TI TLE OF THE | NVENTI ON SI NGLE MASK VI A. METHOD AND

DEVI CE Cross-Reference to Related Applications This
wa@ppkioesdi on is related to applications Seri al POWDES2004/032312

09/ 532,886, now U.S. Patent No. 6,500,794 and

10/ 011, 432, the entire contents of which are

i ncorporated herein by reference. BACKGROUND OF THE

j the Invention The present invention
T BE TRV P

relrat’es ield of three-dinensional integrated

circuits a i cul ,cation of
t hr ee-di mﬁgﬂgﬁgﬁ\dﬁﬁgﬁ%t@ﬁ&é%@ﬁﬁ Iﬁ’g\%éjé:di rect
waf er bondi ng. Description of the Related Art
Sem conductor integrated circuits (1Cs) are typically
fabricated into and on the surface of a silicon wafer
Cross-Referénaego Relsdted Applictiontshat nust i ncrease as the size
of the IC increases. Continual inprovenent in reducing
t MissdpplicAfontis fﬁIHiécBﬁonpplid:ﬁtidr@SSeri@DN‘ﬁm r9i9y5 3268881 hew U.8. Patent
as Moore's Law, has allowed a substantial increase in
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In spite of this increased transistor density, a
gntinual demand in increased I C conplexity and
urictionality has resulted in a continued increase in
IC chip area. This increase in chip area results in a
reduction in chip yield and, correspondingly,
i ncreased chip cost. Another trend in 1C fabrication
has been to BAGKREROUNP QW BHE BYVENKEEN Nt types of
circuits within a single IC nore commonly referred to
Field af the Byvshtion on a- Chip (SoC). This fabrication
typically requires an increase in the nunber of mask
| &Thelpsesent iftdaion Relatds fof the €ld b hese-dimedbioasl ihtgmtell drvuits
increase in I C area to accommobdate the increased
and OBt bl YPBS ficalidLat theee-diMehsionsl 8RSt \ciFRSK using
| evel s and I C area also result in a reduction in

direct wafer bonding.
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Description of the Related Art

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 IC area. However, in spite of this increased transistor density, a continual
demand in increased IC complexity and functionality has resulted in a continued increase
in IC chip area. This increase in chip area results in a reduction in chip yield and,

correspondingly, increased chip cost.



yi el d, and correspondi ngly, increased chip cost. An

approach to avoiding this undesired decrease in yield
w@nasiogmssease in cost is to vertically stack apdI/us2004/032312

subsequently interconnect |1Cs. These I Cs can be of

diAnbee Ren@ Iz G fbRIBdd 48 tieh ft(? {&Fgasét%%tﬂiﬁfeﬁ b8 different types
conprise different functions .e., analog, digital,

of c1raﬁ{s \gigllhl}l é@gﬁehB%£C ?6:11{11‘55%&?&%@%% 'gglagse}‘s err?—{)n g—Ch1p (SoC).

fore st ac to al |l ow Known_.Good .Di e
ThlS% wgcm?lsa bl BFRHG S Toees Of e eyefy Gapake the
i nt erconnect second_approach depends.  on the

dlfferent émfs &b gireyitsrand pn gnggease 4 1G Aga nercpmimadaisribe cregped number
bei ng favorable conpared to the yield and cost

of typas gbeireutited Thiist increhss inmaskdsweals i@ Ki erga atso3eult iA a reduction in
generic nmethod for realizing this approach is to stack

yield,la8 coisespgndinglecincizasediohip eszd to i nterconnect | Cs using
conventional wafer thinning, photolithography masking,

ViAg fipsdtichde addlbink Thi8 AENNRE ldetrBAR|ih yEad b incldaSe fOSst is to
of the interconnect portion of this approach i's

Vertlcgl’a); Eﬁ& )é]u& %hl?sfeﬁlgentﬂg 1}1{%%3%5@%@ OfTH%QQ tI@é %&89 ?Q@ferent size,

evels'required to etch vias and

ectrigcal .intercannects S|r bet . .
come nfrﬂwafﬁer?fﬁ S R O R EHEt TRy S kg lage figital
) uire ﬁ%Ch vias, and formelectrica
opticqlls e fiteranh gajerials Gre-otilicasy (gl it £89d- ndhadgs can be

i nterconnection is where ICs (on a substrate) are
testedhsinre dtarkiog te alldva&aoworGoad RiedK QLY th besoubdinedlip fmprove yield.
version is typically done in a die-towafer format
The swdresseofcthis stack fingnitiedcdnest sdeondapproatlo depenes et tHeGidd ded cost
up. In this format, after bonding, the die are

of thé xéfucﬁﬁlgl oS URScaHe @b Yoeldd RRBELRY coBpR¥ENg WBSYieldl and cost
the di e substrate. The die substrate can not, in

assoc %ﬂthz thBGinkRh&H! ?Fe ragél}aggle Gogue %_%eﬁ&?c hfé%'ﬂ' R reallj]zing this

transistors Int strate. substrate Is
aI moved to the .greatest. extent act.i ca
appropdffiif st IET RVER e R BB Bty BOS fiihg g%@&twml
o the tr stors i nterconnection to the di
wafer; t@lmwgnpliﬂt&fth?%rew rﬁé@@ga yiagtelHng, gnd WPTQOWB%WEF%OH
remai ni ng substrate to an interconnection |ocation in
t Adediogt pCthesinidicertnget porsion ofr isneppreashsisadisectly related to the
transistors in the vicinity of this via. It is
numbén of iphotobittegpaphl enadidin 1évelsoredeired to etch vias and form electrical

interconnects. It is thus desirable to minimize the number of photolithography masking
levels required to etch vias and form electrical interconnects.

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



achi eve the highest interconnection density, to
continue this via through the entire die-I1C and into

W bh@swedses - | C to an interconnection | ocation iPCT/082004/032312
wafer 1 C. This via typically extends through an

tranmst%Lih&%Bé E‘lﬂas{}ht%l efifesubstPRd & thad t}@%ﬂ QEIﬁy‘béﬂlet% #lestdaftk extent

el ectrical isolation frominte onnectlon | ocations 1 n
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Ty Retestary

nte n cation i di C with the
interepRReEfiGt et | B ICoBatet e rﬁthl.% o PY |etShing ag viagthrough the
preferably done with a conductive material on an
remaipigg TURBAHY 19 49 drterrenngssinn tleeation iaube idieel (ratuehithat therg are no
t he exposed substrate on the via sidewall to avoid
necessanyl éinsistdrseinethe nviigeity obdthduivial ol ib édrbeemotehpretoatdeiciniorder to
mat erial and the substrate. The fabrication of this
achie®d thetighest inydptadmkdtiont deksisy, fto wontahiet tlsi vid egoadtithe entire die-IC
masking levels to build. These levels are 1) via etch

and 1ﬁtB rtHéJ GRfeUbSh Al ﬁter@nngétﬁ)nelBEJilcﬁqr‘iBQ:Hg RyalfdyStie. atl“hﬁgwa typically

dielectric material in the C and waf er

exten&g(?z?&@ﬁ %ﬁl%{nagc gﬂ(@fég&{ Iqr\}/‘ngtﬁﬂﬁlt t?l%ﬂ e&JOFII éig HF eﬁe:ctrg:ca?l isolation
from {gporfRE Gt gfset &t fels ﬁ?a@ SRS Plekfhe tﬂ?ﬂ%ﬂmf this via,

die ICwith the interconnect l|ocation in the wafer IC
it is typicallyanegsssaryda intgrsennest theipigreangestion) logatian i thsodiedC with the
desired conductive material in the die |IC and wafer
intercp@ieciyn ilpgagion oinnide t wathr-IG.t hTlgo rid yreferablyrdone iveith a conductive
bet ween exposed interconnection point in the die IC
materWil oh agXpadaihgi layee betveer dlid condnotive mhteridlndwhé expdséd substrate
The patterns defining the via etching through the

on thb nﬁyls@dévw {1l @dif ClddeSited BleBiicAl CSdufich WéRI<A! !h)é conductive
| er than the pattern defining the via etch through

t oadequat el y expose the interconnection
mater%%?%fgﬁfshﬁﬁe ‘die I1C and wafer I1C and to avoid

(R Pl S Bel TR B ¥ “bsﬁot%egraﬁm masking

via_in the substrate thls E%tternlng IS tyg a ¥
levelsgisn Build. alhesadevaloptsg iy eteh theoneh subsiatehe) Va elen through

patterning of the substrate via. This results in a
insulapiag tdigledtrig neagesial an thendipl@rmnd wafeu&E dinat exheses Idesiradscontiective

scaling of the structure to very small feature size
material in the die IC and wafer IC, 3) via etch through the insulating layer that electrically
isolates the conductive material that interconnects the interconnect location in the die IC
with the interconnect location in the wafer IC to the exposed substrate via sidewall that
exposes desired conductive material in the die IC and wafer IC, 4) interconnection with
conductive material between exposed interconnection point in the die IC with exposed
interconnection point in the wafer IC.

