electrical
contact to contact structures 12 and 17, followed by formation of a mask

using, for example, photoresist 91. Using mask 91 and electrical contact to
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A side surface of contact structures 17 may al so be
exposed in the anisotropic etching to further

i ncrease the surface area and | ower the contact

resi stance. This is also shown in FIGS. 8A and 8B. The
vias 50 and 60 can then be further filled or
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substantially planar surface and pl anar
the interconnect routlng or underbump metalhzatlon

An example is shown in FIG. 11 with insulating material 96, such as a
deposited or spun-on oxide or polymer, formed on the die 14-16 after
CMP, and interconnect routing or underbump metallization 95 formed on
material 96 in contact with metal structure 100. Another filler material may
be used, as shown in FIG. 3B, prior to forming material 96. Metallization
may include several levels, separated by insulating layers, not shown
here, to accommodate a high via density and/or a high degree of routing
complexity. Alternatively, if the polishing step does not remove conformal
dielectric film 30, conformal dielectric film remains and may provide

adequate electrical isolation for the metallization structures.



structure 100 on the exposed side of die 14-16, as
shown in FIGS. 1 OA and 10B, where the structure in
FIG 10B is distinct fromthat in FIG 1 OA in that
no seed layer is used prior to filling the via with
metal. The structures of FIGS. 1 OA and 1 OB are
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i'zatlon imar
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pmwrweto exhogestrictires 12 arul 17,S@|hm prefierably exp@sing the top
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W t hout an intervening dielectric |layer. The
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reactive ion etch to etch a via
include the formation of an electrically lnsulatlng matenal on the exposed
side of die 14-16 to provide electrical isolation for said interconnect routing
or underbump metallization that is routed over the exposed side of die 14-
16. To further assist interconnect routing or underbump metallization, a
planarizing material, such as a polyimide or benzocyclobutene material
may be formed to planarize the surface of the structure, for example by
filling any spaces between die, apertures or grooves, either before or after

the CMP process.

The present invention may also be used with other structures. For
example, a pair of contacts 17 is not required but a single contact in a die
or wafer may be connected to a contact in the substrate to which it is
bonded. This is illustrated in FIG. 15 where metal contact 107
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thinned silicon substrate and a CF4-based reactive ion
etch to etch a subsequent via through device regions
18 and 11 to contact structures 12. Apertures 102 are
formed in mask 101 and the structure is processed as
in the first enbodinment to etch through the die

s iisicoRhestsbmtale \sheture a0 168 %H%@acﬁk& q@btﬁe‘%ﬁg gfﬁ‘set
and 17, while preferably exposing the to surface ©

sirpmestivayrer 12 14 firsasiog nastier of heomask isrewkdwyer structure
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13. After CWMP (FIG 14 the structure is suitable
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met a support
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structure shown in FIG 11. This processi ng my
include the formation of an electrically insulating
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v
el ectrical isolation I?or sai mterconﬁect
uHeed b:ua’@hrtbtwghl thathacksideaif a dieraywvaddr bmmlect ttnea substrate

14: 16., T he
TEBREEARMET ol fhaler adPB siSlraRanG Badipbirootepny i
Phesdsd H the \Ii@t\ﬁlﬁlbﬁ'typléalﬁﬁbaﬁﬁbé cBﬁirp‘ﬁbQ‘Fe@e{)belematlc and
benzocycl obut ene materi al or med [ anari ze
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| imcezdsimntheeyurédceoarea oftled cmqt%eht ahd esdsding mdllfde%gst?ﬂfﬁ of
exanpl e, a ir of contacts 17 is not_require ut a
{h?gfrp%ﬁ%nPﬁ‘?ﬁtrenweaha@'egy@ﬁvmﬁéﬁanrﬁ@m&'ceaw@@@ed to
PR gplet PErRHRAhERRd HatiiEind brobkms 3R ETated yuth
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structure 108 being offset fromstructure 12. A first
e 'GPt i on of the mask is formed over structure 108

whil e a second edge portion is formed over structure

12 but not over
A further embodiment is shown in FIGS. 16A, 16B and 17. Substrate 110

has device region 111 with contact structures 112. Die 114-116 each
having a substrate portion 121 and contacts 117 are bonded to substrate
110 on surface 113 as shown in FIG. 16A. In this embodiment there is no
material covering contact structures 112. Following the single masking
process described for the first or second embodiments, the structures
shown in FIGS. 16B and 17 is produced. A via 50 is etched through
substrate 118, exposing a planar (back) surface of contact structures 117.
The etching is continued to expose a top surface of contact structure 112.
Contact 120 is formed in the via, with or without a seed layer 90,
connecting contact structures 112 and 117. Filler material may be used to

