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accompanying drawings, wherein:

FIG. 1 is a diagram showing die to be bonded face-down to a wafer face-up;

FIG. 2A is a diagram of die bonded to a substrate;

FIG. 2B is a diagram of die bonded to a substrate with a portion of the substrate of

the die removed;

FIG. 2C is a diagram of a substrate bonded to another substrate;
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FIG. 9A is a diagram showing forming a metal contact comprising a metal seed
layer and a metal fill;

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 19A is a diagram show ng a devi ce produced using
the nmet hod according to the invention with the

W@ 200oo2ese shown in FIG 18, FIG 19B il | ustr ap@sUs1ve6/030703
structure having a planarized material and contact

- f e d2 ev£a;a gfh@ﬂ 6t 4 bebHd emBbdifrlefs ush®fa nﬁb@ayélgﬁthout an

illustrates directly bonded contacts simlar to the
interepningcdigleetrigflayerc, 19A but w thout an aperture; FI GS

%qug'ﬂ_% &i‘éﬁ%nﬁ%ﬁeﬁé !fcﬁnu%% Q‘g—{%gal ngrgtltclc):(ttlﬁtthe nsgccgndNa li)odlment

V\,thle 14 liea disrini sicavihg tieuhataed dRFIG, 18 aftet el ofmechanical
enoved; FIGS. 22A-22L illustrate a seventh enbodi nent
Zwhere vias are formed prior to die singulation;

% 2305 Al Bt LA AUt i oo

st ]FIL(&: tlaAds wduatgram fill bstrating araern bodimpntiwiere amdntaommupture is
1 t@ tﬁg t|o *_gs 23M and 23N illustrate bonding a
ocalet iy ?F@IO 8?138 e deyiees;230 i | | ust rat es

Va3, -168- 1m@fdeargh£@ R tHRGrubhff ﬂ@léﬂ%ﬁ@ﬂ%ﬂh@% Pobésing; @

variation of the eighth enbodi ment where die are
mokhéi-dd i & élaugrﬁm Fhae@ng 28lavies pradutedsusing the mathatt 4ecording to the

t h filled ro bondi ng; and

imverRTASHT R il S ORI BRI 2boai ment i t b

f i FlGd 8\ adiagfin s0AAAES cadoliRgdnt oPhEANdNROPESCRI PTI ON

(J: THE PREFERRED EMBODI MENTS Referring naow to the

r BIF-A§4 isipsliggsam showving amegice produced pgng thegaethesageorting to the

: hee.i nvention will be
1nvexgescﬁﬁ%ﬁ%%tﬁ%9éﬁfﬁg%ég@%§rfgs ’that the draw ngs are not

dr Blh 198 iHlosttaedithe stamcturd having taglaratinat mateeial d1el contact formed

oncepts o invention. Substrate 10 includes a
over t’&@&? { ]:&elfAhaV| ng contact structures 12.
Supgg. r1@@8111&&rd1@svchi%%ﬂwgﬁdéafcoﬁtaeﬂd RRENar@b Bk RChA §FFIG. 19A but

such as sem conductor material or insulating material,
Wlth@l'é;ﬁ@r?@?ﬁgeon the desi red appl i cation. Typ| cal ly,

su on_or.. L.l erlals
Pféct s fuct 13‘%%?% are t)?f% e%‘i‘fvﬂ}hﬁg?‘g?ﬂga%s’ or

| NFHES.@ASLIE Hiustiate urs@gh bRlsbdighepOwhaeithd subseate éesubktantially
rcuit structures (not shown) formed in substrate 10.
remayed) nmay al so contain an integrated circuit to

EF@S he . §ﬂ0 Elﬁﬁ{r t%tarsg% ﬁﬁb&tﬁm@ﬁ@oﬁ%&@ 9{3@ dre ﬁﬂﬂed prior to

substrate Be ‘a modul e contai ni ng only conta

diesmgulactloures For exan‘pl e, substrate 10 may be a rmdul e

ti str s..bonded to subs 10
or TR sk et lgh e PEeim AL B g g SURed 16 dovih
' NEFEGI 2 1‘llﬁst‘1°dté§"bd?1'dh‘%r a IRAHIrENitAR ﬂlleﬁ%’d ﬁl & de%%ﬁ@ %op-up
on, for exanple, a printed circuit board e nodul

configaatisasimade of i nsul ative
FIGS. 23M and 23N illustrate bonding a second level of die;

polis

Ci
COIl‘l

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.



materials such as quartz, ceramc, BeO or AN

Posi ti oned for bonding to substrate 10 on surface 13
war@7ntweee separated die 14-16. Each di e has apPCT/US2006/030703

substrate portion 19, a device region 18 and contact

structures 17. The die nay be previously separated

fromanot her wafer by dicing, etc. De 14-16 may be

MeHETAILEDNDESERIPTION OF BHE, PREFERREB ®MBODIMENTS

materi al s, depending on the desired application.

Typically, the substrate is made of silicon or I11-V

meR ederiria snovCan tthe dratings tivr estidlaraFEG.t Y,ph dabl ymbediflent of the

ds or. i nterconnect sfructures kj ng contact to .
meth{ff g5coming _‘COCY%F GRTigE PB eSS A s e disi Gawings are
not difvn t6REa18 béese AfaviOBliASdrafl the EBﬁHe?f% o theAiRfentibn€ach may

vary. The typical range of contact structure size is
betubsieate 10amdudn andevicersgiobUtl hammgsiontst sindtured &2.i Sebstrate 10 ‘

Lzes, may be outside this range dependi.ng upon . . .
may B PRI AL o GBpcinte QElegi e SRLY 48 B PEPaRD PUsing or insulating
mate 941N @pehdial 0hthe ddiges ia%;ﬁﬁ:_aﬁ&n.t TepiesIRL, 8eHstrale10GS a8 oBEficon or

drawn to illustrate the inventive concepts are and are
II-V ypateriglan tCangach strpgtuies i lAgare Menirally metpl padsier ingreeninset structures
. . - . . P . ¢
malifEROH 1986} SR RHELAEY GouBol] Fiahdh §BHE 0. substrare
10 may bkb rcah@irpar intepnatdd clireuit fwewhiehakie donth@aitucigrea 12ayre onnected,

of devices, a circuit, or g circuyit |layer. Al so, the
and YPEETIF kb &ayr bijizemodule eoniapingeorli GAnelst sHveprasonbphgxample,
substt@e 30088} HED, HB'd?fé%? Sintegoﬁnegcﬁg%%%ﬁ@%rgeb&{ i H§ 8BfRte 10, or
technol ogy as watrer 10, or o fferent technol ogy.
bringflige ot coBnavtipnse dorh phekaghng sariptegratidin f With estherdenodoles @ circuit
terials. Each of. die .14:16 hasconaucgtive structures .
strocfBes s, RuSeiible, aduintas Gitdit . T Riatie oy Ge a0l sulative
mateS#18 68t BRARMz, cRranB V@ @AINt her ebet ween, or may be a
single structure with an aperture which may extend

aci#ipned orchpnding toowbsitate 40 vucutipee 13 areothirsrsepwrigd die 14-16.
t . he h [ toact .
Each (B8 hAPE il IO 18 4 R i SRR ot L S 1™ e
may baprevioualyesepatnied fivyn beothkatvesfen yedichng, ttoe Die 14-16 may be made of
otol it hographi c design rules for the particul ar )
an Eﬁrﬂfl 53@93%&& n%w}&o%?d égplc%qlucéggamteél’a?sa ﬁpqcmgn on the desired
applit@fof! aTyMcdiy, He GRRERE! isSHAHE L §Rcdk? oRMH-V /mARYiakR®  Contact
requi red to subsequently forma reliable, |ow
structuessi ot an typiedllyonetalozds ooimteconneat stiuchirésmeliog nomatt to device or
. al. An .addit.i gnal factor, that .determ nes_ the opti
cireufl S fooyfed ey i Beos sEinlls, T s of B reie? Jaal 17 cach
may QaryeTHe)ty$ibal rude dfidhtasERaicalrt @ixe RS b¥oREn ¢ ARE 80tmicrons, but the
. Structures 17 and 12 plus the thickness of the contact
sizes el jgtative sizes mayt bre odiside this teRge gependingayran dlignmenkitelerances,
' - . ¢ . 1
circufl SELHE oA ARPEF bUTHRS, The Mol bR Mt sgtures gy craw o
illusteateltht Antemtiea atrloepid Arehrrlcdre noameamttebe limdg. | Devitetegloar 8§ may
contact structures 17 and_ 12. This vertical separation
also iCentaiiy A pinterated; GCit ofRs W thes sontpely stgugtires 11y %5 gennected.
SubsBhfifhf AN BErai@SoARSCTS R | 4 joRlofNRvi
s s 303 e ofSACLO 00 T fRENdas ek p§?£ f pf Wvices, a
circulieored ¢irdwt lnpdre Absocthe sobstptasexftdical 4yl zmayp b drinmet &ler bonding to
Lrect, bonding, as described in Application Serial No.
ades%cﬁ gggmg , the contents of which are herein

| MoRr PRIALRS hYof BE QBB &ehnblebl RS MEPEE] 0, or of different technology.

Die 14-16 may each be the same or different devices or materials. Each of die 14-16 has




the contact structure 17 thickness is typically 0.5 to

5 mcrons. Wth a typical desired via aspect ratio of
w@287021639 dependi ng on the process technol ogy PSEUS2086/030703

typi cal range of the size of the gap is 0.3-20 mcrons

conafcare exuderet Q 70estEed BO R HePRe R6oion Q.81 - FPudtiet 9
met al . di rect— bondi g, The nmetal dfrect bondi Zé‘f%%ageﬁ‘épaﬂ to
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afR i d.w th the,contact structures 12
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structpesirtmayndididevibe casidt 8ERAARK iIRGWOO MR Glze TIHHC LY GSaptaure may be

The,sj ze of contact structures 12 is chosen to all ow

deteryingd 105 e pholodithaempbic sesigncalasi far trepytipnlpetesbanlogy being
bond O NF&CExaniglé!Cd H{iﬁ'ﬁu%n? 'l%t%lteai ﬁ\g?t%lé% 90%9%@ %T.Srua}qréa% gﬁd:«lﬂgi 17 may be

_al i gnnent “accur acy used to p
requirgd - 106 subsequdrslyr foren 1. reliylie,c ddw nekReese Udédi¥cal connection with

: ?mr C|' ?I |y avail abl e production tools allow
nt . . .
ercg |egnrr1?§ accuracies in the range of 1-10 m crons,

alAmediiiorall faki6r tHAP HOMARTBS $hel SptidiGR SidcOGF ﬁ].?ir%lpl 3rkagJe¥thre is a
. toresult in smaller alignnent "accuracies. latera
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the ARGESS it SolE S BB 1 o B ks it i B35 BBl o defines am
aspectwtibadta \is that twdll 88bskquérBly oA E® betdRER cohttct kud@resi 17 and 12

; %? understood that the |ateral extent of contact
0 enabig gn. elgpizicali ptoreonngefionapgtyyen eontagisitietnres HrandH@. This vertical

separdtRin€ik ¥pi&alyeNs RirERCH [l 43 SOihhat ch.di e :
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n ApplieationuBeial MNo. FUF0%BEMthe conentsastt which Ut Uh@Fpdrted®erein by
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14-16 having an order of nagnitu
the cqngact gigactiyealoh thickigss is dpicallyl.s to Asmishmsn With Bl tgpicalAfesired via

: ] i.s. bonde o surface 13.0 )
ospecflio BP0 50 oerbhtad Sn R BSEER Ko S aSiya Whihhutes o the sze
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OndIRE: 1 3F MR dpentHeBding gase i desstibeh brlowrin thefoymin gmhodiment.

t s th Lcal
e st ) SRR OB b S BB e
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or to conpletely renove substrate portion 19.
used oy placg Aigt M5 16 108 warase d OwhByrical ubethodst esimp comorercidly svailable

d . i.al.ly. compl etely. maved. so,
pod TP by SRS UL Bl AR o o
improfemeitadn tHese trods BARRY ©, rebliein@iAlel alighrhdht Wh\&ALiddIEThe lateral
acts 12 and 17 are forned is a deposited oxide,

cant
extentQl HonAC wiistuges | beviaion o theeapRmpeire wapisferaidp obleadt aristance

given bV aR élﬁ%gaﬁgg}@nced CVD (PECVD), sputtering or by
eva&ora ion. Gher materials such as silicon nitride,
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terials al SO e useaq, SO a |ayer o
eS8 S 1 TP S sl kXS0 e

lateral extent of each die 14-16, so that each die may have several or a very large number of

contact structures 17. For example, contact structures 17 may have a lateral extent in the