The patterns defining the via etching through the insulating (dielectric) material(s)

are typically smaller than the pattern defining the via etch through the substrate to



that is desirable to achieve the highest

i nterconnection density and consunes the |east
w@omsiokdses si |l i con substrate where functional PCT/US2004/032312

transi stors would otherwi se reside. It is thus

adeqdi&fiy leABds8 the imMBNBnfecHBY ifoftd hRkhe BRPIC 8RS v IUGAYRE avoid
a nethod to fabricate the structure requiring a

remo{;lﬁ% Uigﬁﬂatﬁl%npﬁ{ f omgl srﬁgstf'attg% %ﬁfévﬁﬁSkFﬁ% ﬁhgﬁ e%e{t{%ﬁ{s are

on a Ianar sur ace

formgf, #fF e v¥a2&4%h%?se%ﬁf A eRRRER PO prLgerpie ot a lovier
i nve BLI on is directed to a met hod and devi ce where a

topoggankias levgk tbrh thestaggrming a5 By ostrie Man vites Esulfy gsa patterning
through a substrate in a first device to expose

over gpen-plangr simctiie that limits $ecoalthgddithe siouchue po vary dmail geature size
i nterconnection of the contacts. As one exanple, a

that isidegirableres kéhigyesthe thighkust hretergsetbction dendityaand eoristimes gie least
a remaining portion of a substrate, etch a via through

possibleSillceh kil trhm tvidlck AunSHARS tragki RORGHRAd Y@eRbEiki@t, 1 n
two separate and vertically stacked |IC devices, cover
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Wi t desire |nsulat|ng materi a and

o S S G 0 S5 et B %faglfmgﬁ%ﬁﬁvgr&ﬁaas%g
condrctlve maferi al w thout renoving desir

can henisafizeg Ay anileary sirfaceomt dhe Hiedesi Péc?né%ﬁo%dhlgh“t levels of

remai ni ng substrate surfaces. The present invention is
topographytiethedibereed to a nmethod and device conprising

i nterconnecti on between interconnection points in the

two separate | C devices where a nmasking step is not

done at a | ower topographical |evel than the single

masking step. §UMMARY OF THE ROVERTTENSENt i nvention
to etch a via through different materials, exposing
| i . .
e e L U R L
fur h ect

bj
step I bR EURRIANTh b Broieha Vi B i o e Botacts

nectln t ubcut aneous conductive | ayers, at
first agﬁpg S}S‘S?/Setot%ﬁ‘é%g‘?/\g’r li’nterconnec%on of the contacts. y

As one example, a single masking step can be used to etch a via through a
remaining portion of a substrate, etch a via through insulating material exposing
conductive material in two separate and vertically stacked IC devices, cover desired
exposed remaining substrate portion surfaces with a desired insulating material, and
expose conductive material in two separate IC devices by removing desired insulating
material from said conductive material without removing desired insulating material from

said desired exposed remaining substrate surfaces.



subcut aneous conductive layers. It is another object

of the present invention to avoid patterning a mask in
W@20080¢3584 Anot her object of the present invenP€DINS1084/032312

to maxi m ze the interconnect density between two

stEekRekehGaverfidAt ORI thePREdkedb alGhHd SREMyideVoRHrisRig

is to mnimze the anount of substrate used to forman
interdofth&Ai6 ' . R
inercoMh @GR BIGEEh ARG, bRsTh BREH ko ILRAicR g o
el enent having, a,first contact. structure, and a.secaond
maskfieBfRTs nfir gt &1k e e eV Pt s W Sras g Sep-
el_epent Eﬁ bgp&;d the second elenent. Afirst viais |
f gt #edp Phcet rReseBt ByrgnioniRdetelk pevia shropghndiffasentimaterials,
surface of the first element to the first contact
exposing peiduetve matesiebanl al leastetrcedifisrent topogrephidal &velsdoweacthan a
structure to the second contact structure and
top swiareusing atsaglennbdkindaep.i r st via. A contact menber
connects the first and second contact structures.
These aafthel BfecPif Ofié Sprededt AveRLAL S aNAH BY iAeABHARY level,
of interconnecting first and second el ements bonded
intercoRBEHAST twd N ' or.gh fgH0ne k gver e e
1ners?%§”b$ E%?d l#?%@&%seﬁg%?%nggiﬁ. théﬂoﬁelﬁgék 3%egghtwm
submﬁh%aféésh %le nt and expose a first contact structure
e Tt efefint, etch through a bond interface
bet ween_the first and secondel enents, and, expose a
o dEBE0LERRRIES: ob feFsePEIVATiondo awid patteningerpaskdn @ recess.
connecting the first and second contact structures. _
BREtheprbrRy Pf tENOrsTHEn DR NGB Maximizectbepntetconnect density
appreciation of the present invention and nmany
betwentten daokedisant ages t hereof will be readily obtained
as the sane becones better understood by reference to

t henditidr loBjReNEX tHe brtsérR Ineb@G6H isRb nARIMPE theGMBUNI 6 &Bstrdle used
connection with the acconpanyi ng draw ngs, wherein:

to f@ﬁ;“%‘%@?%‘??@‘%um&“%%%%ﬁﬁ' to be bonded face-down
p; FI I's a diagram of die bonded

t th%sesﬁ%s()ttﬁéarto%j ects are achieved by a device having a first element having a
first contact structure and a second element having a second contact structure. The first
element is bonded the second element. A first via is formed in the first element and
extends from a back surface of the first element to the first contact structure. A second via
extends from the first contact structure to the second contact structure and communicates
with the first 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



FIG 2B is a diagramof die bonded to a substrate with
a portion of the substrate of the die renoved; FIG 2

WO 2008/0¢i58gr am of a substrate bonded to anot herPCT/US2004/032312
substrate; FIG 3A is a diagramshowi ng formation of a

elemehitse hRE &xdoSe h isbdBnd 06ntBR Shrubtadah tRY, é%(:oﬁch&eﬁ'kﬁﬂ GhdESNSting the
FIG 2A FIG 3B is a di agram showi ng formation a

r mask |ayer after forming a
first aﬂfigir:@??zc})ﬁtaf:ﬂ 4u:%fr%lg%l FIG 4 is a diagram show ng
apertures fornmed in the dielectric filmand mask | ayer
of FIGS. and 3B; FIG 5 is a diagram show ng etching
of the die_using th erture fornmed as shown in FIG
4 FIG 6ABIIER RESCRERTION (R IHE PRAVINGN ng o
expose cont act structures in the die and wafer; FIG
6B imotg epmpletemapiireciatinmo o€ she rpdsent davéndion ad umhnmgattendant
formng a hard nmask; FIG 7A is a diagram of a section
advamdges Hkersofr will le&eﬂﬁlchbKEain@d nethd sam@becomaf better understood by
conformal insulative sidewall layer; FIG 7Bis a

refereidé tAtheOO1RwihS et@NIOP dedBPlionREER oR8d&RA dn MBRKectiSn with the
renoved; FIG 8A is a diagram show ng ani sotropic

FsTMalei W} & mal insulative sidewall layer; FIG
accongé ?n%arvalrnlgsatl on féf t he enbodi nent where the hard

d h
THE LR %?%&ﬁ?ﬁhe@h%@%fon%?%%{i T A 4 e P
jgl I [ : var| i on of t_he enbod! ms_nt
Um’?i@& H%aﬁ’é‘lg f"%ncgéﬁ?)@é%l stgfees, 9 is a variation

of the enbodi nent where no seed layer is formed; FIG
168s2R iv dipeeam of die hendadrto gt substrasé with@ paytiomef g substrate of
after cheno- nechani cal

the die removed;

FIG. 2C is a diagram of a substrate bonded to another substrate;

FIG. 3A is a diagram showing formation of a dielectric film and mask layer over
the structure of FIG. 2A;

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. § 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;



polishing; FIG 10B is a diagramof the structure of

FIG 9 after cheno-nechanical polishing; FIG is a
waelp@gnassd | | ustrating nmetal lization of the streCr/us®moo632312

FIG 10A; FIG 12 is a diagramof a second enbodi nent

USITBI7A {58 KadrAN T avye&tm?l%f e s{rﬁétﬁfe\’cﬁm 169 64l Ftc? %ﬁﬂa‘ﬁon of a

| ayer; FIG 1Is a diagram show ng ormngamsta

t: d enbodinent; FIG 14 is a diagram
confo%ﬁQl 1ﬁ§&1at% Sﬁ&t%vrazlggﬁe?’e of FIG 13 after

chanl | i shi ;FI [ i agram
TP R GinboRgie Bihsgtishttiest e B R Toompveds o
16A is a dia ram illustrating an enbodi nent where a
cditad® 4t rudingier isBowine anisptionia Kishingr plagecanforgid ipfulative
the devices; FIG 16B is a diagramof the structure of
sidewallGeyet;6 A after further processing; 7FIG 17 is a
di agram showi ng a devi ce produced using the nethod

aqiGr 8B fga Varidiiog off theemibod imamt twhetd e Bitrdufidsirieredianed; i n
FIGS. 16A and 16B; FIG is a diagram of another

erfigdoAeRta @hglahesHoW S thiiing anfethl Bntdc? c@mﬂhﬁﬁg Athetal seed
showi ng a device produced using the nmethod accordi ng

ention with the structure shown in FIG 18.
layergﬁdripfegﬁ%sm PTI N CF THE PREFERRED EVBCDI MENTS
Referring now.to e dra in particular. FIG
£ 10G: SRAER TR ob e oHisDAD et B e s Fatovedt
invention will be described. It is noted here that t he
drid Agds araiation offhesmbodinen véders mo seed layieniprformed;
illustrate the concepts of the invention. Substrate 10
i fdGudes isadeagran of dep srchae iofi F1G oA ae t9Bsaftarchemesnechanical
Substrate 10 may be made of a nunber of nmaterials,
polislsiig;h as sem conductor material or insulating
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;
FIG. 16A is a diagram illustrating an embodiment where a contact structure is

located in the surface of one of the devices;

FIG. 16B is a diagram of the structure of FIG. 16A after further processing;



materi al, depending on the desired application.

Typically, substrate is made of silicon or PlI-V
woraioeniEBs. Contact structures 12 are typi cal | BCHESHD4/032312

pads or interconnect structures making contact to

deYGCe7 Bfa GhsaM sho@hfg%&éiz‘ic%sprédi&ted sER¥Me fhefhbEdcddiding to the

substrate 10. Substrate 10 rmay al so contain an

mven{lgﬁmqﬁ@gp&g[rg Ogm{s IW@SC?6A%§d?8§I act structures 12

are connec stra may’ be a nodul e
c 1 ng,.onl truct For exa e,
a8t Sy a g o e et of BicBATEEE:
structures_bonded to substrate 10, or br|ng|ng out
c ety Isrdiagan shawkigy FRyierprpdiced uaing ke mpthad gpensding to the
nmodul es or circuit structures on, for exanple, a
invengipn mithdhe strustiire shixoar o FIGhé8.nodul e may be made of
insul ative materials such as quartz or ceramc.
Positioned for bonding to substrate on surface are

t DEEA HER DRSCRIVE ON CISTHEPPREFERIVED EMBOBIVIENT'S

portion 19, a device region and contact structures 17.

