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3D I C METHOD AND DEVI CE CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application is related to
applications Ser. No. 09/532,886, now U.S. Pat. 5 No.
6, 500, 794, Ser Nos. 10/011, 432, 10/ 359, 608,

10/ 688, 910, now U. S. Pat. No. 6,867,073, and Ser. No.
10/ 440,099, the entire contents of which are

i ncorporated h | S HEPRYKGROUND OF THE

I NVENTION 10 1.e;l|£—|igll‘gﬁg?ﬁ%lze Ing)el%tl on The present
invention relates to the field of three-di nensiona

and the FRGSSREFERENE NG ATEP A AR A °°°
| nt egriat60i Glibs 1 eBitddSh Rfpltatiesd S#eRe! 0973886 nowk 2.8, Pat.

)\
Description of the Related Art Sem conduct or
No.rf, 500, 294 SecNos Ui0{ 1(4B3Cs) 0/35%608 p /68BN 0.y PetPatl No.

6 5. 81 et 8 Moy RPROB0 R e Br G Br¥RlcRacd Gl
hdr&mibyGERASRE. Continual inprovement in reducing the

size of transistors in ICs, comonly referred to as
Moore's Law, has all owed a substantial increase in the

20 nunber of 1f AORERAIRT O F1l WPENFIgea. Houever,

in spite of t I'ncrease transi stor density, many
1.8 i€ 8 1ahentiogqui re an increase in total | C area due

to a greater increase in requir transi st or. .count or
an | Foq rasaat inyentien Felaiesdp g held o8 aHFC-SWﬁné’PBBHH’&&%E%‘ns

cif Y %ﬁ&&&%&éﬁ&naﬁf R RIvRER A fe FRHUARYE R &HRE itk &

unction. e reallzation of these applications in a

digiengibaal ihtepgedatiraitd Gin dirécy piabalboypdingsul ts in a 25
reduction in chip yield and, correspondingly,
increased | C cost. Another trend in IC fabrication has

2.%&Eﬁ#@0ﬂmﬁﬁﬁgﬁt&%nun‘oer of different types of

circuits within a single I1C, nore commonly referred to
as aSSyisordnctor isteg@drilc@sJICs e tyricablyi fabrigagad into and on

typical ly requir an.j.ncrea in Lhe n f S
o SR 405 SHEE e A B B b TR s e of
theCif@sRel. NCHMATal BYRbFerh et it RlLYing theadi s fitemsikioss inrICa,
reduction in yield, and correspondingly, .increased |IC
canumpnly sefesod ta asoMoprs'sdyat, diah gllqw%%s'&ﬁé%?lrl% case in the

decreases .i.n yield |.acr s IS ihQredsed
55 SR Do A RO RSk e
trdR@56& defaSitys atinpapplicatiohd exeint asicesase ool 1€ area due to a

different size warfers, conprise different functions
gqept_e@1qcre@pﬁiqng@qu1§ﬁd9trqn§qs§or count or an increase 1n the number of lateral
interconnections required between transistors to achieve a specific function. The
realization of these applications in a single, large area IC die typically results in a
reduction in chip yield and, correspondingly, increased IC 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. This increase in mask levels typically

also results in a reduction in yield, and correspondingly, increased IC cost. A

solution to avoiding these undesired decreases in yield and increases in cost is to
1 o]
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optical), be made of different materials (i.e.,
silicon, GAs, InP, etc.). The I1Cs can be tested

bef ore stacking to all ow Knowmn Good Die (K@) to be
conbined to 5 i nprove yield. The econom ¢ success of
this vertical stacking and vertical interconnect
approach depends on the yield and cost of the stacking

V%@?l oy g%g{&ﬁ%ﬁwaug m@&bg& ﬁgso rﬁ&k@moazﬁ%%@dﬁ?er&n%m

cost assocl ate i ncreased | C
cﬁné:ﬁaneéffe#bntramm fvatersy rcampssmtfﬂ‘epmnt functioms(li.e z amajog, hingtal

h i ) t | t d {
ot R marol el oErEIRE . Fifuh Qe skpudhiGsean
bé @éstéalb@ﬂ)rs aVIaRs tPNRIw KAbRA do@a Die ARGY) té BE BothBIABS to
i ncl uding wafer "t hinning, photolithography masking,

impraveyishi. nkhe egadomist selp@ftsm peihis vestical btagking ard vertieal

ertlca el ectric t er.cannect i.o t.acked
iR apeRoeS HndiRt ob M VRS iR B RER dlotecy
iMEo6eRkcesEbdh g tvefabbsScompagsdiotth®fieRl SAQUsBsoctedvaitithe
fabrication techniques after direct bonded stackin

inpeparpbl CorsoGarep h & marufaciaablenpethodion sealizing thisppigaciyis to
V&ﬂo? Cfsq? ko[%% Iills % d?ljeE e&)fnd arnﬁlt@%%}l \'}eg’u&alﬂ ﬁlt%&?f‘e{glt &I’uctures

ogr ap evels required to e
uﬁﬁgl coﬂx@hﬁa)reill mfd’rlfaiﬁ'icatlm &:t‘chmqmahdudlhg wafertthinging,

desj.rable to m.nim ze the nunber of photolithography.
pheiekihagaply Breking yia sighing AN piereofaecs el iztion. The vertical

e&h%gllqgf%ﬁ%ﬁhé&l%n beRfee %fa%k&f‘l(%fcaﬂ 1S tféx‘ﬁggd %%@ﬁlébmsﬁpgf the

vertic I nterconnection I's where
dsed bondedestacking dras deesultad @-sequehae ef wafier fztbrsatdm techniques

h ersion may be done in a wafer-to-wafer
é%ﬁﬁfﬁft%%lgﬁé?tg 9%” cally preferably done in a
di e- rRe Y&k 6f thefv@ft{éﬁt inyhEsRestich prGorPONERGpbfeash edirectly
down, to a wafer IC-side up to allow the stackl ng of

relsteshio 3 oubyepbolokhagmphy retsiing sl /SAti et lch vies and

int tion t -of
R T A iy e CR b TR A b RN on
piR6lithdEraplpy maskisd Ry 6le $equired 36 fami B8 wtiticsif inRr@ageeidas

of wafer fabrication techni gues after direct bonded

st acRnayersiphof yedicahecking ansrvertiqahirereennesiion is ST Glfeson
o Qltthtef ke S ABARIESL A0 VALERI YO LIRS

'e are typically substantia

dére inRethflrytoreser fompatybat is mipwdmr pieh&lgbd;drreah Q. dléF’mewdfee
substyate can_not, .in _general tall due
forgyat yaere gdieAte Sﬂnfiﬂd ICrsifR ey e ai W???rﬂg dple oA
| KHENVER
sthcking 80novi Gl DR R RRp VoK, TR tghﬁﬁéefgﬁ‘?'sz%"é‘s?ay be
foemté n¢ a giret résulthwlf ¢he dtading) dorsuxunpls aslesaribeil duapplication Ser.

N b PSR Al el
diedct Bbidd&tatkRAg. The sequence of wafer fabrication techniques after direct
bonded stacking typically includes the following. 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, as is the case,
for example in bulk CMOS ICs. The substrate is thus typically removed to the

greatest extent practicable, leaving sufficient residual substrate to avoid damage to
2 [}
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t hrough the remai ning substrate to an interconnection
| ocation in the die IC, such that there are no
necessary transistors in the vicinity of this via. It
is furthernore preferable, in order to achieve the

hi ghest interconnection density, to continue this 5
via through the entire die-I1C and into the wafer-1C to

R dnSis RS ORR Bl Stheb @GR tBO dleC ik chn“l’@x%%d H}thﬂﬂg avid a
typically extends through an insulating dié€lectric

threngy the Femaihiag spbstratede andetsiconukctibe dxtoatlmain the died(;, euch

nt erconnection.l.ocati,ons t .di.e L.C .apd
tngh e e A Leisi S p U bty Pl iy igo s 6ffigmore
preBsiable ANrded td Hhidlie@hd kighed int¥RbRiectién ddstt9ltolcbtinue this
formation of this via, a vertical interconnection can

vigdhreygle the@niife ¢16-&C @od nte the waterd G 1e an infegcaaageitnmdocation in
th%%%ﬂf‘ér I?Ie }ﬁgf La@o&&% %ts Ith%nléého na%g@%r%&gﬁa%c n%tgmh

theopduides desiraeRicirithl Boldtidh GomeRacREecivhIbcatibas Brthé B IC
via sidewall may be used to avoid undesired el ectrical

apdwaige IG apd WW%%@H%&P%“%E@PP%S 15,4p ¢ipdC and
féE%é F 3ty thENGmh AR F 8k 9@ 9%;&1%51% t%}éo Lo S?Eué( BE Gk Y

our phot ol | thogra eve
W|I1h ial cdnduldties enateriad tcse&pbeed]gesuechelettuhaltcbnmmgbn Mdaabmsahehe

Vi etc t hr ou tin i.C rrater
NG i R i R PR Ry e Bk SOl Yestatenal and the
e RBHGIk Y e %E@&lé‘lsldb@aﬂ 'ﬂ% BeQisédroaRdid@HdREirddelechical @

etch through a subsequentl y deposited insul ating
cdnslyetiont eawea the t:enduatlveymamlahamlqht kebstrateduct i ve

t t nt | at
T S ThE i en gl SRR ek PG bosaTE | mo
muEi8g lekEls tObBiNE ErRORSEIs DB VidbRh Yhrdush Sidsahte, 2)RA4 etch

exposes desired conductive material in the die'|IC and

thygstehringuigting)diglentde mwtniial in tha dig IendorferciG that expoeasidgpired
co%%%xiv,ﬁ\? rlnaG‘tXIQa 3% ﬂ} | 18 £ GR4 ?’?‘ge% 18{)‘3 Jﬁg% Qtltc% ltl?ﬂlté&vvagleb%e(i%pﬂy

exposed 1 nterconnec

déﬂb@lt@l&hﬁlﬂﬁtﬁ% ldydritidt Rfpcirfvally isalaésahé behdubtiviightetiblethat
insulating (dielectri c? 25 material(s) are typically

infgreqrnegets thedpterqeaneridecation Hethe disl§ vith the igteggopReqt rh?@ﬂgﬁ in
I
thE %fersié% Eﬁ@%@o&é& sﬁgﬁpdﬂ@{lﬁ ?;dee%l & % é;&g(ﬁsgs desflred ci)%ductlve

I nterconne npoints int waf er and
mbwriaMiaitik die iGand graferdGl 4) integcomat&ianakitlocoridoetiwubgterialt e
via sidewall. Since these. ﬁ‘atscfeg?sétgre forned after
betygen 5320554 ipfereonpertionomt i fedie I ¥ r??‘ﬂ%seflént["*‘;?ﬁ?%%ﬁlf’ﬁ}
pHANA il waker f@Wer topographical |evel that the
patterning of the substrate via. This results in a 30

pat t Eherpah@nts\deﬁnmgrﬁmvwemhmg thrqugb tthe iesulhtmg (digledatgc) he
sSca str re,to

mag el Srefapiontiy Fn{iS bt utEh fefih i viE Ul o Bk e
subBkARE EPAMREEAEIYRxPERThS ItdB6hnedtidh 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 patterning is typically done at a
lower topographical level that the patterning 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
3 o
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consunes the | east possible silicon substrate where
functional transistors would otherwise reside. It is
thus desirable to have a device that conprises a
structure and a nethod to fabricate said structure
requiring a reduced nunber of masking steps and
masking 5 steps that can be realized on a planar
cosng{nﬁ'x@&&le 1&%@&%@ Ii‘&ﬁltsubﬁfat@%ﬁex‘éfﬁaﬁdﬁi%nﬁl' teHASStors Wwevial s
0 opogr ap I'n the structure. I's further
mﬂa&ﬁm&bﬁdeto have a deV|ce that conprlses a structure

i i P IS B S B OUIRCE' § DB AR @ method

tot f'é.@llilédlté;a@d Srutvaik e RERE MelfcddafintiRr bPmadiahs S¥gthndiasking
MMARY OF THE | NTI'ON The present invention is

stdpsrthaitqad be ceadizedboh o glanhr surface-atl thedrighesh af orfeed thehighest,
e B3P s, TR PR B P

cdiaptifR8 a Striidtin®lang @b @BRGd B famdaw &id dthudngre nmmgy atrgigimum
wth a second el enent having a second_contact

capspmption of sitivna Where Ginctipea) apEstoweved otheppse ieide is

afg{nhng aviainthe first elenment exposed to at | east
?% first contact structure, formng a conductive
material in the via and connected to at |east the

first contact structure, and j first el enent
to the second ePEMMAR %QEhTI{IE;;}QQJIEE\gFI@EFt he first
cont ?ﬁ(% g;/t%%%l? iR EorPR Ui BEd PR IR0l T tired-BlrhéHsions] device

di rect connected to the second contact structure.
1nte1gra11<memdradhxexdﬁrpérsidﬂaﬁymegra@drdaylcc ncI ude the steps
of f fir

| t
e onaliaeySamalest e mefofLior SeEBHavine el fatyt picgiture
1sq19t@gﬂd%'\kﬁﬁl ABLcBAd BlerdeRt BdVend d Ecebnd EoHtAS btrdtindC THE aethod

d“bonding the first elenent to the second el ement
mayj utclud¢ahe stnps offfornhiag kivisin the firs element erpogedstogh tpaptbe

d 2 I d
T SRR, PR Beb s A oo GOOAGFESE

1R tOfkst sttt SBudtine, sidandiig thefirst Bigm@niioahé secand elesient
el ement having a first substrate, form ng a conductive

suehtheatioa of thetinet contact sweRrnandthe sondustive Betesial i direptly
nli]lg eJi Eo the géc%ﬁ?%ntg«%t%ﬁﬂ;ﬂu?eal l'y connected to the

er formng the via and the
c o n dHlCd decendedagiplathe niahod mgy incheledhelstepseofefotmiB a via in a
havi ng at | east _one secqnd contact. structure

figst plepenio framng H 8 perduelypaaieraein ﬂfl%“éx%%lsctméﬁ%ﬁ?t

ccﬁlrd %té{ég?étgl?%% Vst @nlct flucrReNHddnlithg thd fist element to the
second element such that one of the first contact structure and the first conductive
material is directly connected to the second contact structure.

In a third example, the method includes the steps of forming a via in a first
element having a first substrate, forming a conductive material in the via, forming a
contact structure in the first element electrically connected to the conductive
material after forming the via and the conductive material, forming a second element
having at least one second contact structure, removing a portion of the first substrate
to expose the via and the conductive material, bonding the first substrate to the

4 °
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4 0 second substrate, and form ng a connection between
t he second contact structure and one of the first
contact structure and the conductive material as a
part of the bonding step. In one exanple of an
i ntegrated structure according to the invention, a
first 5 element has a first contact structure, a
se%&ﬁcp Qibskhie r@ﬁtfoﬁﬁﬁﬁé q c%ﬁﬁ&ﬂgn BOReRf theebdthd dbh?act stflicture and
first viais forned in the first elenent, a first
oreorfdbe first eontadt etrietire and ftlog comduditivetrhageriglias gtpastjof the bonding
connected to the first contact structure, and the
SR'rst el ement is bonded to the second el enent such
t hat ;iR & Pféfbffah Stk graRd At étuteencoBidald tltheidedtida, a first
first contac structure is directly connected to the
clementrids a dnstxontast stetug, @ seqandRignEmt {DMCPW cput@t strpgture,

o PRSP AT RSORS00 B, EFRRR e

fikeviaafihdcyedab tiad ﬁh@dccﬁﬁact Elﬁuﬁlﬁ’e’,&dd&ﬁ@ﬁﬁﬁ eleeicheis bonded to the
under st ood bﬁ reference to the follow ng det

i | ed
segerctelppentanchehorapidheBre aorr%wté%??é@fl%wd the %Wt E?Pt?(ﬁe
RO R R ABELD iR 95 th BB Bitabl Fructrd.S @ di agram

et omn to a wafer face-up;
FIG 2A is a diagramof die bonded to a substrate;

a por 1 on otttk Devsernibl GF 1 AeokATIH o™ 20"

FI G A 2fork %oﬁp@t@%{g%ﬂfon%f HEAL AvERarAehdiRaR Heeh@int

substrat e; I's a diagram showi ng formati'on of a
advaethgestthereof wilhbmaldﬂmstkalhay@rthe sarae bedomes bettertundersipod
2A;. El 3B.is | .Show
bxtpegiraesp ol iy SRR EHon SR Forblchity Wnfection
with 83ckbathpshyis @awalgs, wherfihG 4 is a di agram show ng
apertures formed in the dielectric filmand mask

| ayeFlGofl isp dizgragmskavingBie trbebondedsfage-dowy fawivafes Mcsgin;
et CEI;"I@? glsé%%ggﬁoyﬁle% h@fto%os%%%]tye{tg formed as  shown

dragram Show ’ng further
et C hiF ey ZBQS exipRsan o0dlcdohd&l toutdubstese vith adfdrfidreofthe

suabgtgat\eNgI‘ the dle 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. 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;
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50 FIG 6Bis a diagramof a process nodification
including formng a hard mask; FIG 7A is a diagram
of a section of the structure of FIG 6A after
formation of a conformal insulative sidewall l|ayer; 5
FIG 7B is a variation of the enbodi nent where the
hard mask is renoved; FIG 8A is a diagram show ng

ani spic &M & a%&éﬂn’ﬁ%f Qf réteSORb AR on 1H§1'dh§1%|ﬂﬁ%nng a hard
sidewal | layer;" FIG 8B is a variation of

mesk)odi ment vvhere the hard nmask is renopved; FIGS

8C B st ple At allons i L6 0ge AR hmation

of 4 tdhFérall ershifREve SidewaluT Sr shown in FIGS. 8C8J after
et chi Q}g the confornal %wespect ively:; FIG 8K
i |1 uB éZtBel§ aanalioro e PREOSHSARWIEE tieghaR Mgslais removed:

S' deﬁ& | is arﬁlgé}?ﬁl@ﬁowﬁ%%%sgﬁéﬁg te%ﬁlg 2 dohBrmalinkdadve

|agrams oW n t conprising a
sid®v4ll layaged | ayer and a metal fill; FIG 9Bis a
varlatlon of the._ enbodi nent vvherethe ar sk is

r enob/kSH 8B igpcgangiion of the GIQB?‘HW%WB‘F“’{ s?rﬁgglf gfmoved;

wher (fSo $ECeelih Y& Véﬁ&édﬁg rﬁ’?ﬁmmrg %onlforgﬁl 'ﬁ?m@n Eﬂe%ﬁé&i

of t structure o or 9 ter chenmo 2
smuhra;m cal polishing; FIG 10B is a diagram of the

pol | Bl 30" Wlsigtefacpoghugs ARV AT NG i BLafo ichipe the

C@Jﬁgﬁ{a@ﬂﬂlv&iyg@h{;&és of filling a cavity in the bonded
structure; 11 is a diagramillustratin

met aFIG. 8%t illostraés anhaltesnative manaergif fengng p sdayall gil@in L1112
di agram of a second enbodi ment using a mask |ayer
b%%tsﬁ%l % intervening dielectric layer; FIG 13 is a

di agrrmoahi@ul di m@%&ﬂ lsHbWhgdoEihak ntailtcdstact conipitirparne]
enbodi nent ; IG 14 is a diagram show ng the

seed layet airdea wetaEfit, 13 after cheno-

FIG. 9B is a variation of the embodiment where the hard mask is removed;

FIG. 9C is a variation of the embodiment where no seed layer is formed,;

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

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

FIGS. 10C-10F are diagrams illustrating alternative methods of filling a
cavity in the bonded structure;

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;
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mechani cal polishing; 6 FIG 15 is a diagram
illustrating another enbodi nent of the invention; FIG
16A is a diagramillustrati ng an enbodi ment where a
contact structure is located in the surface of one of
the devices; FIG 16B is a diagramof the structure of
FIG 16A after further processing; 5 FIG 17 is a

di ag i i i .
Fg}ln ,}3”9?{“3& £n ARNIr S IR eHeE ﬁﬁbﬂcﬁh{eﬁt dthBe IREAGSh;

accor e lnvention wt t. e structure shown
i n FFIGE.16A64a diegrds BlusEaB)g diserbodimditauireern obntagtsirheipre

. enbodi.nment of the invention; FIG 19A is a diagram

15 ‘Pﬁ?W%HB e _F%%F?}}eo‘%fgﬂee@evb‘{sqshg the method according
to tPRs 118899k dRErath bhtheRBusitifFtRIGE 1 6A fex fufthér frocebSing;
10 FIG 19B illustrates the structure having a

pl anBiG. 2&ds adiagranashoyying & davige prodpesdrisingghe methed according

f ; . ' di I
oSt Pl B SR ob ip R30S, IR B 2 7 1

but WG heus a dlagapest aotier Ehbodindde 2BElinvehtisd;r at e a
fifth enbodiment with sidewal| filns;. 15 FIGS.
21A- P 197153 dagram shoawing demise araduntd yikeg e mgghod

acégxﬁf%@ttiﬁ? 1n3/gl%t?dgltbx§ftl‘rf‘ fHe! sﬁlul:%ﬁé:&lwngfl ghet {€noved; FIGS.

e a seventh enbodi nent of where vias
ar e Fiat.neB illystiacos thostrliceurs hagjng atplanarizddl B8erid 3nd 28iktact

illustrate an ei ghth enbodi nent die are nounted top
fogry ?Veribﬁmturggﬁqqllgbéﬁr ates bonding a structure

Wit hegy fiobligeknatad difeclPRoiRWRoRAds sinfiRr WPthe structure of FIG.
configurations; FIGS 23Mand 23N illustrate bonding a