The surfaces are then bonded with a direct bondi ng
techni que. Preferably, any type of oxide bonding may
wheooaszd39 particularly | ow or roomtenperat ur ePORUS®06/030703
bondi ng. The bondi ng techni que may include pl anari zi ng
range & d - DYomichensopneiitié a"&'é“ﬁ n‘ié%y hmak a’Zﬁ,terélsexltémmemeZt@ng@yf be00 mm.

ed, before d| tion). Thi step may
A quaifyihso @ﬁ%ﬁ%ﬁ% ﬁ?ﬁér e w0 3 rg%ﬁnﬁgde Fffeand much
higheS¥tdGREctRARy RaGLai1abl y polished to a roughness of
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mévseshewarin FBGuRADs S faeen28rd die 14 ibberatetita Istnfaqel el substrate 10.
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temperau@hmﬁﬁ@ alBndb SleiRl RSAFIBFEIVR Aﬁ?llwﬁbﬁ fSe%FN‘c‘)e@QJSY)S 283,
the sane as the RVS values. After pglishing the

whereshnds o8 siprgth inthsaangeref iﬂ)ﬁr?élﬂ)ot@/mem echamyjcat bendsisee formed.
e A58 0 0 i, T, MLLABIS, M 458, o ac

substrates fodi die 1‘4})‘16 akesmnhedetldﬁmdn@ i9 pichlly pohieedd BOpdlishing, grinding,
i mprove tglﬂ r|ty nd/ or surface roughness.  The

etchingy Of jangPre of asst it technianss do Heae § Sphstegie 21 or to
Reupglirgiow t f

o8 ALASAC5r] 91116 SRR 1 B 0

portlomel&rmucqwéetely orﬁhbstbnmﬂy rn:gmp&t(tiwremevenhyAlsnpthﬁctabmtes of dies

ctivation.pr.oc Thi s activation process may
14- lérﬂ@fﬁet l%d@flgﬁfoﬁ%m&%ess and preferably a very

s Im ohd exeinGlle, (NSRhtePlRGE Shichlthe cbfhdts YDA EARS HARL fhae
ot - mean-square mni cro-roughness (RV5) of the very

dePO%tPﬁl grideysush e 8@2; dermedaisingrediemacahyangy depoeitiva (éND)t dregplasma-
un caII < 0.5 nmand preferably in

elﬂmﬁﬁi&%&ﬁ@\( BY spudiinger bV s~ aprratione @ 1 Weiiialurh assflicon

n1tr1dér%?dﬂ)1%us rsﬁfEBH ashisiaps nsq:ﬁné’cﬁf?lﬂcthfkeormt&reﬂ Har g %Qﬁ also be

used for renoval. Typical anpbunts renoved vary
used. ff?d@m aolng@tqfdnposntcd adee\maydmtbsned en thetdié.s al so

Pl B SRS B RAE R T B IR PR,y o

of oxidle dbAding atay b ufsé@ ) PefttlaSly16RGR ridrh RaniberithR @Al The
intentjonally deposited material, for exanple silicon

bondigg teghniqyp n%abrén%lu § plararizigeandemnesiing surfasge £3 prdi20, (surfaces 20
ey 9L SO0 0oL T W SR 0 O i
mechanicalipbfighingt Tlmsi&ﬂacefa«a mﬂfa&abbzrmhélﬂedctb a@o@h‘mﬁmf aBotitno more

than 45830051 S R a T PR ot Shob D SSRRHD bR EreRall
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in both the RIE and pl asna no Al'ternatively,
valuepodisoMbE sulrfwtmgimesmay hc gmataemeamdalu@rwhmhtamsnaaﬂg the same

Si m natin es, during the
os IS8R AR Bl S < EAG Al PEERTRLG % o
residdecfiéh e gdishiabls®hp. AtkippBiiedburfiéd dte gréf&&bl& eRbrSRReH Q8th a
whi ch preferably forms a tenporary bond to the surface
SOhmﬁ’@om c layer, effectively termnating the atomc
. ougﬁ% sltlrofgceftﬁgﬁ 8%’?% Etcﬁédﬁ‘ﬁrqg})oﬁ“ﬁ'g t%l‘h[n]})ﬁ)%% i Blanarlty
and/m surface roughness. The etching can be effective to remove high spots on the bonding

surface by selective etching of the high spots using, for example, standard photolithographic
techniques.



term nated by the same or anot her bondi ng speci es.
Desired species on the surfaces will further

Woe@fierisht y react with each other when they arBCT/ImS2006/030703
sufficiently close proximty allow ng chem cal bondi ng

" Bahéeendinh eechrigliaeed 1hdludom ativitarmroedspeThis ucevattimatprocess
may _be enhanceocl1 by diffusion or djssociation an
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L e L
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the activation process. The term nati on process nay

to a few senaurieiss it iohlsa ppbsilsetq reRPEe nuire otakesial.dr y pr ocess

b ropri,ate chem str are.introd .
F it FRRAPRY 48 st AR T TRaRie B b ion
from SREGIHBS witheutIh feafoRal &ff 1ﬁteﬁﬁ<§ﬂa§l€@bbé’sﬁéd Afedial, fenexample
dried. Two surfaces are bonded by aligning them (if
siliconewstissen (e sarfacdrThegemgveltnd wndesied pesaniceoptination may thus
reduc%?ﬁ'dkﬂ% interface. The twP C T/ diE, / 301 71C 3
surfaces are brought together by, for exanple,

c origektivaldnyprasess inablbe akpmdiarmo&qsi i:qsmiiamted (0 diffesdno wodes.
to initiate hondi ng | nter.face. 1Tﬁ{)slous bond theg
Examples; gaAr oF Olayaa- O@é?Pé“i‘“bif’é'tfit%‘n&f BERmRges may be
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on ns

initi ropagate, a’'chemcal reaction
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sebee sirfage may basamingted, BEeTRIHYRLRR, W ear(iea@%d thestes “énch

I
e S RO AL D0 BOBE Ty it
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in the surroundin terials i) 13]/i%({)roducts rra%;délso 1
termipgted By a% T4F STGUBTIRBrOOBJIE SBEFiRS: OoHE SRICKF G5 dreaqpatpoes wi
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It is possible to bond another substrate of a sjze

c oﬁb@ieamr@u%ptq@a&s ey giyde famersiqy ingspRkiop gontaining a selected
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structures shown in FIGS. 2B and 2C, but separate
drawings are onitted for brevity. As shown in FIG 3A,
W(azaﬂomﬁmssrml dielectric film30 is forned overPGUUS®WOE030703

;of gt atghm#gjwq dies 14-16. This film may be
surfa e@rafﬁi‘ ?htt Qirthé:‘r F@xarfeP, cd?ﬁ@e&fall?%% b3 bndi ing eqhnpment

Sgre erab COI’]SIS s of an oxide fil msuc%1 as SI
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used AR TR SRR Gt ofF 1) Sl QptaPIR, A Reopafomas
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hotoresi st and other filns on

ove .form
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FIG. Q&aWHér& "
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the dielectric film30 in the aperture. The dielectric
film30 can then be etched in a manner simlar to the
whaoodozm3k 40 with an appropriate wet chem cal PEDUSI00€030703
Rt e g ngact g whpmet ch that depends on the
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oy dillet fvpeiamnle metphiormed banfosexmmppls. electzonlating: map be used by
succek$§iVe 6 Bdtalvos | i I rial.is a .
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cO . ! !
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SEEQ t : nditions, for exanple
conmCF4- E‘g‘é‘”’éa,z ﬁu%[fgg@?%gggq?gaé?lgwnﬁhr ough the dielectric

| dypertares il rio ufotined) sty Setaad tphstolieg e bétterBRichand etching
technel chels m;X aﬁ’iﬂffsg'r%)gr ned, i n_one chanber "by Swi tching

g el thedhar i ‘Ghandagdislestsici Blmp Y., Keirterduwplen aniapgrturs can be
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ror g EAALAC LN LGP 1 b SRk e e, I e
solutiemdr 4 drynreadtbiedbh ¥tch pfocRsd thiebsdd chh€ abidthisk hQerial, revealing

contacy structures 17 so as to avoid a detrinment &l

the digleefif iy 3Qincthe Aperivse.c She dietecticrfilot 30 esn then bbiotehodin a manner

imild- RS HR: ' [ f, di.el,ectr.i c vi .

S R S0 o0 B B0 L St o pfgsacove o

etch thpd idepenels balthadielentricdflmen atbiisig Aexaipiast a fkt sehliER Solution for
i mental effects may occur when

7. F | e, .det
@ hard R R A PR BASRe PP A & e hesameskis Y emimvor Ankgample of
reactivdRn\e@dt proddss FbrSs @i@f‘e@tr*&lqﬁﬁ‘{gfﬁgteﬁ%ﬁé %?ﬂ%ﬁ%@%{f}%&‘ﬁ% 12 etch if the

.. and 17 i's sufficiently large.
dieleciiq fijmpnaterial dasilivon eikidet cMiang oiter serend aitpieshes @rsSp&kible for

] o] ct ructures 17 surraounded by silicon .
these B0k R Bt 3 o oM Gl mfusielsq ettt ef Rhgnapertures 41 i
prefereblyheidenther ehd facihatbetveeh th@ | ggéfﬁﬁ' Eali
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detrinental anount of etching to contact
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structures 17, the thickness of contact structures 17
may be increased or an internmediate step is added to
W(p)rz(mﬂ/@umscont act structures 17 fromthe di el ecP€T/TS2006030703

i i et iatjes: process step can be used to
¥ ﬁ't h il Heh li_'t & Wg dgﬂbij{?ﬁﬁgpgﬁoﬁbbf digs 14-\Nhere ¢thieed to form vias 50,

t ck and. si
as Sh%‘:fl't ?ISEE,G o R Pehitg B ko8 SBroREs o iRl st to contac
strucgirsh1 2snd, wewmlchmymal@l is £ aielfris hReidl Ve Mxﬁiﬁ@%%bﬁ &fld side
portions of contact structure 17 before

P"m%n‘if%ﬂﬁ‘i‘lﬁ%éfﬁ sErcthngel 7cng| aiep space afifontget eligtures 11 A first set of
gasesd@id’ bR, f&rc‘.fk'aﬁ‘%lnet gl? CQJ%E&‘C{? tb%‘{fs&il‘ ﬁcg éﬁ Aft t@e substrate

sel ective depositi
materggl o digp a6 bandcontdondeet off pdsositndl edrditim] fdr @;‘aﬁﬁld@ﬂ-based

An_exanpl e of 6 a sel ective
ey 42 800K S SHAEHUES oY SR Biomios hesisht Sractrs 17
Both péteitds N@ay Thd DetBrBétP W orfe0 Ehﬁfﬂ?éi‘pi)f swifthfd Ggas@? éﬁﬂle cgndltlons
ng. s stopped after exposing contact SsEfuct Ur
approrvafa d %@Pétr kaving todirepki acwemt dThe etqhmg m@e}pd'sea:onﬂudtlve structure
70n0t ac3t. uct ur.es
12 is gl?(g@tl H’Fﬁlgn) éé%a gé Q{Vc%,ﬁ%g Hroq%lcgs g Vig B lpplg £Xiegding ough the gap

or apmmreofmntmstrﬁmreemmoécmacﬂstﬁmheqg.l ng, for exanple,
A material such a s nickel may

| at .
& eSS o Slbingaocupaisoinmise At datavig prftably bus
.nat i
i S el TS o e o v
to conteety sirusturss 12. aH@W!:Ver Iﬂﬁeraeﬂqem slhlﬁteecdrﬂbihatmr@t(ﬁcﬂllelé@tnc via

etchm% g %ct&ﬁlst%%é% eﬂsﬁ}l rgmﬁt %t,tr]lln;/?g%% agpgggts (Iz[ft ercljngg to contact
struct@en d 0. Foy exasle, d(%%bﬁthpé’ff&ts 18595@&11‘ 'Mﬁn@ﬁﬁiu%§ létrgct&re 17 is

j s_acconpl i shed with el ectroless pl at1 ng
sufﬁcga(}&rﬂnéxg@ro Wden ghe dedicahdistagce foetweeguéangzt tstruc:tklreesh‘z ehd 17 is
mﬂﬁcﬁﬁﬂf sk 40. A further advantage of deposition of

protective hard

An example of a detrimental amount of etching is some combinations of aluminum

contact structures 17 surrounded by silicon oxide dielectric and some CF4-based reactive
ion etches where the ratio of the aluminum conductive structure etch rate to the silicon
oxide dielectric etch rate is comparable to or higher than the ratio of the thickness of contact
structure 17 to the thickness of silicon oxide dielectric between contact structures 12 and 17.