TiRefeltiag My Rether &vivaus) ih papailat BUGS 1 0NfRROSHBSdiMehEsS the
by dicing, etc. Die 14-16 may be nade of a nunber of

methd'ﬂaéc%&d%fto AR e A0SRl GOMLLGEQN Fﬂttﬁ@édq{e?e t}ﬁ‘gﬂﬁw&\%ﬁgs are

on the sired application. Typically, th strate
r

not dlj&g’ﬁ’{{g g?ale?{rnatga{r% irlrglgzﬂ at(? élh{ rlate %o%ch@% %f ths 1nvent1?n
interc ct.stru tures ma contact to devi r
PR 40 sl adeyics Wgwrﬁklﬂ%gmgc@n%gﬁ tgigiurgs ey gibstrate 10
si zes of pads_ 12 and each nay vary. The sizes and

may bemadevd &inpaben pb mpderiaha sHeh ap samigongwsien material or insulating
tol erances, circuit design paraneters or other

materimdapﬁ@ding e tlsd desired hpplivetipad$ypicalyy sabmtrateol 4 1sl mader @t silicon
the inventive concepts are and are not neant to be

or IIl-Wnntaieri@als. DeVormat r @giciesl 82 @y @bRallg anétal Hadd or interconnect
integrated circuit to which the contact structures are

structﬁfé@ Hﬁﬂﬁr@eo@é@ 34 apdic@bt hréﬂﬂ stgjctlfrb@ﬁ{d't h SRk it gubstrate

be renoved, leaving a layer of devices,” a circui
10. S%)st?a[;cg I1{) %&h/lalé aé’c?ﬁ{iam %%ﬁggr&gﬁ t%g‘gﬂ egrhfcg &R{ ﬁcgntgcst st tupes 12
e sa technpl.o as waf er
are C%’Pe%tﬁdnﬁnﬁfsré%ﬁ?e i gt o0 SR thlj SolBH Bachlires. For
same or different devices or materials. Each of die
examplg, sybstigfg 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.

Positioned for bonding to substrate 10 on surface 13 are three separated die 14-16.
Each die has a substrate portion 19, a device region 18 and contact structures 17. The die
may be previously separated from another wafer by dicing, etc. Die 14-16 may be made
of a number of materials, such as semiconductor materials, depending on the desired

application. Typically, the substrate is made of silicon or III-V materials. Contact



conductive structures forned in a device region 18.
Structures are spaced apart to | eave a gap

w0 besessseen, or may be a single structure w BPCT/ES2004/032312
aperture which may extend across the entire contact

structfifes UGt 4#E Sypidaly ThOIEI palt ofl SntercBneRP R8s TR¥in S oRtabPloSdevice
in contact stfucture or nmay divide the contact

or cir%%i'f ggl%éjc{u%s if&g{e\g;in td%;giocg %%ég Icf% t"lkh% ot aﬁ?efgta#‘ig ﬁggé%gh may

erm ne hographi c groun

far t.he rticul ar technol bei ng bon , 1.e., . at <
vary. | Bhetios R Sessots poreoient wDap SLeRTOTL Colni birclit design
connecting structures 12 and tq be reliably fornmed . )
paramgterg of pther dagtpis) yTheoszesortt the tragds dresdrameto inﬁstrate the inventive
addi tional factor that determ nes the optimum size of
concepkseangagndoare ayoé maanieta be dimiting. o Defvica ndgionalfc eayi alsencdyain an
the vertical separation between conductive structures
integrhiedadictuit2opivhish thecdict ktrasiaresf17 fre coanebsel. i Babstantially all of
structure to the size of the gap or aperture. This

substh@d p&EdSn ary ﬁﬁg%@treﬁl@%d? 184vick ¥i18yer RAtdeMckS, a circuit, or a circuit
subsequent|ly be forned between conductive structures

a 1 e tlyl i n{ere ' .
layer S ot QuBRON o P4 L b ERRRE R BORERETE™S desived
thic t%gi cally 1-5 mcrons for oxide to oxide direct
k% di ng, as described in Application Serial No.
09/.505, 283, %he contents of which are i
i Aagrifotoamay RePEihs seipe teshaplagy és veterpldh oF of diffeyens decgnology.
for nmetal direct bonding, as described in Application
Die 14el6 mby Rech eohg 596 08diftekent dovicemersmaieriahsi Haclapgdie 14-16 has
herein incorporated by reference. Furthernore, the
condwine ytrtictures 47 rfommhaed i@ dldevidd ekivasks. | Stricyies a7 laye §habed apart to
5 mcrons. Wth a typical desired via aspect ratio of

leaveQ: gupttRersb&AGBAN Al Hlhy OB al s O EIBERSS WilCANDPEYe WERE ma extend
typi cal range of the size of the gap is 0.3-20 mcrons

acros%gea %9 @oﬂtht %fﬂl%ﬁreb ol{ﬂddtﬂ& \%E{_d'{, tﬂe %’gérglerg]g‘rfefgf’ﬁa g?llre glrrl] ecgntact

Irect bonding. Des 6 ar
with the contact structures.such that. stpyctures an
stroctifecof A (FIdE BF potact SFUCBIR i M e [Peovar Of B8R SEAfirge mey
contact structures 12. The size of contac{ structures_
be dejeymyined by therphofplithqesiphis gropad reles & eﬁaﬁmufﬁréﬁqhgﬂ@ay being
with the gap between structures 17. This size depends
bondesh i.eh et rstgrmmimumosdihaioy thsfsubseguenstchocuemgectimgsietares 12
die 14-16 on substrate 10. Typical nethods using
and 1@ aorbe retiablyl fprmasdawith blifficiently 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 conductive structures 17 and
12 plus the thickness of the conductive structure 17 to the size of the gap or aperture. This
defines an aspect ratio of a via that will subsequently be formed between conductive
structures 17 and 12 to enable electrical interconnection between structures 17 and 12.

This vertical separation is typically 1-5 microns for oxide to oxide direct bonding, as

described in Application Serial No. 09/505,283, the contents of which are incorporated



production tools allow alignment accuracies in the

range of 1-10 mcrons, although future inprovenents in
WO b@se43580l s is likely to result in smaller alPOnDs2un4/032312

accuracies. The |lateral extent of structures exterior

heren}j Gyt AFedale, 0br ?3%5651%1%’1‘1}5 z'efo RoEeAbhe@ b&ﬁﬁ%’t ﬁso ljia%cnbed in

I stance given I's al 1 gnnment accuracy.

ture ' for each die
Appififtah SRR 80 BUE e Eoutehed, Bt PR i R thelieraea by
structures is typically much smaller .than the | ateral
referi-a kLR TBREn B wordolis® LgoRRa o iHMGTE rapifaels to 5
. several or a very |arge nunber of structures 17. For
microggany¥ith a tipiqgt devied viayspasy satp phPSrigl 5 drpending an tthreprocess
range of 1-100 mcrons and die 14-16 may have a
technblpgp nedd, exyeerl rangetdf¢ha sizpef thé gdp A3 -Anmidrogs fntaxide tofoxide
structures in die 14-16 having an order of nagnitude 4
bondiapg ér MACH 1 ngérens foz nidulSlietdwntingl | y real i zable. As
shown in FIG 2A, surface 20 of die 14 is bonded to

Uitare 14 redfenstl ?tﬁlgiglgend ‘%’ﬁl{l tH U oRtdER Y REur8E ¢9 SR tBieFuctures

s
by a nunber of ne I's preferably bonded at

r ' di t:hod '
17 a7 R SOHE G B SO B TR e Ry RE 2. The
. ie 14-16 to hstrate is,illustrated in FIG. 2. After
size ¢ GRRIFIOALIeT 0 an Shopat b sy tfea . belspaplyalighiinih B gap
Thinning is typically achieved by polishing, grinding,
betwesp shgiyres dr. dependsrpnghe phgigeent peesacyiiibs wadeduged to
| eave thinned substrate 21 or to conpletely renove
placesdisstl#-dbeoposubswate 180. FT@pic2IB mdthadst psing scanmermicdlyp kenilable
where substrate portion 19 is conpletely or

produtibs todiy alkdvw yligrangnk at@iracidseimietingdbs 041 0t raigpalthoatle Suture
of dies 14-16 may be thinned prior to bonding. Wile

imprdveiRRts Gh thedé Rod IR WRe BB d8RItHR sAaBdrRUbEmMEMIRLHALRs. 1Phd Riteral
FIG 2A, it is also possible to bond a |arger or

exer BB P Blcgle G4, B SUISHS 2 Erdfrafl Aol e given

arabhle to that of substrate , which is illustrated

co
by this lIERTRCNtASGHASe 4 substrate 22 having a device region

23 is bonded to wafer such _that spaced Zfart .
c oMiheeeh grlyane ek afstrgctpwesdi/ds ghovay for pschip dfd @ it ypderstood

conductive structures 12.
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 quantity of structures 17 in
die 14-16 having an order of magnitude 10* and much higher is thus practically realizable.
As shown in FIG. 2A, surface 20 of die 14 is bonded to surface 13 of substrate 10.
This may be accomplished by a number of methods, but is preferably bonded at room
temperature using a bonding method as described in Application Serial No. 09/505,283.