1%%ebandithey eh apdrtwié;e; FIG 230 illustrates
waf er.-t o-waf er ndi.ng;. Fl GS. 24A .and 24B i Llustrate a
var ?%Itésg %@f@%ﬁﬁéﬁfﬁﬁ%ﬁ@ﬁm%ﬁﬂt ‘Vﬂ’esfl‘iev&afdeﬁlnﬁ ar e
nmoungress. bOR-UE i11Gitkase a $ikfl &RbodimemtSiiicé theduBitiidis
enbodi mrent with filled vias prior to bonding; and

subpt@gialgamphdtelyganpyddist rat e a tenth enbodi ment with
Fill ﬁf(i}SV b?k-ﬁdﬂluaye{tg Q geeve%glnén%:c}d’?ment of where vias are formed

prior to die singulation;

FIGS. 23A-23K illustrate an eighth embodiment die are mounted top down;

FIG. 23L illustrates bonding a structure with a filled via in top-down and
top-up configurations;

FIGS. 23M and 23N illustrate bonding a second level of die;

FIG. 230 illustrates wafer-to-wafer bonding;

FIGS. 24A and 24B illustrate a variation of the eighth embodiment where die
are mounted top up;

FIGS. 25A-25F illustrate a ninth embodiment with filled vias prior to
bonding; and

FIGS. 26A and 26B illustrate a tenth embodiment with filled vias and

surface contacts.
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30 7 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Referring now to the drawings, in
particular FIG 1, a first enbodi nent of the nethod
according to the invention will be described. It is
noted here that the 5 drawings are not drawn to scale
but are drawn to illustrate the concepts of the

| nvepETan EBUbSSCRIFEIION ORcid eR EREAREIS EMBRIDIMENTS
havi ng contact structures 12. Substrate 10 may be
made of a number of materials, such as sem conductor

T o BT BBl 0028 S B o

theRekehf ac%blldh tB¢ invbhtion WBl 8 desdSbed Canik adted Hefetbistihes
12 are typically nmetal pads or |nterconnect

drgwmg§tam ) dagwkn tepealerbuhate drawe tvillustrase thejcoaeapts of the
rE)tH)t%t ures (not shown) formed in substrate 10.
fate 10 may al so contain an integrated circuit to

vvh Ib CBubstrag I(C)Ciﬁﬂa@ébs adoviteiregios 11 having conactsatietdresdad
substrate 10 e a npdul e contai ning only c¢ontact
Suhsrater 9raay bmﬁg%&%w}r@ber@é Hsatterﬂéi% sugh arggmisendugtoydnpterial
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for exa

ted cj it b .
OrFRlFrasRn R SO re RSPt o108 GG e (APt o)
foRREAH SibstBRE1008ukbv ke OB hRH %Sintﬁi‘ﬁrantiﬁt’égl‘a&ﬂ diRuit to ngoch

substrate 10 on surface 13 are three separated die
thﬁ gortBet sEacﬂurQS| 18 mgormesta@ﬁnﬂanbstm IQ way boa nzodgdeyvi ce

| on 1 ct r uct ur di.e
Eting ool ARt BBy M PRy Oy o M€ o
m@’!ré'onn@:t&g%ruct%@es%ﬁd&ﬁto@ﬁﬁré@é 16, R bHiRgihg 0Lt Ednestiok For
such as sem conductor materials, depending on_ the

p@kggmg ar mgagratiearwighoths mpdules gr Cirni sueiutes anefor sxample a
pr?ntedc’ %II‘CU. tq:%a?c{ Tﬂe rllf)&{ﬂgrgfs ?Jbe%ac‘ e ocf‘%gﬁ?acfﬁ/? ﬁ%éffé‘isusru%ﬁ ad’

er connec structures

qumizj mal’ﬁ@anIOI‘thn\deV| ce or circuit structures forned
in device region si zes of con%act structur(galte

12 a%@sﬂloneéi@rbq@éwg\rawbstquw%%lpeﬂ AtGEhisr SeRagaie
1816 UL fe ﬁb £Sdb§trggﬁ)%% 19, 818vigOrdBidnf Wihd RMtact ffsctures

si zes an atlve sizes nAy be out’side this range

1'dependie ngiyl]xeqme\abus@nmatat&doﬂr«ananmhsx wafier byidicimgp sticgie 14-
The si zes ,of the, cont act

1€ BF 0 o BoRaPEA oo e T e RAE

ﬁ) H&ﬁgbﬁ R fesROFappiRatitl. TRAGMILy! BeREbdtiatd it nitde opﬁ‘ﬁb&?or
11-v matenals Contact structures 17 are typically metal pads or interconnect
structures making contact to device or circuit structures formed in device region 18.
The sizes of contact structures 12 and 17 each may vary. The typical range of
contact structure size is between 1 and 20 microns, but the sizes and relative sizes
may be outside this range depending upon alignment tolerances, circuit design
parameters or other factors. The sizes of the contact structures are drawn to

illustrate the inventive concepts are and are not meant to be limiting. Device region

18 may also contain an integrated circuit to which the contact structures 17 are
8 o]
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18 may also contain an integrated circuit to which the
contact structures 17 are 8 0 connected. Substantially
all of substrate portion 19 maybe renoved, |eaving a

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

Al so, the substrates of dies 14-16 may be thinned
after bonding to a desired thickness. Die 14-16 may be
c&ﬁeﬁt@@ §1‘%§?anh§ﬁ§‘ Qﬂ’ 'opg}bsﬁ@te 2@&% lbomay%e Rl 184888 a fyer

t echnol ogy. 16 may each be the sane or
oftkefvices eermrodewmraurt laper.e Allsml, the sEhsttatesaff difisd 4116-may baas
res 7 forned in a device region 18.

gsonductive struct
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aperture which may extend across the entire contact

teghrobegyuridie 1¢nl Gompieeachdredie sameeor diffenenideviqengr mategialsoEach
0o s({‘ ? Eg tritgixcg coanﬁ{; 5truc reJ'P?y fogllng ﬂ}#lél;fcect%gltoﬂgl% Structures

e S| Z¢€ O ertu
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rules for the particul ar technol 09 bei ng ﬂded. Fo
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e 68 p helcfoftfcu ot Gt Eiffho e SitpREGRRILYn
twi. tThel sivtecsfen gegodr apettade marbeadktértriinmicy the phatolithegtaphic
deter es_the optinu ize of the gap or aperture. 15
dgsigngu a{fl rh AL i Ogyhﬁé%wd@ﬁ Porraiply, a minimun
la Riat &Qoﬁﬁkm&@tu?&nltz%ﬁ 157trﬁ&595é‘fe%§1ré(¥ to s%ﬁ%q%gntﬁl fdfm a
e thickness of the contact structure to e sSize
rehﬁblehewgapsmncew@mw eonn'EhtuQn weh |1mte®0mﬁcam@@<bt ratio
of a,vi hat. will, su rnmed . .bet we
o ont Ab padlPR o3 RITHNES e ot mpiR s ot RGP BF Apgreure
islaFhis 6CNABEhEOFVEEbYBRVertfANicpatatioh beidéh @ontddt stOtuded 17
This vertical Separation is typically 1-5 mcrons, or

arplol 2 @usstheftiekusss abthe sontretarugiure bt togBagiza gt thggap or
scr I
SRR PR SRR oD i Ay e e Fec

betwt&l @neRt sticturpO1 Badd Bl ioyenZBFe@nfex]Hctriml ﬁiterddnrrxectﬁon between
bondi ng, as described in application Ser.
contgepsinicgogs 17 prd Ebntlepvertis! S\ﬁﬂﬁ‘rého%ﬁéym&%lbi 145 microns, or

1es PR BAD ?)gl(féydlfe tondiheCas dé%ﬁiﬁe&l r&gf)ﬁcatlbﬁ QL NY. act
structure hi C ness 15 typlca m crons.
0¥03)288, B dOYlmn(Séﬂf wideh mednwrpnrajsﬁ éeltelrr by redereficedo’5 to 5

dependi tech . .cal
N A A e R
16583608, %e%ﬂln%ts 1&9a1%%eren@m%o%rd’f&cp5 R¥erbfdde, Met al

diréct bo The netal direct "bonding case is
Ftdﬁwunoﬂ@edlebehtaw strmctune 17 dmlthSSQMM}r}e'rﬂ 5 tok mscraus. 1W1th a
are al | onta struc

typicaks qsggci via agpect ra%o oq ng tth c‘iepen ing on e process ttecimo ogy used

a typical range of the size of the gap is 0.3-20 microns for oxide to oxide bonding or
~0.1-10 microns for metal direct bonding. The metal direct bonding case is
described below in the fourth embodiment.

Dies 14-16 are generally aligned with the contact structures 12 such that
structures 17 and the gap or aperture are positioned over corresponding contact
structures 12. The size of contact structures 12 is chosen to allow die 14-16 to be
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30 structures 17 and the gap or aperture are
posi ti oned over correspondi ng contact structures 12.
The size of contact structures 12 is chosen to all ow
die 14-16 to be 9 sinply aligned with the gap between
contact structures 17. This size depends on the

al i gnnment accuracy of the nethod used to place di e

Si%‘?,%%ﬁi@g% l%&{lltl?ls[flé ggtqeb%t?een % rudiirs ogfs i IS%Q depends on the
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the g or aperture is referab y at |l east a distance
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exeplorgo U EAD 0% aptisiE B A 164D AP B e ER B s o
al eﬁpgccgaq; ctures 17 is typically nuch smaller 10
an the Ia eral extent of each die 14-16, so th
eac hAtheugheonl heneses ef/eangact @tﬂ’ucéur\?%ﬂ/lsl shoye foneash |dleo]f4 16, it

ST s SR P o

theh ﬂ'feQE]t%ra@ Btel 6F chéh 4@ 19816, B@’t&ﬁt aadhaﬁemay hexd @ntral o very
the range of 1-100 nm A guantity of contact

la@ernmhﬁr efconpadt tregteres 47.1 EOTERAMRLP: sAntastapciyres 17 may have

r ea H%F mlt%jl éﬁ% ;ﬂhglvr@&(q)%ﬁ% &hé gkhlul: }J(f?ﬁg thhg%é L eralI extent

inkHe feﬁilgb on0tl4 00 tvam s W quaatyld cohtactssimsturast 7 ibQlie T4l 6 haeipg
be acconplished b er of nmethods,. but

an PR apAgitee A e?aldafm%&wéﬁb@f BRI B b ondi ng
met h ! 1408 bofded toNerface 13 of
09/ 5%% lg(ﬁvggﬁv\sthgrg Sdr c@@? Oggglr eﬁgt h ? ntot heacreangoe of

subSPate (DOOThlE/maZy bé aoeomphsﬂwd foiy caiuniden d§ metheds, dxuﬁmreferaély

bon of die 14-16 to,su r il str
bamAog 03! teRpEiafirp Briak ALOPARe Sid BdsBoried 47 hbpEior Ser.
ar@/s(ty THIe Glfher-ErBdﬂﬂk Ba tfengtlyii tRétdnyge 8£ 50600 AY/m’, i.c.,
grinding, etching, or a conbjination of

poli shin
chetraead bbtm?seaee farewednTha bending PEdigd 4t I tarsubsteatmh L isdtestrated

Ve, su 2B
i, AOTRbSLALY we SR BTy PR RRHLARy, PoneS:
typRARY BEEEVA Dy posishiag antndalg, vtchmgpded ﬁinybmﬁmmvﬁdheséltl&ec
the substrates of dies 14-16 may be thinned _25 prior

teglnigens i fegve thinned substeate 2 o ‘arcomphRisHH THBPYEIDpERG portion
19S | IE]X% 2B 1HQ A @life Hahdle Fhte s dté p%r?logqgfié)cd?ﬂ%l%ﬂew &

ar er or naller nu bst’rat e
sub@tanﬁ’dlB,Ocomﬁleth' remosal. Ao the kuhstfaam of ties 14-Ubsnaydtesthimned

a size conparable to that of substrate 10, which
prior to bonding.

While three die are shown bonded to a single substrate 10 in FIG. 24, it is

also possible to bond a larger or smaller number of die to substrate 10. Also, it is
possible to bond another substrate of a size comparable to that of substrate 10, which
is illustrated in FIG. 2C where a substrate 22 having a device region 23 is bonded to
wafer 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
10 °
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is illustrated in FIG 2C where a substrate 22 having
a device region 23 is bonded to 30 wafer 10 such that
spaced apart conductive structures 24 are generally
aligned with conductive structures 12. Substrate 22
may be thinned or renoved prior to bonding 10 O to
facilitate alignnment. Substrate 22 nmay be thinned

toqﬁélﬁfatéagrg@mgs Sdirste D3 thadit berthlnvied aftér Wohdi gbatcr@bga&i’any

e renpved if desired. The procedures described in
al} @éub
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at va points in the process.” FIG 3B Shows
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30 d 40. F I |
forgiacarighs B cp Aot E1G o PR it PRy ptE e
3264 & AP ROfoRRth MRS 0Ahd(dol Bllef )materddl nady Ay beosmed
other points in the process dependl ng on many factors

afsﬁm forming thestraguresshewnan §1GHoeratisr farmingehad grask 40 (FIG 4),
T P

mﬁﬂehlil@ E:hosfeﬁ or &xgyERdtere cohdil@atiordXiGter techyques muyee usyd for
successive or iterative steps of di e JJ ectrl forrratl 0

formingdilienateriali sk i xapkoudiclgelicilsedo e, sffipon oxide;

méy FELER by REIANES AR ddlcdid ?’%‘Pﬁﬁ%‘y’ for pmple

usinganptheds ddsexdtiadapbad,iang phmamedmnmbpbltsymgu Adessitively,
or iter st f t I t

a iMoot E S el g ey T A leng e alatiog. Tay

be UERE BY SudcRisiVeng ifRhahe rs?e%'s ofF m%ﬂﬂj fdﬁlﬁﬁ{)n E.llld MemPhetitical

surfacte and form ng apertures in such filns, for
poélthgl Havingerfiay serface rsdyoimprovenforn@dg motcmm @qdl ether {ilms

di ct
ol e gnd Samtne Fadice-aR P CREE forSpehul ARy tyshogn
inWighgstructures 17 (FIG 4). The hard rrask is
preferably conprised of a material that has a hjg

et crSubseaenilyiathard mask 4Qissferueten dlé%ﬂéﬁwpﬂlﬁb&%ndoﬁaﬁemed
to g[?%g %ﬁgrglsresuf‘le genepall%ta‘ﬁ%ngd % i s{ruét&%g I'117 Eﬁd] Ql? OrURsd AL

evi ce€
preferably comprised of a material that has a high etch selectivity to a subsequent

etch process or processes used to etch a via through thinned substrate 21 and device
regions 18 and 11 to contact structures 12. Examples of a hard mask are aluminum,
tungsten, platinum, nickel, and molybdenum, and an example of an etch process is

an SF¢-based reactive ion etch to etch a via through a thinned silicon substrate and a

CF4-based reactive ion etch to etch a subsequent via through device regions 18 and
11 °
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regions 18 and 11 to contact structures 12. Exanples
of a hard nmask are alum num tungsten, platinum

ni ckel , and nol ybdenum and an exanpl e of an etch
process is 30 an SF6-based reactive ion etch to etch a
via through a thinned silicon substrate and a

CF4- based reactive ion etch to etch a subsequent via
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afrful€ dTHendléle@@ie% ﬁ)‘ é%ltﬁén ﬁeoet&ﬁ% iR 8 mthnnBRHAi1400Whe Rard

an appropriate wet chemical solution or a dry reactive
miasin4@with ahlaapropdeteevet shanicelhwelwionl ce@tdry teatiivemon etch that

/ I f. t chem cal ti
A pitiedtS M el e Biea P Rp 2 et hethisel elfgn tor
hif@$fask $s AlusThddBic¥t TSFAARE Bie HarBmbRais WiRinugl) ghch
process for a dielectric filmmaterial is a CF4-based

exaeladt: pf/@rqagtmveelpn lgtchfprodess fshr @Idefdcqtn@ fitn material érd QF4-based

relis R o 5 AR ATl B ficsloi &, SR th et g

difyl dtéReFateqfoseib®. for these ahdditllibr(hﬁlrd Maskeqrlr dicle@sic filminsaterials.
referably w der than the spaci ngﬁget ween the 20
The width of &g apertyres ¢his piplerably wideg thanithgangcing befyeeegithe

st %u}rgs f’}off the! %J%E‘l‘[l?et i§ aﬁ%rled t? the 1ergf1%r(§p§11\f)sé%tg 25)}0'??”

e spaci ng ween ructures 1
preferapiyevider thancthe geacingf betweenntht biactuee (117 blus phesal eendieat
14-16 rate 22), .on s te 20 if the .
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rm 25 vias 50, as showmn in FIG 5. The
et chUsigg |thae leawdh triask 40, sklhstmu@portlhes ofadies 14al 6 antj edahedto farm

Vi%? g{) %gs%lﬁ?x%rg ]l_'lpﬂl% Ig_ Pal L %%g}&];‘g §8XW nueH thr%Blgﬁ: &1|eln¥at<iar?al aadjacent
to contact structures 12 and 17, which typically is a dielectric material, to expose
back and side portions of conductive structure 17 and a top surface of contact
structures 12. A first set of gases and conditions, for example SF¢-based, may be
used to etch through the substrate material of dies 14-16, and a second set of gases
and conditions, for example CF4-based, may be used to etch through the dielectric

layers surrounding the contact structures 17. Both etches may be performed in one
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back and side portions of conductive structure 17 and
a top surface of contact structures 12. A first set
of gases and conditions, for exanpl e SF6-based, may be
used to etch through the substrate nmaterial of dies
14-16, and a second set of gases 30 and conditi ons,
for exanpl e CF4-based, nmay be used to etch through the
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det rin'Bédealitu@iond Rhead theteohdulg bt @ de@mﬁﬁn@altanﬁ)hhwﬁdﬂcﬂﬁﬁg to
17, the thickness of contact structures 17 nay
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selective deposition of a hard mask, the dielectric etching can be continued without
detrimental etching to contact structure 17. An example of a selective deposition of
a hard mask is electroless nickel 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
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sel ective deposition of a hard nmask, the dielectric
et ching can be continued without detrinental etching
to contact structure 17. An exanple of a selective
deposition of a hard mask is el ectrol ess nicke
plating. This is shown, for exanmple, in FIG 6B where
etching is stopped after exposing contact structures
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be/forfiedBsiRd 8l nBRbertofapit A Hepdsitorsibthadd ﬁcluaﬁ@ﬂwhbmmted to
filmare silicon oxide, silicon nitride or Parylene

physisal vapar deposision; chemies) vamridepgsitiare dnd ¥aney Phass BRI IGT
A{x%%%ﬂe 09§1§;%§éa1 lv%lb g‘e;}%&ﬂﬂ)% k9 tféﬁggﬁg&gg#tar\?gg%?fl Bt &H

ositio
V@ﬁp@@doh:tlaﬁ is plaﬁna/ afinncgl t&ﬁﬁucﬁ% pﬁ]ﬁirtdiepcﬁsitionAandamaaﬂnq)lebf
physi cal vapor deposjtion js eri an_exa
va@ﬁéﬁhﬁéaﬂewgw@rls VR9BEAEGHRf 3 30 fffil égmﬁ@éﬁéﬁl% %%u
&%ggagndep05|tlon and an exanple of vapor phase
eposition is vaporization of a solid, followed by
pyr diiydinsaskd@ or herd rﬁ&kd%rsll mnﬁmma]-(hekécmiaﬂmm) mway bar d

k.40 f di t 0 b ;
reaN Y BB B  FRE SRR LECH T P dOh el eichine:
FI1&P 7Bﬁllu§t1%esqu Shefl 164 Biask 46 lscf\‘emzaed | ﬂf el étéﬁ ﬁﬁefnﬁ@e

case where hard nmask 40 i s renoved the etch
harémasle40 huhatd mk 49 @nd filth30ds m@mm@o mﬁti:rlﬁlSIem)md |b§ vias

50S a?nlde&)t l[h\{se etE: can éc;nael wslth%x ?8 %%gk be thlS etsch is not selective to

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
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25 50 and 60, this etch can be done without a mask. If
this etch is not selective to materials exposed by
vias 50 and 60, those materials subject to etch in
vias 50 and 60 may be nmasked with a suitable
material. For exanple, if the hard nmask 40, and
contact structures 12 and 17 are all alum num the

suftaBfy AAMDE tRALH, A hﬁﬁgéa b#, Bskdthdsk 4NhrgRas Which AP %0
spin-on viscous lrquid material to a depth such that
werenfbaned. 3ppicatiot off this it thivkndst val ¢hanoesritio. a mrach thicker

an.he partially.filled wth a spin-o ' l.i quid
sl Ruenaf 51of e ap Bottghe fon il i S em i

surficE KRa8mb IR hidindterial 4rofh Sdishi@leYofMbATYARIZED Whig leaving
surface formed by hard mask 40 through which vias 50

matedabid viassiOeand0rthat. copgrp icprtacti somciufestiRiandli7| dyn example of

thickness will .then result,ir j . i 4l
o sy REREy ik OF hafiakadd ifeBls Mpihet HheibLia ddgldlo,
pﬁghig@hgegk@ﬁv ~the entire surface then renoves this
material fromthe surface of hard mask 40 whil e

| eavCarfonalefilar This anisotyppisalboetelied te 6xRasa FoRias} shryctures 12

c . , of :
SFEDL s BUE IR AR Ry 88 S8
stifvairey Ebisirefamnblyssxpostd tpleaatea letigd27 foe speedsingghe contact

Sugioae aiee FSRYITER tnieduced CoRREE TEORRG X DOIR Rt 21 IS8 1o
exddd&s of 19GHRM] 1‘% pPdfertbffor ﬁggtl’i’igigin%%e EorRRE kesbntawRt Fﬂésd éo

structures 1/7°1s prefera exposed to create a g
dizfAnéeowill vicy bassid ngot Hevicomtdambeess piranetess. FAGS: 841antdisiy

i n reduced coptac esj stance. typi cal .l edge .27
G SO SRBBERbAInS it pad b RiEF 4 rigved betore
folinHidH &f Rl FMEAES filne$0.SbdREBvelRUBothIYf Films B6 had ge

w || vary based upon device and process paraneters.