In those situations where there would be a detrimental amount of etching to contact
structures 17, the thickness of contact structures 17 may be increased or an intermediate step
is added to protect contact structures 17 from the dielectric via etch. An intermediate
process step can be used to avoid detrimental etching as follows. When the dielectric
etching first exposes back and side portions of upper contact structure 17, a hard mask, such
as a metal material, can be selectively deposited on revealed portions of contact structure 17
before continuation of the dielectric etching results in detrimental etching to contact
structure 17. After 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
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mask material 6 1 on hard mask 4 O may b e a
restriction of the aperture of via 50 resulting in
wabadomiesyy of a portion of contact structures BGI/U8906/030703
SOty ¢ etgl noof via 60. FIG 7A illustrates one
detrimghia] jgtchitigeodears] 6 Contadiestaicture 1 frowe thenemated with usprosective hard
the s eguent steps. conformal insulative film?7 )
mask B BT FRmpled BTk OusiRe 196 ARerebleni PO e ek, ahmaterial
such & hicl@NehayhemairdRwat ldedte i AfbsfheRNEbrPBetin@f thelchitact structures
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12 anfdnkiy| dtlteyrativelymthe enaterial cdnmexiiterenyivid disforai formibg @mnecting
insulative filmmy b e fornmed using a
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40. Aprryampiis yhss hadeped 40 s rondyic peprckdanagition f psesenpive hard mask

61 is Q&%fﬂlpﬁ ed "R 1AGORS f)l'aﬂﬁ]%' Thid Iﬂme gﬁ%qﬁgguscfb?'ﬂegr%gsing the
vapo eposi tion, and an &xanple or vapor ase

requirde pluskrteso nf hardviapskr 4 ati funthef advastige @f depddithedf proyective hard

rolysis and, then deposition. Hard sk 4 0 gr, hard . .
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selective to materials exposed by vias 50 and_ 60,
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. . i .

o PSS BB B oA VAT & e
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enharfe8y SWh8fhical Nap¥t afepbilon) EndPaht bf?aghlﬂefbi} hggborvphdke@deposition is
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vaporizgtion af @sajst, follmwedi Hymyrelysik aed then depositidn.  sui t abl y

WTRE R S0y I8 SR AnPlrpftl ARS8 70 b By denovea

beforé ifbAmdtidnCkinessfonhall inkhiative €8ml 70 iby, dormegdmpls] etclingf | IFIG. 7B
) t hi ckness inside the via than qutside the via. A
illustrgtes tha,gase gthere bard mpask dRus Fanexeds dk thereidnioremaye bandrpask 40 or

hard fFRUCHO Bld D il 3¢ faflrialOOBalR Bapstihd B, this etch can

be dopowithsutcomtske t1f ¢iis etch s wst sdlBctivedo haterfuls exqmsgl by vis 40 and 60,
easi .y renovabl e.spi n-op. ma ial and i.tabl e et .

those Figerials SHTEY A RIR Wi 35, Bb nty B e e & Py materil

For ekafiple! ifahe hhddmmdk 46 AR SRtabORNAIEY 1206089 4O aB%MRASBuUM, the
contact structures 12 and 17 while leaving film 70 on

vias qanebespattioldy fidlediwith aw egdlyarsthogable Aplraerk visoeusaiguidfmaterial to a

SEr r 7. 0.s.preferably exposed, tQ, create |l e
deptiigyll St Bl oML T ¥ R o i WS By o
with & Spihesiudsabue diqiichatedsl 15t ARE Selecing YA a‘ﬁ%gudt@ ei§if-oA/film thickness

in excess of 1 mcron is preferred for

j.dth
that Wil ALY pimeree therfugase smpd bamerd mptk 44 irevgh whighaias 50 and

0 o RS0 B 1P RS TP i i
thickmwiss homide thedviaithin veiside 4Be viaro e duitadieoeteh fofrthaehtire oifrface then

conformal .insul ative film 70, respectively. Both of
removes tj-us material from the surface orP hard mask 88 while legving mater?al in vias 50
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films 30 and 40 may be renoved prior to formng | ayer

70. In this case, followi ng etching of conformal | ayer
Wwa QoadeteBer i nsul ating |ayer nmay be formed on BCES2086/€30703
ﬁ rrrr mpnyt;gmkw,z, ke (Ot g evy ;p@ regi on 18 where portion 2 1 is

and Gﬂahﬁﬂ @ €lls ohREDM R urdY1 sidciat 'A&{‘ep%nﬂ@ BES Edsﬁg ?erflé’\feﬁble spin-on
nmple, Alternative to confornal I m 70,

mate*lilh aﬁé sHifgbla pieh apephicierasiet dndfan iR plnms elich, Tespectipely.

c on(15 or rra@ffpﬁf% gsc%[msc‘ottm%bcgﬁ Jn?é %\F?}t‘%c?se égg{%‘hﬁni“ﬂ%%b% and 17

whild leevisg fdmr 7 en merstdemﬁs of V1ds 80 34d 46. bubacRebane SsGhbteks 17 is
t he ter| al adj acent to contact structure 17,
prefegiy 5

FRAsP FC? FrgatpR lﬁégﬁ BE forgnereeping thercoataghsuric ares, rasulting in
redud®Btc8hiad! regliafcENtA ch%f’ ﬂatdgg %% %51{1:%{%5 légcges%gf li)%lc;?%f ﬁggpferred for

reachi ng contact “structur or NA
minipgitgthesdntatt IESlSﬂaH‘&Q bunglscxhstnmtw1$1t\rau>cbaue& updn Bertice and process

L LR, B ol S 4 i
40 rehved B@fo&&fo‘im@fioﬁ/biacoﬁ@)rﬁfﬂ 1n§ﬁ5ﬂ@ﬁﬁ9wlr@%’e§w¥$\%a 60 %oth of

and reachi ng contact structure 12 as sho | GS 8C,
filmsg) argi40 may bg rempeatertari t dbyningClayen7Omln fhid case 7ﬂ)110\7(rﬂ1g etching

o o T AR D B S 5585 21 o

dev1dehegt5)nki$t Whére p@ﬂidﬂ 2N @mplelylidmbOed)FiBY oBYAG & deposition, for
nformal film7 1 may be subsequently ‘ani sotropically

cxa eched to forman isolating sidewall on the via
po r f e 14,16
DA s IO A SRl st vt
exposire lpd dop sur&’anemfaumntwo bimtidtung 120 deovedampie, icoforinal film 71 may be

fm?‘ﬁ%ﬁ‘ffp%%‘im% iove e it eseprh 8'5%'?1”0 63490 i befoapiching into the

mateﬂgll ﬂgﬁféht t@c@rﬁiﬂt%ﬁﬁctﬁ?é’ Wtéb'h?orllngl ﬁﬁﬁnf ﬁn%lbeffojf'rﬂégéﬁer etching
be subsequent|y anisotropically etched to form an

into t@dn%tﬁmﬂgadﬂsacaéml dongagt stmectenatli7rlaut dhefirh refchinigacohict simabture 17,
be subse
cont Gl SIS rhd 1R hoPE e Ripma ARt peshine R Brep fotiming via
60, odlegrifbrmdl ﬁ/lma746ﬁhaja be fdil’i’r&dlaﬁt@ﬁfea@lﬂhg comivefivy sttuc@@e 18%nd forming
own_in FI%S 8H, 81, and 8J, respectively.
part Qf Yiariayt\hetare complesingaimf( and rasglingwontaet Bisiuse dalas shown in
FIGSIRR0I.| 85, Gha 41, TR pJ iyl Z:%nfo}&al Him{ 120%h, 73, and 74 may

subdequent” ani sot'ro
subsesjudetiyab¢ aifiSotcemricadly e‘td’redetd\ﬁbmelisetzttmg aldelwayls anhle yia gorién 50 of

the sgbs%r%teepoﬂions of die 14-16. For example, conformal film 71 may be subsequently

anisotropically etched to form an isolating sidewall on the via portion 50 of the substrate
portions of die 14-16, conformal film 72 may be subsequently anisotropically etched to
form an isolating sidewall on the via portion 50 of the substrate portion of die 14-16 and the
upper portion of via 50 comprised of material adjacent to contact structure 17, conformal
film 73 may be subsequently anisotropically etched to form an isolating sidewall on the
entire depth of via 50, and conformal film 74 may be subsequently anisotropically etched to
form an isolating sidewall on the entire depth of via 50 and the upper portion of via 60, as
shown in FIGS 8G, 8H, 8I, and 87, respectively.

Alternative to the sidewall formed by the conformal deposition of films 70, 71, 72,

73, or 74 and subsequent anisotropic etching of said films, a sidewall 75 can be formed
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bst ./ ra 3t egp o 7 rti gon 3 of die 14-16 in via
50, after said portion is forned by said via as shown
WO p00F0B638BK. Sidewal | 75 can be forned by a prPCEES2006/030703

i Lt Begsidligh prafierential Iy to the substrate portion
selectiyghis o theasubsirate padji@cendictia- O wats0s bisCidd ?oﬁiz)n iE95rmed by
61s
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structERTSD SHEPp SERL  RiTe i Berbichtosiet st puslesas predereialy on
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> Wheit sidgwall e isetpattwralle siphlar tosmfomalifim12- ih6/ib 0 aherf ffigdtropic

etchin@ o RbAGrinai g1 A agh-agent 1o contact ,
gt ructure 17.&_2?& e s%r&?#gtgkpﬁg{%ﬁ]@f%’?ﬁ%rl_ﬁ@‘frmeésaﬁfv etching
throughethe aiilsstrateepariipns efidie 1 4t FEb@riesstb re@:lh!ir% ﬁﬁ&ﬁier}ﬁat%ﬁal adjacent to
contacftuﬁcg@{e 1|7ncrease the surface area and 1ower the
¢d resi stance. This is also shown in FIGS. 8A and
8B. siddeuMh@s 0P QoA tyhe e.further fil.led or. .
. conpl etely ti1 1 ed % tgguc‘%rrlgtgsall? A& SB%FX?‘?ﬁeiiilﬂ § i ausotropic
etching §o Awches Ghetease thetsatfadenarbaidad hutverahe comthct feSisfaBek. t Phis is also

ical deposi ti PVD), chem cal vapor
Showngg%%fgsf BASRED) e Webob ragﬁyﬁg_%qaﬁghe@% Ml{% Ffﬂ'_teﬂm@ cogipletely
filled withinoathll YMeseds bofillingaistesPsid f@%itﬂfmétgfeﬁé%@;c}e H#e AR not limited

; hthaE PVD or CVD and i's typical prece
O PIY§iSAOL¥FRAT sispesitian (RVR)PuBmieal Gvpos debsitiye(CVIEX afpleegoplating.

Elec o 3 . re.sputtered al um nu .
| “Egé?tfﬂa%l?ﬁyrﬁl‘@%lﬁ%ﬁ? Ao P JRE G AR o1 ik St BVanor GvD and s
typicalip pseededeatipldeposifiod of arehih PMIREr BYTMRAAkRer! BRIRHRA of films
formed er and exanples of filns fornmed by
e F’%gt ”ﬁﬁo BT eafl?%re@vxﬁ}l@ﬁl% dallading. drasium olusgsterp | tienimg)tungsten,
or copPé eRaekRL of , i FLG O 9A shows
pgnleexarrirs)l e o%m Jggrfggﬁégdggldé?? %gepﬁ%?gtgﬁ et ﬁ%?d’eﬁ\hépgﬁifalﬂples of
films %‘“éf“&fj By ededrgplating O(vitkcl iimdtdie plsitiohds Pleing) Nere nickel, gold,

alladidhd 4 Ub& Meking el ectrical contact to contact
P struct H{;%S 12 and 17, followed by formati on of a mask

FIG. 94 showsfaarexenplond e, mdkl QIRebsihted 8&HLd Fh&leby a metal seed

layer 90 is first deposited over the structure, making electrical contact to contact structures

12 and 17, followed by formation of a mask 91 using, for example, photoresist. Seed layer
90 can be deposited by PVD, CVD, or electroplating as described above. Using mask 91
and electrical contact to seed layer 90, metal contact 92 fills vias 50 and 60. In FIG. 9B, a
structure is shown where mask 40 is removed before formation of conformal insulative film
70, and FIG. 9C shows the structure where no seed layer is used. A polishing step, for
example chemo-mechanical polishing, can then be used to remove the excess portion of
metal contact 92 outside of vias 50 and 60. This polishing step can also remove the metal
seed layer 90 on the exposed side of die 14-16. It further can remove the hard mask 40 on
the exposed side of die 14-16. The removal of hard mask 40 may be preferred if hard mask
is electrically conductive as in the case of aluminum given above, in order to electrically

isolate so formed metal filled vias from each other. This polishing step may further remove
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, each other. This polishing step may
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[ pl anar rfa an | anar net al
B T b TN
barries hayers inolude GmtalbinAnge iBiden
5iGy B s, o st]nct fr’gﬁ%sﬁég?ﬁ?ﬁdéﬁ:%d%f%&?‘n%tﬁhdﬁt andomay be
preceded hy 4 Hipppuny adhesien lasier of typisat thickinass 4.0@5 1 GONinti¢rons. A typical
hi t LV <Y filling vias 50.and. 60 with
t ‘Cknﬁﬁba%’ﬁﬂ%};fg%ﬁé’y@&&&w\% mierays: Iap 11&15%1 tﬂ{gﬁpqsa 8593 has been

deposifgd, lelastroplatif® car alsb dd wakd o Gﬂrﬂ'bl%‘dllgioiﬁglﬁﬂseg ﬂg@(@lg&ﬁ{kﬂgé’%% to a