The bonding of die 14-16 to substrate 10 is illustrated in FIG. 2. After bonding the
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Substrate 22 may be thinned or renoved prior to
bonding to facilitate alignnent. Substrate 22 may be

wao hiosnexssaf t er bondi ng, and substantially all PET/US2004/032312
substrate 22 may be renoved if desired. The procedures

substid@S OF idRETH-1 § afdBirhnedl.! PWInRBgfid %ﬁ&ﬁﬁ%&ﬁieﬁ&ﬁﬁ’y g&ﬂhh&a Blifding,

to the structures shown in Fi and 2C
r r in

etchu%,? %“? aa&ﬁnlggnwéfrlgng h%E 5@ {e&:ﬁﬁl {u%l to gyé {}M hnds neuz)g’rgé\.’/{g 21'or to
compfl] 6l o0 a»%tg;%g lzﬂ%cég Bl e B

preferably consists of an oxide filmsuch as silicon )
porticayd s complsiely gr substagtialiipeamplgielysigrievad  Alsge fissubgientesrof dies

spun-on oxi de or pol ymer 32 such as polyimde or

14-16peay be thitnsg prient bandige f or med over and/ or bet ween

dies 14-16, as shown in FIG 3B. Material 32 may be

f OWhibdthate dizrdre sbovpo boided ito at dieglp salesaste 10-ilgFIGB23haws also

the exanple where material 32 is fornmed prior to

possiblekébosd b ildrdsr GdinalleFhihBdr, ofMBE & sidstriRYL 02l §Eobi$ is possible to
formed after formng the structure shown in

bond agetﬁérsgupﬁtﬂtﬂ O JRBK C%legl"e: i)l@tg Bat 2% ul?sttraYe 1; %clﬂshﬂ[lﬁrated in

e process pen |ng on

FIG. %Wﬁe na%l} 5{1‘5?’[5 égﬁgglegn@a i ﬁpﬁ%‘&s’godv%fgr |#S&n that
1p hotor si.st and other fllns on the surface and

Spacegl St ﬁ@ncg’ﬁm siFredureh 24 arereeneteiy aligrad with appdictiyp grudies 12.
shown in FIG 4. Subsequently, a hard mask 31 is

Substfaie rA2d may 4¢ cthinged | @ femavedopriodtpdondingetd favilitatey elignment.
apertures 41 generally aligned with structures (FIG

Substddte 2T meayhbe thimmeslkafics bondihgr atdl yubstampaliys il offsulsstrate 22 may be
material that has a high etch selectivity to a

remoadiis GesiRa! TieGilod¥daks I8scAbePPhe FSIRSwiE Thukdd 426 §Ro @pplicable
via through thinned substrate 21 and device regions

to the%%cﬁ%s%ﬁ%ﬁ?ﬁ FRES Ua! eled %at seE%%fgsl gﬁleq%fs %ﬁftﬁ-{‘d If‘@r’"\‘&evity.

are al um num tungst en, atl n

SEAT TN c.%ﬁﬁ% #’lﬁsﬁl&fﬁ BIBRERT ol iece 13 of
oL P55 ST SRR e BrcEe B B SR AL o

and to contact structures 12.
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 may be formed at various points in the process. Fig. 3B shows the example
where material 32 is formed prior to forming films 30 and 31. Filler, material may also be
formed after forming the structure shown in FIGS. 3A, after forming mask 40 (FIG. 4), or
at various other points in the process depending on many factors such as the materials

chosen or temperature considerations. Having a flat surface may improve forming
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Aperture 41 is fornmed using standard photolithographic
patterning and etching techni ques of the hard mask and
wale@beerssi ¢ fil m 30. For exanple, an aperture BPEIURM04/032312
formed in photoresist using photolithography. This
photoﬁég:%g ga!riﬂeotﬁéln fikfs ¥hni BReHirfile Akl ORIy Eﬁé’rﬁt?esoﬁl 5@ @ifs, for
- or

(or substrate 22), or substrate 10. Opti cal

exam#é{ggé;gﬁg{e 5%%8255@6‘? for the alignment. The hard

can then ched with an appropriate wet

chem cal solution o dry reactivye, ion gtch.that
GopBiagenR® e dr s S o dieleaFEin dO e patiemed to
dielectric film30 in the aperture. The dielectric .

leave faperiise Hagencrdly pligned cwidly structirayahh dF1G i | dibe thard meask is
hard mask with an appropriate wet chem cal solution or

preferablyr gjommaed iof @ meterielt thht hdsad hihpetold seloctivtityetodd sdbsequent etch
filmmterial. An exanple of a wet chem cal solution

proce§dr frobdsdd usedto dtch Avlanthiouph Biiahaidubdiyqie 2Aand dée: Rgldhs 18
mask is Alum num An exanple of a reactive ion etch

and 1f10fo @ofth&@! &klchir&s 2. NBXRYSES 6f al Bar® fhk RRSAUMIRAL! fu¥iBsten,

ion etch if the dielectric filmmaterial is silicon

oo 5t 30 RONGHsal! B8 SRR, BEE PR 6 SR e
ot T e BB B b B FO S

. the aperture is aligned to.the die 14-16 (or substrate
ion etob o etgh a syhsequsnhpirippgedevicediseions 18 ad i hip copkst seictires 12.
the structures 17 plus the alignnent accuracy of the
meteorai 4 &ds tfornpddagsinglistandard ghotolghbgaphic @ap@ningoand etching
substrate 20 if the aperture is aligned to the | ower
technijubs bf @lecha?d makls i3M gintl Rikelb@rid fits30. 4Bor etahsple, aheperture can be
portions of dies 14-16 are etched to formvias 50, as
forme&NAWhohdbedtdt @sing. phbRBitIRIE4PHY Tis ﬁ?@?ﬁh‘é‘ eafibd i @ied o ahgnment
mat eri al surroundi ng conducCtive structures 12 and 17,
' iC [ hal ' r hak: a1t d
mark%’gfé &ltﬂeaﬁfépléi gfiekc% St ?straatedQ%f oF Eﬁﬂéﬁa@f@ b?lucal of Iﬁ’iﬂﬁgﬁltg can be

I ons conducti ve structure an op

urface of congductive structures 12. first set of .
used FAHC08 Fiafmetinal 14 bt b ek e tersshpdbl afdppiirate we
used tq etch through the substrate terial of dies )
chemical gglutign @ £ dicEREtGetonostcly Yt deprac o dhg P%tﬁs{naﬁb paterial,
exanpl e CF4-based, may be used to etch through the
revealing thecdielieetric £iber 30 uthe epertiirerg Thedisdenticafim 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
reactive ion etch if the dielectric film material is silicon oxide. Many other wet and dry
etches are possible for these and other hard mask and dielectric film materials. The width
of the apertures 41 is preferably wider than the spacing between the structures 17 if the

aperture is aligned to the die 14-16 (or substrate 22), or, preferably wider than the spacing
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structures 17. Both etches may be perforned in one
chanmber by sw tching gases and conditions

wappsopssat el y, wi thout having to break vacuunPCmig2004/032312
etching to expose conductive structure 12 is shown in

betweF h@he stru-ElﬂﬁeseI’P b he Y h%ﬁtsa&%\fébfi‘ oPHelth@Ro P fs@h E)f‘efti,b ¥k 14-

roug t he gap or aperture o onducti ve structures

e %b%@atg 2% %éi%%%%s%?%ﬁ* ohtieid i B B3N thace 20
f bl h |
er&eé{ar(gas & 4P Parinu o e r | QSRS tto form vias

et Chl ng to conductive structures 17. Hovvever, there )
50, aprghowye 180k contliheattrlong isfeodtimedctbroughvthg metetipingpremading

conductive structures that result in a detrinental
condwhiwe structfires tl€hindgl 2, evhdantiypidally és atdieledtric @mtdrial, teogxpose back

exanpl e, detrinental effects nay occur when conductive

and sRlerpoeidns &f tdndigtisesthictire N ad bhop s@FacedE BoddiRtive Etkuctates 12.
di stance between conductors 12 and 17 is sufficiently

A firdt 3EOSF o ABs EXABIRNIRIRSE, 1%]; @ﬁ%rﬁpn ik AbasETORAL bé){lse%ltt‘érytélgthrough

i's sone conblnatlons 0 n1conduct|ve structure
I | [ n
the sl R AUT B 4316, 00 Rob silal o abf PSR R amote
al um num,conduycti v re_e chrtetothe siljcon
CF4-GasrshemaY deoRer (@ Stk ﬁ“?‘éﬁ ﬁresdle%ﬁssl&r Bets sugoBpdipg éﬁf‘e contact
than the ratio of the thickness 13of conductive
structyres yick uBethn stches mpAr bermeslonmed inpPnechambst bk swiching gases and
di el ecti c between conductive structures and 17. In
conditihis @ppiopriatelyp neithuue rlevidge te bl dadwama dBier ietohirigako expose
anmount of etching to contact structures 17, the

condudiiive karastaref2 Goskliet ity F1G! bACt The stchihgPpdbesi NefaepsEidn 60
or an internediate step is added to protect conductive

extenaﬁlgl{ﬁlto"d £ $he éa‘fyr%rt% RrifieSd rRohlhdiv¥ isBulifel 1748 conductive structure
erne I ate" procéss step can be used to avoid
12 detrinental etching as follows. Wen the dielectic

" etching first exposes back and side portions of upper

G EFSt e S S P PP BT BS,] 320 e erably has

ortions  of
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.

An example of a detrimental amount of etching is some combinations of aluminum
conductive structures 17 surrounded by silicon oxide dielectric and some CF4-based
reactive ion etches where the ratio of the aluminum conductive structure etch rate to the

silicon oxide dielectric etch rate is comparable to or higher than the ratio of the thickness
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conductive structure 17 before continuation of the
dielectric etching results in detrinental etching to
w@ondietssye structure 17. After sel ective depoRCT/US2000632312
a hard nmask, the dielectric etching can be conti nued
of coﬁﬂdcﬁ%“str&’&ﬁl%' mﬁttﬁé LI OF §iflcGPBLIHE td!iél@ctﬁﬂe‘t'\%éﬂrc%nductlve
. An exanple of a selective deposition of
[ ectrol ess nickel plating. This is shomn for
snudﬂﬁg%zaﬁd?bn FIG 6B where etching is stopped after

sin nt ac uct ur befor ni fi cant
o F PR a0t Eherd st g b e 0 ey 56 Gt
then coated with a protective hard nask naterlal 61,
structprss  blathsl dhicknesk@f cendugtive giruetieespl &, may ebq rigpreased or an
plating. A material such as nickel may remain in the
interngisidte etep s addsddo paricct comhetivé stguaddires he fism thet dielegtrig Xia etch.
and 17. Alternatively, the nmaterial 61 may be renoved
An inbginediatef o858 Giep @aN &6 tusetoSavoirt Hetrigrnta? effithglas, follbws. When
needed. Note that protective hard mask 61 may al so be

the diSRbECEiNiak )ﬁrﬁ%&ﬁ&eﬁ 8ackohdNAd HpdTBSEs p@ﬁccﬁf&ﬁmeestﬂuéture 17,
when hard nask 40 i s conductive and dep05|t|on of

a hardjfn%ke %ﬁ+h\/§s DAk '?élﬁ?.ﬁ Jcaﬁ Be ?éi% E?gte‘ﬁ’ c}nhre%/ealed portions of

ectrol ess ageous
ui red.,.thi

condeffit ﬁ@?cuﬁ%v%eéég Wl fanon of R %F&%F Sfthind Tatlyin gettimental

mask material 61 on hard nask 40 a restriction
etchmﬁ tq wandystive (sctyre Jia sdicr sslactivyh gl‘\épw%%@éva domagk, the
portion of contact structures from ani sotropic etchlng

dieleatfic ¢tiching@an b¢ continted withsut detrmentalectelfing krecasiduptvet gructure 17.
14-16 in detail to nore clearly 14illustrate the