mBy bsrengved peios® fodmingdeyar 8. n thieersedatlowingletahingwfso,

.t h i t.h 40 1 ,
cafordgh P Mo MRl RS et o e Bhiadi
(ok idbviBe #gicNS wWhkre FBtioBE 1rie bEpItedy feioved) Byosxidat@nl cayer

70. In this case, follow ng etching of confornal

depagidien,Agr exemer i nsul ating layer may be formed on
sub S}kft%gti\peotrotcbﬁfbnﬁélt %lﬁfﬁo,%%ﬁfo?ﬁ)af @%ls%a}lﬁscy\@@ fdtmed before

portion i's conp y renove oxi-dation or
expop@s iof toprsurfhcs ofcoarget gructe A2t Eonatampée, tconfoanldilmal 1

i ST L s LAE T, 86 O LU, DELRES o
LS LB e TR, Lol 2
foomtd bf¢ératchinginghiha gnateriab adjacentréa emtadt stretansditbut before
regc rgrtlga gcgntgctt rstl%gétllilrreel 7}Zdnfgr%”rxgl ?ﬁrrrrla; 3 I;IEI1}|’ e g)%mg?Xﬁgrereaching
contact structure 17 but before forming via 60, or conformal film 74 may be formed
after reaching conductive structure 17 and forming part of via 60 but before
completing via 60 and reaching contact structure 12 as shown in FIGS. 8C, 8D, 8E,
and 8F, respectively. Conformal films 71, 72, 73, and 74 may subsequently be

anisotropically etched to form isolating sidewalls on the via portion 50 of the

substrate portions of die 14-16. For example, conformal film 71 may be
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formed after etching into the material adjacent to
contact structure 17 but before 25 reachi ng contact
structure 17, conformal film 73 nmaybe forned after
reaching contact structure 17 but before form ng via
60, or conformal film74 may be formed after reaching
conductive structure 17 and formng part of via 60 but
subgd 'éf'?tl Qxﬁgﬁi{o‘gﬁdaﬂg etched @foﬂﬁ%ﬂﬁ&ﬁ&fﬁggﬂd%ﬂt&ﬁhe via rPOI‘thI‘l
str own I n

50 eﬁtpe smhmteyporﬁmmozf dienl4-16, cosformal filz 727@iay e dulvsﬁqmyly

b 0 hed. t
orp ORI, ieH L P 20 T BT B gogfon JET te
subbPstb b@iﬁﬁn%‘fﬂié ens$6 Aid G %}i%éa)bﬁiorﬁﬁr v1§5@3&h§nsed of material

conf or mal Im71 may subsequent |y
achanesbﬂorc@ptaetaatwum &h@@nfoamﬁbﬁlm &h mayéwe avbwgueﬁﬂaew |
on.t he t f
ayfopatfy B b Bl b S RRRTA G BuBR BT v s0,and

confbrs figpi7e %ﬁdy}’oeeéﬁlﬁéﬁqdeﬁtty zfr@sfdﬂiio@fbally‘s elcatd RJfosh drvmidting
on the via portion 50 of the substrate ortlon of die

sidepvallbornihg eptive depihert Vi P9 prshths upRerPosiip-f s PYed shgwn 1n
nt act structure 17 conf or mal

F@ %@7§h §I gﬁ jég 8%@5 ani sotropically etched to
for rmaemawm tatthmgdsmaibfmlnled by thehmnéortial depdsipioh obfilms 20,

d | fil 74 h bs I
T2 Eh 063 G5l PUSBRNER LR Op Y SFRE PRl & stdenap can
bé)fanw@s&é&weg{ Rt Qu&traeégar&@l &mﬂe m% H&Ppﬁfsog%ér sgid of

via 60, as shown In
pargepsdbimel lyy saldvialas shoven inddG. 6Kt rﬁedwaibwat&n tedorreel lb»ya
t he

progs R EOEB e ERnoal todfe Sihelrae ooty ests mufdta) fneslto

co%'téé?ﬂ’tﬁicltur357c #Br el sued por@bry ofdie 104 6 is silicon and
substrate portion of die 14- 16 in via 50, after said

thp mamr@h adjgcenb fonesatasy steentere I as silicashexige, iartlieteatyic dgposition
prB?egf gfgﬂltl(ﬁ t?sypr{ag%nlt%gflggg 1? Cor get@ﬁs %iffcc'osh (;)P@é m5§ B¢ Essed

Ion ver

what @id ditleetéic @@ﬁdbﬁtldrfbob@risemla@xf/alsﬂi ieHens ﬁdéﬂall Porls
exampl e, if the substrate portion of die 14-16 .is

stechrabsina twqeefqm@bﬁlinm HYiacerftex grisadiopifgiching of

conrdrial Al r§ 71 Ghdwn § FICE QR By g%ldé%vﬂll B Kol AP ehinkON
process that nucl eates pre erentially on silicon

thjatﬁxgh tise sibktrate poxtivnslef diayl 4k hus before ethigng irth ¢he material

ielectric deposit |7(J)n conprises sidewall 75, where
adﬁ"&’éﬂ/&ﬁlcpnt??)tﬁt g {ictural ly similar to conformal film

1R si@e%uégceaéftc%ﬁta@tnétﬁl‘éﬁﬁ&of 7Cm§§ §l|§b Bg e%osg@ it@pf or mal
film71 showm in FIG sid 75 is forned

angdotrepicet dimgip ﬁltthq:rougi_aastehl_ee suﬁsc awa@nfb brweprdh@camacdu e
reflgta%%m t.% 1%6 sr%{fgp‘%tpgﬁ]kggsl éK (f §]§ Iltﬁé $1ras gb an§ g ggne en 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. Examples of films formed by PVD are
sputtered aluminum, palladium, titanium, tungsten, titanium-tungsten, or copper,
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A side surface of contact structures 17 may al so be
exposed in the anisotropic etching to further
increase the surface area and | ower the contact 25
resistance. This is also shown in FIGS. 8A and 8B. The
vias 50 and 60 can then be further filled or

conpletely filled with netal. Methods of filling vias
' i infp16E6F i
oy g B OV pIAE e o Bl Lt i

fodapd by tieotnoffl GV (vdricteinebidingpdlentriotays platingtarepickel, geldi s
é%gicall used for the deposition of thicker filns

PEREWTRITOBPCICVD and is typical ly preceded by the 30
depopid. iodNstofvsantcRbfpR\IP aGhaskdPele @eshlAtay BlethodxAivpdtysa
of films formed by PVD are sputtered al um num

mptal $egdilapier 90 ist Bust depositesnaysr Bie, strupturg making shepstieah congact to

16 I £ - .
oo Sists P2 BEELT Slnilab iRal AL R SN By
ex@hpd, paploadsishgS éadthgdt 90reah bedagsibdby PYVIDECVIp @t i ng)
are nickel, gold pal | adi um or_ copper. .FIG 9A shogs

clegirapiiingIog deTeribe e LBEsTRks LAna P o7t ) EOWAR S BRF
lagff‘rﬁgg)é ?‘lﬂaz %Sﬁﬁ%fﬁ\ggmﬁg‘gag 50 iﬂ & Ig%*?@.sd)ﬁ,eéjstﬂl\éﬁfre {s{Hﬁown

el ectrical contact to contac
wBére utdsk 1 $s rezhoved béfore fopmhibareal donfdrmahusuletivofilng 70msR
91 using, for exanple, photoresjst. Seed.layer 9Q can
FIGh NS taF Bt Bhote segs v s, ok ol Sitep, Tor

e Rt é}%‘?&l-ﬁl@&i’a%icai-ﬁﬂeﬁ?g{géﬁl fdn aagsealtsl e}rﬁmﬁhe eRRtAct

0 see ayer 90, contact 92 fills vias 50 and

pdafion bfimBtaGeor@a&;t 92 ostsidectfivias 50sand HOWThisOpalishing stepsin 4150

I s renoved, before formati on of. confor N | ve
reqjavh {Begmeightped v 5@&“”?}?0%80?‘#&“& G BrLb AR b
reffORd tHe¥Bd naSk UG Bf theexpBiddSe ¢ &d ep16f The r@x@APbEhard

cheno- mechani cal polishing, can then be used to renove

masked e be prafestad i6 hardfmasktis tleetinelhceondpetiygasiig thegrse of

vias 50. and, 60.. Thi.s .pal i shing. C I
WP el iy GRheE B0 ER B By TR Vs
frdrft-ehh othbr. FTHi§ PSlish@dstdPme R fariter tdhgoveabdfotmakdiéldctoio film

t he exposed side of die 14-16. The renoval of h?rd
3Qraesklting ipapubsansielly @lanagsyrface andiplepandnstal styushure {(pn the

- A4 | u i
BRI EE L4 1B & PoSAIEFRYS, BUIINE, RO 3R
FIdi. a6B if dntin@drdm dtaber FIGTHDA ipdiat abisergl 1syeps nsed pirier ther

renmpve conforma) dielectric film 30, resulting in a

fillingheryig Matyyetdl anar surface and pl anar met al

str U&h%%&{%@@n&(%%ﬁ%oﬁ&%‘g@% 1Sind@l fiiloWied by EMB, viass0

shown 1 n , m%ere the struCture in
arfdl 68. can ®B linsd ehigitetet 93, fidledl whtht dielactrir @4 thendallpwed buCMiyas
sh%sv%dm lF?é.e {O(iI.SV%JaSs %‘3 &a i68 rcartl Be lined with metal 93 by deposition using
at least one of PVD, electroplating or CVD, as described above. Thickness of metal
93 is typically 0.01 to 0.2 microns and may include a barrier layer adjacent to
conformal insulative film 70 to prevent contamination of contact structures 12 or 17
or device regions 18 or 11. Examples of barrier layers include tantalum nitride,
tungsten nitride, and titanium nitride and may be preceded by a titanium adhesion
layer of typical thickness 0.005 to 0.02 microns. A typical thickness of barrier
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filling the via wth netal. Alternatively to filling
vias 50 and 60 with netal followed by CwW, vias 50
and 60 can be Iined with netal 93, filled with
dielectric 94 then followed by CWP as 25 shown in
FIG I OC. Vias 50 and 60 can be lined with netal 93
by deposition using at |east one of PVD,

lag%rg & 6.9@ B3P RrofY A ftsdnqﬁlftﬁf ih&‘féieﬁ%?‘@@ had Bééfllqéﬁ§§lted

met a 93 1 s typica to 0.2 mcrons and nay
eleciniplatimg atn also be mséc‘fm@pnﬁ)dmahyemcraase the dmtloresnidf 93 to a

i psul.ative film70.to pr t con tlonof contgct
ATRRTRES: 1h LRIl PeregPeiiRue AL o & L g faf A 5B
u%@m B8 500f Qﬁﬁ&ieﬁf widY EAS ek 1Epl B dichitid) aMmsRilicoh dRide

tungsten nitride, and titaniumnitride and may be

angraacexaeglehyf filling isawituphasmin eshanped ¢hepieal yaparyispesifion

0,,02 rons. I
PN s e TR s Tuih gl phnpUPe abDLGIITAT
mefal CMH ard the Pbekiia I5r Hbetls cherficlopest tHaRRS e)tp%lﬂsmn (CTE)
el ectroplating can al so be used to _conformall

mpigh beten firceonosiinis i e didlestric filjekyagd the ireading
uﬁsttré@ 8’%1880?8 e%fi%ﬂ thickness is 0.5 to 2.0 mcrons

ect to via 50 of sufficient width. An
ex armh@:haf alténﬁltlee to ﬁb‘,lng'irlasSSOSunHImmtmmeﬁboﬁhmng vae 50 and

npl f fill | h d chem cal .
bl 3 dpiowsd Sy bilioryith FrEea ias Rt 06 e wo plavith
medY e AQas aﬂfelercgfgd %?era _LtiHeRewtdd QntRNGrudiRbal 2 &M 7

and t he potenti etter coefficient of thernal
withqa memtactn{g@]]iﬁ)led uttstrhtel?dt avakthen HH veasrfiflomidtc® wigh dielectric

t fill d th
o8, i ivedthy B sttt g howy TRy OB MeBPazeme
fohﬁeé to' 1516%&&&%05@0%@0@965W2t aﬁhdnﬁtﬁ"[hdi& c&ﬂtﬂétﬂ% tNinA&d 50
metal 93 followed by filling wt

sutbsteateét by @169‘2t01ies€ platinig that plates pregerontiallg@ngontact staichiresol2

I
a7 R AT 5] ok R hAPPRRT AR R iR ecRbRc!
contes bthahge? 12 a7 .t A exdrh lb oY eR6tr&l8ssaatifplthi dah be plated to
dielectric 98, foll owed CMP as descr| bed above and

soshgont gkl tigko! civBrelpssoalatingn His albrhashiedis fig advaniage
of'r{a)tt ?égg % % &Qﬂf t7ls‘z)§t ; ‘a)?é{ %gzg %Elfw%%ogi}ohi&%f

con |nne ecfroless
reflagilinggubsirae diy HI—EStheEleétﬁCzﬂlyt1s@lhﬂe)saﬁimlmmtaautterconnection
structures 12 and é? by Iatl]?r;]?? suff|C| ent
140

fromsaid femainingubsfrale Wé’ﬁtsh W g ' nt er connect s
cont E‘l%&tp%ﬁlrlﬂféfééﬁﬁéctl%ﬁ 16 Mfertdnnefidd ecéﬁ't@'@ﬂ s@ru@{ures 12 and 17 can

el ectroless plating that can be pl ated suf ficient
bet formédeg stchimgrai ik 81 thrbeght dicleetsic 98Itanicta) 97'Bhd dilling via 51

ternative has. t nt.a Oofnt.r Iri
wih retal b apgovaain THE atpsnyario e daerpiy HC g o By
1iRg {1a%N With conductive material 52 and filling with dielectric 53 as shown in
FIG. 10F and similar to the description in FIG. 10C. Via 51 in FIG. 10E and FIG.

10F is shown connecting to the portion of metal 97 on contact structure 12.
Alternatively, via 51 can connect the portion of metal 97 on contact 17 or both

contact structures 12 and 17.
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remai ni ng substrate die 14-16 to electrically isolate

said electrical interconnection fromsaid remaining

substrate die as showmn in FIG | OD. Electrical

i nterconnection to interconnected contact structures

12 and 17 can be fornmed by etching a via 51 through

dielectric 98 to netal 97 and filling via 51 25 with

met afy, A8 Rk r&MG N1 dA) J: 1)

desgir] pti onr?csn FI %S' }d&(gogrﬁ%b%lﬁbﬁeﬁllsrn%&\sﬁdg%m pmcesﬂng
inclodohgdiut uet lmmltedruo@hotbﬁt}mgdapm'masmntnmomnmteblémgrqrc 53

h FlG | OF h d
e s latio tp sspborh wispBonainiger SR e kEGhe TS "
r%&%ﬁ‘fﬂ éh‘?%tlhaGdéthé RRmRASA bPdh QbctABAIR inSilatiy rafBli A

struc ure Alternatively, via 51 can connect the
thp oxposoqh tlmnnqd@uhstrage?sm%mramde tlecticabigelationics dit act
. ruct 12 an 7, 18 structures of FIGS. 1
n r%? mEgTY %rl%gmpél?etgh cré,{goquent processi ng

i ncl Nﬁ“eﬂﬁnlkwlis dMotwnl ih FIGET ¥vith PikOlaBing il ia pbysubhaed
I nt erconnect routing or underbu netalllz t|on to

depagitrdrar spw-em 6KkidE A POIyIET.i Red on 18 dicalf- ke atter (P, and
in rcgogflgcctl gl?c ol}'u%a%:ijgmh%étﬁﬁgach % éoﬁégﬁa{zl Hﬁte?lal 95‘1n contact

rc I NSu erl e exp osed
with e trectingt108; Ansilie ﬁﬂ&r iatefinlomayibe esteddxetwmldle 14-16, as

sh:qul(r)xgg fFIJC(j)Q}}; g{qwtr %fo@%g&q e%cqt‘] C}\rﬂgtla{fl t,g_qr%rnag gndc‘f\lﬁg%gyeral
le{/éﬁ Lé!e 48D sﬁfdtlﬂ [1 rs, ﬁ&@ﬂo% HRre, Qﬁ&&ﬁhﬁrﬁfﬁa&ra hlgh via

n oxi or p mef, fornmed on the die -
demfsﬂtys andBii, hlg]n degrenbBronting egrnplesity. Ayematwﬂiyief thqmphshlng

sty 6= g oSt e Getia i o it ek i fppins
arﬁ%ér_‘ys videt) wc?ﬁtedél&u%l 1B1atR% fosthe WiktilRzdtio@ strdBureR! | Of

f'or m ng erial 96. Metallization may include

s ev ef sbconf mélmeslé phthgmeathesdadcaetingtoi the invaytémsts ilesrated
h dat hi
I T, B ate TR A cargif Aoyl B iR AR ©

ditlRetrie Pyes M Bfpicas tige 0ORSdMedsk reMehiekefsa red 1.0 microns.
dielectric film70, conformal dielectric film g’é ! |ns
[

Theshasé hagla§0 bisawelgrblitesspiised of asatqrishfhaf hay al
seie%gv {oﬁel %fbé@(fg t(?]ﬁg ﬁltégé > f?g Proctssef g0 %{Hl%dahm&u@f

Invention Is illustrated
thinhed bbstraf. 21/hnﬁalled1cavé§(orﬂsa.'8 dngd Iflao centactrsticteres4216\n

ool A L NERAG (el oL S AP
ol 188l ol 50 B R
theauigh eaqhnaned giticin mbstree snda Obu-besslgesrctives éeh ¢toh Y@t deh a
su\()Iseaquterrl]trv?aliI t%‘ough 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 embodiment
to etch through the die substrates and device regions to expose structures 12 and 17,
while preferably exposing the top surface of structures 17 to form a ledge (such as
27 shown in FIGS. 8A and 8B). Metallization is carried out as shown in FIGS. 7-9
using mask 103 to form metal contact 104, to produce the structure shown in FIG.
13. After CMP (FIG. 14), metal 105 is planarized, and the structure is suitable for
19 °
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t hi nned substrate 21 and device regions 18 and 11 to
contact structures 12. An exanple of a hard nmask is
al umi num tungsten, platinum nickel, or nolybdenum
and an exanpl e of an etch process is an SF6-based
reactive ion etch to etch a via through a thinned
silicon substrate and a CF4-based reactive ion etch to
SLﬁ;s efit procking Gstiedihg Bhtthok N o bl?tﬁo%x‘é hRbssed 8 and
0 cont act structures 12. Aper are forned
mttenrcqmaskt rm@tlnmdlrtdhré)ummdaﬂuzetlorsto pnmwgdbqshngprtﬂmfchlp
rst enb ch throu the ubstrates.
paskeBhevEa B arongtalisEhgh yblhE Fht e 3T TRl b ESsing
méfidcudertré Rirabtion Wﬁp&bd’!ﬁcﬂﬂﬂnﬁﬂﬁlr@uﬁi’@ﬁﬂ ddfthe exposed side
structures 17 to forma |ed (such as 27 shown in

ofdictd-18 4o arayigB)lectnieal iolgtipat 1'09@14 gteEeannpEJORing s
R T e R e

fultBer a%fsisemtdrl‘dﬁnéﬂ rGatnﬂg‘k)r, unﬁ'étﬂo&fnpilrﬂ&allhaatmrﬁ aptdnagzing and
the structure is suitahle for 19 0 subsequent

mategaleassierggied én theifirst gmeRodiaent fogexampple g die SoHIG OF & metal, or
al%gﬁﬁgfyt Qﬁglé/ﬁ'ﬂﬁ\é of ﬁ&%cy&l%ﬁé&%ﬁt&%l h Loe fggmgﬁ to planarize

zation to support wr I ng or
the Isuqfacxetuf ythe prackagifogexasipié biafilling ankiepaves heétiwiezmtliepapertures

structur, omn i n_Fl Thi s proceSS|ng may
OF; SRPYFeSiY ’é thSertaﬁﬁﬁt%Gfd\éﬁ P rically insulating

Mat efthbreQt hﬂ/%nt%?p&lﬁfglﬁ bél@sed With 8iher diftrchfied. FRe@MhHIR, a
el ectri‘cal 1solation Tor said interconnect routing or

paimefarobtacts 1Mas abt reguitdddmt e isigle @ntamtneajdle@e iwafehenay be

coHRare e BB Bt P el T TORH psraged n

FI}. aBa7Hezd Metal RISt i10Y tAsecd ©6 GiteRR6Andcing B@ntﬁd:tfs&hctures 12
enbodi nent, for exanple a dielectric or a nmeta

ang) ¥08rwih stuustaye IQS b@ng offsetdrose sthegtreddc |%ma€¢r{teﬂ SIde) of
m?%f gorntt?clt 1%%’){&9& or exa %ep%ﬁ‘&?é Ff ﬁlbjsgat'é SrtrqolﬁrlfO@(tﬁreQﬁy to

ruc paces

seb@Dven Btradtare 18erileaddtheppary (rigm gizle) @ﬁ rhbtar cdmﬁoo ie7 en’tends
after the CMP process. The present inventi 8n may al

froya thesappenpurtacs of sybsEate portifneldd dirsetly joysase Q0 of strygfpre t%
cont ’f’l&l%%eé’? in?r/glgi}ﬁgl eﬂrggﬁdlﬂ:g Sl &4t éﬂv%hﬁgése A Qﬁkﬁ%ﬁékris fised

di e or connected to a contact int
tostdhsthromigh thedbacksiddof 4 dieor bafatddndehios: substrdte t@sm’rfmoadect

' 15 FI G
tnp iR TR e ESE e PO eseph s bR Toieia, phich
y%itcﬁl‘lkQ bd ‘t% éb@rﬁ)l%%@ﬂeﬂ %r%l@ﬁﬁﬁc fah@Mnfit §dRhs!r ’?hél-gtchlg? %rd?:@éds

metal contact 107 extends from
theqwgha b@ndltng @r@enfaces dstheritds pessiblete exposaiop é@tfaqfes pﬁthe

B O Bl et ok, SeRBebF bbb flesucin
thé WsfsemRe of thewbstab i eAmt tcehinol&F, @ivi®s ichy bé ﬁtté‘r@@ﬂte@@d
op%rr]mgltnrg %25132 Ser]t:ozrmance and avoiding the problems associated with trying to
manufacture different technologies with a single process sequence.