. . as ,shown in Fl 10C. Vias
des“eiq%ﬁﬁgglpeﬁ't A i) in ga%? thiskerss i5 B4 W ihgicreny Bagvia Yheubject to
ia 5004f SaffRierg! @igiy, O j G . ' bove.
e hacs "ot i B Lo ol 4 SE BT BP0 B eyuple of
filling 4 avitheRlasme pulveced drenricalrvabaydapositipa CBBCVIDY). CRi SlfdiMdtive has

. ' tive film 70 to prevent contam natjon of contact

he adg%}rﬁ'&' e?udrf ergdlfiéﬁ:d onru.et%ﬁeé)roglaggiae m ai gﬂl}P ausl the yp._tqntl.al for a better

coeffidixaraftlesmal expansive (CTBYBa&h bBEddthd @d?ﬁﬁdsgg‘n{éﬂl 11088 dielectric
t.ung@ten nitride, and titaniumnitride and may be

filled Vip apd e Fupguading subsiraimpatticasifaiie 1496r of typi cal

t Rhék - Q. j A tvpical.thi.ckness .

of " paer eroydioTo B LSRG vish el Reingi R 60 wiey
metal 9 falloatedttyi filking sethodicldarib®d ibeefll e pias ivizesh with metal 97 to form
an elefi8St notgl at | ng cg}r% al so be used to conformally

rncr e dSEPHECHAR ciehiesd egntapy siichirefedZrand i withms sconfacting
thinned ywbstate 2 NGandas&d iR ' 547 : i.crans, £.0

via 50, subject 1 éll\wlﬁk%% Bg l‘f?%hl %l%f(e%ﬁ%rc\?\%gg]tfﬁﬁow by CMP as
descnt@geﬂbﬁy% apd shpven &cFIG.cl0D Metad 97 marbeofoirded antht@Bonnect contact

aypl - LEbling is .wWth plas enh ed chem cal
structu\?/‘e?a%pi(;ﬁr) ag% glgSMt:h!a%t %g@égw _tﬁ]ﬁaﬁ?@ sgl?s[tréyengfi etlpeiroless plating that
plates priverattixglysorn toriad Yaaeturg 12l andeposy Pia@iﬂg 39 @uff?ﬁé?:]l% gﬁ%ﬁ%ess that

f aﬁg]aalhe otential for a better coefficrent o
prefereg. 2R InterppyneRist CORtask stisiures A2 andifosAn exareplalof electroless

latingl+i i - ARN via. an syrroundi ng, . .
pling 0 4y PEE Wil il 300 BECRHEL S s regaive
has thefqdvintage of net 6Quisingla Gllewell I50N®L a2, 98, 74, B 19 MitBSvAS0 portion

60.wi th netal 93 followed by filling with
of remBAeORpHets? iF } E16 5 elobirically fsompbe oaid o34 bntemsoraecdn from
said retn@iniiQy $tbaiate URCA'she@h i FicErgpnecti on bet ween cont act
ructures 12 and 17 w thout contacting thinned

B3l t intepaonnegtivnt teeintdredrinevicd confrctsBu@Bredd 1Nand 17 can be
fi | 1 ric: 98, .followed b as_ descri bed above and
orme e bR e iIgs Y 95 Lt 57 aidralimea 51 with metal 46

I nt erconnect contact
17



structures 12 and 17 w thout contacting thinned
substrate 2 1 by electroless plating that plates
wWoee@ierisse i al |y on contact structures 12 and 1FCHYS2006/030703

ra kAt Mgt s uf G ientsit hi ckness that preferentia
as ShBW‘atIPng)ﬁ ér sEBi#etet tecdaserptionsin FEGul 68 ar2bydihinis7 viaAfil with

condﬁ%ﬁ?gmg?eé%g h ﬁflﬂx g%?hsgfﬁlﬁg H:gj3t @9%{1’@@(}%}( q.n%&mllar to the

descriptibs imlFl6€r na€i Veiahss 1rt FK} aﬂMﬁﬁthﬁGOfl 0RQ§ sh&iblicbh@tids to the
si dewal | 60, 71, 72, , or 75 on the via 50
Pomﬂﬁoq(}t“il?}ﬂ G ot eapiach ﬁ'ﬁ@ct%r@bl@t rAalff‘én%}Wélm ¥ia1% ¢ap connect the portion of
metal $7@54 doh €t 17 of 56th BbfaciBlelolS GbTh§3y. | Nt er connect i on
fromsaid remal ni ng substrate die as shown in FIG
1@be sEuewtesi ofaFIGH t1OAc biTthert suitable cfor BtlsEq@nN pedcesking including

o A B SR G i
to suf)pdrt lvﬂ@:btéh@nﬁ ok MiptdhipBlasitaghas ﬁﬁ%o cbﬁln%'q?(%‘#lly includes the

simlar to the descrlptlon in FIG 10B or
formafiog of ap elwm\caélanamwngsnmwmmthe gpased thinhéd Bl.@)swmterslde 21 to

n FIG .1CF a mlar 1o the
prov@é agcﬁﬁ&{lllsgorl]g?o%afé{ W&Eomeﬁcér ‘uilg of, uﬁe@ur&we&ﬂﬁzqﬁp@
1@m mngﬂ@mhomriﬁ@uﬁn 01 tgthtifgiRe1ct heRriff 96TBEEH asd%d ddsited or
cont act stg, ucture 12. Alternatively, via 51 can

spun-gR, GXide ©OF PREIE Yorad en thdigl 14etp wfter (VP agnd lnwrmmb@trhutmg or
d Te S FIL.GS

9685505 5 s Bl AR 4B 10

Anothem cﬂlei imgetialt map el ised thedvdon qhh otde1 6 teh;ogfo&mhitr BHG.e3B, prior to

o RISt et o 105
layers) hOE oS ert B a6 @dhdod A6 |a‘lﬂ§§vfar&n§1%r Eﬁf/épé:‘h%im Cfﬁgree of routing

el ectri cal Iy insulating material on't
complegithin ddtesppsiyelyaifeths ipalishing step doeonitdenene cbmﬁonahl dielectric film

o |nterc nnect r.quti.n r .underhb

70, bR SRS S e 5 PR o e
metalhzrmdna;tma(grdmt erial 96, such as a deposited or spun-on

oxi de o r ormed on the die 14-16 after CMP,

ahAdS?CHP‘i P‘é‘gﬂ%&?ﬂ Ploge F}?&l@racewdé}&jaﬁbe pveniiqn is Afysgatedsn FIG.
12. &

e ORI B8 4 £B A B Bl L e

typical 4ang, ofibardhmask i (il Bh(:kne%;s fhﬂltorl .0 anicrongi Mbhevhdrdrmadk 101 is
preferdfly. (SR irety T h SN AR i s BEDTBEh SHERHN Biloea seigequent etch

proceSCEOproBstadseusad o gﬁh\éﬂ a @l%ﬁ%ﬁ ihuﬁ{éq/ s‘aBstﬁltJ‘QQIa ﬁ&l@@re%ﬁons 18
routlg% conpl exi t Al ternatively, if epo In

and 1§t Bpcomed sipictur e donéxmmd¢ ofisehardt mask fis Iahnm'lm,lm tungsten,

f I fil
o SELCRUTE| oL SNTRERLE, Lt SSIPRRSORRE Y R, St

reactmt rometcll esetch asdg dirdugh® adheandilicvh subsri®hAPE CF based reactive
ccor dj o the invention is illustrated in Flé

ion etgf fiy¢gh fubsegaetivia tepugbdiouiss apgionsiL8 iy t feoeemtash ytructures 12.
e n F=Yo Y [..r f
Apertufts IOy orfleR BChbe 0D 18 SoRHE iy PORGspf B e firt
embogdigedot 1@ itchsthWUﬁh eln?a&ﬂeysubﬂrqnaSSI eﬁﬁldde@'icg&egﬁhe ttd akpdsb atructures 12
ch selectivit supsequent etch
and T S drreBl Pt Sing fiabn Yeshe chrttonre Lo s ledge (such as
27 shbwh RIREUGS UDA tahateR) 2 Metﬁﬂ'ﬁa’t‘i’cﬁlvis(b%rrfe%gélﬂ 13S slé g&EFfG§' -9 using

contact structures 12 An exanp a har
mask 4038 four metalhepatash 104 |t<aprqdum thn |su1a@m;e showmoh FH@eliun fter CMP

(F1G. 31'351, ﬁ@tale)f@im)é &aggrlz%ﬁ, etdC tli]le s{rggtlelrseslsl itable §or sutg)sequent processing
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reactive ion etch to etch a via through a thinned
silicon substrate and a CF4-based reactive ion etch to
wetohoaesubsequent via through device regi ons BGI/EsH0d/A30703
0 C O sk ISty Ut o g 12, Apertures 102 are formed in
incYu«ﬂmg Kout bt dimfitéchéo phototithogaphs-has<ic @g&eon@st rdutiddor underbump

irst enbodinent to etch through the die substrates o
metaﬁeﬁa%m SOV RRONNE o S ckiprRackeging similahip e metallization

structd SIvRT & BIRDIY $XRM3O G ce of . .
~ structures 17 to ?@?ﬁg&?g gna g ﬁglﬁaég%Z&l@ﬁg% of gn electrically
insulgtin@g3natgrialaerdti® Bxpodddt sidd ofzditildnl6 ® mravideadedntidal 4lation for said

e gy SE B0 kB pr s o
14-16.3 ToAfirger @Mist (iitefeonhéot. roiBEAlbr Jcﬂéeﬂbﬁmﬁlt ﬁg%ggzégg?, n% Eganarizing

the structure is suitable for subseque
matexigl as descdbed i thy fog embodinienty foutexamplel & rdi¢lecirit or a metal, or

It - based_i;nf erconnect.routjng or .
ater 00 ok R ¥ BERREn  Ph e BT b b dp st planerize the
surfatd ofpthe birpetpee fagkarfiple PyMilliag adyPsgabes Bodwadi did adpeRires or grooves,

. s,‘t)é,uct ura%ﬁshovvn in FIG 11. This processing my
eithey befpreqs afigpthbe 4 MBIHeRSSef an el ectrical ly insul ating
TR ey RSO 510 0 Py MR UBOE o i
contagtsdEF ungt megtiatd butad sinplet dvatact $n madié @d vexfer mahde connected to a

exposed side of die 14-16. To furth assi. st
°°m%°ﬁ?neﬁ‘€osﬁ‘§_ | sl fo L‘f?ﬁ_lﬁblt 3 bedr btp 1?1’2[%?13@ 4R iFdH; 13 where metal
contdet 02rtb k& 90BARIdoRheiRg ABREL! BRghthds 1B€d {G with structure 108
enbodi ment, for exanple a dielectric or a netal, or

being, pffeat feom gengtureal 2000y¢ pind €leirsided f oustal aintrce @67 extends from the

oo BT B Sl (0, BB o) 5, LS SRRt
part (Hight sRIREOF tietsl dhtagt OOV eftend frH@I the &ipPésiRfacalof 8ibdtAAR portion

%\/P process. The present invention may al so be used
109 directy & sred ombgies12. For exanple, a pair of contacts

177y g i [ toAlL ' r
B e L L S
through thbadtkside off 8 dioodeafer Btrided its a ishbstiater tatisterdonndet Ge di& or wafer

er tal ,contact . 107 to.seed, 90.interconnectin
and ﬁ%nf@é{rrg@t r Bf@gﬁ%gfaﬁw 1p@esdedning fhey ¥igy y"g’l‘%b@’%%ﬁllﬂgcan be
complfck@! ptéfddstd, UpkiUtiBitlalifgle PR btchingf proddeds) thfugh a bonding
met al contact 107 extends from t he upper surface of

interfageys Fabes. iy possiblel Oexposetop Isyrfacss of it @dtasts totbeinterpoanected,