An exsiyde gfienelestiapdepodition nff arimad masks id electvaleds hiokel Qldtihg. This is
fornmed over nask 40 and conductive structures 12 and

showﬂ- For atnl&lan ﬂ@emWhefg etMHiRS 155@0@@6 aftfr eﬁ%&fn?%bhﬁict structures

ing vias 50 and 60. Exanples of a suitab

il
17 angrb% r@tahy %1]4] i el rlﬁ'fehfal:?t'&ih 'cﬁj:gurss' it R 3&3$Stﬁt]egq7oarre then

ene. e |nsu atlve m-may be Torne

BT Lol R SRS T zﬁ'bc#sfcgang,;@wamme

deposj tion, and vapor phas dep03|t|on npl e
clectrpleyss PLAting v ofp Shaterep s8rk #d RIGke] BN TERAIE: th&n‘%é&%?n"ﬁl ¥ %ﬁquent

chemi cal vapor de5)05| tion is plasma enhanced cheni cal
connagtipg of dlepeisuctyron 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 material 61 on hard mask 40 may be a restriction of the aperture of
via 50 resulting in shadowing of a portion of contact structures 17 from anisotropic

etching of via 60. FIG. 7A illustrates one of the elements 14-16 in detail to more clearly
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an exanpl e of vapor phase deposition is vaporization

of a solid, followed by pyrolysis and then deposition.
wOR®E04380r mask 40 and dielectric film 30 nmayP@EUS2004/032312

renmoved before formation of conformal insulative film

illustéle Be, subSIqueNagiBse, A Rofiforg) mEhl@th ﬁlmlﬂo%tfbﬁﬁ&ﬁm‘;éﬁ Snask 40

case where nask 40 is renoved the etch to renopve

and dRFcE BlicllRIN 2 dﬁgl;‘fqe agg k@oﬁge\#ﬁggf%ﬁﬁtjbvaggt@ B%rtlahy filling

mat eri al s expose
out thi.s ot selective
vias {00 %%m E0ithoiB R Byble, g E e Dioudhi alieh bftide o
subj to etch in vias 50 and 60 nmay be nasked with a
Parylgys 1 eelf%%v@ Alm may bexfarmed using ﬁw@%ﬁroofn’a@v@ah@leposmon
and contact structures and are all alum num the vias
methedminpludipgbuf wotllimitdd tb eliysigal Napor depssitign, cherigalbvagor deposition,
spin-on viscous liquid nmaterial to a depth such that
and apnt pledse skeposition. e nlekanipit af physivatvesbr dBposibmss samteligg, an
partially filled wwth a spin-on viscous |liquid

examipd & dhdmidd vipdr Fep SR RCE phBmatnBelY 3h&n R A %p@f‘déﬁdsfﬁon and
t hi ckness t hat WI? suitably planarize the surface

o Bt BB At 100000 s s

thenthers1 Besult in a rruch thicker filmthickness inside
fl?Pé”\/llg t han outS| de the via. A suitable etch of the
Hw;re surface EK{eanes this material fromth

S o Hﬁlalf idertymiiln 30:may g remeEsd bitorenfopmation of

50 and 60 that covers contact structures 12 and 17. An
confasmahiiselaye Bhn dadiyl for eaamplabétehingi Flon7Prallustiates thenehse where
sui table etch are photoresist and an 0 2 plasma etch,
maskr4ésip eerhowed!| Jf themfdntb aemate maskd 7 Or inaskad0 and film 30 is selective to
ani sotropically etched to expose structures 12 and 17

mateihlls lefpds€@BY RehsfIO0l 0d 40, eHis 10K el BOUWBAd Witkbut b rASskD Af 8fifletch is
60. A back surface of structures 17 is preferably

not s&é&ﬁéqg nrfaferi& @t Iye\qgs%d Ha &0 ?}g&@ﬂa@&ﬁm ge%moa&&h in vias

surtace area, r ng In reduéed cont act stance.

50 arfd &Y B B maSe? @%SQ*%PE FHERRD IR ottt Btd Bagd mpsk 40, and

cont%gg%tglﬁgitréstr ngqedl ]Vdmsirle gl\i\% g%%, gg%%g?cag %Ip%i%@ﬁg gdlgcrl gVIt an easily
remoglgl?lg glglrrlriln vflslclmrlr']s 17121)u1dVr\;llat‘cerlr?allJ tto 2 cri]edpth 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 etch are

photoresist and an O2 plasma etch, respectively.
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wi th mask 40 renoved before formation of confornal

insulative film70, respectively. Both of filnms and 40
woreapsoesssenmoved prior to formng layer 70. |n PEI/ES2004/032312

case, follow ng etching of conformal |ayer 70 another

| Tohf@hdal 9@ Y@lis BRYanReirbMtaBdeeRed %%kﬁﬁk%tﬁe{&ésom 2hd 17

(or deV|ce regi on where porti'on 21 is conpletely

whﬂeggmg by % ;,9 91%\?’ 106 ﬂ%"ﬁféﬁd 80, AT 9Lk %@5@%‘ ngestrﬁcmes 17

ace o) structures 1

. xpgsed in.the anis c_etchi to furt i ncrea

is profotBTE Sposte Yo Pushlei opd Bl Enchnihal serectob i pEs réstitng in
This is al.so shown in FIGS. and 8B. The vias 50 and_ 60

reduced, qoRtAgTeEands: ¢ HefyPigel fedee Hidthdmskeassiof Limicreyisgrefsrred for
nmetal. Methods of filling vias 50 and 60 with netal

mininhiginiguthe trutachresistarce] bri thig distanpt ywillc wdryvizgsed upon device and
deposition (PVD), chem cal vapor deposition (CVD) or

procesd parhmeRrtsat FIGS. 8A end 8Bplepict theg dtchedydntainay filis 0, fvdthout and
the deposition of thicker filnms than PVD or CVD and is

with 4Bk 48! dedoREE BEFRHRS fhatiBE HRBARIIhP thshfatide tfﬁinnﬂf) MBS Retively.
CVD seed | ayer. An exanple of PVDis sputtered

A AL 3? QR Q0 er{lgnl{) ﬂfm}te? Ig)?l]:)r V] Brfn%neglt, 1:59915’9(? nln%lps case,

an an exanp e of gi1s

foﬂovf’siﬁ%éé R 5 SRl e %qtﬁ%ﬁr«ﬁﬁ“mﬁ% TBEG S gaed on

yer 90 |s first deposited over the _structure, maki
Subst@ieeewlpea% (BriieHicr Te8i0B di$t Where roriRn AF ds compleely rquoved) by
followed by formation of a mask using, for exanple,

oxidaginp podepsisiionofbr exnplg. mask 91 and el ectrical contact
to seed | ayer 90, netal contact 92 fills vias 50 and

6\ side duirface 9B ,contast sthgtutes 17 SnBhalst bshexpesetnik théCaristropic
renoved before formati on of 16conformal insul ative

etchifdg fo"fuftfler MBfasd e sBCa&AWS add RWRE HMCEIHIRL m@s"tﬁmeo THEEH also
l'layer is used. A polishing step, for exanple

showﬁhl?@‘PGge&ZQ ARy &Rl PR 1§?56‘Q d 66Qad BRA %Hﬁ&dfé]‘l o?@é&’féﬁetely

excess portlon 0 cont act 9 out Si
50 and

oSl P D 50 U s

It further can renpve the hard k 40 on_t osed
to physieal vgporydeposision 4P Vi echeatien) yRDest QP&?I&OMQNDEW 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 seed layer 90, metal contact 92 fills vias 50 and

60. In FIG. 9B, a structure is shown where mask 40 is removed before formation of
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may be preferred if hard mask is electrically

conductive as in the case of alum num gi ven above, in
wor@en4tsed el ectrically isolate so forned netal PET/UE®A4/032312

vias fromeach other. This polishing step may further

confofBAAM QSRR BHTR], oAU BlROIC ﬂfbw‘slthé%tﬁ&me Qidld ﬁd@e& May@r is used.
substantial l'y planar surface and pl anar metal

I 0N LRIl 0, et

G _10Bis d| |nct fromt G
the 6@8%9&%% Br i, ceifocy ORGP of YIF‘? E@ a?% ggdw éﬂWOﬁlﬁﬂmg step can
.. The structures of FIGS

also r§m0tf%15h% megl sgerh gt 8f tonpihg <F§§§$e14951‘i1€‘r1 ef @eﬁ ﬂa‘@léutlt dither can
limted to photolithography-based interconnect routing

removsy tha haesk askpd et tielekpeseil @td%tozf deubpd6.t The rebontphlard mask 40
flip-chip packaging. This processing typically

may benmrefeaied if hard intiskad élodtriod]lyacondhietdilerasdalttheycdsasflblamimgn given
materi al on the exposed side of die 14-16 to provide

aboveg |11€6§ddr Q@'eléc&ﬁ:‘aﬁ& lidMmtd 96 féiRdi ME@I GRENSGS Tl ehdJotBbr. This
underbunp nmetal 11 zation. An exanple is shown in FIG

pohsh‘{‘ﬁp%g}e% ﬁ?agx hé?gelﬂm e(fdn%m%fdmfé‘d{gﬂ it ﬁoéqgéﬁ?tﬁllgtiﬁ%g%stantmﬂy

e or yrrer orned on t

CWR, -and i conn tin derbu
planafyiefiop A ol A" %9#8 ??b (e eiosg siid 3 ﬁz‘éé%as frown
) netal structure 1% her f|IIer mat eri a
in FIGRd@A and KHbwrherst FF@}‘C@B m 5163 o}0R t5 diginet Fr@mntﬁ%tép Pé‘ﬁ 10A in
96. Metallization may include several |evels,

that ngesped kyenlisniged pier tatfilhng theywda sithroetals h'ﬂvmsth@tvégs ofFIGS. 10A
accommobdate a high via density and/or a high degree of

and 10Bt iang aitapleeXort ysubiquentnarocesdiyg includihey dnidti a6t dgnited to
step does not renove conformal dielectric film 30,

photofitHtlepipiglbagd® ligeicohtect IbMiieL TR G8dahdnpeMeRIIRAise to support
adequate el ectri cal isolation for the netallization