“planarize the device, as discussed above with respect to FIG. 3B.
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structure 108. One part (left side) of contact 107
extends fromthe upper surface of substrate portion
109 directly to structure 108 whil e another part
(right side) of contact 107 extends fromthe upper
surface of substrate portion 109 directly to

S I\ dttiUFBer@mbdBtndHt e SRbwh Y eTE 5018 RO Y ﬁﬁ§ eFHUTRI AL
advantages. A single mask is wused to etch through the
bitsie igigo anatgrigl eoveringbstadi straetlres 122 oud2Br Gbetadt o

i .t he di f th bstrat e.
LEEERINEES 06 18 R alBl e Rel DR PR AR oo 10
t Y6 @abll oneadt shecRrPEPHRE M AP exteha Weyont istirfadgd 13l D 414-
scaling. The etching proceeds through a bondi ng

i hi@withcexposgdtmetal are bondedhigssiirface 1153 with @xposes metal, as
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L85 oI ROTSEE S L 80 b0 HAEPARE fyeen ce 114

r ¢t andgubBtratee$1® bRtiealf protihees amongireséivé ferceMetween
t echno] ogy .devi ces &in be i nterconnected, optim zing
deVEE! EYGtBresaleaRth d2avgealing 2 tatagtdistuagn structures 122

aéﬁ(ﬁQQQtS‘%ﬁfi%ﬁtR/ IRW iWcBﬂt:{c‘? rSB54hHAE! F'élﬁ)vﬂhéftﬁé §@tg!e masking
technol ogies wth a single process Sequence.

f prackees destiilidhiEmtthe predecing embBHBENtE ke sthBtaedshbivn in
SFPEFﬁﬁIe 1%0 &as device region 111 with contact

st rurctUlPd¥OYYeY-ni e 114-116 each having a substrate
portion 121 and contacts 117 are bonded to substrate

110 on surface 113 as shown in FIG 16A. In this
eNpsiraes madifigedions and variatiens af theopreseniginventiereare

P T B R
sthatelithirethe saperofithe Eb?ndé&aaﬂﬁg, thé ihderRIoPdHESBe A
via 50 is etched throug substrate 118, exposing a

pPrastieed pthatyisedhen@s greciatlndesaihasthercds 117. The
etching is continued to expose a top surface of
contact structure 112. Contact 120 is formed in the
via, wwth or without a seed |ayer 90, connecting
contact structures 112 and 117. Filler material may be
used to planarize the device, as discussed above with
respect to FIG 3B. 19 0



A still further enbodinent is shown in FIGS. 18-19. In
this enbodinent there is no nmaterial covering contact
structures 122 or 123. Contact structures 123 in die
114-116 may extend beyond the surfaces of die 114- 116
and contact structures 122 may extend beyond surface
WhiBis dhignedlid- 116 with exposed netal are bonded to

surface 113 with exposed netal, as described in
application Ser. No. 10/359,608. The bond between die

1.2 et ol Ao SRR RTreh A ERRAnT Birarle BPHGE] sbether.

cahadrising:cforming cheCMRRGvebah WRBBsed kil o Rid Aidt eldhnt;
123 sufficiently low in contact resistance. Follow ng

using saidRflemrak k9 fiFh said st elerpsot and gxpose afisst contact
stRIcE%eq! %gloef'@.ﬁgfeﬂ?éﬁtsetchgﬁ faﬁ@ﬁué:wﬁc? lrﬁgﬁ'&@e b8 | onSGs%%%rst

I'S pro uced (er ous o Ded SR IRGNa%s paiw
ardhsequneiseements; andi exposea sgmsel drdadtsthioght infsaldgecond

abov t eachi therefore to be understood

elepsh vanﬁrﬁ%ﬂeﬂﬁn%éa\@é‘s Irgt anch aeepbAARIACESIRIGIHIes: he
i nvention may be practiced ot hervvl se than as
specifically described herein. 20 What is clained is:

2. A mathnd as dewted intodaiooh neloerieingekposing aaid fystoomtact structure

R, BrBSARE A A9 S THl b Pl B s o
conpleBing 8hid pMacarfffaceGotiaidssird Edritatt ﬁrﬁ@r@t and

expose a first contact structure in said first
el ement, etch through a bond interface between said

3.7 fn%?hqdagg and C%'Wm&%%@%ﬂ%%@%ﬁ@ﬁ g%% %Jrface of first

conta ure I'n sa
cocntau’neuum.ge_sal d first and second contact structures.
2. Anethod as recited in claim1l1, wherein exposing
said first contact structure conprises: exposing a
' f t t
R BocPut IaR T R LT iERY Bhing ST SonBRE
stsicture tohave an apereréozhdistohing theaugmsaitiaipariire to expose

Saﬁf%ﬁfr%ﬁ‘ta&xﬁmc g a side surface of first contact

5. A method as recited in claim 2, comprising: forming said first contact
structure as at least a pair of contact elements with a space between said
contact elements; and etching through said space to expose said second

contact structure.

6. A method as recited in claim 1, comprising: forming said first contact
structure to have an aperture; and etching through said aperture to expose

said second contact structure.

7. A method as recited in claim 1, comprising: forming said first contact
structure as at least a pair of contact structures with a space between said
contact structures; and etching through said space to expose said second

contact structure.
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4. A nmethod as recited in claim2, conprising: formng
said first contact structure to have an aperture; and
etching through said aperture to expose said second
contact structure. 5. A nethod as recited in claim 2,
conprising: formng said first contact structure as
at least a pair of contact elenments with a space
bet ween said contact elenents; and etching through

8. famethorhae recitegiipaiaims hi remxmingnet leasha potticst ofua substrate of

sefl 13 FRUS Bfer kRl B A B P s90 ihiBp i o o

reﬁmm(ygebhrough said aperture to expose said second
contact structure. 7. A nmethod as recited in claiml,
conprising: formng said first contact structure as

f pa
o PrRRRN adr A oL Phedly HHIUERG L) etBRfSer
bcmahed te pabsérekgesrnsadaid sasthod coﬁ‘@l’r\“&sﬁ\@ f@iibg bdideone
0 8. Anethod as recited in claim1, renpving at

? QyeraLexResse Hide of sasl of aeid fisst elements:iusiig said mnet
madK fgf etBARYCAGE s%ﬂ)dfl 33 %feﬂiéﬂr’%g ?% %gbgseeé cﬁpétrlﬂ)n?etlcﬁ %tr%{u% in

sal renmovi ng st eci ted
eath ofitsaickfinst ale;nmemaj etbpl tbrfoughrasbomadl Erierrﬁa@e taetevedmmteﬂof

tp.said se ond el ement risin
el iR RS Ao S e Bl oo s Ye0% & Bl afipespnd
coﬁﬁddﬂ sfrUE:ﬁIre@ Ire8@a secold einst dnd '&6nn€@tﬁﬁ; $8d fr&hrach
said first elements to expose a first contact
segpw@;@pute@t piiuctggesh of said first el enents, etch

through a bond interface between each of said first
el ements and said second el enment, and expose a

10pAuhathddya®fecited on dlaima toaed Cr)rﬁ#iﬁgic%é#fo@mg a 1eastth peABADS
el enent; and connecti % said first and second contact

a gyhslfetepbeach of said festiRlemasts afterhanding: @ng periorming said
et&ﬁﬁ@ Eer sra‘;r‘(ﬂm%ﬁﬁglngtst%faﬁ a portion of a
substr

te of eac first elenments after
bondi ng; and performng said
11. A method as recited in claim 1, wherein said connecting step comprises:
forming a metal seed layer in contact with said first and second contact

structures; and forming a metal contact on said metal seed layer.

12. A method as recited in claim 11, comprising: chemo-mechanicaily
polishing said metal contact and said first element after forming said metal

contact.

13. A method as recited in claim 1, comprising: forming a dielectric layer on

said first element; forming said mask on said dielectric layer.

14. A method as recited in claim 1, comprising: forming said mask directly on

said exposed side of said first element.