: L ot her rt (right side). of metal cont

ineref e o SF@OF PR b min ot 1EBYinR elplefhufil of the contact

Diffqrentt eclinoldly dévientday Be0i&eshRote@N optimizidgitevide? perfbtthance and
.present invention provides numerous advantages. A .

aVOl@P& drscriphlams assorialad pathelrndng o manyfrctuse diffeesnsiterbinglogies with a

i [ bonded to a substrate to interconnect the

Smglgipgocg“ﬁsg\% gl{rce'and the substrate. No photolithography is
neddbud iembiolenarit & sholindh RIGSi tGA ) WoR and be SabsalaiccHtOdts device

reaid L G itardisges et acble Bl oo feyide odeeras eion 115,

substrite QSRVTE1 210 dWh{RESfchired & £OBLAG IS0 5B RRite 110 on surface 113
i nterconnected, increasing the surface area of the

as shoymt iadtlGand 6Ar dd ks wmboficnene diest mmoematkrislvevedng emttact structures

12 DY SRR o DR B RS S,
the girohireyrsh@ss o8 IFAGEd 19Bt dhdt 1V i @rdducsBNUiARGIUBE is etched through

different technologies with a )
substrate portion 121 and device region 118, exposing a ledge 26 on the back surface of
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singl e process sequence. A third enbodi ment is shown
in FIGS. 16A, 16B and 17. Substrate 110 has device
wo e@iromeldl with contact structures 112. Di e 1HAF/13B06/030703
'''' gagh-haxiing: a geyige-pegi on 118, substrate portion 121
contacmrsd'ucmrﬁsatﬂ s tiihe Odtchlﬁég id tonthned bontig 4 @i 60shdad@odiaf a top
on_.surface 113 16A. In this

surfacg 6 SHR TG RTUEHEF & 170 CRBIAFhAR) Fialorhin g iboRtter without a secd
layer 99 r H&ﬁﬂéE LoRtact Sl AW R Y 18hgn F i 'Wl g’fgﬁ It iR rlﬂﬁ)‘? B used to

escrlbe or the first or second ment s,
planarézerthe devies as lidnonssed abov@Swith 6&pactdo FIGl 3Bp Codtace 120 Aay also be

o} BBy S SN TAE B PREL S T80 e o

showrstHIasegQigk C V S p B/ 3 O7 p 3 contact structures
117. The etching is continued formng a via 60 and
e)@pff%‘il'tﬁgelhb(t%@esﬁﬂsf @@Wnolfn F;lﬁﬂ a](&-l%t i dhis rembbdiment there is no

materlgp %é@% )gl Jtl%r %St :1% a Ct o\gtarcﬂ St}ﬁ? hl%% cé%prlsed of

conduﬂ:ﬂx?e mhatdriak rfoﬂ’&i&iipl@mcﬂ'ﬁy nbﬂleUlSleldl 16omBY @Rehd 2Bovd he surfaces of
gbx é as di scussed abgve with respect to FIG  3B.
die 1 @hd poptagh sragtuiss He2f enmmssed ik spnduetitfematsighrfor example

BRSSP D8 e 12

may ba cEtrmsedlef Iofferenmt triwtals. enEmdemnplet bettecti gruetures 123 may be
mat coveri ng contact .,struc 122 or 123.
compRRIr G e, B MRES SRS ek S8l 5P cotigt Sirjdies 122 may be

compfRddestisadiffefett oﬁm et”@ﬁr%lsten' ﬂcféjél eoxjgo‘fd 1é@nﬁ@t\’stﬁféﬁﬁ&d123 or

above the surfaces o die 114-1 and cont act
contagft gtretwreed 22 2may owpthers bd @fmpmndlmft difsrentt metals fof example, a

I f .
cons 4R IR R 20 0 1 p 3RS e

122 nfayrfpﬂBﬁCbleonqufsé@ bealloyReifabsper gﬁ&ﬁilﬁi’él@l R @aldet other alloys,
one copper

str es 123 may bhe conp r|sed 0
for etﬂtmg juminegde. 6';116@% mfta stRyclm feimed Spt a crtiewsofi tephniques
| f one of copper,
includiByY Pb@ aRERLT E%Iga,uﬁ’o a}rﬁlgégi:%{o%{%giﬂ%

tungsten ni ¢ nfact structures 123 or
cd‘rht: e;mttlcat plicurfizces of 2ize Y- lﬂﬁrdxhhldutgeccmaqorstraelﬂmsf123 and the

for a canbi nat | on. of
portiah, o SRS TP e Biinearen o rocteg. B2, e Reriea nogeonductive
materﬁﬂldfdioébiaﬂﬁﬂe Sllfdeat s éﬁ@oﬂ@ﬁnﬁé‘r §1h§(5n Qﬁrﬁﬁiﬂy i¥esh Qlternate
al l oys of copper, tungsten ni ckel or "ot her

isolatipg| Wteriak epmpatibig Mathi mmlgmctuctmr onteaetedmeset mnutastunag Die
114- 1?&@?% :E?B%SQE éaonYﬁltl g{lg {26_,,0 rry B d%dl.liﬁgsu%%:g%] glc}ﬁ \8%'[11 exposed

ect rop at|

contastistifhaimes 18P, ki @s&ﬂkdlﬂ@p@ﬁedtml Se@iaCNB ! 1023595608y Githra@ S lignment
123 d the ortion of surface 113 excl udi ng .cont act
accuragy Yitkgierido fhen 3 partionefexppied cantaetﬁi@sw@cﬂ \ig the surface of die

114- lq@tvﬁﬂi #bortibRlof %%gé@h Comtalt s%]%@tu%%' 'in %h*fhcceoﬂ U1 't}ie non-

i I'icon®oxynitri of an alternate Isolating mate
condt@@npanatbtlel pértinn sefmbe onwotiace cof diet Bigh- Atée ahvithi actthetnon—conductlve

e SEPLRGA e E1E TR0 BRSSO bt o o

surfasTt A€ 1 1460 16/ 6hdHR ohZdnd@sive %%éﬁal? S6rtion MRBIA&GAL 1338 preferably
Serial No. 10/359,608, with an alignnent accuracy

a diregbaridcgselescribed an AgplicationrSetiohNof 104369608 Aroaiteanate type of direct
bond,%f Mlg g5 &é%grﬂg&l 1%'}—\(e p“?lléatflo% er1ai N% F0/440 099 may also be used. The

bond energy, preferably in excess of 1 J/m?, of the direct bond generates an internal pressure

of contact structures 122 against contact structures 123 that results in an electrical
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114-116 wth a portion of exposed contact structures
122 in surface 113 and align the nonconductive
woreaoen2 @B porti on of the surface of die 114- 11BCTMS1I00&030703

e o non-eopduet f-ve g erial portion of surface 113.
"‘} o Mool corem s ¥y e L | P o R et
COIllltlez%ﬂ)E Hobmer i

ul

weestricheentil anniPictli iseahnmprefdred tpasé a divrect bond
of surface of die 114-116 and the pon-conductiv )

that reﬁatsemiaahlg%%opg gy & E@’Pfﬁ“r?spoﬁ fé?l@?lﬁaﬁ@se eefribed @bove,

in ord@oRdeRerafe el hibRt iflerARIPheSRLd; MWL, Al diNRt bond that results in a
10/ 359, 608. An~alternate type of direct bond, for

lower baathphergnst thos tmipseduien orypghiresad higheSteniperathis. to obtain a higher
10/ 440, 09 al so, be. used. The hond ener .

bond GEPEEPARIYFC B BREBELIAGPY T ABPIORhe Ot PRFLPIgohgonventionsl

direct B6RETRA ESuABs hiddeFaRAemPeRBHE! Br ekarkpletiaktthad 4100°t OF &Smoderate
122 agai nst contact structures 123 that results in an

pressugg, dot exaaplp lesstthan 10UkgenB o ®higre @ high bond energy, for example

D n ntact structures 122 and 123. It
greatefglg{}ﬁ&zﬁlp{r-}%?g}rsr eg utgig)qquse a direct bond that results in

allhinghe dethidngs theewglyr alirfdcowvidobidieg deumetal foondiag guaps eontact at
t hose des%rpi bed above, in_order to generate tfhe
room feiyisEatire; the SPREFtng Rysmee! PHERIAPPOSIEE diatd strfaeridegyto form
t Sl n I
o bond SEtl ridh PP boli AnE Y hp b c R hE TRt G G wafers
increassseasdlye cayachkbaomicel mndigtaatd iacleasess Ovihar tiel retenomest the metal

pads, 1O AR S BB RO {37 Bl Bt R0 LARbRETH Y8 presen
inventi®f] hAHRsdAcE OF HeBmethPPadd XA RitdrAftink MBI bIRIiKD L betivlen the

achi eve a high bond energy, for exanple greater than 1
opposfygnavafiery. dpeso npk ruehibit ¢hemienl ewafer dp| waks bonslingaf ePue to the
d Sy L PG I A | :
e AR P RO PR RO B R3S 894 8 chomica
waferapvastrtgpndaican thandmmet RRO@an oy feouls ia dforw Wt whitk nonplanar

contact point or points, and the attractive, bondi ng )
and/ox Erigh TBEPIe 8R thh Bicigh arls mey deededymedsrepyling i {rpieved planarity
| r i.RE T : r £ds.
oo PSGRL PO 9950, B ERSRE, Ml v T g, To
presswatgeneated fyr thewhkemie] béudiog di mefficient teobvietsethe need for external

i nyentio t.he presence of th tal .pa ile
pressT{GPT BTGP DB ROV g e atiin B ol PRASY st p cach other.
A stromal868HIcARAE cBRbe BHaRi MetwdeNehd HfiimataY @bnthGedVae®dl pads, even at

bondi ng. Due to the nalleability and ductility of the |
room rrpmpagTalien ddueg top e diffhdonp @ﬁﬁr%ffgfé% ohtegfalpgtopeat the mating
. end . .- t,0- r i i - |
intertede TRLUI IO S Rt RS deh & feEp B SN fre enerey and
is enhmbélcbr_fdfom_@’calq emtOty@(ijdaH?/tlleB/e_nbighl irg?dcﬁffaﬁyn banddef sﬁlfréi:ffusion

resulting in roved planarity and/or roughness o .
Coefﬂm@tsne%ra?sep@aé Eiesiomebeilpenis e @cfeswéﬂiée%oq}eﬁwe fprgy that is

. -l r o
typicdIop Y BeRIRREN 1 UE MR o Yick i BACTAER, nOMGd by ihe
motiqurafsaialdonsodirmgahpdiffadionn order for these netal pads

to,.be intjmtel ont act to..each her.. A stro .

et e Vel Rttt SRR B Ada TBHER hE it planar with
the sz IREASH BE 1 2BY 36 aRBEShtact VRIktaks 1 DD May BERBMA Iy DlardH XithQurface

inter-diffusion or self-diffusion ot netal atons at
113. {Ihés may g geqommishedcley forming asubsinale dgving a planar surface with metal-

ﬁlledtvl?fsr g{;&y W ﬁ\ﬂl Jkﬁ og rdu .eiq/([)eﬁtﬁélfeg]u §§St %g? b? ;i’&fn?e%ﬁv{;ﬂ glg\c}téoplating

ener and i’s enhance pica
on a fded ayenbE methl fstictsasou,aAld AMCEENY o Af-BUSY9nlloy layer, or a Cu layer

formed on the Al or Al-alloys, about 0.5 microns in thickness. Pd may be used as the seed

21



coefficients. These high diffusion coefficients are a
result of a cohesive energy that is typically nostly
waledoeomoesed by the nobile free el ectron gas thetT/US2000030703
i tq‘beg y.-they-wpjizon of metal ions during the
layé i }i)m = {\oglsbfythe ddror ddtalloyrlayarsir s, W23\u or Cu posts

may bs%foermleé e fe%l‘ém RBR: eipdind B cbtd Byt Sy & fm the
surfac&Bétivead the pl@ls@ rmaﬁl]g\@ath& helbba€ 6r 4 plotollthbsrapRi¥alBdefined pattern as
acconpl i shed orm ng a substrate having a planar

a maslsgd awetahpich. ﬁ@tcaeuqla layerds Weadormescoveathaurinpe. Tae @fide layer is
subJec i D & lfodu:eegplvhﬁssur \Q/ﬁh og e ettﬁ region
FEd At JeHs

ectropla ing on a er

AContddt-sGuC8s 102 MNd- 133(1399 ha}d zogrehﬁy elﬁr;fadarroﬁg}@esd t?hyle the non-
formed on the Al or Al-alloys, about 0.5 microns Ln

metal pyifacg Rostion eljdigpll4pld 6 andonosismetab pewtion|of purfese Ll 3onkor example,
the suf&c?ﬁg %ﬁ?ﬂlp% amlfl ?‘% f&@eﬁ@l pzeﬁﬁbi} h&\(NSé)Rgof Mean 8§§ared (RMS)

l"ayers
surfacp m@l@ne&syeds tharf bmrreahd)fmrthhxepmﬁ:eably doge thanAl. 5Ian, while the surfaces

| ect d d f t.h
of confg¥ pifise 1 ad i 198 e e g USSP colgb BT 165 hap 2om
andﬁx?ﬂﬁ@ﬁ;fi‘efeﬂl%[e%@ﬁiaﬁ%hﬁ’ defined pattern a s a mask and a

etch. A n oxide layer is then fornmed over the
s{ih¢ doemal tiessuied of | coptact istryctyrds &2 egaingt opagtostructures 123