Wirebgfl&lﬁg é)ltx‘ Lfgﬁ Chl:b7 cﬁ dTﬁgﬁﬁ‘Q&égﬁﬁé L@{lcatl{ﬂﬁlél%ti&oﬁl&fo%atlon of

acco nt | 1S 1
k 01 f d '
o R PR, R0 8 L0 PLAEU R s
o B B .2

processes used to etch a via through thinned substrate
arfeh 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.
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device regions and to contact structures 12 An exanple
of a hard mask is alum num tungsten, platinum

WO R@EMI3580r nol ybdenum and an exanpl e of an etPE¢I/US2004/032312
process is an SF6-based reactive ion etch to etch a

Vi@ L hmauahy RAih Sl rede %étl‘lcﬁp&:c%' bed (AR @0&hthn i is 111ustrated in

CF4- baseg reactive ion etc a su sequent
FIG. Lpre%?%f%@%%lbﬁﬁa{s I 1S ﬁ%ﬁc‘m e?ﬁetg‘l‘riae 1a%ewyer
The b B 416 Fer gk Tioprmased Shm et ol Fash e e slectivity 0

expose structures 12 and 17, while preferably exposi

a subsqqéemtcﬁﬁcfsmrpme er processeyetedrie stoh@ VioHvough thinged @@bﬁémteaﬁgl and
80 shown in FIGS. 8A and 8B). Metallization is carried

devicoutgians d8oaml il h tb| @BBtac? sBuctarengl2maskn kd3mipte O mnhardtmbsk is
contact 104, to produce the structure shown in FIG

alumih@m, Afrdgeten QR iunh, @ickk#)or rhé1§bddnibiCindrad dxanpld b8d €tch Process
subsequent processing including but not limted to

is an@FgLH%Eécf %gﬁ\?eow RASRIettN LS £ a {RHAddNY1i@n substrate and a

erbbunp ne ization to suppo W r ebon |ng or

CF4- {)z{sec? I algjtlge Cel%alg{loneQQ} %%&b %ﬁelné Ot tﬂPo‘il ldIC\;l%é e 1ons % u%nd 11 to

ruc ure S processing nma

formatjon of an e ctrl i nsul ating ter
contefh SRS e o erisol ke Tmel iy HgsEiolaat it sfggre i
isolation for said interconnect routing or underbunp
procesedags|in the fishembediment toiehetiranghthe die sakyissespandidguics fregions
die 14-16. To further assist interconnect routing or
to exposd strbetoes tdtaatl | 1% athilemrefarablyaeraosing tlyp toptserfac of stmctures 17
as a polyimde or benzocycl obutene nmaterial nmay be

to foln® & Medbet (GudH &NSU slwevrt MEFISIY. BACendOEBY, Melegillizacibhliecarfied out as
exanple by filling any spaces between die, apertures

showﬁ lin $1QQV e ukid Hatk bef & ?orﬁf' mefal 86nthddQ 0FMR ﬁ‘b@ﬁ@esﬁe structure
The present Invention may al so be used w th ot

showr:it fUEtr ?gu i A?trer WFS MG, 3 ,?'tl‘[e &I’uc&ﬁ@t 2%t ?ﬂ% fosf ﬁf%%equent

requl I red a Slng Conta or wa
connecte t | stra t.0 whi
proccb g grditine Tyl ot Someffo, peifosts EreEht roting or

contact 107 interconnects contact structures 12 and
underbympmefpllization ttar Sppos waehapdarer e flig-elym Rackagipgr suchoas the
A first edge portion of the nask is forned over
metalizatingt siruetut®shomn ind'1G. 11. This processing may include the formation of an

electrically insulating material 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
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second edge portion is fornmed over structure 12 but
not over structure 108. One part (left side) of
W@ 0vsae1s8407 extends fromthe upper surface of PCT/US2004/032312
substrate portion 109 directly to structure 108 while
conta@mtth@ sub@le tgmgttt itSik B6hd el mytsaﬁtus&%%gn:ﬁ?dﬁs \ffvﬁ&@metal

the upper surface of substrate portion directl
contag't d{déﬁ {nLﬂér%onlneKCS c%ﬁtﬂg{ gt?}g:m(rel Ty e%tg ;1%{% O\Qfgﬁ ghﬂ?tﬁfenwﬁqqﬁ% offset

backsi d die or waf bonded (o0 a substrate )
from AGiPE oo 2R PR Sidheishd foRmed qiek staetre A while a
photol i thography is needed in the via, which typically
second 64 2p OxioRIH famEd @VeripIsiusehl bet nofmyer strcturs dﬁg i Rge part (left
The etching proceeds through a bonding interface.
side) Bficbhtact, 107 extendsds®n bhe upmer sxfaseof sybstratef poien 069 tirectly to
contacts to be interconnected, increasing the surface

struct@fe B0 80Whild) enctigdttpas t(ri g chi e?dﬂ eorigett10g ekRBUS framcBe Qbper Rerface
contact. Different technol ogy devices can be

of subsitafel &?Pﬁ@&’irecﬁ?ttd Shchifg 19€Vvi ce performance and

avol di ng the probl ens associated with tryi ng to

e@%elﬁt Gf‘nv%h{léne £%Qlﬁdets ?hm%&%éﬁ \Q%c% h. R S?{;%Q In%tsk is used to

S Seque IS S

strate 11 has device re Lon,.
ctch tgr%gb l’i&%@’rﬂ%@? 0@ { fiscarradd bpnedd § 454 zétritféo SO tgtﬁt@ die or
a substrate portion 121 and contacts are bonded to
wafersaidsthe gelestigico iNG phqtalithograply isseded; in thq: @a, which typipaly can be
enbodi nent there is no material covering contact
compditzted,t probenkti2, areblitnitnsaating.hellei etghing neeésedy timougle g sbonding
described for the first or second enbodi nents, the
interfaéd. UC FUFtB&, SihoMNposRibid @5. exdfole afog $urfices P6OARE @ntafts to be
via 50 is etched through substrate 18, exposing a

1ntero%hﬁ&%d gﬁ@%?nlgsﬂfé' §1ﬁ‘f‘a%e Ofea ©P MeaShtast M&%Hﬁ&ﬁg e resﬂtﬁlce of the

etch |ng I's continued to expose a top surface O

contagpnt ‘i‘ﬁ{‘fgtﬁeh{ ut%ﬁtgtof“o[g# vishL %t Pg‘zgttéré%r[n%tgﬁ d pmﬁgﬁ‘g device

a see ayer €6Mee
cont act strugctures 2 and 17. er,i al
perfofiEgie B RRS 5 trﬁéf‘ea@vaswla%i i Eogcn e ciffrent
respect. to FIG 3B. A still further enbodinent is

technglogigs with siage pIereIssequeicehi s enbodi nent there is
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
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no material covering contact structures 122 or 123.
Contact structures 123 in die 114-116 may extend
wheosnesshe surfaces of die 114-1 and contact PCT/US2004/032312
structures 122 may extend beyond surface 13. D e
mthoﬁtleflse%& Payet 9@ c%ﬁﬁ’&%%g cBBL&! stlﬂét%rég QQQ%ﬁd [ @7 sp{ifeRafitekbBmay be

ex osed nmetal, "as describ n Application Serial

used t%lg)llj %él% fl%%%e allafsc{f&?? ag)oqite e%t Gt 38, and

€l as ces a conpressive force

bet ontact .structures.1 3 r.eat .
M@Eﬁl@s RbeideRL S s nﬁz‘i‘i@nﬁs 183m fis F@Fg%meyt there s

|l ow_ in contact resistance. Follow ng the si n? e

no maierig ,cgbermgd‘@g@gt dasiren bl 9roli23t @rﬁc@ §t§1¢ﬁt1,1fgs 23 in die 114-116
enbodi nents, the structure shown in FIG is produced.

may dbersl bayonerdleti Surbwes of dicahti- Uk comsct struttueespl s emay extend
invention are possible in Iight of the above

beyorideaeficends$3. IDiei 194t Her eithregpdsed haetungerisinded té Batface 113 with
wi thin the scope of the appended clains, the invention

exposBBYnelg, B RGérive@dn A ﬁEM&leS&ﬂaﬁNoa§0/§5’@60§ ' TR¢ bd¥nd between die
descri bed herei n.

114- 1't1 g tgagltdﬁ é{{}?& aLe In%g)' Ialagtf‘c,lall? 2&0&&%9 réd c%ﬂﬁf@&ﬁ%@ fgl%g q?e%een co tact

over an exp

sid f id fir.st eleme usi n

structied 128 andh B4F el biff a SoREetiep i et Rt R aha o sufrtienty low
structure in said first elenment, etch through a bond

in cotagtpsisiareen allourng thegsingle srasking recesh deseribae fotsthe gugpeding
expose a second contact structure in said second

embodimeamis the stmcturoshoeotin i§GsH id pfadused.and second cont act
structures. 2. A nethod as recited in claim1, wherein
eNumsirows sddifichiidist artoniritions bf wod pregert dAPErtivASAre possible in
exposi ng a planar surface of said first contact

light &t thel G EicadHiflsC O fethbldiéte 36b8 uRHAHRBEA A Fafsn HR ®Bp&lof the
second contact structure.
appended claims, the invention may be practiced otherwise than as specifically described

herein,
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3. Anethod as recited in claim2, conprising:
exposing a side surface of first contact structure. 4.
WO0080kB584 as recited in claim2, conprising: fRCHUSZP04/032312
said first contact structure to have an aperture; and
CLAI®ISHI ng through said aperture to expose said second
cont act structure 5. A nethod as recited in claim2,

fean%[ Ilngt!hgg Orf 1 g ) {:ﬁ"% P rgf ésgg&n%{]elclﬁ nts %eglt%%etﬂ%s at

sai d contact el errents and et ching through sai d space
COmMPRYNEY pose sai d second contact structure. 6. A nethod

as recited in claim1, conprisin formng said first

c brtraRg ong magk Qeran @cma%(bméw%vé? fust elemgAd et chi ng

through said aperture to expose said second contact

stising said ene thaslAtons¢theaild fisst elemietieahdi exposesa first contact structure in

conprising: 21forming said first contact structure as

said figdt ele@@sit, ebchtBioughh boAd ird&Facs betitdet 5819 ikt dhddesddd@Bements,
bet ween said contact structures; and etching through

and e%%%é’a%&%ﬁ& cBﬁa&’&&ﬁ&ﬁreﬁﬁ' ?id%@@d%ﬁ‘%lé%ﬂé}ftaéﬂd structure. 8.

as recited in claiml1, renovi ng at | east a

p%rg‘legpngp galc?ﬁissltl Qr?& §e%51?d gontf?cg st c’tl}lHrr L§t element after

I'fig step after sal d
\/ as recited
whe furtied ?ﬁ“&?‘i‘ I vt e Kt e Bieh i Srypture
sai d second el ement, said nmethod conprising: formng
compyisd one mask over an exposed side of each of said

first elenents; using said one mask to etch each of
s akpbsirigrasplaedr engatefisaid dirgtametaat stiuchtre;cmdt act
structure in each of said first elements, etch through
achanrdtingicbd paas saghyeenariaebor@d codtictstructure.