15. A method as recited in claim 1, comprising: forming said mask over a
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etching step after said renoving step. 11. A nethod as

recited in claim1, wherein said connecting step

conprises: formng a netal seed layer in contact with

said first and second contact structures; and form ng

a netal contact on said netal seed layer. 12. A nethod
barcksidecdftseat first elethantl dxpSHRE i s RGurlRe BT -<aRES; Fb&?ﬂa'cy
men

pol i shing said nmetal contact and said first ele
strycte; pad expgsisgiadtopetaiacesysaitt secarsl contaett singture.

recited in claiml1, conprising: formng a dielectric

| ayer on said first elenent; formng said mask on
16 & methal as tedited inytaim 1compm@ih@aarag £0iatifGaidfirst

claim11, conprising: formng said mask directly on
elegept duties sadSteRingstepsifarmings diglestiicglayen an sidaveallsaf

sakf e Shi St Safd A leetrERer b st i RSB
coatadskusturémce of said first contact structure; and

exposing a top surface of said second contact
structure. 16. A nethod as recited in claim1,

17C ARt '8s rd HeBiiR@1zAmVA & dofhysifinh: frbirdih aerln%@%%ed layer
during said etching step; formng a dielectric layer
oveh saiddélertric layer and th sardactawith eaidHirsgarshsecaticet@tbiet ¢

1 Qse. sai iLrst and secon cont act
sl be oo AMdal bitac e Banerh sefdidiers,
conprising: formng a nmetal seed |ayer over said
dielectric layer and in contact with said first and

185 Acprthacia erated 4 clabmnul sompising: derming axfinstvialin said first
e BB Sng SRR G b 8480 ik b B By

cl'arm’l; “conprissrng:
usgw shifl ifirgtcontdatwrottussi ng sai d mask; and fornming a
second via in said second elenent using said first

contact structure. 19. A nethod as recited in claim1l,

1OMASHBIHAASR Fbcitbd St cBIRME WhrOfRLdiS ﬂﬁst%éé&méﬁ%corﬂﬁﬂée%ea first
d secon

having said first contacét structure and sai
degicernavingeemig firstemntact sétichute cewdi ssid Bavomtelem eht seaqites

contact structure..
a setohd atewce Raving said second contact structure.

20. A method as recited in claim 1, wherein said first element comprises a first
device having said first contact structure and said second element comprises
a module having a plurality of connection structures including said second

contact structure.

21. A method as recited in claim 1, comprising: forming said mask to have an
edge portion formed over said first contact structure and a second edge
portion formed over said second contact structure and not over said first

contact structure.

22. A method as recited in claim 1, comprising: bonding said first element to
said second element such that said first contact structure directly contacts

said second contact structure.

23



20. A nethod as recited in claim1, wherein said first
el ement conprises a first device having said first
contact structure and said second el ement conprises a
nodul e having a plurality of connection structures

i ncluding said second contact structure. 21. A nethod
as recited in claiml, conprising: formng said mask

to have an edge portion fornmed over said first
2% dhimgthod ps ln@ffitgﬂdenmrrw Seeiein aphealityoftfirstrelementsdare

' ct.. r . hot._over said
bl 5l BESE B o SR BB RC Yol 588 ape
maslabuerlan erppsddssing of kaokiofigariirst dlehfdnts| RRNsaiidne
sai d second el enent such that said first contact _
m%‘?ﬂf %t?ﬁ?ﬁéﬁad%hrfé‘@ﬁllq/f'@é glearenys e gxposeadinet cosractstructure in

oSl frst fomcnts, ARG pORE e et SoEd dagh of
sagdficst stoentselreneaid sesandl elepdiidand Brpose agiurbtyrofigcond

oo frd sHLRRER T s Sergnd ST Bile anH EoRNPOUEL BRI GaATSH

seedhd chhisth sfliefiped s to expose a first contact
structure in each of said first elenents, etch

through a bond interface between each of said first
ment

d i,d I d . .
24 AR A e GBI SR, ol RonngeRTE & afraliy af st
cobtrBiiuctaed teaRagsdding phakftyf difseboAd GonfRE StdcieAiy act
structures. 24. A nethod as recited in claim?23,

conprising: connecting a plurality of first contact
r A tjV - al.i cent act
255 el MR liF RN, Dol sipfiha RERGRGH SRRt
exposipyiswich first sbntapt egueta'rejffetmihgaaf tresk nzaecgﬂtén cb’rgs’léialfﬁst
first,contact structure; formng a mask material on
CO@E@ SFPP@J(Ei %ﬁi%%‘fm@% saick el aftgh galddemingpsien e expese
saftf t&dorvPeshth& e et ep to expose said second contact

structure. 26. A nethod as recited in claim 25,
wherein said formng step conprises electroless
' id fi tagct structure with net al |
ZG%artg!?ﬂg}ds 54 tgecflt'easlr% clamn , wherein salljd ?ormlng staép comprises

electroless plating said first contact structure with a metal material.