B BP0 5D L% 328 R s 0 8 i

114-138 6h@ @R KaMENRS Stradiais 1b2 pﬁﬁmﬂiedfadurﬁw leBCﬁlasl(Hot be Iadmuate to
f die 1 14-1 16 and non-netal, portion q f surface 11
achieyegt beschergeault in an electrical connection with a preferably low re51stance ‘due to,

for example, a native oxide or other contamination, for example, hydrocarbons, on the
exposed metal surface of die 114-116 or surface 113. An improved bond or preferably
lower resistance electrical connection between contact structures 123 and 122 may be
achieved by removing the native oxide on contact structures 123 or 122. For example,
dilute hydrofluoric acid may be used before contacting surface 113 with die surfaces 114-
116. Furthermore, surface 113 and the surfaces of die 114-116 may be exposed to an inert
ambient, for example nitrogen or argon, after removing the native oxide until contacting
surface 113 with die surfaces 114-116. Alternatively, an improved bond or preferably lower
resistance electrical connection between contact structures 123 and 122 may be achieved
after bonding non-contact structures 123 portion of the surface of die 114-116 and the non-
contact structures 122 portion of surface 113 by increasing the temperature of, e.g. heating,
contact structures 122 and 123. Temperature increase can result in a preferably low
resistance electrical connection by reduction of the native oxide or other contamination or
by increasing the internal pressure between contact structures 123 and 122, for example if
contact structures 123 or 122 have a higher thermal expansion coefficient relative to the
non-metal material surrounding contact structures 123 and 122, or by both reduction of
native oxide or other contamination and increase in internal pressure. The temperature
increase may also increase interdiffusion between contact structures, such as 122 and 123 to

result in a preferable low-resistance electrical connection. The temperature increase may
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with aig] d’E‘Ef?U@_E R o megdylus, Tor GYAPIF Sapiet Regery and nickel,
will tHiRHe\Be RO ive D SncFAME AN iAekbARNn 3l §Fe8ARE€ With increased

Internal pressure. The tenperature increase may al so
temperataree d9uthermenedinefalsswish adewvideld stross et exempleeappess nickel, and

such as 122 and 123 tp result in seferable ..
sold, PiSTHEY el Fen Rt Py R eratele s PoRle SRR Tsagit, dfmed at
lowerl RedsSamRl ay t hus "“resule inBMGRovdie mktile bandingo AdtdlJeontact, metal
. nmetal contact, nmetal interconnect or conduction
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23 22 R bt IR LD o, or i

rexa

produanef QTE rand isheadinadril@rncamelisechy piblildtreds, fon ¢xuimglle copper, nickel,
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and gpepte thpppiegsredrigy confagisiructusep 13,104 422 U Syl iprop meta

bondifi§, th&tal @edct, letdl BRI QMY FRBnddRanct BervRARBAB W ctures as a
Increase is preferably |ess than 400C for 2 hours and

resultfof inthmal pressuer geplesatibe sgthtfeanb@B0Gmperati@e ingrgase.t o avoi d
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structures. The tenperature increase resulting in
enhanced netal bondi ng,
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nmetal contact, netal interconnect or conduction
between contact structures 122 and 123 may be very
wo ow7/021889 exanpl e as | ow as 50 C for 10 mi nut eBCT/U§2006/030703
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post -bond tenperature increase. For exanple

by
contaféoi’qwere%il%éwhe@ twige 4ledl aligiment dolsoampe) sce@h%flntsambmfessure
el PR RO RGP 8 e By 122

Alterrtah@elppliﬁ isOpreﬁérreﬂum‘aaGE cddtdetl SRRy 1192 chre below surface 113 the

) oprE/If(r)CB/SO?CB silicon oxide with a CTE of 0.5,
perimgligh of SPRIARL: STICIURS; 14l Withinghe Detimatgr oficorfasthirushies L3R after

bondig\nﬁ bg'a% Ankéint 18 a ﬁ&ﬂ?ﬁe&h ‘fﬁlsaﬁ%%rgl’%h mm}s%%at@l{ th BLABAY shape of

he portio surface a stress
contaetmmllowersaﬂél and3contR0 strsdtulestl A2 eo thoxd nmamal ptessice inoesase will be

. nd 122 i ect ost - bo t at.ure .
primsfifp bt 5rnad sBEEEs Tt SoPet el B2 it Sypraatively,
if corftacPisradthnés 108 REBEIBG thY saith@ed d?en gl@ﬁld Bd 8&tEct structures 122

| ateral dinension. This nmay result in a portion of

are beleyt aetace tld dicthgrasstatd Sraqiures deagt belwivt the asurfmet, inormalized by the

cos BRS8N SO LR 2Py BRI o

structtufeeafren bbadiag ® i a&nduh%*td Aconirhotite ﬁlﬁsfaligﬁrhérﬁ a1133msh1fato& in size
SBort ion of contact structures 123 is in contact with
and sfippes o, 5oRiAGS StctuEes 4% and sontagtgstrugiureiet22 o thajrintganal pressure

1ncrea%5 RHE b ﬁﬁla ézbéiv@erp@dn%t S AES 12‘31e§hdocron act stfullclz;cuer'gs ]1?32

al terna Ive a portion of contact S ruc
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is in contact with this portion of the surface of die

114-116 and further, if contact structures 123 are
whedoometebe surface of die 114-116, then post - bpemUS2006/030703
o perper pliyn e lgrease pan result in an increase of

111111

i hhe rtembeipiies sifr eoniaadt wrushresall Py nsk wemtactc simicawes 122 can be

increafy], SEERE 7 o5, MRl BEYERE A alaTIATLS TPy fhea e

substrates 126 eTH BmprRduie@F dbitattbtacleR 123 %0 d icBntabd stfilbfikes 122 can be

i preaéure at a given post-bond tenperature increase .

increaprt qe@nbeshrG Aiths e asetr el types oArhgating inddingubyt ot limited to

therm At Dt ,%nﬁqnmtti%.n %q(am fis %\g%&ntah hg‘atg]gciﬁﬁﬁﬁ% olvé}{, belt furnace,
I hternal’ pressure i ncrease between contact structures

and hd2flawndAb2Xamiple o8 infraeddeheatialg tib aipid ftheromat antealing. The infrared

. Structures, 1 are bel pw t.h urface of die 114-116, .
heatingR9Ufse {4t TGP0 B Seterta Y, BFdh G Stesigs 8 k22 with
photoRESH AFeREre@len62)! Fot eddntipiclib&ftRtddd 181 dien 18906 bl‘i’&hugbé, thinned

~an anpunt to acconm)date m sal i gnment” and m snmat c n

die sgbstiateanidlshdeyiceofregiomt Hdt et dewicar sgici? 3 18ndrec oompeised of a

. structures 122 .(such as tw.ce the alignnent,talerance

semicBAGHI B oRfit Sifchnd thel HinRfed Ao Yol 1t BEFE  Brevent

photoﬁﬁmedheﬁg@frhh@&eﬁt dfuBé @érﬁﬁ:oﬂ&?ctcﬁr%n@@é}i B6in idifig! gbdeiesl by the
122. Alternatively, it is preferred that if contact

semicgnquetar, fesulting in gredysed mpsugtprgciacreass, ofithe sppeicppditctar cgmpared
to thegglﬁ%ég‘%{urez rcf'é%%é%ieccbni%gstgfct‘u}gﬁg g%:ﬂ%lf %gm%g bl gl Ee 193, {Xn example

ructures an anount’ to
of indactivanisadag & intisalvie gimagantic fRchaics whet bontactstrmetusasd 23 or contact

of contact_ structures 1zaﬁgnd contact structures

sha
Struct&@z'?ﬁ%%eﬁﬂa%gqeﬂf,ef%%ﬁa eepprisefl Epickele wi Il be
PrA rélﬁt)j SELNRRD sERRLAGT 1Bt UG tddheRt &%?rflgi@ ¢oh@Bt adcture 122

structures 122. Further alternatively, contact
withost cootringethel@8irelyeohel ngle rontagt fsaueureod 22iiae shown1meFIG. 13.

and contact, structures 1 are bhel ow surfac 13, .t h
Aneriifieiep Sfetedphibes Wit el SRt F Pinel St b e 122
eitherPartidly GAALREntisdty, UCditifle Sokidét stiiamrell Iemaiebetactvd §ihgle contact

the perjneter of the opposing contact structure after
structesnkdidngithsy pariaklnen i its entieWefin® siagle coniasl SLHHER L 2Ry contact

oS it shoge of contact structu s 129

| fotleady the lsingleempskiimgpriobgss kiesonibed faaht acdceding wobodimsents, the
structéfze? %%%%?ﬂtGG}CIBAS;nra? teuprrgguc% %V}Pe% a: pl-ll;?a?it{/ Jo% ccemtlactns]tr%etu?es 123
contacts a single contact structure 122 without covering the entirety of a single contact
structure 122, where metal seed layer 90 forms an electrical interconnection to both contact
structures 122 and 123. Alternatively, metal seed layer 90 may only contact contact
structures 123, particularly if contact structures 123 cover the entirety of contact structures
122. The structure shown in FIG. 19A may be further processed to form a surface similar to
surface 113 in FIG. 18 as described earlier in this embodiment and shown in FIG. 19B
where contact structure 59 is similar to contact structure 122 and planarized material 58 is
similar to the non-contact 122 portion of surface 113. Additional die with exposed contact

structures 123 may then be bonded and interconnected to the surface with exposed contact

59 similar to the bonding of die 114-116 with exposed contact structures 123 to exposed
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/| eof O o0:?n' t oact 3 structures 12 "3 and
contact structures 122 can be increased before or
w@bao021t6Bd nni ng t he substrates of die 114-1 16PCDUSNGI030703
e PN R e substh aties 121. The tenperature of contact
conlh iU o T3 S0 Dt s BHd i WBSSoDiaE: Shwiout an aperture
Orgal;_ncreased after bonding with a variety of types of
heating including but not limted to thermal,
i i tlds ddyrtiarethbodhuett) w evia Exdimillzsvedf by hestataintdre@inetibn is not
d i,ncl ude oveq, hel t. furnace, apd hot plate. An exiﬁgle
needeg¢10; pke, AR e lpRtEa! HgiareonngeHon PekseRRICoRIfRk Almeiares THe and 122.

Howeh&Y, 122418 dethie #5111 oS B e RalC e rBShneblidE b€ gl}(%\gn énn F1G, J9A may be

_ preferentially heat” contact structures
desiredite proyhda trslastrical pecesefromdhe nepaypd siderof eleirpd-£16.i An example
substrate,110,. die .114- 116. substgate,. thinned. di e
of an FHpIRhiGH Sndss i o W 5ot it e ot B dopae 1 teregposed
side ofifdge CORPIE L4l Rﬁﬁka@e,%ﬁié} op %@%r@fed_ch@ﬁit X HARE BledirlchC&hnection
the infrared heat source can be filtered to prevent

betwegh gprfaet spuetiresnies sy 123 anst cthispagkageh boasdrirdniegiasadoircuit. There
' bsor hed b e sem conduct or .
oo o3 PRSP, IR I aPd P8 RRTPRRECH Y rguvte in the

fabrication of nditainotype 6P Stathe! Podall PliRMaeies. Ufri thedee@siticaions, the
contact, structures 123 or_contact structures 122. An
method ifexicss AORTES s b REh AN 1 FIG Jddprpeingeli@ot kimited, to the

derivAtfoRe Q8REBed D e AgficeStructures 123 or contact
structures 122 arée magnetic, for exanple conprised of

nifckéh emhogimmmalis shpwofin FdGS a20A-20HU CEhis embddifientig similar to the

.contact..a sjngle contact strugcture 12 it hout .
previg, U Al PRt BHOT By CGPalon Phgite WoNhcte SpPgRicg fat contact
structh®d iasdis NawnogN1 1, Gr 18 witht &1 Bgdriu@loy cd@e $hal Pverlaps via 50 is

contact structure 123 may contact a single contact )
replacpdr withueantace strugiurh &7 pithewtaki yapertutienor oyerdappingeedge. a In this

emboiﬂéﬁ] ,g%o%gz{yt Qt‘ftéct&'ég ?ggﬁ]ﬁ% Efl&%é? hi s%Bg{fq%é? EoﬁaioﬁiSBig{ieglice region 88

t
nta ructure partralltyror In

are bemdddret surfaoe 83 witlhdeeice eediag 815 bubsahter 80, bad ovBtact structures 82.
cont act plurality of contact structures 122.