3. A method as recited in claim 2, comprising:

exposing a side surface of first contact structure.

4. A method as recited in claim 2, comprising:

forming said first contact structure to have an aperture; and

etching through said aperture to expose said second contact structure.

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:
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first elements and said second el enent, and expose a

plurality of second contact structures in said second
we@b@sessg4 and connecting said first and secondPCDOSH04/032312

structures. 10. A nethod as recited in claim?9,

c %?Hﬁﬁ%éagk?ﬁrssg ?@R?&t Qudhrel 838 lcad ARELIABnALt s@ru%’g&ﬁ%tv(dﬁ{ g

of eac Irst elenments after bondi ng;

. sai.d.etchin tep after said renoving step.
Spacel.%gtkﬁe%% %ggoggctrsggftglgeg, i%hdscl gi m 1, wherein said ) P
con ect]iggg st e& conprises: formng a netal seed | ayer

i fiepipRdropehsaif seage &e exnose said second sergat sHpctete-

structures; and fornmng a nmetal contact on said netal
séed mathed as 1ezitechingleinbl as recited in claim 11,

conpri sing: cheno-nechanically polishing said netal

c mma@ang atriekhss aipdrtfonrodt sebstratendf said fest dlementrafiesbomding; and
nmetal contact. 2213. A nethod as recited in claim1,
C?emﬂnﬁhg@ﬁd%@hmgrsggpaaﬂék sli@ednioving @yer on said first
element; formng said mask on said dielectric |ayer.

14. APBEbEAd ré?‘fte{ RELAIRI1, Whetdift laPldraliG VTRt 1¥ents are bonded
f d mask d 'y

orm ng sai I rect on sai d exposed side of

.sali L el . A5, thod as recited in claim
to Sa@%ﬁg?ﬁi %lf:%tgem’fs%??rn?etrt%dscgﬁm&)rrsra k over a backside of said

eSO SR e R B SHLLeES Sh AR LS
second contact structure. 16. A nmethod as recited in
c gipgrsaid epapraslks fagjeh 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 second element, and expose a plurality of second contact structures
in said second element; and
connecting said first and second contact structures.
10. A method as recited in claim 9, comprising:
removing at least a portion of a substrate of each of said first elements after
bonding; and
performing said etching step after said removing step.
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-mechanically polishing said metal contact and said first element after

forming said metal contact.
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formng a viain said first elenent during said

etching step; formng a dielectric |layer on sidewalls
wWo@Roosmsxssyi a; and etching said dielectric | ayePCT/0S2004/032312

expose said first and second contact structures. 17. A

wqtzhaﬂmaﬁma%gkécﬁéd ifcl4ihP], BorBreisfi@Pr i sing: forming a
metal seed | ayer over sai'd dieleCtric layer and in

C?@&@ﬁgam&tﬁﬁa of & la AiBREQDd contact structur es;

on said netal seed |ayer.
d in claim1l, conprising:

f%?’?ﬁl%sadg gfm\?fugdil eCUIG Y8 r st el ement using sai d

and formng. a second via in said second el enent
uéﬂng\@sﬁhedﬁﬁ r@ete@a}ﬁl%m SOPPESHLe. 19. A nethod as
recited in claiml, wherein said first el enent
c donpring said anask divectljen soil ¢xposatcpidaditsaid first elemantact
structure and said second el ement conprises a second
da$i cembtheot ngreited isdgiant coampeisial: st ructure. 2320. A
method as recited in claim1, wherein said first

elfGIER s6Q ARk 998 Pbdkdiad olaid 6@ AembAg said first
cont act structure and said second el enment conprises a

| nc sgnégﬂé&% a0 S Bdl ik a%P%]‘ruc LOfgSt ruct ures

g sai d second cont ac ure. 21. A nethod
as_ recite n , C . formng said nmask
£ SR SfprallBes it tatiebdarheE a F ot cont act
structurg}ﬁand a s&cond edge portion forned over said

sd@orAumEtRe 38 recited yrelymel ZRMPHSINEover said first
contact structure. 22. A nethod as recited in claim1l

c denpring avp inseiddinsielenénd difing said ktshingtstapo sai d second
el ement such that said first contact structure
diforadihg g dosbertide tagersan sddesedlonfsdidriaaand st ructure. 23. A
method as recited in claim1, wherein a plurality of
f ietchingedaRI@BleStrid&yer to expose said first and second contact structures.
17. A method as recited in claim 16, 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.
18. A method as recited in claim 1, comprising:
forming a first via in said first element using said mask; and
forming a second via in said second element using said first contact structure.
19. 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 second

device having said second contact structure.
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bonded to said second el enent, said nmethod conpri sing:
form ng said one nmask over an exposed side of each of

W@ 2004/0§3586t el ements; using said one mask to ePChUS041032312
of said first elenments to expose a first contact

SHPUG Mol Q? RRG&0 B 1o o vt/ﬂegeci% fsﬁltsi%rbgénenﬂc 6 gﬁ&% Queh

a bond I nterface between ‘eac I rst ment s

. .Sa| ecan I nt, and. expose.a plurali.ty of
deviel BRAMI BE 2PRa oo Ao CRPORE B YoPaliisf e
havi connec{.lﬂia(r}% said . first and second contaci structures.

aving 2 plyaligof gannectipndtrycsyes fckidmenpishsec ag} pfgpicture.
connecting a plurality of first contact structures to
a 2l e dpmethod as prciiedin qlgino}, compsisiigeont act struct ures.
25. A nethod as recited in claim1, conprising:
stfompngepid aadk at ldve afitedge portios forgnedaivelr faid Stst comidca structure
structure; formng a nmask material on said first
and aGettind@lgSpartich Birficd ek JaRBieabMUcERAd selichlie ahd a6t Gt chid first
form ng step to expose said second contact structure.
conta@dBctufe. Met hod as recited in claim?25, wherein said
formng step conprises electroless plating said first
cont 3¢ i a al. material. 27. A nethod
0?3 c%ﬁ‘%@’??%ﬁ%ﬁ?‘? }ﬁs‘{lggle%/’i@@e"* BvEng a first substrate
portion t. n el enent, .said first devjce bonded to
b Joucia shd et ettt fatei CSiebnd e ientaieh S5 e A eodarty
first device is _exposed, conprising: formng a first
structiggsdiregthe eonfagtysaid proppd eentp SEPGHES. et ching said first
device using said first mask to expose a first contact
st23uct methoilas sezited ni ¢dlgim tewherein agiharabtycififing elenands aai d
first contact structure as a second nmask to expose a
bond&kioaad secotdatdmeit rsdil rétod Bordptidngl ement ; and

forming said one mask over an exposed side of each of said first elements;

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 second element, and expose a plurality of second contact structures
in said second element; and

connecting said first and second contact structures.

24. A method as recited in claim 23, comprising:

connecting a plurality of first contact structures to a respective plurality of second
contact structures.

25. A method as recited in claim 1, comprising:

stopping said etch after exposing said first contact structure;

forming a mask material on said first contact structure; and

resuming said etch after said forming step to expose said second contact structure.
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connecting said first and second contact structures.
28. A nethod as recited in claim27, wherein exposing

W@ 2004/0§3586t contact structure conprises: exposP@yUS2004/032312
pl anar surface of said first contact structure; and

Copnachisd §§1‘e@1t&i ﬁr@amﬁzsr aeRid Qid _Pdrﬂlll«%geﬁepéorﬁwegct
structure. A method as recited in claim?

electr&?%ﬂﬂ%tﬁwwg%@w AP gl 1 oot
T o Gt abt fevies e, sgw‘brat‘%%tsﬁﬁﬁwioes
ex ose sald second contact structure. . od as

elemepp é?ltié"cﬁStldﬁVJ@P hprdepigo seid pismest sigh th%irsmdrﬁgbgtéat@mmpg pf said

contact structure as at |east a pair of contact

first devieersretxposeds ¢onapréspzgse bet ween sai d cont act el enent s;
and etching through said space to expose said second
C GorbrAnd a Sitst uekk beer sarl substiaRd padors recited in claim
27, conprising: 25formng said first contact structure

t @tchﬁl‘é%aﬂrﬁmldéﬁﬁl (%aoﬁﬁl a5 ChAdkGo %ﬁ?@é%ﬁ@ﬁﬂta@@ﬁfﬁcﬂﬁ@ in
to expose said second contact structure. 33. A nethod

said Bt egﬁ%’tagtg in claim?27, conprising: formng said first
con structure as at Ieast a pair of cont act

st{cﬁctures Wi t € d"ﬁ ﬁ t ween sai cogiact d

RIS, ST S T EHY @ml P8 a4 H SCRM "HFALL AR ek fBEE
sai d second, cont act structure. 34. A nmethod as recited

contagt ftragtyreins2id desngiiti @dng: renoving at |east a portion
of a substrate of said first device after bondi ng; and
pepfimctingspid &t and sdvond certteqs stteres.sai d r emovi ng st ep.