27. A method of connecting a first device having a first substrate portion to an
element, said first device bonded to said element such that said substrate
portion of said first device is exposed, comprising: forming a first mask over
said substrate portion; etching said first device using said first mask to expose
a first contact structure in said first device; and etching using said first contact
structure as a second mask to expose a second contact structure in said

element; and connecting said first and second contact structures.
28. A method as recited in claim 27, wherein exposing said first contact

structure comprises: exposing a planar surface of said first contact structure;

and connecting said planar surface to said second contact structure.
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27. A nethod of connecting a first device having a
first substrate portion to an elenent, said first
devi ce bonded to said el enent such that said substrate
portion of said first device is exposed, conprising:
formng a first mask over said substrate portion
2@t/ hidligod 8k fediiddsih i 28 dothpisksing éi(pfds[rya dRfKsdrface of
~expose a first contact structure in said first
firgbgordact fristeechi ng using said first contact
structure as a second mask to expose a second contact
structure in said elenent; and connecting said first

3mridnmtiocands eetiterioh chimues, WosaprisiSy: fOrRigheald Afst eatdded
in claim27, wherein exposing said first contact

styclyrettgrevecpaherige; angetshing Hrpvah spidsangrtire toexpasel
sdid 5?50&986@8& %Mdfﬁrtel.” e; and connecting said planar

surface to sal second contact structure. 0 24 29. A
method as recited in claim 28, conprising: exposing a
31;i de surface of irst contact structure. 30_ A nethod

f 50
& MELqgs Ferreddn Ham, 2% sigarrising Torpingi saif Get gontackt
steRRAIBHs atIb5$t PAiR of CofMAYEcRh MRS With! ép%@b&&\og%'tna'%id

S
through said aperture to expose sald second
costacielements3and Atehind bdoagh sattl $petel to exdpases2®] second

risipng: formng said first contact structure as
Coﬁgﬁqé&é’f’p e‘pai r of contact elenents with a space

between said contact el enents; and etching through
sai d space to expose said second contact structure.
3234 methag av ediedrie elaimd T, womuising formaiogmeiid firsy contact

stSLb 16 1A% So'deHur oM Slomii) (100N, Sab el apmase
saghsecaecandactoniatirest ructure. 33. A nethod as recited

in claim27, conprising: formng said first contact
structure as at least a pair of contact structures

330 feth %é&%&‘%ﬁ%@irﬁaiﬁ cogrgmes : féﬁﬁngg,ﬁgogﬁﬁgF‘ g&ﬁtact

et chi ng through said space Xpose sa

struchira@s atteast taypar of contact structures with a space between said
contact structures; and etching through said space to expose said second

contact structure.

34. A method as recited in claim 27, comprising: removing at least a portion of
a substrate of said first device after bonding; and performing said etching step

after said removing step.

35. A method as recited in claim 27, wherein a plurality of first devices are
bonded to said element, said method comprising: forming said one mask over
an exposed side of each of said first devices; using said one mask to etch
each of said first elements to expose a first contact structure in each of said
first elements, etch through a bond interface between each of said first
elements and said element, and expose a plurality of second contact
structures in said element; and connecting said first and second contact

structures.
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34. A nethod as recited in claim 27, conprising:

renmoving at | east a portion of a substrate of said
first device after bonding; and perform ng said

etching step after said renoving step. 35. A nethod

as recited in claim27, wherein a plurality of first
devices are bonded to said elenent, said nethod
conprising: form ng said one nmask over an exposed