A third 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 device
region 118, substrate portion 121 and contact structures 117 are bonded to substrate
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20 The present invention provides nunerous advantages.
A single mask is used to etch through the backsi de of
a die or wafer bonded to a substrate to interconnect
the die or wafer and the substrate. No

phot ol i t hography is needed in the via, which
typically can be conplicated, problematic, and limt

18F& éL?ﬁce Th?a@tl-ﬁkl}nriﬁ AIGOFEL AR th%l%%&hn@m RReisd material

interface. Fur it I's possible to expose t&ii
ccsznnﬁgcmta@fstrnd:teresa 12 oRolhovisg the dvegle naskiog prosessatgscribed for

creaS|n are f h
thp SR1ér apon FEOPALToRs fea B R O R FLELCY BOPrBr dAds
pro86dEa0l 06N sdqy bieR&d tﬁﬁfhgﬁ%ulbd@ﬁaﬁérp‘d?ﬂ&ﬁﬁleﬂmd de9¥eirbiidh MO8,
devi ce performance and avoiding the probl ens

e?@Qsmg iadedag 2@ianihe byakryrfaee ofmemtachgitustusesd] I ekherptching is

ROk W K e BhR OB SRR 2 UG Syttt 12

C&!&t@&ﬂ&@ﬁ@fohﬁ@d othe val wid\or Gethoa sued 1dyet 90 dohnewing @ciitact
structures 112. Die 114-116 each having a devjce

stﬂl@gqr@ml 121a8d 14 dp Filleamatesisl maybe psad igrplanagiae therdevice, as
d1§éurs ﬁg&iﬁe & tB%e{ﬁ? L€ %Sltﬂ)%fy A% Be n%)}%e&’ﬂl the

sur ovvn I'n I'n tthis e
mbdef ehm8n stvedh EIGS 100 bifer Alzg, filan7@uoty bt forntedras shdww2in
Fal |.owi ng the single maski ng process described for
F¥ﬁ%gf%:§- or second enbodi nents, the structures shown

in @1 %ﬁo@cﬁ&eﬂ-ﬂs %ﬁowrpfnqqgﬁequi 19 Yd ﬁllé&ﬂb&dlﬁkﬁﬂﬁ&e 1s
g t 8,

t hr ou rate portion 121 and devi ce region
nexpesinhgvarihg dgea tractutieh @2 ac k23s U driant stofictersa i éi:t

t 117. Th t chi ' ti f i
coirisgn LR gre: [ shanpdon Bealsfé Bievdaar
abb¥é the SuPRLAS die214- ﬁlééifdm%ﬁtabﬂstid&ﬁlré@ B2 hiptiséd of
wi thout a seed | ayer 90, connecting contact

conuativeunaserialifer sxample metat; maje ¢xtﬁm vaisuggebld 3uSeatach

t&Q‘S&'ﬁa dzggagﬁ I?:e t%?tvslé G gt?[lieﬁsl 22 m §' ?Qc? Xﬁg}%}eg {g@lsa eGlor
exXARPNE Coh@ Wiruetared @ 28 ndyl ‘t@&orﬂp@ﬁcd of¥ne obbpa, tuhgktm Hickel,

be fornmed as shown in SC-8K. A fourth
oreg@}éb andepntagt straeiyigs 124 MRy ds, comni@i of gdiffgreat epgofioRBsH:

tuh?s%fz 3.\&810 B{’%&?t eohak &&%ﬁﬁ%srz‘%%‘}%ﬁ‘t%&t sﬁg&'ﬁfésulrﬁ%‘nélyzz

SCrUCt T 68 conpri se
fustherdhecdompeisadd diiffetent fetale X@rgahmplepb abmbinatioh ef ditkel,116

may. extend .15 above the suyfac of die 114-116 an
palladi, end g9lde Copiet s awﬂm@ a0 popfect YEHERS f?éemay further
be'%trrﬁfriégél of d1®ys %F@(Eﬁﬂe? s, nidRY, &P oRd e dRavaIosurtbace

ntact ~ structures 123 and contact structures
exa@plammgivioetic-onpies ditess metialsfreayele formediby a vEdety of seshpiques

inOREASh S LUEL S5, A2, B DS, G0 5ed of one copper.

The portion of surfaces of die 114-116 excluding contact structures 123 and

(D"‘O

the portion of surface 113 excluding contact structures 122 are preferably a non-
conductive material, for example silicon oxide, silicon nitride, silicon oxynitride, or
an alternate isolating material compatible with semiconductor integrated circuit
manufacturing. Die 114-116 with exposed contact structures 123 are bonded to

surface 113 with exposed contact structures 122, as described in application Ser. No.
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or gold, and contact structures 122 may be conpri sed
of a different one of copper, 20 tungsten, nickel, or
gol d. Contact structures 123 or contact structures 122
may further be conprised of different nmetals, for
exanpl e, a conbi nati on of nickel, palladium and
gol d. Contact structures 123 and contact structures
131330 56/ vsflﬂllrénr%f“ Qﬁt eﬁ:@ﬁ@fz §ﬁﬁcf%flt @l alig¥ 8 pefticnTRRposed
tungstén, nic or ot her alloys, for
ccenteam'pdrlmtumd | Zﬁnntthm surfacd ef dienid4el ligevigh & portipn o€ e)ﬁpﬂsﬂds d
varlet hn u 5 i.ncl udi n PVD, th
oxfasgsferury |2 et b 418, SRR ERERAPE TG o PR g

ofth€ sdridte %Iz éleeml Ui vaﬂl § At RBLconbidi/b Wisrial RSrtRAGS stitfife
portion of surface 113 excluding contact structures

1182 JThertwng betvegen @nwn@-wductmmu@malmﬂm afspefpce gfglie 114-
1 lg(v%pﬁ%?e fule% lcérg @tl\(/)exr'ndfep alpe g{ iGP ?f J\]zlrita{:é 9163 n%%éﬂﬂ%gﬁr a direct

béaRAesdiibed M 4fplis@HErCSRANG 1073 3N608Y rAat ﬂdanﬁ‘atdi Bypieof dfdect
manufacturing. Die 114-116 with exposed cantact

band; frsenrmple gy éesyrléecbwacatgm e rN%le/"ﬂ’é)%mW Asgbrswgd:
TRORSREeR R e RS I R ety

ingatihdl ipedseurt of corthdt truetues 2 agamsft centpctsadctuneri2a dhat results
structures 123.in the surface of die 11 6 Wth a
il geab ponBepiiaeRptW g oRact { socteyF arﬁ}‘zé% RS fHSace

prifrefidlydl d @t Bend O CATRYA LIS BOR drtgyNGk 0N of

e sur ace of die 114-116 w't he non-conducti ve
tempeatire) fopcxampiﬂ thoke dwﬁb@balﬁwmkﬁ ordﬁn ¢ posthththeneghest

the non-co ct e ortiron o
e ae Gt il cr PR g foxfet BRE Pt ft 18w
g d
te?%‘%:%%@.%ﬁﬁ%%s BHEHIRY Ritrud (6 Obkin DREReriond ety ey

algrf bejageeptable horrnemerf appliestipnp| Eora@;a@@&; gicpeyentignal direct bond

i.catio e 10L 440, 099 .nma use The
R B G ate iy o R uRRBLES G K o g
prddsuRS tforbeszeﬁ gaqes%rtﬁérﬁﬁo @gcﬁa@ tb BEIREVA high 858 ERer &Y, for
cont act structures 122 agai nst contact structures 123

exatnple grestat then 1iJfmamay hlse ¢M$ﬁ connecti on betmeen

ont t str ctures, 122 an t
o ATt aR e RE i R pe PR B
wﬁli] ﬁfe&‘ﬂrf@&es'df‘&’ie 3= a’ii'dttfoﬁtacf qucﬁif@dﬁﬂZ&ni)hD@ﬁ)mmaHy planar
descri bed above, in order to qenerate t he hi ghest

withsenfasg|1 13+ EoBtaetstrugties,/ 22, and 187 mast ab’%ﬁ@“taﬁ‘étsu’if%%eul ts
rohglgﬁesé i th%%rﬁhdrngtg{s&gy g?lltﬁw %ﬁle PA6HnH mEn- n%talbportéon

res a taln a higher
ofnehgyl IBayFor akaﬁplbpthaemézmea bf dieflad-14 6rmrd addedas iposferably

hatBadoR Sleeer et A KD OF oG it BSE Ten i (rthet
pr@f%@ﬁﬁﬂe@s than 0.5 nm, while the surfaces of contact structures 122 and 123
preferably have a RMS surface roughness less than 2 nm and further preferably less
than 1 nm.

The internal pressure of contact structures 122 against contact structures 123
resulting from the bond between the non-contact structures 123 portion of the

surface of die 114-116 and the non-contact structures 122 portion of surface 113 ‘
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pressure, for exanple |ess than 10 kg/cnR, to achieve
a high bond energy, for exanple greater than 1 J/nR
may al so be used. 20 Alternatively, contact structures
123 in die 114-116 maybe nom nally planar wth the
surfaces of die 114-116 and contact structures 122 may
be nom nal ly pI anar wth surface 113. Contact

g éje{(ﬁ:au% ?evl- 23008 %r F@Mﬁ ifarDé1akE41 c§h‘1‘lefcﬁ8§ with a

ness t han t e non-netal surface portion of die
prjbieta‘tiljz Gova maklsntmne de¢ @, fgyexample, a ozﬁtlwdt@cm 0111@ coiftgmination,

f di
R FR R BP SR TS T DRSO LU S8 LIy L e diece
1 ffP ugh ﬂﬁ%@vé@ﬁé‘h& &%ﬁ‘ef@ra'ﬁ[? 1@@% f‘ddfstéﬂ@é ele&h@zﬁl%ﬁﬁécﬁoh ess

than O | e the surfaces of contact structures
batpRemenhtack Strugtures é2himdy12avey be RVEved by aemoying frefssize

oHRESD ROPHAIPBRdar 8 b KR et fBgnjd8ack By

b@@stdbetors evritadingStFfbied M3egithldid sudlces 834116 NPuithianotd)e
bond between the non-contact structures 123 portion of

surfpse 183ipnchthe swuifaces of die-1411d 6 amay haexpael te @R dngst ambient, for
oS E bt SrpPE LRl tht AR cddacingd oo ouifce

1 rowitedid s(mﬁfaw:st 1N 4al 16p Aiteeriatively, hoisnpresédshandces pcbferabky lower
for exanple, a native oxide or other c a tio
reﬁ’é?\’mé@(@ﬁﬁﬂéﬂ caymcseﬁgﬁt&ﬁgn CHagt ﬁt%“%t}&%g%% 521? g% may be
%ﬁelogon?in%ar%)ﬂﬁco%ga@t Quchltld PBEportidrdof thE sﬁr@%% Qratt 114-

or prefe ower resistance el ectri cal
1 Iﬁ)zmdethe nmnc&ntbn&tsmanres d22 acttiostof wotfagedd 3 b?ann@II@Ze

may be achi eyed V|n th X|de
(e OLih s BEgng ot SruchytsS 12D A 5 PehSeeeih igercase
CM&Q{ T4 rbﬁra’%@j ﬂ)mylstaﬁ& él@&ﬂczﬂ RbRRR1IERBY ?éﬂhbﬂi&l of the
surface 113 wth die surfaces 114-116. Furthernore,

nativefoaite o dthea n@ntamemaggn prbyincrasig ghelinternal grasgyre between

sed. to I N mhi ent r X I j
B RE B 753 WRE 2 e AR P48 PR o
higR&tB&riral exakiba eGefliGicAtlBlativt o the@osundtaapstieddl4uidtnding
ternativel an i nproved bond or preferably | ower

cqnéast sirugieres b2 bend 122apr bbetbseduston ef nws oxtsistos other
co%ttgnlf%'él eﬁ}d]lﬁ?regs!%qn :h?tgrn egﬁre aﬁ{yt r}ﬁﬁ&ﬁ&lfré ﬁ{c@%’&%\? Giso

on- con uctures portlon e surface o
1ndteﬁsehi;€brd11ﬂ1§ioﬁ betvider cotpetcanttands, sich as 20 aml D320 result in a
portion of surface 113 by |ncre%,in t he eratur%

t E thus

prsferakée lpv-Frelstangg Sleglsicelropnediioge aﬁzazu%mac fasg may
enhGHREhE WY A bbﬂ(ﬁflﬁg a}ﬁ&ial]é)n%[‘ rﬁéfsﬁtherdoﬂn@ct BF %ﬁh@@éﬂbé‘t@@éﬂ

resistance el ectrical connéction by reduction of
camadct yteuapories! €2 bandotA2e rCantavt sesisteaicelessothay ohméyme amvn@een

t he i nternal ?ssure bet ween
achieved. For example, for two contact structures of about a 5 and 10 :m in
diameter and each about 1 pm thick, resistances less than 50 mohms have been
obtained.

If there are ICs, for example silicon ICs, in die 114-116 or in layer 111 below

surface 113, the temperature increase is preferably less than 400° C. for 2 hours and
further preferably less than 350° C. for 2 hours to avoid damage to the ICs, contact

structures or other metal structures. The temperature increase resulting in enhanced
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contact structures 123 and 122, for exanple if contact
structures 123 or 122 have a higher thernmal expansion
coefficient relative to the non-netal nateri al
surroundi ng contact structures 123 and 122, or by
bot h reduction of native oxide or other 20
contanination and increase in internal pressure. The
m%t% 'ir?etél QBﬁtﬁ?tsﬁlegi‘llYntéijc&ﬁmec ALofidg&ioh gﬁ&é@hfcgﬁ'tﬁbton
meen ontact sttuctures, suc as 122 and 123 to

stfugtuiés 122rand 12p medyeiealar g ldwg\brr exairpleasdewels 60t Ci foal10
connection. The tenperature increase nay thu enhance
mirpgespi cantagi UL IHESS AR EQUNPIESA A8 CONGHstie maF?Péf%’ﬁ nect
t
oo L O RIS on o LRS! prRIGMEOL BRI ATE ol
ﬁmghonankEor exanpl e, for two contact structures of
about a 5 and 10 :min me ch about 1 .
e sa el eonstapiass TR R0 562 FbHmecitih £ gt oftite in
infél?ﬁag :p%asgure L 10%? §stfHoﬁd k&Sperdife AUFIRhEmDL, hfeitfdriruble at
I'n e 114-1 in layer 111 below surface 113, the
a loswep preasure erei meﬁeeraé o msniprizefthe pdstypohd sanperaivre40gease
refer ess

regiirodip i, el ot orinabie (e el gt v

infdr AR bR SoRTucAbR BEtwEBH Bbntadt kttGdtlife8 323 ARE 122 IPRGEited. &For
increase resulting in enhanced 23 netal bondlng

exantpld, theointesreal prassurg lgernerwted avnraselt of posthrad tamnsrature

etvuae c str
PG Qasih e R uAE o8 sl o nd 32/ o
ex@BiMl & Gletds Miththigletaladse f CRTdiGR df Thernal Eﬂﬁatﬁidn\(é?TE) for
material wth SUSCGPthI|It to thermal expansion or

exanpés: appesriekelrand golds sesuit dn BoEe erpansien gha gyen tempeggture.
t

R R e R g Rl

will gehstatemate dtiewefor p(gﬁtenmxpahsim‘rﬂdetatsumﬁl ahigh product of CTE

further re are deformable at a |0
andsBFE PRI fOF S PRPLESOPRY: (B8 Gt V@ﬁb@%ﬁﬁmgé’et ¢ fost
effAALE Qt%”enex"aﬁ%%l b GfirdaGe ﬂﬁﬁteﬁ\/a@ phdiurd %ihﬁﬁ&e@s@ﬁ aprRite.

I n net ng, met al cont act, net al 10 i nterconnect
Ftu“rheunmd:umleta&ﬂwbba\lm yiebdstress,tfosexamplecanpen 25kgh @nd gold,

i red nal ress
o el e B a4 APl ERl ormes
at IORERRAREs drdl AR PARAEHt iR imbRedaicad] b@ﬂanag i B btAIcoReHt, AGdtal
structures 123 and 122. For exanple, netals wi th_hi gh

mwammesctoandcs@gﬂwt@ncsrb@tvmenm@ﬁaﬁ%ﬁtmmr% lo¥er ) Cornéﬂct
AL S L B b SR AT s

mbO&ilad, or nghfprédlhi gheTEshea ahearbtidulis nofraslizd dyplicd stress for

tun?sten and_nj ckel
example copper, nickel, and gold, are thus preferred for contact structures 123 and

122 that exhibit improved metal bonding, metal contact, metal interconnect, and
conductance between contact structures as a result of internal pressure generation
with post-bond temperature increase.

| Alternatively, contact structures 123 may be slightly below the surfaces of
die 114-116 or contact structure 122 may be slightly below surface 113. The

distance below surfaces of die 114-116 and surface 113 is preferably less than 20 nm
24 ' °
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will generate nore stress for a given expansion.
Metals with a high product of CTE and shear nodul us,
for exanple copper, tungsten, and nickel, will thus be
the nost effective at generating an increase in
internal pressure with increased tenperature.
Furthernnre nmetals with a low yield stress, for
h es?f ¢b nnf "L 99 Rnt &818H{§Oelfoﬁ5@9&
very or exanpl e over Yo are re
tefrpachitiry ncteéase m inatasethemteshal psassan thetvaren chutsctrsgucfiutes
in i bondi,n metal co

roved C
14 T3 SR T DG eSS BBV EL FCE) RoME S metal
cotitd aﬂﬂ%&ﬁﬁﬁte@&onﬁlg&’e&r &hﬂ@&&lce@@m&ﬁtcontﬁétrs%%tﬂfésl 23234 123.

22 conpri sed netals with a high product of CTE
Thmshg%lh dmtanceroticontest storctireg) maobaiw @urf@ﬂe I¢Prnd et Sightar

ORI 5 A S LS 0 5 B
dlgﬁﬁé@&\ter %ﬁer X8dnt bEhe kdRtadiNtructhéed. tTRtoekdphlytof taoatet

met al bond |r‘]lg metal contact, metal interconnect, and
stowshaecvihineludelagetienscagtelaghoves angchelovs thesayerage distange.of he

RT3 50 AL, 9 g beveen e

mekiftish i@ mididanieaighiemal bgbililstanbiellpyreheetimnticRBES of
30 die 114-116 or contact structure %Z may bgW,
vaﬁarlgm For grample, §seniasestrugtyre WHA 2 RYIStof | qwn By dgve a total
1
il B PG o R AP B e el B3R
sliBitlp veloSuths eapisues obdiedilAd 1baind omdctksyrucmméﬁ attayrlm slightly
increase

th t |
QOB Ror T L 6 G0 sty Srpstoro feS el HEUBO V2 Y
e){t@rﬁf’e}ﬂové the STPLOMEH dieet |- 1 R Nsbrtifk Bfa&onteﬁ:@ &hﬁ,@ﬁres 123

Interconnect or conduct ance between cont act
mgy extend abm/elﬁesmfvde 123 resiltitigins] ethanighlsroanecsiogfoetween

C act str ures bel ow face 113 a th
ccqet et gies 2 el pike s P add s 3P Brs ot
pStHbh BEQFTARE 103 & AdkimbhbpbiSionds aierade 6. dihss MeeRniRvEr
the extent of the contact structures. The topography

ccmnewtm naneetaesultsn ap edeguate slpqtiical gepnegion betweepepitact

st{ugﬁ.l S lnﬁb C’OI]%CPStEl%lU?gg ];ﬁ BV aﬁlgﬁcﬁrpﬂ{t@ﬂﬁ an-il—ﬁiE

variati on o e con ruc ures

cdin¥&@fonly rfaﬁee @leﬂé 6F @heccdpeinastivn drecohthcorptxiotnres Bor
nrnrnunrherg may be substantially greater thgn Fﬁ
CORRASt StUGLITSS { &h. SERSPAUSRhiPBINSTatyFe dRfTease MaympEQVE ac e

D b AP Y SRR i 8l
12%ndsll213gistdlescribeﬂabmtehe surfaces of die 114-116 and

cont act str res 122 be sli htI bel ow t.he
sur f Altgmatvely.hericmperatug SgseRe maé( lrlaﬁe%f'ml%ﬁf’a‘eft

arﬁi%rl{fégl%(ﬁée&ggal TR¥rconnection between contact structures 123 and 122 if
the highest portion of contact structures 123 is below the surface of die 114-116 or
the highest portion of contact structures 122 is below surface 113 and there is not a
mechanical contact between contact structures 123 and 122 after bonding.
Alternatively, contact structures 123 may be below the surface of die 114-

116 and contact structures 122 may above surface 113, or contact structures 123
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15 extend above the surfaces of die 114-116 and a
portion of contact structures 123 may extend above
the surface 113, resulting in a nmechani cal connection
between contact structures 122 and contact structures
123 after bonding of the non-netal portion of surface
113 to non-netal portion of die 114-116. This
R e e BT T o o oo 372 BB e cfow
sutfae artd Tlandiffetens¢ betoten the didhcduef contamhstiustwapl2below

chanj c connecti on ative oxide.ar I
St A ko EERLE ooy i ntod S T, ait6 (or
wéé (46 eak Be ;ﬁémy%@ﬁi% 4e Héschﬁé@ﬁr@bﬁézﬁldn%f 996 € 01959, 608.
I nprove the netal” bonding, netal "contact, netal