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.

29. A method as recited in claim 28, comprising:

exposing a side surface of first contact structure.

30. A method as recited in claim 28, comprising:

forming said first contact structure to have an aperture; and

etching through said aperture to expose said second contact structure.

31. A method as recited in claim 28, 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.

32. A method as recited in claim 27, comprising:
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35. Anethod as recited in claim27, wherein a
plurality of first devices are bonded to said el enent,

W@ 200d/0m3850d conprising: formng said one naskPOWES20841032312
exposed side of each of said first devices; using said

O'f?mﬁﬁggai&@irs‘?%ﬁa&%ﬁﬁctﬁfetéf?liageZuﬂ ¢;eggNtS 1o expose
atirs

contact structure in each of <ai'd first
el t et ch.throu a _bond.interfac e en each
oG RronBh g mERHE SrdSLiid NP BitetShti R one
pl.uralit f secopd contgct structures in said
eﬁgngh¥@%ﬁaésgﬁﬁﬁ£8¥ﬁﬁﬂl'%FBmPPP§E:and second cont act
structures. 36. A nethod as recited in claim 35, )
c donmring paig {irst epmfostityuettird as leagt gpait plgontset srustises widh a
of each of said first elenents after bonding; and

spacepetWwamnshidgosaciktettindsnandt ep after said renoving step.
37. A nethod as recited in claim 35, conprising:

C eEuhaf! thiigR saill Up@eitd ¥xptise bdill Sécon@tbagbt shluted ures to
a respective plurality of second contact structures.

384 /A FRIAGs ARtk difith 37) chtudliting /. Wherel n sal d

connecting step conprises: 26formng a netal seed
Qvying at’leas onofa’s rate of said 1rst e atte g,
| QYShvibD 2FR0% %p}"" tdFaSahd fe{ L£dai R 8?‘3\89”% ¥ Bodlag; and
structufes; an ormng a netal contact on Sal a
seed. | ayer.. 39. . A nethod ag reci.ted in claim?27,
c G PTOA i EHBIFE. FBLHE FEAIPYOBBE FERT ng. a0 1 1 st
device after form ng said nmetal contact. 40. A nethod
asSr demetigdjap resited # daim Zhyheran agluralty of figst devices are
dielectric layer on said first device; formng said
bondatetelsaidrel@adnd, sdidehethod campasieg:.
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.
36. A method as recited in claim 35, comprising:
removing at least a portion of a substrate of each of said first elements after
bonding; and
performing said etching step after said removing step.
37. A method as recited in claim 35, comprising:
connecting a plurality of first contact structures to a respective plurality of second

contact structures.

38. A method as recited in claim 27, wherein said connecting step comprises:
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4 . A nethod as recited in claim 27, conprising:

form ng said mask over a backside of said first
wa@leas0€358€£xposi ng a back surface of said firstPCDOSEE4/032312
structure; and exposing a top surface of said second
c %‘ttnﬁﬁé a Al Ghed l%yer‘hg comtadTayitPshiPhirsk §1‘§d $eRbnd Borfid@stRictures;
27, conprising: formng a via in said first device
during said etching step; formng a dielectric |ayer
on sidewal I s of said via; and etching said dielectric
3¥er to expose sai d t rst ang second cont act
o EPRpe P Bl £ontant SrLsbEC L SPAMEEd | n ol i m 42,
conprising: formng a netal seed |ayer over said

di38l demethed pajesited Hrclpim 25 SPRPESINEL h said first and
second contact structures; and formng a netal contact
orhsmp-gnachsrdtallygmdishiag eaid fxtst.dex&icneftbuﬁdrramgrseti metdl ¢amtact.
claim 27, conprising: formng a first via in said
f i40StA shethiod @s uiited irsélhith DA inpaisidgf or m ng a second via
in said elenment using said first contact structure.

45fomﬁn?§'dm&tﬁéla5’€1%ﬂ | fn%t §d@aen 27, wherein said
el ement conprises a nodul e having a plurality of

S??%@@%Eﬁﬁn%%ﬁ%%ﬁ%?ﬁ&%& igeng sai d' second cont act

recited in claim?27,
risi bondi n irst .device to said el enent

gp {l]"%ggﬁ ae%ﬁeilgft gl %ixccf’m?fllslﬁtgt ure directly
contacts sald second contact structure. 47. A nethod
adorpipg said magk OV er mbasiside phgsid frshdevie@it er et ching sai d
first device to expose said first contact structure;
f exposing abankstarfree eff said finshcangdotistiuoture; andnt act
structure; and etching using said first contact
Stekpeding £topSudfaseefyatll svasid dontkfageura. second

and

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 first contact structure.

45. A method as recited in claim 27, wherein said element comprises a module

having a plurality of connection structures including said second contact structure.
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contact structure in said elenent after said step of
formng a mask material. 48. A nethod as recited in

wW@b@sn¥3s84 wherein said step of form ng a naskp@EUS2004032312
conprises electroless plating said first contact

SUp UL HEROPS Féc?ted"ﬁlt @altmf]@f %Bﬁghsm 9. A device

conprising: a first el enent ving a first contact

S L nt havj n
?9?1%@%% (o oty RETR0 b BTN\ A 8id BRRAn S8 Ariihre
di E’ % adrflrs via formed in said first el enent and
1rectiy, GORFAFIS T FeEM LCAACKk SIEIHYEce of said first el ement to
said first contact structure; a second via extending
f AdmAsmpidod ps recitedin daim &%, comptipiagt o sai d second
contact structure and comuni cating with said first
viafier deldngsad fivsdeviee ttheipososant fitse corttaxt stanafurej r st and
second contact structures. 50. A device as recited in

C lf@hiih gl maglo Fakdrial 64 5ai8 @ird cbhtasitsi@emiaahd st ruct ure
having a pl anar surface connected to said contact

”%{E?i%;glusm AafleisCéorit SR d h@e&lna'n{ﬁsﬁana 8P4 | e%bﬂ&’

sal d rst- contact structure aVI ng ap sur ace

contagggaau% g%m rlén‘ri‘é:net aftd) gcf: §tgﬂj 0% f%g%ﬂlg%grﬁg ttﬁé:tgrlﬂe mher .

Ice as reci mc49, "Conpri si ng:

T W I AT IR AT

second cont act structure. 53. A devjce as reci ted in
compgiesictrclrolesy pifing said §rst sentactsirretirewith agmeta matrialr e

conprising at least a pair of contact structures with

a49pdcdevietoneymisangi d cont act structures; and

a first element having a first contact structure;

a second element having a second contact structure;

said first element bonded to said second element;

a first via formed in said first element and extending from a back surface of said
first element to said first contact structure;

a second via extending from said first contact structure to said second contact
structure and communicating with said first via; and

a contact member connected to said first and second contact structures.

50. A device as recited in claim 49, comprising:

said first contact structure having a planar surface connected to said contact
member.

51. A device as recited in claim 49, comprising:

said first contact structure having a planar surface and a side surface connected to

said contact member.
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said contact nenber extending through said space to

sai d second contact structure. 54. A device as recited
WO pooslo#dsea 49, conprising: a back surface of saPcr/iiF2084/032312

contact connected to said contact nenber. 55. A device

assy ec baee ésgresﬂt@ifimcfa%n 4@0563%5&1@1 a dielectric film

orned on sides of each of d first and second vi as;

and: sai [.SI. a first netal |ayer
fggﬁ@%kg%ﬁgg%%ﬁkwggg%?%gggggﬁﬁﬁéggda second neta

| ayer forped on said.first tal layer. 56. A device
Sl cenpish ey Syivncing el SrQiong i haend Goas seicture.
said first element. 57. A device as recited in claim
563 ¢OAPYiIFsATTgCitakinglaimd?. esuptidng: hi gh etch
selectivity to material etched fromsaid first el enent

t afdofinst emntadt kructure vompri§isg awleakt wipokr of somtectistradturas with a
clai m57, conprising: said nask having a high etch

spacesttt@edn said gonltart sedotureglanét ched from sai d second
elenment to formsaid second via. 59. A device as

I eGid @fhtdchmehMer:dndifOiRIUeh isBid:spaitd sABSKcdnadhias! MScture.
at | east one or a conbi nation of alum num tungsten,

p's%.iA‘g@%@&{#&@ﬂ}ﬁdggfcldéﬁg%??%mggo- A device as

recited 1 n clal 9said first contact

o S ack AR 2 GREC! difeaT s B EmaBHR ng a

w dth of said second via. 61. A device as recited in
cl & it 4oVicopeiceitd inglaing 40, parppidiingrent is a first
sem conduct or devi ce; and
a dielectric film formed on sides of each of said first and second vias; and
said contact member comprising a first metal layer formed on said dielectric film
and a second metal layer formed on said first metal layer.
56. A device as recited in claim 49, comprising:
a mask formed on said first element.
57. A device as recited in claim 56, comprising:
said mask having a high etch selectivity to material etched from said first element
to form said first via.
58. A device as recited in claim 57, comprising:
said mask having a high etch selectivity to material etched from said second
element to form said second via.
59. A device as recited in claim 57, comprising:
said mask comprising at least one or a combination of aluminum, tungsten,

platinum, nickel, or molybdenum.

60. A device as recited in claim 56, comprising:
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said second elenment is one of second sem conduct or

devi ce and a nodule. 62. A device as recited in claim
wWaNs0WFRY i sing: said first contact structure POCT/ES1004032312

connected to said second contact structure. 63. A

desaiCBrs@Borttat strchulehatlndafafSiur€ONPr i Sing: a mask
material forned on said first contact structure. 64. A

SRUEAFUTR PRSI B SR S 0E
SULYF ép%?t%fe g’e%ning a width of said second via.

61. A device as recited in claim 49, wherein:

said first element is a first semiconductor device; and

said second element is one of second semiconductor device and a module.

62. A device as recited in claim 49, comprising:

said first contact structure directly connected to said second contact structure.

63. A device as recited in claim 49, comprising:

a mask material formed on said first contact structure.

64. A device as recited in claim 49, comprising:

an electroless plated layer formed on said first contact structure.
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