Contael FIrghiiRg 7t 1A @OLpRAden Yo SRITAG SHREUESY dedioringa d1fof04 nDie 84-
86 cal'd%P0H PéhRARO D StERLS113 With exposed contact structures 112 similar to that

shown in FIGS. 16 and 17 or contact structures 122 similar to that shown in FIGS. 18 and
19. Note that the contact structure 87 may be bonded in direct contact with contact structure
82, which is illustrated in device 86. Dies 84-86 may also have the same contact structure
configuration. FIGS. 20A and 20B are drawn to show two contact structure configurations,
with a cutout between the two configurations for brevity. Typically each of the die bonded
to a substrate will have the same contact structure configuration. If die with different
contact structures are bonded to the same substrate, certain process variations may be
required such as adjusting etch parameters or etching vias separately. The figures are drawn
to illustrate the invention where either 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-
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structure shown in FIG 19A may be produced when a
plurality of contact structures 123 contacts a single
W@ oazte3st ruct ure 122 wit hout covering the eneCT/E82000630703

ot plngqug@nta@ﬁh$m“ ture 122, where netal seed |ayer

86 to ARtabOTABHAD SR RE1aEI GAlcHird BR LRANAESIHE Sirfos mpfeknaam attlevice
structures 122 and 123. Al ternat | vely, netal

region|8§yte smﬁ@erﬁéy@m%daomda@w@ml%ﬁl G Pixcled) ‘g)sco%geg:t structure 12.
With t %%}tfcleg l ar)lr- é(tc 1{11% %81{1}53C§tru 1§J{-‘é'1§’} Lﬂi%g .aﬁ%ﬁ‘téﬁg @fchEéqﬁlay be done as

tructures structure
descritfed0inrthé lﬁrﬁe@xboﬂﬂﬁeﬂtﬁ)&ldg@rcﬁmg’ tHR&rmsrmtmpreseieiﬂng of tamtastestructure

surface simlar to surface 11 G 8 as crib
§7, angF| 1 (e hEiEhS SOBOAT FERGIUE Y SIRSHE fo i ahack o) e pgused
If harcﬁlglgglf"% afd bodtife SPuchite %Wrﬂak/é‘%lrﬁlpar %%tﬁféts E&r& Wedsk 140 may be

nd pl anarized materi al is simlar to the
formedh substantibliy thidk? thparcbitant sdazfuc’smer saaecam@expﬁxa@n eondacd stragtare 87,

h d.
along 3t S FRGRIGHGEE et 5o FROS A RBEe L Rtoek § g UeB P 2ton 81
to conBaet Mﬂr@ 82 Sé’s ﬁe'%@ed? Ot@)dder@clféﬁ \ﬂt@uﬂéif’trrélizﬁtdmiﬁgﬁhe&d lﬁﬁﬁle d0. The

contact structures 123 to exPosedconI adt"str h/\f
etch f& @ntact lstrtll(ta:u‘e 87 m@ycb¢ Isippganitigtle slifferent) tharythgi e Omhe remaining

oSBT AR B B Rl 1. B4 ol

if the reﬁlﬁﬁlﬁ%nﬁ%ﬁat@ poror8Y i§ e&ﬂpdsddmﬁmkemﬁmnéIth@btthdalportlons of
i nterconnection between contact struetures 123 27
device 2egionso kb read, 81 age gowpered of SHiReR | coritact Wicture 87 is

comp%?etg\e/ rfgﬂn F G6htc ! ﬁf?)rl S-baQRTE Aciit4a beled R¥ich eheRflaliffl L‘LCbstrate

or e Fical access fromthe exposed side
portiofi 89 ahlidtedick Gegidms Ekanip8ls and amhloaippibass R etolh earebe pﬁeg to etch

may be desired is in the flip-chip bunp bondi ng of the
COHta@)@ﬁ@%@EP%? de of die 114-1 16 to a package, board, or

| Ot Al el 66 i€ pldfehBly RiBe® R it btohNefCEdmatt structure 87.
between contact "strucfures 123 or 122 and this

Specifiagikg ffe, stivorrelis aorso‘trmole@lmt@hﬁddhwah SubsirRig QTGI8 Lt an stop
after b%ciaag e{/gglsre%m%\g%1 & ¢a %lnkg nﬂgtde{ugg W& 8? %hlfehétcﬁ)pmg short of

abrication o certain
contabYRRR1RE 8Pt Bayerg6rotah fcﬁhadeasmow;asn FEar20Chfes ghese two cases, for

appl i cations, the nethod vi ces fabric
separawdr@myacwtrgﬁswﬁ and direstly ‘go gl‘iﬁ’maﬁb trB‘ifPIeﬁoeﬂlayer 76 may be

form%d g]ytd%g()sﬁl?% taF elﬂgﬁe{t gafaze AnsucHescs ishredn akaieciney 55 followed by

I's shown in FIGS. 20A-
removhll & tedt frent thesbosstlom d)féWIatSé tiyh dope@mipiiy SniSABERIF r?é‘%f’%g The
before the for

remagylgy g%@evgqerragpgg {llﬁ t‘et ?ryctmie\é\%’} arftfk}:;%eg ?ﬁ?ﬁ%‘l f&fbxﬁt;&t contact

strucfé r@u&; sISwiE S0 81 20D Qe LiaPSand the Yemathderepf deeick vigitn 88 is
contact structure 87 without “an g,hgert ure or

etchadhvbrdugh o exposelgentact 87 i F LG 1PBbAigheHEe): cont act
t 87 di i b
deiﬁc ut;sgé}lgﬁ slé%s aPF s%\nvg f'(xﬁ'trﬁ'to R é:léd'tﬂ%a% 1B€é'iédr1%@ct§>91 between

surface devi ce
contic® HuRBtusek, 85 4R t37atapd8da larink aadbadillisg rfmlhztwsr es dgseribed in the
Contact structure 87 is posa%loned over conta

previsusly tascsiond SGHERAS A e SDAMAE) g5 Ra [y U (ectica
1nterg?r%n%8‘{1c%e %tt‘i f)gac’? ofe 18534 %ﬂlﬁﬁtcﬁxﬁp%e%d%oﬁﬁr%E 79 exposed by

ctur es ar to that shown in FIGS. 16 and

anisdtfopiallgostthhiag mcmght eomeet IsBRcirariSTar A secdndt exsrplign i sidewall
FI GS.

N W N T T A

I'UCt ure

FIG843 \)G%rg hnd %1deWaH3é>!téﬁc§dbé18wd&)ﬂt&@ BOctuRd @9 4@ 8Huliynhibit an
aI SO ave the sane contact structure

electrical interconnection to side surface 79 of contact structure 87. FIG. 20D (left side)
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configuration. FIGS. 20A and 20B are drawn to show two
contact structure configurations, with a cutout
whedrezre3d he two configurations for brevity. TREI/Us100§030703
i @agh- ofenings o B ihondey to a substrate will have the
illusirsiestone ofithelic §4486dh Wetnilcionhorg widakllydhustiate sh examhpl® of a sidewall
erent onta t structures are bonded to the sane
76 no%lﬂ%ibitfnﬁtaél elecdingal rersppnestign ?Paﬁ“iieaﬁqr@ﬁ‘é T8ay be required
S .
SE RFACOP SR S4B REPR). 20D Reinfif th Bkt ety eiven in
FIG. $ihwérrd the siieovadl & thiends bedowahimned diti fubstrate1, but above contact

pr.ese n a substrate do not
structiret 425 a4 LR 35 /Brnb egRec! bt i on dausiude region
betwedf) camdctaRRictudd 874nd cBhict ﬁfdﬁﬁge %% HBSEL lp@gl% y! lgc?crolglc above
first enbodi nent and shown I n 20B. Via b5'is
contagtttieiire §7 $e dorntai edry pmali sslftahgpect Hdgy 28t whihegtopside of contact

ion di e,84- 86 orti,o
scucty ) ) O BY IR ReoRRh B B0 Bty R Becrica
interc8rinect GBivaRh @intdde lstiGufté &1 %ﬁ&lg’VQwSﬂhG@t sta@ﬁ@llﬂ Pncreasing the
renmai nder of devi ce regi:on 88 to surface 83

Crossﬁ%‘é’él’éd) vigmp, ge\shewnriaghiéh WE1 A selaebgetijew 186rﬁﬂad{1r to the
r-4C t [ [

sidon ARG 12 s 6, 5 28 00 bl B0 YRS of comac

structdesir (FBEd20H) 1¢fher fightstide) mb afieneoliing laégmtdatrsgrubth& 87 (FIG 20F,

ft 5@k, Thh 40 BRaY T OHEHE etk L elirecighing of sepiepesipture 87
overhﬁﬁés Hf&'éd 4Qadresiriage UALAng! ta &othpiRsE fn@A6h of an electrical

conducti ve structure 87 have simlar etch rates, hard
intercopisdetiand betyretse dxposedd sislebsurdiavei 4P| ynd hiovlest sthvatwre 82.  This

fact struct. 87 t C sed cont act
compfigeligh cipede 3VodrE by e RTRRIE R, PLPEORIGHL PsrCaltectipn, 92 detween
expose@GidensuBce 9 rhha(bfonﬁtbf stﬁi&m@ $Hlin AaAnAaVigdar fbgth@ fofnation of
to contact structure 82 (as needed), to be etch

electrial frercomeetionPy ebicainally intr@nRedugApNtath étr'éftt@ﬁs f18rand 17 but
b nt

ot cGRAE AL SIS YR DOl O 4o shove

contaetnstirudieve §2butdgicomnaBBcanductive rﬁaﬂteﬂﬂ inB8 odl89i ce region

8 For exanp .the remaini ubsirate ort o)
° Sl B Clskiria] itGonasrdon S dOMpRbTaG SRgHal ofb Covering
substﬁeé/p&ﬁoﬁ@ SR s&BtARE 85 Linfle 6AMe? ¢ F36G! B AO& 8B can be
oxi de, and contact structure 87 is conprised of
formegozs- ghevar innEL(Gh 22060 WhEE esidaweBrthigknass edmparablect 1nt¢econnect 99
oI ni n u tra orti,on. 89. and.,devi,c
thlckne%gml s8 SUI%edS R?te V?lﬁ‘ a %e&%célae c%wg 1 CsHmcl’gnok%(gwgg?ﬁlg FIG. 8K

and

can betfsﬂnszloast sli@iwnslhrFIGt Q0H. 8ithe rEhRirihE pY¥@iIoh of &/id S5 can then be filled
preferably forned before the etching of contact
with gnétal oy, rléneg7w1tgpgy@ﬁqcl| al |ﬁ)}ledt Wghsflqe{%@tr@r as jdgscribed in previous
emboﬁﬂ%éﬂ ropically etched through substrate portion 89
can stop after reaching device region 88, or
c ditesentesuliting Gtrdetuies ere elgd cuitdde Wdri dubsegjuepiro@sshginchafing but

o B bt WSk Sl T pation
supp&PWiREbndihg YE -8 gﬂ:@k?@ﬁ@ 6t li¥sdepgled g?&%lﬂcémbodlments It is

structures. Layer formed by depositing an
noted; theiuthatsimefutesysbpwa o tFI€t§ 20Gi20F ovay dgo declide the gostBct structures
conﬁ%urgégﬁwﬂlprdeeng al of the layer fromthe bottom of

anpl e, ani sotropic etching. The

I eXRiAb Qiinbbﬂnﬂﬁﬂh@ eho WA iaFISS. AN -2 tvafete Sef ti@irbl@Be Bdbstrate
are etched through to expose contact structure 82, as

portiegh K of subpsfantiaBoal] of eprtios; 13d) signler thé9.r2dn8Pnth 18{, in previous

device region 88 is
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etched through to expose contact 87 in FIG 20D (right

side). The subsequent steps of sidewall formation,
we@bk@cneied®al i nterconnecti on between contact stPCDUS2086030703
s @9 Ha”%‘,vﬁ’?)ﬂhandxm‘["a‘ kiming and/or filling follows as

emoo S By befeqiqed dpké‘()i‘il&a aNer 9€§@ﬁ¢5§e@01é¢mbér arehiewit laperhIn this
t t
el R AREN, RIS SRLIS o 13F L SUCOMN by, Pl 3413

each haxsngla davideacemiotd 188 pasrabt myruanr@olﬁomnd aiubycre@é @bitite 127 not
iI}(;o{/\lah cont act. st rcgmt uri ;7 A second exception is

requirg TOP<F BPFFAL PN (OPHAC 477 i shava havpguan mpediganedie 134, and

contac?tol 37s Ghitary SAaRY lﬁBandOJn S El‘e@?ﬁ%af Y& e SR e eﬂarglb@r, a8 )infthe fifth

where the Sidewall exten cont act s ruc
embodimeenivo iPiel 183AHI30i are dnndddeiot mbsiadte i186 encanfaec tt BdHas shown in FIG.