Alternativedy; tlexdifferrnnel besvaere thetskistanses o Cemtast straptyrg d 22 belew

siffifp Sttt ERbhb e POSY e RRef bFRTLL Baton Lo
vidWred) caf bk hemil Gbrol (ﬁ%llght'[\} RELANOSL 4 ﬁ(ﬂ;t-fbeh&wﬁ{perature

contact structures 123 and 122 i f the hest portion
ingrfeaseonaiEnpreve the matd hondipg @e@bpmqt,ﬁéeté\h}mea@ém%t di e

coiléd'c 11% b%Fweeth {Aace ?&g 2% a}%ﬁ 195 ag 8&tcﬁgéd et ures

Pt oW sur ere 1s not
e c TRl leeight ©F B6adt shreétues 28 e¢lhthat toshe smfaue efsdia:234arl d
122 after bonding. 30 Alternatively, cont

angithe,beighteaf copiactgisRIresdl2gvelaiee @JL? heighight s Sarfécqlllé cail Pg
cdBancLRiR %?Oﬁgﬁlﬁg gfb&:g% tl%%%g BRYh@ R Ees BE fh@CiQﬂHg or Shrface

contact structur maybe above the surface of
118}, forkxdmipleGhamd-mashhmical pelishiog (C¥E).12Re A progedsdypically

f 113. The diff t 0 the dist f
el iitter 61 PineeRi e e Egkpe Biip Bt ARt HuRace
shﬁrrﬂ; lf%t‘e W @ﬁn%?aad%hog%lfsﬂﬁlg%‘dﬂfﬁﬁﬁh % padl €otdtich raflel and Plish

VI Cé versa) can sl g ht Yy p05|t|ve as
prdsesgm iBedCMR pagqsss isduitloer dsmndemoon me/sg@gﬁm-mstal and

R R T T e S SR B

po?isﬁllﬁ ratbe6f doddmb@l Md thbQl Sdfetiak§sitfilagibelishird raﬂei 5re 0 r
§or vice versa) can be nomnally zero or slight lfyh
c

prnf@gra foeemlgnvbgltan@@ﬂtw ONfsie). st2gy Ritch; and esain étrﬁ%f?fe 0
cong}t%{ 82¥uectl}r ﬁén%l 12§U5}?dan 1 éplggjtr\ijl\g of QEREY: l gpgﬁkace of die

erconnec con en contac structures

1142 @@btﬁﬂaat&m sfaheseippadsapaaetedsatiive ubel ghiontdl the height
contact structures 123 relative to the surfa e of, di e

of ppntagisructnes kddekibvgia thepuressiofdfe Ly L& anddle haght of
co'h@ic?gﬁl?/ Fuergﬁoliﬂﬁlalﬁ% Qﬁhe‘ﬁfe b &¢ficd 153.CANeSte pohﬁhlng

con | Shl process that forns
techniquas efor efantjile sljlﬂl'tjz—l&ss@odlshmg,rrﬁa}cdso bd Gsedf or exanpl e

f S S In'}é)}éﬂrﬁfeggrﬁ r(])If (c:grllta t%{rugtnrers]qZS %\(Et)l\}'e t-(I)-rEﬁe %cg 1 i€ TP4-116 and

the height of contact structures 122 relative to the height of surface 113 may also be

controlled with a slight dry etch of the material around contact structures 123 on the
surface of die 114-116 or the material around contact structures 122 on surface 113,
for example a plasma or reactive ion etch using mixture of CF4 and O,, for the

surfaces comprised of certain dielectric materials, for example silicon oxide, silicon

nitride, or silicon oxynitride, preferably such that an increase in surface roughness,
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had a nunber of process variables including but not
limted to type of polishing 15 slurry, rate of slurry
addi tion, polishing pad, polishing pad rotation rate,
and polish pressure. The CWP process is further
dependent on the specific non-netal and netal
material s conprising surface 113 and the surface of
T s
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Anemﬁeveigdhe hmghta)fa:upﬂaet stiuctaeds léZﬁchné icbntectrstrogtucks)1 22 may be
[ i tch and n structure, of the 20 contact

otiofed B B ToBpstighet ety Gt I iyt SR aTEF A2band
151 Fdlex SHtplea88ctRiled ipatin Je@séﬁli@megﬁ 68 &tipRgdM, dahi®s elf-

process paranmeters can be used to control the hel%g
hmftmgdn naety thin lagen farsxdipplerapproximatelyd-$hams (Jhismethed may

g R S B P e SAG b U0 n

' oﬁ@izi hédl, fdreKhm| Hal@‘ﬁd ol Rick&lxMtifita3¢ thefyrmh2®a of electrical

pol i shi ng, may a so be used. 25 The hei ght of contact
came¢tomngr es 123 relative to the surface if die 114-116

and }ﬁ rﬂ1 greq h(gntg tac e&&l%g (V) E&P{f Giﬁte{]a% %ﬂ{l ﬁtnel é&v\}lt €rh

t he HUOs? “UF
sraalfer ltli}ih&h@fa&érﬁt(ﬁlhle@s'ioﬁ bﬂécdﬂi’&ice ﬁtnmlturasr DZB’Eilch thndt aftér bonding,
structures 123 on the surface of dlg 114-116 or th

thepeamiler oh? surHect snetute 1235 ceteiped Within qontagt strugie ﬁ% or
thﬁ].(%xt‘lﬁ)é@pgt & @}{Q&t %g'ﬂ'grﬂf%r 132;%?8 At¥ifed %hﬁlt BB gé&%h@t@r of contact

xture o e 30 surfaces conpri sed
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%@0911@%@%9 LARE bl SRtk xcé&%xeagsndlﬂg dfeond- awas gy
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erm na an o very t'hin non-

suRfakcell bﬂdheg matl 6|ar01fndrcoﬂmeﬂ‘ﬂﬁﬂuemge;sl 123and Iplor:tkml of stirface 113
facilitate the formation of elg trical .connections.
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SSRRELPE M SRELREE SLLNCL 8,122, B i o
A Ri1N6 LPANARLHIRS A3 R 16 @RésAdal area of contact structures 123
aligned with a non-contact structures 122 portion of surface 113 and a residual area
of contact structures 122 aligned with a non-contact structures 123 portion of the
surface of die 114-116 that results from a difference in lateral dimension between
contact structures 123 and 122 and a bond misalignment between the surfaces of die

114-116 and surface 113. The maximum internal pressure that can be generated by
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structure 123. The mnimum | ateral dinmension |arger or
smaller is typically determned by at |east tw ce the
al i gnnent accuracy of bonding die 114-116 to 15
surface 113. For exanple, if the alignnment accuracy in
bondi ng die 114-116 to surface is one mcron, contact
structures 122 are preferably at | east two m crons
I
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wBR il ighol1 5Py hLE SREs JePuroaiio a8 rof et ot
stARARed 23t 120 Q@exlﬁﬁte@ QD4 B6st-bohd Uhpi R brelidcreRBVBSOEC.
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t he Qontaétotructhresia3 sod 1232 e tppicallyenot mquqky adigried prd of the

ort on ,of surface 113 is ri,sed.of .sil LSan
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sufac D ETandfulBer)Bfdontic sthicerreal 220re bsluwsubbtmﬂaﬁhor,
contact structures 123 and 122 jn excess of

alfegnativelyp aqioptien ofgentachstaictiipse] 321 iy pntagt |V\9th tgi%’p%%)on of
the 'SQI%Je oFay i M- glréeéﬂd%rtflé}?ﬁ cBHl%Et structures 123 are below the

- surface of die 114-116, then post-bond temperature increase can result in an increase

of internal pressure preferentially between contact structures 122 and this portion of
the surface of die 114-116 or contact structures 123 and this portion of surface 113,
and result in a decrease in internal pressure at a given post-bond temperature

increase between contact structures 123 and 122 that would otherwise be obtained.
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generated by a post-bond tenperature increase. For
exanple, if contact structures 123 and 122 are
conprised of copper with a CTE of 17 ppm and a shear
nodul us of 6,400,000 psi and the portion of the
surface of die 114-116 and the portion of 15 surface
113 is conprised of silicon oxide with a CTE of 0.5,
T&26hi6 ARt 8&kre da%le Tl éfﬁ'cﬁz)res %@ 1A EasB bBRkn %ﬂthttsHﬁctures 123
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structures 123 are bel ow the surface of die 114-116,
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an?ﬁalggz Zﬂﬁgglgﬁ%r%&; hgé% ; gm@ahsn B SRbled BRFcraillyheamioatact
structures 123 and 122 w1th photons of a preferred energy. For example, if substrate
110, die 114-116 substrate, thinned die substrate 121, device region 111, or device
region 118 are comprised of a semiconductor, for example silicon, the infrared heat
source can be filtered to prevent photons with energy in excess of the semiconductor

bandgap from being absorbed by the semiconductor, resulting in a reduced
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contact structures 123 and contact structures 122 so
that internal pressure increase wll be primarily
bet ween contact structures 123 and contact structures
122. Further alternatively, if contact structures 123
are bel ow the surfaces of die 114-116 and cont act
structures 122 are bel ow surface 113, the contact
te refﬁ%rg ERSeds€B8Pthe g%&%%&%&n@dﬁd@@ Fhe B E%Hr@ ﬁféré%)(e of
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struc{uliJé: ?éj f& s‘?’rfl&gr%o% nt%i%‘u%%res fi"lédgltdl lﬁﬁalr%é%{n.aégﬁk% is similar

tonheuﬁ@i cdryadﬂfl 27 porttiaa tof sirfacetiuB e A dd2dnaipdic edthtexpodsed contact
single contact strucfuyre 122 w thout cove

h
StRRTPFOK T et P DY e ae itiEroemasien s herpsoge With SAPPSER
co%%?t 59 dithitafld BB %@ﬁdlﬁ% L)?f died 181 1ri g lvﬁtﬁ%ﬁ?&t coi‘éd’c’tjéﬂ'déﬁﬁ'es 123

may contact a Si e contact structure
toeixpbeed cpatattisaubyreo22. rFIGt $9@ i ustretey a fdled lvnagwh c@ﬂacztdt24
sfructure 122 na contact a single contact structure

withoit ap Ape{Bire LB al |y or in its entirety, or a single

In this fourth embodiment, a via etch followed by metal interconnection is

not needed to make an electrical interconnection between contact structures 123 and
122. However, a via etch followed by metal interconnection as shown in FIG. 19A
may be desired to provide for electrical access from the exposed side of die 114-116.
An example of an application where this may be desired is in the flip-chip bump

bonding of the exposed side of die 114-116 to a package, board, or integrated circuit
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10 contact structure 123 may contact a plurality of
contact structures 122. Follow ng the single nmasking
process described for the preceding enbodinments, the
structure shown in FIG 19A nmay be produced when a
plurality of contact structures 123 contacts a single
contact structure 122 without covering the entirety
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similar tosheg iptqvwa |end>pé1mﬁn¢mbeé@<rs shetormatieraed via 30 wiktthe es
egc&p?%%l nﬂacp ngs 1% Al ?7 1€ PPBP ??3‘ taﬁ h&‘?ure or edge

ex 0se cont dct 5

thaoonbiriags v sduere]gna@edﬁz&h\mﬁdact@memst Wﬂhamitan&penﬂm’e wres
123 to exposed contact structure 122. FIG {%‘?%5
overlapping see 1a thisembgdippent.goptacigimeRises 87in diodd-86 witht

s@?tg%@ ?g{t R0 ﬁ%\g@eore Fl e Shd il kd s rRedh FRA dev?ce‘f%élgn

interconnection i s not neede
81,Gubskae §0) aﬂ(ﬂ emttaat ctlctires 82 c Gontact stowture 8 Wegwstontdiover

oSk ns 323 g, AAE: HRVHek @ Mhas el ol g
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exposed si of die 114-1 0 An exanpl e of
arabb] ommtaohstmmr@ 123 smdalytOttbatdb@wn auFiGs.ilg anﬁé9 Note that

bondi n f. the ex sed
o BP0 B R e OB s SRRRE I bt g,
whichGs TRK®@ated BLddviced6. THIBNSLBH ﬁ{hyb@oVYfaQB tHeain@Contact
structures 123 or 122 and this package, board, or

stiuturg configuraione IGS. 2PAeand Q&Bearaﬁwraﬁsﬁhpwwp&ﬁgtamwm
oo R R Y BLRRRR g By oy

edch @ eheAlié ByisdedtO b stibvtae: wibitave &id sans, cohtaet strichwwel and
devi ces fabrlcated 5 therebytas shown _ in FlI G, 18
%

cqniigErtiong 1 dievithshfferent qoatpct steictures ae bpidad;tg fae same
| e Shih RHARAE Bon! S
BRSSO I S0, SRR S
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50 with the
1nvent10n Where elther the same or different structures are present on a substrate, and
do not necessarily show such variations.

Patterned hard mask 40 and aperture 41 are formed as described in the first
embodiment and shown in FIG. 20B. Via 55 is then formed by sequentially
anisotropically etching remaining substrate portions 89 in die 84-86, portion of
device region 88 in die 84-86 to contact structure 87, contact structure 87 creating

side surface 79, remainder of device region 88 to surface 83 (if needed), and device
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exception that contact structures in die 17, 108, 117,
or 123 with an aperture or edge 10 that overlaps via
50 is replaced with contact structure 87 w thout an
aperture or overlapping edge. In this enbodi nent,
contact structures 87 in die 84-86 with substrate
portion 89, device region 88 are bonded to surface 83
régm ldﬁf" ﬁééﬂ%cgetg Qﬁ}act%@ruc Wi tﬁ@exc@%t‘ijonccﬁfgt&ﬁﬁ contact
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same substrate, certain_ process variations

be . .
devagR ficsion S8k Hied-JipnesdsviRs T68i0R 81 p ARG it é?rgﬁrlwg
s%ﬁ@&g%@ﬁﬁfn‘%‘ﬁg ¥om§ﬁ§‘edfdfgﬁfcgﬁ zﬁ'ﬁ%@&@ﬂ% ﬁo‘i’tlbr{sl dﬁl‘é{/l%& e

I'nvention where elther the sanme or different
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Ly h h tt
SR RO LR i
st'sfr§tE Poﬁ{m‘%@' 4R HevRE geg"t&%m dnd 81! fad 28Boriné-Base® RIIB etch

then forned by sequentially anlsotroplcally et chi ng
canémmlsndtlgetshlb@tta(atsafu@tmet87ons 89 in die 84-86, portion

oAb 58 R Rofdp B afR Bhog e

8B USpreeall), thé SHlInEes ardéotfbpidall@ efcBed titowh dubstedis H@rtion 89
83 (if needed), and device 31 0 region 81 (if needed

andragstapeatter seachiog dewice rgioy $% of pentiswe de idsvice Fegiarcdy While
stié%ﬁ}lggﬁort Stdoe tcyggﬁlc%f: §I7 hﬁﬁf 31i$ r%tgﬁ g@ﬂn?edeﬁsc %%mflgh@.e

descri I ment egar di ng

200 orahiéss ivo opdes, fot @dpkaﬂmedaéonmn startursd andcdlwcﬂy 8dndedrrontact
RIE etch that etches caonductive structure, 8

stEysfuges: | hayer 46 may e deraed Ay drrgsitae ar uulajing }?é(F‘rdS"Sh Aadk
Sy AIYSS AR B RE S A U a5
by, Horcdsmmpl d) amsommaetchmgr It uereaiBdertod dewins segenpifsadl contact

st%g?utr% p{’ez«ett{:}% it 1615}2 t70 @%lﬁgeg WI ! htﬁ%c?lﬂf?zté&g%seshg%ltnll %?G 20D
(left side) and the remainder of device region 88 is etched through to expose contact
87 in FIG. 20D (right side).

The subsequent steps of sidewall formation, electrical interconnection
between contact structures 82 and 87, and via lining and/or filling follows as
described in the previously described embodiments with the primary exception that

the electrical interconnection to contact structure 87 is limited to a side surface 79
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and device region 81 to contact structure 82 (as
needed), to be etched wthout entirely etching hard
mask 40. The etch for contact structure 87 may be 10
substantially different than the etch for the
remai ni ng substrate portion 89 and device region 88
in die 84-86 and device region 81. For exanple, if the
B R e L G M
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reteetchln of ¢ uct.ure. . 87
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inkdHE RGBS deaufaf07d.i On 89  and can stop after
reachi ng device region 88, or continue into d Vi ce

r egl The @@nwﬁﬁ: pEsidevall oppptien wHIE: 200 ivHmigeto Betmeionsyy
g&vmgle % ]§eé§ tﬁef s%]ex;a(i’lr’f?a terfiR baRIWRidndd leGubstéén ], %t

or separ contact structures and

atbve @ehthdt dhaoiesd 170mheetchins ¢6fidd 65 éﬁougtaymtacVﬁrumye B@, or
formed by depositing anlnsulatln% éq%suchgzzsal b
ﬂmughc,tbﬁrqga@nd@twwwoatassstﬂmrs\%&n GO SragtuLso4 gq8 also be

sl a%ylgoioftrrog{@ doldGe E&lﬁ%& @lfﬁ&m‘é’ & 13 Efompx velyQinaB@i8ned led%e

Ic etchin e remai nder of “device regi on
2866 theaopsidd ofDnaict statcture 88 To sdecethe reercommastirghistapce of the
expose .c

82,
SRR GRS Uiig! PRt e ey Pk YT RS
W? %%gb&&}gﬁ)ﬂghnér ﬁ%ggﬁ@ Brosf8dc@idh of 9ib I5NaddHewndAPIG. 20E.

right si sequent steps of si dewal |
Afs@}emiw sidewad] Bt siniilaato the s@r:welﬂa A& dermsd as isbeWi BnF 16b $Kegan

SR B BB YR LRG0 o

afSRAi A6 contict frdchfe BT (. ROE X6 Ridep nThdﬂﬂ)&*maﬁdireof a
electrical interconnection to contact structure 87 1i.

sdléative eidewell 77 oftgeetehing g€ eontart spuguiedsyethapgs exposed side
| cal | Bot @g
RGP G045k 01
expgoRéd ﬁB@WﬁrfaﬁB 78 Iad&wxhtbct%&ucmrd:ﬂﬁ T}Bd\cmph(&Bpn oan be avo1ded
sidewal | 74 shown in FIG 8J where the sid

b eSS o FGGBHRE b CreneBRAN RC Y ST e AR S g 79
o Syt 7T SO RRBRE G By Ry PRUBhEIAERIER, P2 o
nﬁﬁwrﬁfecmdﬁfﬂﬂelectﬁdalﬁﬁlntemcaimbetlﬂg ctontacm:tr@ugeseh} 4ngd 17 but not
cclglﬁellcgqsntgré a&lﬁgggubgégce 1 shc())van i (9 %\6@ llné?corﬁgéct '99 pIRARASY
above contact structure 87 but below any conductive material in 88 or 89.
Subsequent to electrical interconnection 99 formation, a sidewall 76 covering
substrate portion 89 exposed to via 55 similar to sidewall 70 in FIG. 8A or 8B can
be formed as shown in FIG. 20G where a sidewall thickness comparable to
interconnect 99 thickness is assumed. Alternatively, a selective sidewall similar to

sidewall 75 in FIG. 8K can be formed as shown in FIG. 20H. The remaining portion
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i nterconnection to side surface 79. The exanpl e of
sidewall formation in FIG 20D is simlar to that
previously given in FIG SH where the sidewall 72
extends bel ow thinned die substrate 21, but 10 above
contact structures 17. The etching of via 55 through
contact structure 87, or through the region between
mgaats%sm fich e Iifof vith A8E GAMeBSHitShEMLAT @133 BPdieRLER

e slightly isotropic above contact structure 87 to
asf desonitedvie pyevsorslembodinierdd. i gned | edge 28 on the
topSJlrge of ont t struct.ure

| of oris feelitkdite i o fHteb< By kel Prerineg
m@luac%ruu@ abt liAfted fb%@ﬁﬁ&h@&ﬂ&%s@@ﬁ&éi@dnn%&ﬂr@ﬁﬁﬂﬁ&s 82
15 without substantially increasing the
undegyunpwetallization twslmp% wirgbordingar flip-chijcpackeging aﬂ\descnbed

selectiv I
gt SEORBRNE, I et e e Sohl BhVFNRHIos Roc2or
mey aRkb irlefe the Bén’ct@dt sttiftues dokfighfed & BowaQir did 8.t or
right side) or, after etchi?(g&}of contact structure 87

( FI GA spii empadimegt gshowrrieFIGY. 24 A-DE wherg theentise diey e
[ hHaf u y/

BN BblioR 2% bR pBARA0T, SHEHEL 1622850, 100,
12ig irpprieedue ehbodiatentsnmay be rcrméxedtleavmg a lagtrerfalenites; tai oineuit,
bet.wee osed side surface 7 ont act, structyre