36 iAdmethodag heaitedgniadpim 35t caeprisied:; renxiving stliedsoaeortion of

a Pt of bl of B0 P S8brls Bl PORIRG dnd PG sBia
etehiageids aftet sdid rdmevig stepond i nterface between each
of said first elenents and said el enent, and expose a

plurality of second contact structures in said
Ixe \ - [ ' ELST. .
o7 S ML S GRRIRA  ndSL AaPRS B aPAS
cootenpistreichges teavespactat pleadity of eeohd @antdct s&uctures.
substrate of each of said first elenents after

bondi ng; and performng said etching step after said

39 ARG 8¢ BRbited in cﬁﬁ?ﬁ‘%é@fﬁ %Htc?ﬂpb@nr{a ﬁeg‘c%%g%rises:
conprising: connecting a plurality of trrst conta
forpinget mnets seeddayardpeontact withusead fitst antl sseooddontadtact

structure 38. A nethod as recited jn clalim27,
SR S o, ARE Ph e raELOE S elal sed ey o

netal seed layer in contact with said first and second

contact structures; and formng a nmetal contact on
39% A methadads sailgdingeim B comprising chesa-gsichedicatly

L . 1.sipg. - ' pol i shi ng
poffafihfisald (G BBIcE iy FRFAD SAREMERE3hltt Cont act
40. A nethod as recited in claim27, conprising:
formng a dielectric layer on said first device,
40 g\fﬁmeﬂ‘@ds%? EpGigd N Gf?'@aé/?d cOMRIisG:iferming gy dielectriglayer on
: I 6 I: j 21 & ISkL,hg. formng
saEﬁ@%Pﬁg@Eed@@?hgﬁs%gc %?%ghégwgggggprﬁépgﬁevice;
exposi ng a back surface of said first contact

structure: an Xposi.n top surface of sajd second
41CM3ﬂPd§i‘% _[ﬁ?ﬂd[SSé. Cﬁéﬂ?‘g%fﬁ@_ &'r}%‘??ré@neéa' magk QVRT a
badiside OMRRISira0deies e sthg/h datk sBAhee bf 68 first contact

structure; and exposing a top surface of said second contact structure.

42. A method as recited in claim 27, comprising: forming a via in said first
device during said etching step; forming a dielectric layer on sidewalls of said
via; and etching said dielectric layer to expose said first and second contact

structures.

43. A method as recited in claim 42, comprising: forming a metal seed layer
over said dielectric layer and in contact with said first and second contact

structures; and forming a metal contact on said metal seed layer.

44. A method as recited in claim 27, comprising: forming a first via in said first

device using said mask; and forming a second via in said element using said
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device during said etching step; formng a dielectric
| ayer on sidewalls of said via; and etching said

di el ectric |layer to expose said first and second
contact structures. 43. A nethod as recited in claim
42, conprising: formng a netal seed | ayer over said

fireh @resétrdtquch@ger and in contact with said first and

second contact structures; and form ng a netal
contact on said netal seed layer. 44. A nethod as

Ch 7 first via
4d. 2trefipd Hy B et T TR sl Mmoo fiene
ms@a:lerhévmgaa ipfurakity &f ebanettiorustrungusdl iflcludmgOsdid ketond

contact structure. 45. A nethod as recited in claim
coptact HUFRIN®: sai d el enent conprises a nodul e having a
plurality of connection structures including said
second contact structure. 46. A nmethod as recited in
46c Iﬁam”uetrfbﬁ ag mqiiletjﬁh etgimk@in) djgn?:)mm Hdnd#ig skeidifiest device to
sai d el enent such.that saj irst contact structure
salff peptar) Sh it 2id B cOBlach MU dPeabl sanpdiesacy.
sefoRBBAth s &Rtd.ed in claim 27, conprising: after
etching said first device to expose said first

contact structure; formng a mask material on said

ntact tructure and etchi usin aid first
7, BrDeinoes Biief of KB 2 cBRpriHE s Clatid 83 e diice
to eﬂpbg@ga@tfrrymmscﬂ siredird; RIrBimiG rﬁé&@ma@éﬁéi o%tsea‘?d ffst
formng a mask material. 48. A nmethod as recited in

coplagt giragturgianceeighigi using epiddirst eantaeigsteuoturskas a second
ma& t%;%ﬁ;' s%%&%do%ﬁsc ﬁtﬁ&t&mcﬁﬁﬁ. iR rsrét t?l%g'lse%' %ﬁgéggltd step of

cont structure w
forming a mask material.

48. A method as recited in claim 47, wherein said step of forming a mask

material comprises electroless plating said first contact structure with a metal

material.
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