OTgCITCRF 12y o o\ LA AN EinSU étf%Rigﬁg Bas etrﬁ%“’f‘65 hitithon

cd?lftac? Ltﬁ%tﬁﬂ% %2 ' ﬁqu3qg@%%5ﬁ REViRDa @@&1@@1%@1&1)(1@‘83 Ehtsd de
surface contact structure I n"a manner

stmctnresa}r37t and wé)stfratc pattionr] 23 fnoetequtrcd fmlpmmt eparamore ctonpact

t | | t t t t
13577 65 i i s e £ g P At g Y B 5 138 and
arSdpRWird Mayb&tcHedMerclRO®IC ARt 188 cadddRNdRNDie BRAOVRS

contact structure 87 but” bel ow any conductive nateri al

arp hogdpdde seiraRuigdauainiace b3asebewndaFIG 1. cBWrﬁ@b%tr%%lﬂ

s e o s R R R o B B Rl e
reflot.138 As eliowiBinCRIG. 2DB. The feshbaso AdipsRubseqidn@y réfifired to
where a sidewal | thickness conparable to 30

etethe glade grRRse cglgta?trﬁtr@m@@ﬁ oz an pgefrical ipleraeanediieny, a
G 8K
b BNt SHARME b cBbitn Al Qe Rk rpifiga K
enplardimert coﬁﬁ)a&daé thd medbucanbddimentsdué td the dacki df Isulystxtated
or. |I£ed with netal and filled with dielectric as
PR bed in previ ous enbodi nents. These resulting
St USd Uk eapRI f ﬁ@@lé%haleloﬁbf&{e &%&gqgmhs@ﬁsogﬁw i)
i ncl udi ng Buf not imted to photolithography-based
stemoefatdumneavia 12006 exgpse poﬁactrsdsptbcm*d 3dendl1BY metimphified

e&g@g?]iﬁ%%\g r{oes% st(rjalltg 801%onf1517 Qhr%ﬂlglp wglac%kaa\% Psgreguslred to be

etched. Via 129 can thus be substantially less deep than the vias described in earlier

embodiments, resulting in a substantial reduction in via cross section and
corresponding increase in via density. In another example, in FIG. 21D, where only
one of the die 134-136 is shown, the step of forming an electrical interconnection
128 between exposed contact structures 132 and 137 is simplified because there is

no substrate portion 127 that requires a sidewall to electrically isolate electrical
34 °



10

15

20

25

30

in previous enbodinents. It is noted that the
structures shown in FIGS. 20C 20F nmay al so include
the contact structures configured as shown in. die 86.
A sixth enbodi ment is shown in FIGS. 21A-21E where the
entire die substrate portion 127, or substantially
all of portion 127, simlar to 19, 21, 89, 109, 10

1nFegéunnE&}oﬁdl%‘3' PHS. ﬂﬁ’ﬁﬂlﬁt‘fr@c% fhis RV dRBerkSHANGH lc&ﬂé(étng a

evi Cces, circulrt, or a circult | ayer In
stnicnsesehdnddi imeditect ecuilmit r Btiendied thaathegtuctoes sheyindn F 1@& 21E

Y D= ATk SR ARt areROPR 45730 i i

toToRMES uuRQ 14QRd 427 i0ptG.riequi red for proper
operation. Contact 137 is shown having an aperture in

di e Bdnplemef apphcations whereithe extire éreﬁubﬁreﬂ@ portign mgyde15

be et che r t
repp B b S N 0 S SR T Rl B Byt
pokBbh 8fsasdIdsas Aotha&3d &6 a%ﬁ@él\ﬁaﬂsﬁhtcﬁ{ dpotldt AC dbliee fabbishtiat e
127 is renoved entirely by, for exanple, grindi

and/ Bie syarctuses regplting o the Sl@}@\ﬁ%@dlm@@ 25nalse @I@P%fﬁbm
d
bR MBS AL eh aaRmERb ey 1

inffcophed troutirgy oriuntiedbomp medallioaticiGo lseppmmlrelmmﬂmg or ﬂ1p chip
structures i s substantially reduced and sinplified for
packpging andrsenipRdn PEAIEEPOBNENE previ ous enbodi ment s

due (t)fllxe} D&laltlgﬁé(tootﬁos%ublﬁ%vﬁ% FIG@ ol 1tAl-91E %%Yudel:&it are not

exanpl e where only one of the’
lirhBéd tb3thobs deshniber] inteadier stbpdiofents; fiviengmpleyvia fﬂm erovia

g Rb S a pRe sioes i End P00 intEhobdstoR i s Sonad

stI\MEhﬁé‘ec?ge\Qs 3hbwn [FANG. NS dbérﬁin?dle QihRsker drRact #Pudt@es
be substantially | ess deep than the vias

excpesetdras tshowi in EKF.| 1i7eand FéGhbiondietand watengonfasstrystuges
exg8§ ! an%?]\eﬁl Hblgf&ﬁ Cl?é(ggrgéllcrt] 1o 51*? e)?pé)géc'ds s1§g &Irra%g o?ﬁlt contact

In via

st@éﬁimla@ shéwin il @G.200s awbeosiwal y one of the die
134-136 is shown, the step of formng. an el ectrica

| nt eh sovamveTbAdiBEntOEghe By aRIiGH ig sheyeein WGt 4¢4-L and FIGS.
234 kY CN(%% ﬁgﬁt fiRssu ge é&li%% §ttrla tﬁﬁ@lcbflﬁgﬂa@%i@ li'ﬁ%tlraﬁﬁrb%/ dié

no subs e por ron requrres a si
148l et dies alalythaistheatme ol diffarént abntdet structurecandignetibn oma

128. FIG. 21E illustrates this e ncl udi n
subgFiaend cRiLROEESE YAHHIDE @%Yrbed}egg%f whe g é%fem pqntsd
stﬁgfuf& datrgﬁ{a ndell®o fef Ul $iBstHROWR disBusstdEbovél Sgbstﬁ&y 149 B8y

e the contact structures configured as shown in
cotitagn d®5ue1nws H4al 46afindicatedondashed Eneshstnarated hpscriadllewp
3§ nEacL of die 1%4-146 has contact structures 147 located in device region 148. It
is noted that the contact structures are not drawn to scale, for ease of explanation.
Contact structures 147 may be separate members or may consist of one member
having an aperture therethrough.

Contact structures 147 can be formed by conventional methods of metal

deposition and liftoff or metal deposition and etch. Alternatively, contact structures

147 can be formed by patterning and etching through a pre-existing conductive layer
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5 Exanpl es of applications where the entire die
substrate portion may be renoved include sone
silicon-on-insulator and I11-V ICs where the die
substrate portion of said ICs is not used for active
transi stor or other |1C device fabrication. The
structures resulti ng fromthe si xth enbodi nent are

o %ﬂﬁﬁ'ﬁt{oﬂ?fﬁa{t B%sf?t'i Wit 'nrbﬂ B drag but
no gra ase [ nt er connect

condudtivedayet. Hnﬂmﬂquf cmﬁhetl stnuztatesdﬁms:plsfqnqddy followed by

R e e P e e T
snlnﬂml: foEat &aeﬁo%@acgsti'd%ﬁlré'sdﬁ7 ﬁ%LHevﬁE St 144.1 Aityyehit O,

ose described in earlier enbodi ments, for exanple;
plenaizhiién matpriak is wiliwon bkidie figrmzaddyf plasrmq@hagceﬁwbmlqahvapor

adpeiod i fgicaleRydits 1N RRIT PR VBG5S Rg OGR!

déédr&h 081 8&vicone e1SI5 1U1ﬁ pb&fot OXAEE @t RSmEdDVertath areas
FIG 17 and FIG e and vvafer cont act

ofsubsfrateit 4% Ol‘mwé@é@iela@ff@ﬁé@m in FIG 19; contact to an
g)r(]go eV%ia 1‘?’1I g eg%? d% 1&'&%480%@1%;; f%flé Vl%tlﬁﬁl%ﬁbraﬁy done

atamfﬁchcm%npn@fto tsﬁ@ulaﬁu@ of d1@ﬂ44$146lmdmg slcnbd:dd@s 3R 2iAtd
and FIGS. 20 23A-K Note that the surf cont act
indtviduat dieso dlatpll yigs omjadiic gn mwaﬁ%rtqaa@é atogﬁf sipquiltanopysly.
D 1449 8% amuslf'fﬁvg all H‘Elﬁﬁgg&et&{ed‘%ﬁ%ﬁﬂrﬁ%sﬁ MaREhatively, at
Structure configuration in a strate and certain
sepmmetaﬁesviﬁmﬁm%m ariggndtefrometifferenheafeds fThervaastare
‘g{aructures are bonded to.the sane %tucf? strat e
prs fach tﬁl% rallsifeqnsumg a UGy amOPRtE of 4eVise deeion
EﬂéﬁQ‘ 2R hdduddbid iqdi cated by dashed |ines) separated
y scribe alleys 25 38. Each of die 144-146 has
cont Bt castactisttuptwss ihAdie [ &-dte dlalvmlaﬂé:m f@@ﬂ@(blgladnams

d.that th i t d
sipgartodpdl derioed pie GROERTREfp Bkt e KaPBlret L s
pladhfizaBoh RatePEPET 18k Pattd bR QEhcdRY fEANS Vit 50fthrongh
menber having an aperture therethrough. Contact
plenarizetion waterial7l Yata cb@dmrvmtw dohoethorsrialFetdds
e R

14790159y wighl abb gxpostd side smoands efbtlbwe@ by furtheg btching through
pre-existing conductive |ayer

conbi _pat
deyfcegagipnfd Apd intrisyhstrate 148 ,%Eqrfni Ha 9@5 i ww&ﬁ@ #fﬁo e
i
T ot RN KRS RAAS o DREARIE AR QARG Ia 153, o1
Plafiarizafibanmateiial h@l inay elso bé peftened amadtthedite bbrat viag) 156

di el ectr
exposing two &e((:iggsa O as SH’IOWI‘I m FIG. 22D, vias 157 exposing one ledge 160 as

shown in FIG. 22E, or vias 158 where no ledge is exposed as shown in FIG. 22F.
The patterning and etching of planarization material 151 may be of an area slightly
larger than the aperture formed by contact structures 147 (or in contact structures
154) resulting in a location and lateral extent of vias 156 below contact structure 147
given by contact structure 147 (154) and an upper portion of vias 156 above contact

structure 147 (154) slightly wider than the lower portion of vias 156. The ledges
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simlar to that under contact structures 147 in device
region 148. A typical 5 planarization material is

silicon oxide fornmed by plasm enhanced chenical vapor
deposition as indicated by layer 151 in FIG 22A. Wen
surface contacts are desired, as in device 146, |ayer
151 may be not forned, not formed in certain areas of

1 rand s'i ts%r%g'é)lﬁo 4f f@%&p&ﬁ %I AREN 21f)ecﬁle rdvedled@ d¥BYoWE in

res 1 t he via I s
Fl@. ebbr atiteynadively, the(atternivef and-eschingof planapizatian material 151

Ak DY P e RO Ot S timn B4 a T PogioR Of e
1035%%‘?{ Qqﬁeﬁ?eﬁt‘:ﬁhﬁ%eﬁ'lw |g§@ﬁ%9/%%hbéct s’u@cﬁlrélfhﬁ‘?L @1@6) &ﬁﬂhe

ave all their vias etchéd simultaneously,
up;:let portiat |of/eiayl 57 ahghtgewaieath@ntthmwer portipn. Dng lerige 160 of

na
cofact WPTS 147 ARl LRI CoT PSR Ear s’ boc T sfihur 4T (4
areméared Oofs sHEWh GEFIG 228N Alﬂ&namb% FEGS. 109 and2B kst rat e
140. The contact structures in die 144-146 may al so be

Pﬁftf@rrm andretehing afiplenarizatipn meterig! { hHlamay agicgviegap any portion of

SIS L QAL R BOPREMAEE b B RIS 15 o
gited aoqtaoa sthictulleNUOYO3Y) apd anaﬁewmmgmldm&cm 531&Icontact
conductive material /154 as_shown in FIG 22B, 20 )
strugtureswd (byeas show iEI- 22F h Kigls @*Htegéli*?d GBY nge (FRPEFE &
¢
FIR 28 82 SO0, GUBHACRS VA TRG by fod Bty
ettivdao gluffibéant depth egct}uhat]smasezquelnu thmnmngwkﬁ substriate 1M0®ft o

f I, 5 h
SipUAIE] 1 olp do B Wkl 1 afiee boufhs de' 134146 0
sulbfacy 1 8 dObstrdee ‘M@févéﬁﬁ bRV APL R, 1 §F addPdr m}’asaéh‘éQ/nhﬁ FIG.

patterned and etched to formvias 156 25 exposi
22@ ﬂ;ge»sas]l66 and csmmmctuwscw 1033) fornzesl apsiowR ngIC%gQZQne

I ed §%§%8§ Véasdeﬁlswll?y iR Zé&étr%é?\éésal%'?ﬁg?%%er ni ng

stﬂﬁﬂlr@'l ShibAbotRIpiORN d dedirbd Bxtem 6 Fored a a&ﬂammd bﬁlg@fl 62n
htly larger than the aperture forne

area sli
thc backsiste 0% ppl@r@mtrégtunewl 47 6F54) s slnrwmin F16x. ﬁaﬂtfelf ié@ 1 5454)
Ll a
N e
pr%ﬂlﬁddaC\hz!d 1 @3 1’14176 icdtbdhic atohlingan! im;hl‘depbﬁ dévice reglonllaS 156

Bl e s s
oAEPURAES 163,06 SEh B a4 (g
etpiihg esmbearhiaved by alidifyingf the bieh @pnditivnsorsedita efcl alas 153 or
vias 156. For example, if the etch conditions used to etch vias 155 or vias 156
include a Reactive Ion Etch at low pressure, a similar Reactive Ion Etch can be used
at a higher pressure. The increase in pressure required to reveal the desired amount
of backside of contact structures 147 and form the self-aligned ledge 162 depends on
a number of factors including the thickness of planarization material 151 and depth
of vias 156, 157, or 158 and can be determined experimentally. Alternatively, the
isotropic etching can include substrate 140 but not device region 148, resulting in a
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may overlap an edge of contact structures 147 (154)
resulting in a portion of the |location and | atera
extent of vias 157 given by contact structure 147
(154) and the 5 upper portion of via 157 slightly

wi der than the | ower portion. One | edge 160 of
contact structure 147 and 154 and a side surface 153

sl ke 166 YL RpE e PO of RURGTEHETLR on 35 packside

of dvatacpsiicerrai 1Y @5d) sideibrgviafl 68las sawwiz it Fl6h 2%kt Sriikar to
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subsequent thinning of substrate 140 of si ngul at ed

dejiiee regipn 148 and subsiratet 40 imeamprinsd of asemirgndugfqrefor example
Bondlng die 144-146 to 15 surface 143 of substrate 140
&Peal s the vial 156, 157 and/or 158, as shown in FIG
22G pgrer formatidibsf i a @ontsalettivi dieletttic eileddll 170 ok be
formed as shown in FIG 22C. The etfhl ng of the v

fogard Ardessiibedontthe: firss pmbedimentto pheptrisally dsolaie puhstrate 148 from
AU AR, OB, sy GRS i
22QrRlac QZK]Eshwt ﬂfe@aglﬂlé ft()ﬂ.ﬁé)l 63 dorsiedvas shcvsnglﬂrff (€272 fﬁo r
155 0 ce via as., shown
pq\éhgm W 19b I’ltgé?‘lg?ﬁ 44 1@6‘;618%1\‘9 diclegis Brlgé SRl ig
sid&all a—f]ges'cﬁgécf thé: fifdh Glﬂb@(ﬂnﬁ:ﬁf‘add%b%% Fis. thhﬁﬁ al)so be

region erneat h contact structures 147
fommeld t A@cesetblsrtlg aias, did044-046 enccinguldied, hbddsgrdand nded to

t t 147 24
G T o MHE 0 ek A R L SR8
ABRLfiViNdié 1£1-146 fha§ BB BbhdeAnpithte ding@lagbit NFot e&Sm@&'ﬁalO r
25 vias 156. For exanple, if the etch conditions used

eltture e»taéﬂn oy diggnasbe bondefl 42 gubstraterveith @ singleplasemenidnstggd of
T AR e

plBh&SSHLE: fefltihg 8O the ERicaR] betWeendis. Sﬁiﬁktratmuﬂtma)oﬂso
back3|de of cont act structures 147 and

f
ccg)éam samta@tﬁérecquéeé et ngAleepepideice l‘aglﬁangggq“&fe F40ds dhea
0 % 15 g | ‘l‘;;% 151
p(ﬁiBhﬁngbmdnﬂg,p& ﬂeama [ﬁlﬂﬂlddysubsﬁd‘at@dlﬂdﬁl il \aedl ygvetlhaas, for example
i sotropi c etchi can ] n St 140 t
Vides ity pl?%@? ormeates SRR i G 2t and 2hgvd a PR 2ReasB-
Céﬁ"lg Strat géf's‘ gg% §1|§ bé Hﬁhalp@ﬁﬁ {HRboh8 SudhcedB ¥h&Pn HEBIRN3A, or

recessed to the bond surface as shown in FIG. 23B. A contact structure 142 planar

with the bond surface as shown in FIG. 23A can be formed by depositing a
conductive material, for example copper or nickel plating, on the surface of substrate
140, then depositing an isolating material, over the conductive material, followed by

a chemical mechanical polish to form contact structure 142 and surface 143. The
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of contact structures 147 (154) and above via 164 as
shown in FIG 22J. Simlar to FIGS 22H and 221 as
descri bed above, residual portion 165 of device region
148 on the backside of contact structures 147 (154)
and above via 164 formng a self 5 aligned | edge 166
results with isotropic etching to a desired extent

p(ﬁl%h ?%Yg %?ﬁlte%%édu 1&/% %‘fattéHa? fs éz]réiﬁ;a%r ei&)ng %Hlé tothk gSfléﬁrxgte of
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shoWhliA FEG.S23 231D, drd frefetddd-to facﬁl@tateaabseqnem clagtrizall 42
planar wth the bond surface as shown in %. %@S 'L
infrscanaperion e erasostact ﬂglcalr%SomL?@fiu 13 (k) slepcaibed pglow. The
la?e)é%g? &O&%ggef Zf%mﬂl't ﬁen tdigs]—: ) %Qx beol@ss tlﬂg% %Vé'afté?'?&nogr equal

posi [Fat 1 n
torﬂié Elterﬁﬂ extepy of vih 165 depadidivig onethma&lameeshze dfofiid @Aﬂnﬂ thy lateral
hem cal nechani cal polish 5 rm contact str

exiqm of M 1dgretdied ag ahownrin FlGig 22(C For example, when theulateral extent
of via 155 in FIG. 22C is less than the lateral extent of via 63 in FIG. 23C, the lateral

extent of exposed contact structure 142 is greater than the lateral extent of via 155 as
shown in FIG. 23D. Alternatively, the extent of exposed contact structures 142 may
be widened after bonding, thinning, and revealing vias, for example vias 155, with
an isotropic etch of exposed device regions 141 and 148 to contact structures 142, as
shown in FIG. 23E. Alternatively, exposed contact structure 142 shown in FIG. 23C
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polish rate of the conductive material is preferably
conparable to the polish rate of the isolating
material. A conparable polish rate of the conductive
material can be obtained with appropriate selection
of conductive material, isolating material,
conductlve materi al size, shape and area coverage of
@% Qi Qrb &4 fhdt PAY BIRHEES b
mhgsfggﬂ yu?%ﬁga‘;’gﬂnﬁlm a: m%?sfcrl bed i n{,t he f our%h
dammahmmontaéi sterchat 1 42| qur examplet d@pn@cwmwwélm
reces to.the bond, surface .as, . shown | 23B may
CORRETTGR LAY b Y PO SRS SO AR BB ey

so?ﬁft?dﬁgluged to%'chi‘e@@fbo‘i’lﬂl(tegrﬁ)erafnﬁle lcovaeht By nding h Al ekainple of such
nmechani cal polish of the isolating material that 10

a ﬂinalaarpn iz sdicoh exislathiag méiytbﬁ fewneschyt RECYDpdthestead glechanlcal

et e St 5 b g el e PRk 8,

whthé@ rr&ﬁbwg kaid t16R MyRE fromsddhu{ét sthetukd 242. e@‘l&:@&ﬁdlayér may
surface 143 as shown in FIG 23B may be forned by

then pg remavsd @ﬁﬁgbqnd@lgcﬁlaﬁéﬁlé@@ sbsirafe d 49 and Fhﬁmné&%"é’atf?tﬁ
léi:d ﬁg‘ Y]e?éﬁhe As a%ﬁ%gmp %1}1151{%% d‘iiéeﬁﬂﬁfr tqul ?ﬁd g(?ﬂ%%gfe%bf@l%
in layer of i1so terid

1nQHe rabge 8110 0&@@0 254310&131@% slmplFﬂy@emaﬁﬂ\aﬁer Ifewahnng tie e
143 shown in FIG 23B. A contact ., struct

142
" oceliduanedsle ﬁ@bs%meu? p%eoww%%veawg EpaE styuctures
lﬁjﬂda&ﬁta@tsstﬁﬁg%&t Céﬁll (n Q‘ﬁ %ntér@érﬂﬁgted {46t (R &FRkBon 8Y

patterning an nari zed dielectric
cmﬂhetweahatmoal@xzpﬂqmmg)m stsuatmreds U4 2ard@nieict Mnxqttggs By

Th di t hi t ul
(15 R Boeatrn i wied et T issenande S Beb g,
thirﬁlea %é: éugstra%g’g coh}RisEX BOSHERM, O 1s%&ﬂh§§fdeﬁrhl'l le!lébﬂﬂfc@ﬁy 142
154), for exanple as shown in FIGS. 23A and

1s<21:8tb;1g ﬁmrmeprdeé sibsteatetl6] frani ¢anduetivesndiend irtgrcoanesting cemtpct

st BROER pBloBT SR eria U p2uie lerets ffsgonghthe
sefit 8 6idewhll BEdsEBbR eafiRr BRbbEERNINRM exghplatkriewn d0,in
or equal to the lateral extent of via 155 dependi ng

FI6i8. 8eorr®d, gan he faymed afer Randingfghie 1 44444 peqpent
th?rﬁ I?%ﬁgf (ﬁg 1X4 ?4%?05&?\; & eﬁg]e&lﬁlesslﬁg%%ht% P61Fésg‘h$§/équl E@{Z(%\F for

exten VI a
slaéWall 62 WﬁSrSeiﬁ@@éd tdigack sthamak 1R isspibnanfo wiréac6343 nsirﬁil@ to

C, the | at | tent of d
thaiggion 15 it S WA SR FPERed A Ph R Bk ot i o
51§$WMfo afidibeféreBonfin g%g Rl g}e%ouglpf?n 13\ QQtK 8f FIG. 22L for

exposed contact structures be w dened after
v1la a68lifovgedtas showmiy, Figh a2t ede aﬁoﬂahlgg\seIaStJVdsmde“@lleﬂmpilér to that

aeRehia tefibembadiaeng Siotece 6t hihfe BRTREC AR °°

su%Qt?zWe dn@ rExle@hng%s ch¥ 4188 B@ﬁée\de |A}é, de8%Ra &Sl prAuaCt
structure 142 shown in FIG
embodiments, 51dewa11 formation is preferred to prevent undesired electrical

conduction between the thinned die substrate and electrical interconnection between
contact structures 142 and contact structures 147 (154).
With contact structures 147 (154) and contact structures 142 exposed, and a

sidewall on thinned die substrate 161 if preferred, an electrical interconnection
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39 0 maybe protected by a thin layer during a bondi ng
process that may otherwi se be detrinental to contact
structure 142. For exanple, if contact structure 142
is conprised of alumnum it may be conprom sed by
exposure to ammoni a- based solutions used to achieve
room tenperature coval ent bonding. An exanple of such
bétwaei Borladt aiv@dtudes 187 {1529 Bnd)é‘drfﬂ&t bitadtureRy4Deanl o fimit By
PECVD. Chemi cal nechanical polishing of the thin
fqrmylg cqpdyctiviegpatpraal gypreenosarkivpfaesspigontedt stragtusas g @ad 147
[ I
S AT SR S R BT okt A BB T .

c@‘pbﬁ midkel)dhdgoldi Th¢sdmdb dad bs lﬁhﬁ‘teﬂaﬁtﬁl d d&rieandf methods as
th|nn|ng substrate 140 to_reveal the vjial and forﬁi
deseriberoid carlier smbediments. 11ds formatian mRY Eesplt 8 VRS of Hien,
r A :
oBst i HRMBLe Rof Sl ith BHAGS ki 78 Yot in
FEKu28G. dkles db/rage nwbmnﬂued lm/&selﬁ’-ai@ad ecing@rind stithout
res 147

str 42 and cont ct st 1
s it e Bo B, e T o BB R PP BTG the JyHaRiLdip gupsirte
16R& Rl o RY&ET & AR @bﬁt&cﬁ@@ﬁa@&haﬁff Wil léﬁﬁcﬁlc@tégnﬁthlal 52is
contact structures 147 (154). Aternatively,

retrivivad Sundthemsd dist suasttbata_ 641,ias sy inctIGy élef ?thdhﬁ‘ﬁlléa
5 ' ' |
el 15 odssiagrroet SefphBafrgP el 168 wafiiain

FIGi. 223 Ubstucai &sidfilhr {0 080 ot us FIG23Teésalth after bondlng die 144-
|nterconnect|ng contact structures 142 and cont act

146 tow@bsttfaé%lﬂapd(thmmg of spbsiage 48cto rayeal wias b4 angl feon-
thzrgpgg g?ﬂ}%r% 651'6qu?1 Jl )gasosgcg §o§1t%c? ‘é‘t%lx#nﬁ‘u;g% |1§ ﬁé‘i‘aééo Stér’g'flce 143

sithifar ’@)&hatb;ﬁo‘ﬁ/ﬁ ﬁIﬂ’EIﬁ aa‘stAe rR&dal pertioh 165 & thddprbfatdndemoved
subsequent 20 thinning of dige 144(% to Ieave th|n ed
with an apiseiferi¢ efch da repesiip s seli-abgesd ldge 3gginst eot

cdifac r’g@gtﬁg P@eﬁq %&'ﬁhg eg{:élg%q d ie%l%e | '@’( BL 1R 1'hq3 G.

sur ar to G 23A an
23/ia 159 fornmed as shown |n FIG. 22H, |nstead of
be ore

d f. t |
1 FendusBYe GRloHALanIben peforgd I lesiirelp By eaest S
sthﬂtLEéSG}M?\%lh cdMladt 3Rh@HTeR g4§ %tﬁ@ﬁﬂ ﬁﬁﬁnﬁg‘m%ch‘tc‘él m | ar

to that 25 described in the first enbodi ment but
infepeampectivitte rthlbmd:huhgtratc 6 hnf prgfesfedgsimilastioibatrdgsaibed sbove

| i. '
g BT B I g Ak e haPf AR Ffver bR TG S Fllmation gf
infeBcdheM @idtal WAH B8 inf-1d vﬁt}ﬁﬁierdr Gaombeifidh 6F b-BRa Stheee),
the thinned die substrate and el ectrica

phygical wpandenopitionpehemient vapasdepesitien, aud elgsteeplatine. and
In?e?&)tn% & n?ét{ﬂ% Z@%{e?ggﬂt% grA’ Q &nm[';&pofctﬂgﬁﬁﬁl&wgsten, gold,

ruc ures con ructures
copp9sLalumaiian.a

After contact structures 142 and 147 (154) are electrically connected with
conductive material, the vias can be filled and planarized with a combination of
metallization, dielectric deposition, and chemical mechanical polishing as described
in previous embodiments. After vias are filled and planarized, underbump

metallization, bumping, dicing, and flip-chip packaging can be done as described in
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sidewal | on thinned die substrate 161 if preferred, an
el ectrical interconnection 40 O between contact
structures 147 (154) and contact structures 142 can be
made by form ng conductive material over exposed
surfaces of contact structures 142 and 147 (154). A
typi cal conductive material is netal and typica

SRR T S S e e

b HEES chRgd rhdy A8 bé REesBBN AL kBN Flth DSBf e\nm';\ﬁiee withesyrface
result in covera%g of the exposed_ t hi nned

di e
cantdet stregteres Bty dabbadad apdicanfigired and/orcopaeded a9 illgsirated in

[ 3 C be renpved in a
g ey R B e R B
phot also! the giaaph yhipahbedifien e FISSC mcngza;amm sthiyrbg
the thinned die substrate 161 sur.face_coyvered, wi.t h

filleshwit cpadachixg @aarealp EOS ety siaghiatien 5o, bahie sPRdCtED | s
oL PR SN LU SR ForBRSS @brdS140 8 Rhaun 1 n

residual portion 165 of
hﬁﬁMnﬁgnm&mmbﬁnb&ﬁﬁmmlmOmeﬁHmybgﬁﬂdmﬁemghe$QGWd§<§hbmna

ot 91 dsgished oy Ae B Hatea) BIGUYAS g HEg be'inded
with l%§f>(§s@3 R P AR Eevide 18 Qﬁtl E@SG Ad8owe) dsarsdibed

vias 164 form  thinned subs rate 1, when exposed
bedommadte mmthwmb@denmn ar with Shexwpnosing surfagedte exnered device

t 23A. R
S8 el o OSSR ooty eGSR e
bé&idsky hly b ?é}%ﬁﬂeﬁﬁis dbgrived frr b ifanatehiasiineagaingiontabe
backsi de o contact structures 147ﬁé154 resulting in

stwmresa147gqnécshpwag@t@6vﬁ~§lgn% sideal 1165236 fobdie gown and
desz]P K 18%%853{ il beﬁm{ &G@BBH\ ! uc o&f?{eﬁP gefnothg hﬁ&&lé %ﬁ'@étﬁr\é

donta ures 1 cont act
oSG 0B L IfeSdid 48 wHetdmdudtbrermatgrialn 68lieadnnicted to contact

B e
ngﬁ-@@s‘ade%% RIG: ?ﬁ foR e Lgﬁ‘bheré%o&sa%wubﬁ%snwm@f&wd
e (0] onn

or mat | on I nter ect metal can be made with
siafilar @r tha farantibn af camnac btresties it 7 thdéesambed inthy foiucthl

r depaosj chem or. depositian,..an
BB eH e boH 5 T I CBhROBY RUaRa g ay (geded
dlgfé%trf}rmﬁeﬁsﬁméb Rady B YoRhed bt Qibstie pbiﬂt[lﬁlslﬁ Nandigd1hed as

copper, or alumnum After contact structures 142 and
ndeded f(ﬂ"ﬁ)d))ldlageo elbstratei 1481 Masooanbe fiBed withis vaseiydict i ve

l,.th b |
ahriR et RS o diE B RSy RE R g Sl g
vaidy sheelaiafor MREMBRItERsteAOhickeli R Gopiser (pOsitddey a variety of

methods including but not limited to chemical vapor deposition, physical vapor

deposition and electroplating. The conductive material may be chosen to facilitate
good electrical contact with the contact structures to which the conductive material
is bonded, low electrical resistivity, or high thermal conductivity and may be
separated from the substrate portion outside the via or insulating material on the via
sidewall by a barrier layer, for example titanium nitride or tungsten nitride,

deposited, for example, by metal organic vapor phase deposition or physical vapor
42 ©
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30 in previous enbodi nents. After vias are filled and
pl anari zed, underbunp netallization, bunping, dicing,
and flip-chip packagi ng can be done as described in
41 0 previous enbodinents. It is noted that FIGS.
23F-J illustrate a surface contact 142 but this
contact may al so be recessed, as shown in FIG 23B
: t r :
OGR! FUILERE coRBDAE RSO FA TS e
substrate Ip%ngﬁlFsuﬁ’St]le vid. Gor 284mple) wher mtikling sikcanaseediCs,

whprias el MBhsiliesn, Fopen iy PRITERTH TiF BoNUR ALY
bﬁfa&ﬁﬁédﬁ) reé\ﬁgesf%réu‘%bl'é Baitiep %ﬁeﬁ&%}ﬁ@a@%tﬁrﬁﬁﬁq fif#le or tungsten

conduct’i v material is ex when the singul ate
nipridet bepweenof sutabletviaineulatite kyer, typicatigdilicon nsullem pyyd

di r for ctrical th

afieief porist nin B, R, o8 RL R B0
tuhBfedlinfay( Do M@hRA) with bh BBultiAs offBMrlblhlaglerbH réquidad Alg, a

w'th exposed surface of die (or wafer) device region

mategial whosgipelishing propsrtiss steradyartagaess.ciw dissussed aheves prch as

J it d
G0 B BF el i BRRR B A, iRl ROEC
bel Omle[ghtm&nbﬁﬁhi&nﬁﬂ’ﬂwmhn FIGE. 240BdiThgs emlyodiraent is

performed as descrjbed in the fourth enbodi nment u
dlé@mﬁtéir@m t@ﬁ?w&m?@éoqmntdﬁdﬁ ﬁleﬁ/prOﬁmEﬁ@ewégE ’3451 g,
R Y subpte 181 iy Bbndbuto G AR of RRESEIIUBG ! i
thetdieisubstrate toofevedl Gre ¥i34. Thois rasizks inpbonldangeofdlinoeddie \sebstrate

i RS SREES S50 GO e HLAE AR ¥,
2@ Q)i SEYs. folhed 4 $hB&n if FEBt2dtaRdl SnéiRt &fudnires 1823ferhed as

ie up where contact structures 179 are forned
stwivm indAGt 23A. hEhﬁmpdrmbsUntedﬁl cﬁon ﬁmpls siligen..pen e barrdeds

de b
N Ay
cdi 1) Bfhéd 6n MHRkRAIsabstrh&O1 Glﬂbéf&efd%mﬁ}db&ﬂlnﬁgltbsshﬂaéeﬂ% of
portion 161, and polished as needed for. bondi ng

sw&aa@@tp 40 e Theformegtiar ofihynnsd sphstiatedl aljs nreéeralélmd@p? afowafer-
RO YR APt AT Sl 4plalfine g e

eRXIPYRs | Shgaivenin FIGCRRC, aralkdippars, watfe:pare irévedledy a
variety of 25 nethods inc UdlnngUt not

sl i bl i e sledgupianruty. or
al?eﬁlq%tﬁzleﬁrcﬁ{ te' tﬂges 1-1FH§ 1 gnﬁ%%gY&térﬁBﬁrdlﬁiereWa@Fs

| ectrical contact with the
cont @hd fcsmmmt mﬁhmnbd) sm%stnate 6 efor @mtuphelfmm SIdlS'Q‘atledl‘w in

FILQS”;g 2 %%g i'c91|§181\év)ﬁ}gllse L& %amcglslhtsetgrli’%/l 1% fHe vias are got sulgtecw y

deep. For example, a via depth of less than approximately 0.1 to 0.3 mm for a
thinned substrate of 200 nm diameter and comprised of silicon is typically sufficient.
This depth for vias below which mechanical integrity is compromised will be greater
for a thinned substrate of greater diameter and less for a thinned substrate of lesser
diameter. This compromise in mechanical integrity can be avoided by attaching the
opposing side of the exposed surface of substrate 140 to a handle wafer 44 before
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separated fromthe substrate portion outside the via
or insulating material on the via 30 sidewall by a
barrier layer, for exanple titaniumnitride or
tungsten nitride, deposited, for exanple, by netal
organi ¢ vapor phase deposition or physical vapor 42
deposition, if needed, to prevent the conductive

HERhBRindlof iRl T40usisRGwh B PIG.DEB forbRt158kAd BOHthdtoN
outside the via. For exanple, when buildi

ng
stsadtiren M bEASéfor@sd as sttosman\HlGs 2%(5 eThe bansile Wni% 44 attachment
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reveal the vias. This restits in ondlm% hi nned
di e Budrstbrbanding 1Ghartdbe wafer 4¢ end thdnring|t p@éhlméecbfrubeﬁraig
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15 a5 hiebifsd 0 i dafBe RN B GrigSs Rt i e
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substrate 161, for exanple silicon, can_be bonded

togimpeexd the elsctsigalf pnacction r@qlstwsmrvmee condpcyive gnaterial 52 and
codﬂtz?clt Et%crtﬁ $ 111 s on% ?Q.Bé@fl ﬂfgc{js?fuyn%&nl @edefs&{%ﬁqn

nne stra ore direc onding to
th& lsé\ﬁealﬁﬁerﬁlﬂ&hmént &dkshbwaﬁ:eFKi@ﬁ'ﬁnd HIGt P3G @hlsdédge can thus
thi nned substrate 161 is pre@grably done at waf

besfoamed by etchme;the deigRiegionddS gPos e FanAd AP Y47 %ver an
%lg% g\%] gévﬁﬁz}ngt‘hg la%é'ﬂli% ﬁfaéog"rf]‘iclé Ft}‘ﬁ%ﬁg s 197 to i%f‘tﬁ AR)i£ sithi®# to that

on a wafer are
ﬂm&mebtedISémndbbmnaGUQUynxnﬂé1ﬂEK3IME)can t hus have

a1t chtigieraatiof o hendGd Brhepaly L Hthioniado fyn thinned

subkirgtbnas & Jl&%lﬁéaﬁf&rfﬁﬂﬁed’ﬂftﬁé §1as T’hﬁe §igswat tveafon-
thi nned substrate 161, for exanple from substrate 140

salevtive SinElaGto mztshonwn d?éﬁpsz@@onrsslméwsdwdl 170 and via

f.th E
R At SO e T
163. SAREhitBlely2 a skRLIVESH iorlSteciy@si@éwADRay bél f&hﬁﬂﬁft@f

and conprlsed of siliconis typically sufficient.
bonding die 144-146 as described in earlier embodiments.

The bonding of die 144-146 to substrate 140 can be done with contact
structures 142 planar or recessed to the bond surface and exposed or protected by a
thin layer as described in the seventh embodiment. After bonding die 144-146, and

removing singulated portion of handle wafer 44, if used, and removal of thin
44 °
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This depth for vias bel ow which nechanical integrity
is conprom sed will be greater for a thinned
substrate of greater dianmeter and | ess for a thinned
substrate of |esser 30 dianeter. This conprom se in
mechani cal integrity can be avoi ded by attaching the
opposi ng side of the exposed surface of substrate 140
plofectivb 84yet, &f Wl onfidt fRfcres AR fe bhgostdbiffiianth PIG. 23A or
substrate 140 as shown in FIG 24B for via 155 and
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forma via, simlar to that shown for via and

ingerlicaembedimeotsu ke finalstiueture GoukPlook Figritan éo FICiurll%\r intthe
d thi
cadg Pieidnd it g 458 Eontact shlGutd) 122 gl Sed A Abgrtpe.

t he i Asriatibe ofthd @nah bm®adinkat, M predhE 64d foematicH fsar
to that shown in FIG 22K for non-sel ective sidewal |

augnenied gvith metabiiiag ag ﬁesrétbe@ i1l the severth embadimenfatFos geample,

vi%1 1tnF<ileGl 4? H’? gr%rfm%% rYo bgﬂ&j 1? V\@é Aho%tl?l Svif’b g\/&érs fmd

erna a se i RS RS Se et Ve €T a
22Fefyr bias fl @G,Hﬁd aid 133. If the die substrate and the portion of die device

region are conductive, an electrically insulating sidewall is preferably formed on the
conductive portion of etched via sidewall, for example sidewall 173 in via 163 on
substrate 140 and device region 148 as shown in FIG. 22L.. This sidewall may also
be formed on the entire sidewall, the entire non-contact portion of the sidewall as
shown in FIG. 22K, or in the bottom of the via. After the via has been electrically
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bondi ng di e 144-146 as described in earlier
enbodi nents. The bonding of die 144-146 to substrate
140 can be done with contact structures 142 planar or
recessed to the bond surface and exposed or protected
by a 30 thin layer as described in the seventh
enbodi nent. After bonding die 144-146, and renovi ng
isSlaftQUt b & d?@MUSQQte%Bd haned Feg%fa%rapﬂﬁ)pnhtfe {#8 §th is FMLd with
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QoSBT BRESregdnN7D! for 8XRRSE BRI YeniédRdh@vel portion

the fourth enbodi ment wWith regard to bondi ng and
ofel dmyiceiregibn comprissdrof@dayen nf semeicendvictos trangistorseand @viawitifevel

f t dj
infered 5Pt et asSpiaieeRR bt fobfh dpr bEmpié
mbandhdchshiatiag RAtRRE Fold:@mplddiEcRNbad dSlﬁﬂherS‘shﬁﬁHlé nRerials,

descri bed in t he seventh enbodi ment and conti nues

ortvrireseitie dsvieg mesien wauldesidoindhe gubsiraigi &f norion efdie device

P
exﬁfr@k@d’eﬁdcorﬂﬁﬁdﬁdlaaﬂﬁﬂlsehﬁtidfﬁﬁl&hﬂlyyld“nteeisﬁﬂtm émtmin@iae

described in the fourth_ enmbodi nent fter b
siligom upgdingtypical @MQY WalkeH fabgicaliqn, asidgival i We‘éﬁr%’q 8“%1“1 as

de%éxﬁlreligjagrlﬁe? hrﬂﬁ?scef dRGHiek Brmbb Yseaﬂlﬁrhs %H:F\Qﬁj {'Bief. 288%0r

nEta as descrl I n ear
sebhodlsidendls 1 73Tthet & |alrsalf01$quLmt the bottu lodl viaoldR asidesdrided iro

coBi PO eI, Y O FIGh s s BSTpReg of
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Suﬁ%{%ﬁ\t,}#ln dl leglllénf%%r(%rze%a{)lor rTae\qe rhl@*nr area cfe’nsﬁjy 8idSin

excess of 100,0()0,000 per square centimeter to be fabricated. Alternatively, a non-

selective sidewall can be formed on the sidewall of via 172 without formation on the
bottom of via 172 as described in earlier embodiments. Via 172 can then be lined
with a suitable barrier layer, if needed, and filled with conductive material 174

forming, for example, a metal filled via as described above. Via 172 may also be
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22F for vias 156, 157, and 158. If the die substrate
and the portion of die device region are conductive,

an electrically insulating sidewall is preferably
formed on the conductive portion of etched via
sidewal |, for exanple sidewall 173 in via 163 on

substrate 140 and device region 148 as shown in FIG
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conpletion of the die device region. For exanple
mateoahl 76rto EleGiri @B A inteicamnet7onsace steuatiresi 12 hwish aiatal ﬁlled via
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ccﬁldq@tWeQﬁatEﬁéll 199 260 0Phth&ebustired 123%at may alse Mokl Ghefely
transistors and a multil evel i nt erconnect structure

ccmswpﬁf letstnl spmponantss forrryamplecasipapviderbior by wautlmga@f
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portion of die device on 171 and di strat
140 Ekeétr@élrﬁ@mgcé@n%ﬁanath%%ﬁw@wmﬂ from @Ffﬂiﬁfle yias 175 to

AT Qﬂg@ﬁ&h éét% briictWd &F a gqlt(ﬁg{a{e%wc it W

“Fests Ivity, or exanpl e I'i'con use typica
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described in earlier enbodi nents. Furthernore,
mstufactuingcipabiiGNREhat sthooghcoubigtiog matsirial E¥nmaz ingddg

A e R R SR or S
cdn@$dnlehts 2FbiNekatilite, iBdigs B2 st R SéRiREndctotipartibhfldge B&/ice
region 148, for example die device region 171, and the conducting material 176
consists of interlevel metal typically used in the fabrication of integrated circuits,
vias 172 are disposed vertically from conducting material 176 and may be fabricated
with design rules essentially independent from the fabrication of conductive material

176 with the exception that conducting material 176 be in electrical contact with
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25 substantially |l ess than one mcron enabling a very

hi gh areal density of vias in excess of 100, 000, 000

per square centineter to be fabricated. Alternatively,

a non- selective sidewall can be forned on the

sidewal | of via 172 wthout formation on the bottom

of via 172 as described in earlier enbodinents. Via
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otﬁgrgg%}fagg Q; Sconduct| ng material, for exanple netal,
ASUT At Ing material, for exanple simlar to or

| denln thislvaviatidh, bftpd Mdlng@mbmd &nnﬁlag réveals nom filled with
Typi cal tal s include copper and um num an i cal
el fnsised aF ¢ @ rwa? e it ool ffaéX%}PP @A ﬂ% hard!
; het ectrics. Contact structures 123 in die
Slqgwﬁlldgzg%n be forned as described in the fourth
embobhi erthat vearadoslthwdle substfakGporisiEmayihe edtvelcemoygd on
de .t on of a condu

48 |
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su%tsﬁré’(ﬁ Whe st aldediod I%Eloﬁ%hﬁhtﬁ 'cbﬁtﬁ& sVrhé‘ture]s Phepafedng desdrided in

material 176 is shown in FI G E to be vertical

this dowteembiglimerids elsp vessrhalc,e‘mi %amp’m ag A derdenemeat for a chip to
structures 123 but.nma ntirely

pacggﬁ%q 1§tjer%(}sexi Sélt%gtF%{F H%% one%tArr%f i@s%(%gﬁegl e as provided
for byrtHeh@oreDitt dithgr @zfnatlbﬁttﬁé eeprbd sttt nay doh@rlse vias
fabrication of typical |ntegrated circuits

fillschyrish setaloBhis\safiae maybe satbbrpremsed ’ﬁqréonéssmhtq%ectﬂcal
oFROAIER RISl gd ey SR Y ipon s
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of an t t ed t, f di to, .
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rea{nrede | Aifigidl BR frdif dne@thel R dﬁ@&bﬁ%ﬁ@é'vﬁfh EdPoSs Qhtdche

I'nt erconnect structure to achieve the electrical
stoshmesctandhs), bereswdkd nthe postitopd dvistedssalacnyithmevealed metal

L M A A

metallization may be formed in preparation for flip chip packaging can be

implemented as described in earlier embodiments. This is illustrated in FIGS. 23M
and 23N where a second die is bonded to the first die. Many combinations are
possible in connecting the conductive material and/or contacts of one die to another
die using the configurations described above and below. FIG. 23M shows three
examples, where die 181 having its conductive material 168 connected using contact
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25 or consist primarily of |ateral conponents, vias

172 do not require | ateral conponents. For exanple, if
vias 172 are in a sem conductor portion of die device
regi on 148, for exanple die device region 171, and the
conducting material 176 <consists of interlevel netal
typically used in the fabrication of integrated
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device 146 an insulating sidewall film 177 and
coninl PEYGHE 154ur face film 180 are included when needed
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oAd. Qtﬂa‘)@ boﬁclﬂs% td 'aQOv%’I%Bgtﬁit@ lmﬁltakﬁg r%)éct% C%Hﬁédh@hsy with

renmove described in the sixth enbodi ment. In
caudatit stravtyres hdiDiber anmherawafmmasbbtnbnndgd m)wafq 549, using the

bst i t haut devi ' but
meoge et olisphiape foobloliDolf MEBRY: Ay fi{thtiter of
wafeROHI B mhpbetb&iicR A58 ilbondeoted @¥gttiitre, as a
replacement Tor a chip to package I nt er poser

su bsArtgtgtb embpodinEyt pi tp the ,ngyh P %g}@gbylth regard to bonding
rﬁ,g ec nterconnecgoﬁ hr?(? fﬁﬁ?raf %tthg %ﬁq{q@nﬁﬁﬂgéﬁ%l cudd%o

r Se VI as sur C may
oﬂi’@ltawnt(ﬂbﬂlé/dlﬁ nepans dohdsurbies dndl gptidriahuel efathahdlalwaféds

A5 DO C. GO PAFROR T46 301 Bhis GRbeFimMN! g P dfSRORg in the
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revea contact’ structure formation as
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polysilicon or a variety of metals, for example tungsten or copper deposited by a
variety of methods including but not limited to chemical vapor deposition and
electroplating, using insulating and barrier layers as required. The die (or wafer)
substrate, for example 140 in FIG. 25F, is then thinned to reveal vias filled with
conductive material, for example 174 in FIG. 25F, with optional use of a handle
wafer as described in the eighth embodiment. The revealing of the vias can be done
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structures can then be bonded to the post-bond thinned
surface with revealed netal 25 filled vias as
described in the fourth enbodi ment. Alternatively,
under bunmp netallization may be formed in preparation
for flip chip packaging can be inplenented as
described in earlier enbodinents. This is illustrated
F .
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such as an |nte oser avi ng ont re 142.
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t (AI¥To N I or med
it ‘54‘%2@?.5*5 R el U JERlIB Rl ne Gt
mnbmﬂnmnﬁve naterlal 187 connecti ng conductlve mat eri al
168 | str n ant.act tru
ront |G aBB0S Condiet AR 0aG el reston et ndies
sd}PaY:e he dé‘b@ﬁbé&ﬂ thé uic@iboliRn il @ntdepfelichftes dih{be Hhed to
lustrates an upper substrate 140 with mul tiple

foa:mrat sudtable bondable wufata 7s desdribeshia e foprthrembedingnt.1 Ber,
e die on,t n
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anot her waf er na%@be bonded to wafer 149,  usi

deperestds thn o erihgdines o Abis dBeAOB SR ABUS RscheBes aap of
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er I's so pOSSi and 1's shown I1n FIG
dlﬂecmceﬁihnl:ﬁ%wh astPAQA\D agicdessidebed in t he

Alternatively, the process may include the depositing and polishing of

contact structures, with or without a dielectric, to result in a bonding surface that is
suitably planar with contact structures and comprised of substrate, for example,
substrate 140 in FIG. 25F. Further alternatively, if exposed conductive fill is above
the bonding surface, contact structures may also be formed on conductive material
174 in a manner similar to that described in the fourth embodiment. This formation
may include the deposition and polishing of contact structures and a dielectric, for
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ni nt h enbodi mrent where vias are etched, isolated if
required, and filled with conductive material, for
exanple as shown in FIG 25C. As nentioned above, vias
25 may be filled with a variety of conductive
materials, including but not limted to polysilicon
or a variety of netals, for exanple tungsten or copper
(S
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described in the fourth enmpodinent, Altern @&efy
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bonded to the post-bond surface w1th suitable contact structures as described in the
fourth embodiment. Alternatively, under bump metallization may be formed in
preparation for flip chip packaging can be implemented as described in earlier
embodiments. Also, embodiment ten may also be carried out to stack multiple dies,

similar to FIG. 23M or in wafer-to-wafer format, similar to FIG. 23N.
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the exception of the contact structures. This is
illustrated in FIG 26B having contact structures 179
formed in contact with conductive material 174 and
having dielectric film 169, such as PECVD silicon
oxi de. 25 Alternatively, the process may include the
depositing and polishing of contact structures, wth
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+ BOGOAR, bRoRLBRRBR Faffed 1 L BRMD yie
tht afetiedls atédrding ththeligientios. entire device 15 region 148

or a sem conductor, portjon of deyvjce region 148 as .
des cNPBERUs modEistiannud vapriens idhg preperk inyeption are possible

inqglp gt ﬂﬂ@?fxwef AR, TS ek &dre 1B bR uRBE 08 AL Within the scope
reglion of device region 148 avoi ds a deeper and w der
ofithaapipenflat cthing, thedsvdntibo mey belpradieed otherveige thanias
conpl eted, .whi.ch .i nproves device density and reduces
SPEH, Cﬂ%%&?ng%Jﬁxgﬁniconductor consumed as a result of
via formation, resulting in 20 inproved scaling.

Furthernore, the die substrate portion nmay be entirely
renoved
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as described in the sixth enbodi nent. Furthernore, the
exposed surface nmay conprise contact structures. This
surface may be suitably prepared for bonding with
el ectrical interconnections described in the fourth
enbodi nent using, filler material to planarize the
surface as described in the first enbodinent, if
CLﬁ?Hbred- Additional 25 die fromthe sane or different
wafers with exposed netal filled vias can then be
bonded to the post-bond surface with suitable contact
stru tg{g@ as descr.i.bed in the fourth enbodi nent.
Al t et n2tSPEME: CONBEF  Bunp netal | i zati on maybe for med

N PrHAPaleAlchOihvi) a filst Butishthie, PEEK ABLRAENE BIYePisposed on
I mpl emented as described in earlier enbodinments.

said st suhstratdicantainingsiliean and| at teapleone i oxEgENCId Nitsogenadd a

I tiple dies,..30 sim|ar.t0o or in
fiffhrabdy Sriufd g il s i Ani Tl oan 51 0 The
desi 4 glebed tlemietit 1es/if a §de6nd subshite osecond igulatinykiéd cal
stacki ng and interconnection configurations.

disnasaghPe Said second pubsirafsoremtsiningsidicere agfbitricast ong gen and
i AL Con SO eyl W Ertetelugs
t he sappfrst imblating kiyehdirectlCbsndkel topaidrsectodrinsubaimgdalyerp

5 the, | ogwer wafer | C sjde up. Furthernore, these
di e- %aefi §l ontah atrvtes ditecti, B9riecteg i i Socnt CSHES be
stHRBfHe-Wnfh 1 Cs fabricated using substrates that do not
require the substrate for IC functionality. For
exangl iater¢cdBnedtabmctont debased inp vinland opnneated ie sdid fipyt contact
égg%% substrates or non-silicon substrates, for
st le I'11/V materials, SiC, and sapphire, may not
require the existence of the substrate for IC
functionality, In these 10 circunstances, the entire
por t2.0f sthcturreasgagitadrinckimiacomprisieg: used f or

transistor fabricatign. g A ] 0d_ [ :
tho 1SSt et RE S At RSO RE TR o Bl oo
filshinedle@iReéd on. Al t hough substrates are shown

conprised of a device region, a substrate wthout a
device region but with contact structures is also

possi b -epl.acenent for a chip
to pja'c Zs&rgfzt%%agﬁg%gégﬁng%grg% g(?lgprlﬁi?  Ball Gid Array

| C paitksegend &rsaxt stringueibeingrsebst atvahlywildrtar dethiacasfabriof said

other dies or elenments not having a device or devices
sepond WaNptRe 18¥t act structures may be bonded to a

substrate using the nethods according to the

i nvention. Nunmerous nodifications and vari ati ons of

t he $r Asemnttuiansgntitedrin atagmdowhetsiresaid frst pontagjistrugsfiret he

above teachings. It is therefore to be understood that
cqmwp%oqan%th cgggcgetungsten, nlcq(e[, and gold.

5. A structure as recited in claim 1, comprising:
each of said first and second contact structures having a polished surface;

and

said polished surfaces being in direct contact with each other.
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of the appended clains, the invention nmay be practiced
ot herwi se than as specifically described herein. 52
CLAIMS 1. A structure, conprising: a first el enent
having a first substrate, a first insulating |ayer

di sposed on 5 said first substrate containing silicon
and at |east one of oxygen and nitrogen, and a first
CONt GCh SAULHEL W RoilaSRRRA 1 Al 115t 1 nsul ati ng

| ayer; a second el ement having a second substrate, a
secoseid firss ahdsdcogd bentaot strukpts:p@ smdlommdhsf e sane deth and

bstr at {
oy GEROLIR ST AP PP GRETac ] S0 B0 90 S By PaCraFavith
sdidl sReaethsuRtig@lgesecond i nsul ating layer; 10 said
first insulating |ayer directly bonded to said second
insulating layer; said first contact structure
di tI t
Ay A R L G e LA

sa@@ﬂfseaﬁ&sbcbﬁu Sa@itabt kini@tires yle@ahan Bbmmm?r e. 15 2. A
structure as recited in claim1, conprising: said

first contact structure being substantially planar

Wi € h8 aA%%Eﬁ?@as%mf’e%l gcllafrllﬁigll‘f’ gvihirenfé%yéa%h'o[?galh F¥ & an dg&gﬁd

A structure as recil nprising: sa
caead Bituctmes eahprsdes | ct}nenmllp(ekp@dsdl beta contatt spruptusmar

with a surface of said second insulating layer. 4. A

structure as recited in claim1, wherein said first

cont@Ch sphbtrd 44 1%01t&f’1ncbq’ﬁﬁ’1r8 SRR Bl 0fGRRARRES and second
tungsten, nickel, and gold. 5. A structure as recited

cantact btaiatures caupnnes shagt cappet twigstsay mckdlrand gakd second
contact structures having a polished surface; and 30
sai d polished surfaces being in direct contact with

%C h1®t R8Eructi® 4 réeited i8 tlalh 1 UivBerdfh 28K bf SAd fifst ahdkdBord
erein:
contact structures comprises a metal contact structure with a surface from which a

native oxide is removed.

11. A structure as recited in claim 1, comprising:
a third contact structure connected to said first contact structure and disposed

in a via in said first insulating material.

12. A structure as recited in claim 11, comprising:
said first contact structure having a planar surface connected to said third

contact structure.

13. A structure as recited in claim 11, wherein sides of said via are

comprised of a dielectric material.
14. A structure as recited in claim 11, comprising:
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said first and second contact structures are nomnally
the sane width; and a portion of an upper surface of
said first contact structure is in contact with said
second insulating layer. 5 7. A structure as recited
in claim1, wherein a contact resistance between said
first and second contact structures is less than 1
ohni . . . .
oo rag} thiid b HEEUIEoRpd G 4 §5t bt LTt R LAY first
inSulaoig Baerial dnl erseedrdymetxidapaedrmet @l saidhtsaoietal layer.
structure. 9. A structure ad recited in claimS8,
wherein each of said first and second contact
SUI UL UK GRy SRR k& Sied ANElaih 18 RRfisidgungst en, ni ckel ,
and gold. 15 10. A structure as recited in claiml,
whersidfisaebment lsaing firstrand sacahdpposiag swéasesict

structures c i S a tal contact structure with a
surfsét‘gé’fsf S’H&\%EF’W{%B to isecé’ng)?rea‘éelﬁg’sanflenoved. 11. A
St rugtdig eﬁ&n&iﬁg iffoBPsdid s&cbAd Burtace 60533 ifisdt BEntacdGtracture.
third contact structure connected to said first

contact structure and disposed in a viain said first

i nsuj] atjn terial, 12.. A ructure as recited in
cl ai '1‘%,3%%&&%8&%96@l%célﬁlc’inili’r‘gfger%%ht act structure

havi gagd rspélement i§ Bohdedao e8id REnE @ldntens asidg k direet boAding
contact structure. 13. A structure as recited in claim
pregesswherei n sides of said via are conprised of a
dielectric material. 30 14. A structure as recited in
claim1l, conprising: 54 said third contact structure
conpri. sh Rguauifeias sécited imtlaimay ewhéremmed on sai d first

insulating naterial and second,.netal | ayer forned on
sai odafq ﬁ%sgarr%ﬁteﬁ?nqa‘&?‘g?t}ngl Yerﬂag?t‘}l{%’{l& :bgn ‘recited in
claim1l, conprising: 5 said first el enent having

first and second opposing surfaces; said first )
sur f Bt eA bomdes as oectai dn sleno howbéremssaid firghelementoyipaises a

ext endi ng fromsaid second surface to said first
SCRBFANUEtOESYSRtEy . 16. A structure as recited in

claim1ll, wherein: 10 said first elenent is bonded to

sai d second el ement using a direct bondi ngi _
19. A structure as recited in claim 1, wherein said first element comprises a

semiconductor substrate.

20. A structure, comprising:

a first element having a first substrate, a first upper layer disposed on said
first substrate comprising a first insulating region and a first conducting region;

a second element having a second substrate, a second upper layer disposed
on said second substrate comprising a second insulating region and a second
conducting region;

said first insulating region directly bonded to said second insulating region;

said first conducting region directly connected to said second conducting

region; and
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process. 17. A structure as recited in claim1,
wherein: said first and second insulating | ayers are
directly bonded. 15 18. A structure as recited in
claim1, wherein said first elenment conprises a
sem conductor substrate. 19. A structure as recited in
claim1l, wherein said first elenent conprises a 20
sen1 & i ng:
£ SZREFAYC R BScodt o RTLUDE cATRK §
1hmmmﬂbr@@wmhﬁdnambsmﬂwbﬂnsand first substrate
conprising a first insulating region and a first
conducting region; 25 a second el enment having a
second gURELthRLR in Blafif 20NWheHBRGE 1dadiiode ofts SR PR An@Becond
sai d second substrate conprising a second insul ating
inswgfinglaperd frther compirises sitigon aichef leashpomol exaigen and wifrogen.
i nsulating region directly bonded to said second
insulating region; said first conducting region
di regt | ¥ s60A0REs 86l clafin 98] Wh& g thastamed e baid dirst3Ad second
region; and 55 0 at |east one of said first and second
conduetinsiegigny Bgtheheonarsipes p serfaet stp¢farenal | y- expanded
metal contact structure. 21. A structure as in claim
20, wherein at |east one of said first and second 5
i Nnsutzat A Bgudtaneeissn tlairh D2y whasiprsakleontict stneture ficthet
| east one  of oxygen and nitrogen. 22. A structure as
COmpriseuiHtipge ¢ %@?é‘i‘"ﬁ’t‘gﬁs ‘| east one of said first and
second conducting regions further conprises a contact
structure. 10 23. A structure as in claim22, wherein
sai 24 aAtsaottustas i thaine 28 ,uﬁurtharconqmsmgi edentrical isolation
contac struct e %& re as in claim 23,
bW?‘ﬁE”rﬂ% sy 91 F"ﬁg‘“ Iﬁ‘iof’%ﬁ s f”§ 8tion between at
| east two of said nultiple contact structures. 15 25.
A structure as in claim?20, wherein at | east one of
sai d23.i A strucine aseéw olatin 26, whereiatas keastianelod said Sigiang secoad

conduct or devij ce,
su%strates ngtﬂer comprises a sémiconductor device.

26. A structure as in claim 20, wherein at least one of said first and second

substrates further comprises a portion of a semiconductor device.

27. A structure as recited in claim 20, comprising:
said first conducting region being substantially planar with a surface of said

first insulating region.

28. A structure as recited in claim 27, comprising:
said second conducting region being substantially planar with a surface of

said second insulating region.

29. A structure as recited in claim 20, wherein said first conducting region

comprises one of copper, tungsten, nickel, and gold.
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26. A structure as in claim20, wherein at | east one
of said first and second 20 substrates further
conprises a portion of a seni conductor device. 27. A
structure as recited in claim20, conprising: said
first conducting region being substantially planar
wth a surface of said first insulating region. 25
28. A structure as recited in claim27, conprising:
sai d second conducting region being substantially
pl an¥r. Avstrhctaresisiréaied imflains 8 doswrising: i nsul at i ng
regi on 0.29. A structure as recited i.n ¢ Q
wher @k oL s At SeeteeRing Bios helifif oDlled Suetecs
aflopper, tungsten, nickel, and gold. 56 30. A
structure as recited in cla|n120 conpr|3|ng each of
sai dsaid palishechshrfasepbring inrditest caniact wetheaeh ohgi ng a
pol i shed surface; and 5 said polished surfaces being
in direct contact with each other. 31. A structure as
r eci 31edA sfiudthii adredited W Elah DO, Widdréinf i r st and second
conducting regions are non1na|| the sanme width d 3
por tsasshilist anghseaprsbeondustingcegions %rsmeﬁmil%l@tt & mmqa qu‘m

r e g ' %}20&1@& bf'%ri: ggfﬁe?g rfle B said Girst %blgd ﬁg F%ﬁ)ﬂ"ﬁ Yh 86AtAd with

ructure as recite
sa%ﬁemdhn&llamg&gtonr esi stance between said fi rst and
second conducting regions is less than 1 ohnin2. 15
33. A structure as recited in claim20, wherein each

of S@z da 1&&&&@%&@8 qwehame o0 diicdriinG &)ﬁ&b@x‘%&sféﬁé%dt@@&l
a thernma Yy expan ed net al contact Sstruct ure .

safit first andr secars] comdinttag riegions miless3iyn Wwblenkiny. each of sal d
first and second conducting regions conprises one of
copper, tungsten, nickel, and gold. 20 35. A structure

as reciA egudthreGs #bdfled th cMHﬁ D@ whepaiiRasH ofsqaidififst &t seasrll
second conducting regions conprises a netal contact

cogitluetinguegiond edmpriscs p thermally-expandedmetal copagt saueiiicde i s
removed. 25 36. A structure as recited in claim 20,
conpri si ng:

34. A structure as recited in claim 33, wherein each of said first and second

conducting regions comprises one of copper, tungsten, nickel, and gold.

35. A structure as recited in claim 20, wherein each of said first and second
conducting regions comprises a metal contact structure with a surface from which a

native oxide is removed.

36. A structure as recited in claim 20, comprising:
a conductive member connected to said first conducting region and disposed

in a via in said first insulating region.

37. A structure as recited in claim 36, comprising:
said first conducting region having a planar surface connected to said

conductive member.
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a conductive nenber connected to said first conducting
region and disposed in aviain said first insulating
region. 37. A structure as recited in claim 36,
conprising: 30 said first conducting region having a
pl anar surface connected to said conductive nenber.
57 38. A structure as recited in claim36, wherein
sides of said via are conprised of a dielectric
material. 5 39. A structure as recited in claim 36,
conpd8.sAmstructsse a$ reatedune tlaine 3gewhereingidesof sdidgiaarei r st
netaldlgﬁgr fﬁinedton said first insulating region
comprisgd o5 8 GKlFHRS BAtM8V er fornmed on said first netal
| ayer. 40. A structure as recited in claim 36,
conprising: 10 said first el enment having first and
secod®d Appuetiurepsgeritedde slaim $4i ePUpIsHig: sur f ace bonded
to sai.d s nd. el t. sag ' '
R S e e
inddlatify SlonGind h&eesndrethl 1ageri forneddodmsa2Dfirsnhietad layer. 15
said first element is bonded to said second el enent
using a direct bonding process. 58

40. A structure as recited in claim 36, comprising:

said first element having first and second opposing surfaces;
said first surface bonded to said second element; and

said via extending from said second surface to said first conducting region.
41. A structure as recited in claim 20, wherein:

said first element is bonded to said second element using a direct bonding

process.
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