S urface .79 of contact.s ture 8 2 .
214, Péf‘f o) 47 Boreb B <Biishd by Fos iimpis cpipding 11Glox polishing,
exposlilig a®viee edgeat 198 ias| snstvhahmeran 28NMhe WRintRr S |slub;e§1uently

not inhibiting an electrical interconnection to sid
requizgd tp £ich F9ia hexposeephigciofirusiudesrand fomr mtleoﬁmcahlnlt'ﬂr@nnectlon

betwe\%&l% es{HSl{:tgfes 1? stuggttant? 1 aesusgllyg Ven}?mgeg T thls embodlment

compstet 3¢ t}ﬂtlﬁe\adus dmibodinente daet #e lacklof B@és%ﬁ%olﬁon iri"ﬁ‘
It]ﬁDhl ng I?If via b5 thr ough contact structure
t

b G R R TG @A Conthgramly et at thegtie §,34- &3@1585?10% the step of
t I [~ t
gt e L
substrate portibi ¢ 22 dhitougdly ewlﬁ&l arvid reretjopad thebottchedit 364 129 can thus be
StLr cture 87 duce the i.nterconnect e Jstance

subsiiag iy i, i restio Eaporin € 3 s in

substiftfale@itcEM iR Gha 8idss GEdHOBSarRcARdp @tde’{% ﬁﬂb?éh"se in via densfcy In
substantlallélncreasm the cross-section of via 55

anothg examentpy InnFIG- Q1D ohera oslyl et pF thesdiel A 13677 showil the step of
5 DAL TS o680, SR8 o SRR, oo 157

is sinPfied beddusotherd ig b sﬁbsiﬁ‘ale portiah 127 et edyuies fkidewall &Q&lectrlcally
structure 87 (FIG | eft side The formation of a

iolatg o RG6R) AnisrRERon7 Tt (6. Gl En ihigtrees (bt aabodiiment including
contad sruhh‘éiu&@seoo%ae@ﬁ?&l%f‘ 9§nt§8f pl‘??se&téd &t liﬁé‘ f8GEre SRofNdn ¥88s. 21E

conplicate formation of an electrical interconnection
may hlgo \Ae‘éndfeﬁposmatztl deicBuest emdightedandstoont écdies i 83i@ndrsémilar to

be avoi ded by the formation
Contagfzs rll(‘zagg 12? Egﬁiggtl on 99 between exposed side
SlH)Jaﬁﬁ)&ﬂ&" &plicgdts afhers tthel Gﬁtﬁéﬁilggubd‘ﬂraﬁ: Bfi'may be removed
simlar to the fornmati on of el ectrical erconnecti on

includgzsomegitiperean-insulaiarend JHNE €5 mdrersore alie SLQIS‘rra:tcm@rtw afsaid ICs

: ; n ubstrate 2 1 shown
18 noaﬁg(li—'foé %ﬁ%ﬁ?ﬁ%%ﬁﬁgc dég ¢ Pﬁ%@\% %hd above cont act
stThectucmrd Fediltind fbmwhariktlc emboditieMeargRlser sugthble FoBS$hibsequent
ent to electrical interconnection 99

Procaﬁ%?%?‘illsﬁ g’%.%vﬁm tedy &0 photoithegrapbidesest entgreentiesh r@ying or
mde&iﬁﬁ%sﬁgtaﬂf%aﬂb@ 10 %u I\A@feb&?dl %?%éhgéc@ag hg a§8&8?l{ib8d in

can be forned ovvn I'n
Prevltﬂlﬂfmkbﬂdgnerdsnpar abI e to i nterconnect 99 thickness is

med.. Alternatively, a tiv id [l simlar
O s Fhebma RIS B E1ED e, botA mon limited to,
thoseEleﬁznb%@Ih edilier ERBBAR R, Rﬁré{hﬁgleoﬁllavﬁlﬁngg ﬁfhﬁlﬂg Bnd ?ﬂhng as

filled with metal or lined with metal and filled wt

showgi FHg¢ 1) enchEIGelds intprsannagtipn tova diescontact structure edge as shown in
FIG. 15; bonding die with wafer contact structures exposed as shown in FIG. 17 and FIG.
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enbodi nents. These resulting structures are al so
suitable for subsequent processing including but not
W(l) pov7oz@34 0 phot ol i t hogr aphy- based i nt er connecPCT/U810061¢30703
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s S o R 15 SN 36 SEAMFIAT 53, g Bt s 16
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patterpigg and smetal daquyloalewuhledaramabrwmpf iaf qcmducttme llamrs Formatlon of
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bedause there
all theinatiag etphied efmalticdey| br hRerBAtORLY, aﬁaée!p}irates ahik &if die 144-146
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origingg; fgorg dffraentsvatensn dhe dias grecerafesbly sichedanisateopissHy daicqnsume a
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uctures 124 n Fl G, 19C. Exanpl es of
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are
further etchmg through device region 148 and into substrate 140 to form via 155 as shown

in FIG. 22C. This etch is preferably anisotropic to minimize the lateral extent of via 155.
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processing including but not limted to
phot ol i t hogr aphy- based interconnect routing or
wapaenesp netal lization to support w rebondi NnRCDUS2006/030703
T A o @hﬁnhpackagmngm@§ described in previous
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FIG 221. The isotropic etching can be achi eved by
nodi fying the etch conditions used to etch vias 155 or
wor@3/01682 For exanple, if the etch conditi onsPCFERME030703
B Eh LSS 155 @il WIS 156 i ncl ude a Reactive lon Etch
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162 depends. on, a nunber of factors including the .
23B g By ﬁ‘g@%e%olf’y SleBRsAHon f 2 risolakieg materipd 1 foa rrxanipls, silison oxide,
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.via 164_a s shown in Sim'la'r_to FI .
143 indigated i FIG .2 3o fellowetibythe\depositéer duidepogitinn and pdlhimgs of a very

: ' i O b i de of n t
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shownsial FiGal23fned tadge sh@btufe 4l teceddell o itROLOAPIstriRleCRbY Bave an
desired extent bel ow contact structures 147
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eXPOSf‘(dl%lﬁé?e hlova 1 el 28 Ce Brmsd efor sxaraple, propatisrainglaad eiching the
i . L i i iR at-or ., for
paar AU SRl RSP SRAS Py MBS e
thinningeefi die) 144846 thtnsehsts imtrpakddsirface ofipontsedtraétute 142 as shown in
|l e si r formatjon of

' duct or, .for ex i licqn. Aft .
PG, 3RS of st e dadkedy Tor roemals 3 sbown in
FIGS.  ZBATR4da2SDAe$E rrdBed Mot RGilidte SSubSReml BRBichP interconnection
electrically isolate substrate 140 from i nterconnect

betwesfe pottagthgifuchugs 44bgaduit (W4 destrihedetblow. t Bhe Vateml axent of
oroes ML s 8 L Gy LS SRR AP Bl Sem o
via 15%ideperdirges thk7iglatide Sizb @f viav63 shdiheahteiat egied¥®Yih 133 3tched as
shownéih,@&é?r@ghf I*s(;rdegcva\l?nlplle, ghegetﬁg rla{tgrglde;tgntt c?fevig I1r5§tin 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
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and 148 to contact structures 142, as shown in FIG. 23E. Alternatively, exposed contact
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thin layer from contact structure 142. The thin layer may then be removed after bonding die

144-146 to substrate 140 and thinning substrate 140 to reveal the vias and form thinned die
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bet ween contact structures 142 and 147 (154) descri bed
bel ow. The | ateral extent of exposed contact structure

W(14®7/®m3£be | ess than, greater than, or equal POI/UK®06/030703
''''' ~af-er g s exients pf wyfja; 155 dependi ng on the relative

FIG 2% L€ %@151}85512% q’ﬁo@ﬂ%S #F %xejn%r%f ?E}Plf )f&ergg\'}ed]o%tﬂ v@ é&&troplc etch to

chée

reposfu@i Qhéi|sel®ahgﬁﬁd (Defdg\z‘l apaifsb the betkside2 3€C cbﬁtabtesfsudttmasl 47e(154)
eral extent of via 63 in FIG_23C the |lateral
resultlggpémf-zg%gnéslMgéa%a\m@&n aflctdhre 142 is greater

tg%‘?d\.kp% | ahefial cﬁfftﬁhﬁ & ¥hRed I8 SScHEAWN 1ht@rdc:>hﬁ%ct contact

ternativel e extent of exposed "contact
struchety U47 withscohth2t stay:uhes w2 amthdutaifonamgmndecnggaltlmemﬁmg:tlon to

nd, revealing v for, e a
thinned SHpitEA b To T et EH B CesT ] PBRE aithehdndhn Fics. 23°,
23G, 5191 £t %%tdéérf%ﬁtﬁiéﬁéuslﬁahe ESTafieMf ilercbinecPiketal can be made
Al'ternatively, exposed contact structure 142 shown |n

with dBe@r azmb:agmqmeofpﬂoc@m thenin), phyisitiah varey eleperitiom ghgmical vapor
deposﬁlé)ﬂt grbcfel rt?cﬁ)iaﬁ 5} Eéco ec(%trrl?e%lg\ﬁfft%lela g%terdng%?taaéon{tﬁnatlon of

of "exa
titaniuph rtuﬁéswhegdlﬂzcdp‘peﬁ@mﬁhﬁlﬁdn of al uminum it may be
conpron1sed by exposure to annDnlabased soluilons u

t &fige heamjast rﬁiﬂﬁltr@?rﬂé‘?a%‘? el okhdBnfrep s lyAF1onnf""‘eg with
condugé%ﬁerggl Stﬂéh%t&éhbé aNfdd 'aﬁdsg lahSPRAONWIMRE at BehbiiBNon of

em ca ni cal polishing of
metallifgioh kifeléoayce depmsiticn, sndbehedocrd mechanicalt polishingl esidesatibed in

surface 143 w t hout . r enpv sajd,thi.n | ayer,.fro
previg ARt TS 1 YT TN PIAE Ay PO R ometallization
bumpfr%’ﬁéﬁ% thoaf Lfar fﬁﬁ-@ﬁipn%agka%nﬂg‘l”caﬂdfﬁet Qoreubist El@écﬁbécﬂomamﬂevmus

ni n >substrate to reveal the vias and for
embotiinente ditd§ ectad shat F1€S183F-4 ildpsiretet hyysiage @P@a%tbw IM itlpis contact

t he ran 5
ey 3505 e BEE 20pS ATHS Sy BRI sctrs may
be bordE$ bhdtcenfifired &nﬂ@ﬂ-c@ﬁmﬁwdt asvBlustrated ah GIGS0ABEERJ. FIG. 23K

structures 142 and contact structures 147 (154) may be
illustrates dhaessneETKa 248k h the formation of conductive

"%g ﬁé VRYE 'tﬂgg gfgeg%g&g{ ge% BlddIobUt e, AR Blay be filled with

Alternatlvely i f
condudiiive neterihl €68 phist toatrgulagidniss thad ﬂmmdmélvefrnﬁter@@l mp@sed when

' hi nned di e .substr at |sc f s |
e shplod Relerhora LA E g Su IR kit Ky G gocuica
isolatidtRhy BE Sorkfel dnrtRESIAOREICHS the vf@ds&feb@éd h@ﬂﬁélﬁb@ﬂhdﬁdvlen The die
contact structures 142 and contact str uct ur es 14

(or waldsy filled vmsemey thea, beaboridsd| veith egpased sgré%f@c@ i e (o1 wafer) device

reglog)}gﬁ,\@% clhg %gg%g?é: crléfgrefged lﬁl(ﬁg 11151‘% mﬁfﬂbe%% Can eor]]:v%ifh the opposing
surfaé’i teexpgosed dpdco tegildre 148 Surfas (aﬂ dleswlb)sasqdﬁsnmbddhbamwng the tenth

of die 144-146 to | eave thi
embogliypont- | Theropdingpay by paf |aﬁ ﬂ%@&a g@a éﬂ‘?‘g@f“ using
contat%%a#ﬁé e§ 1]4412 rﬁﬂ%v@@%{ theé le?PﬁatlﬂC ﬁdé-do% FI83. M3 A¥ort @e down and

and via 159 fornmed as shown in
descifbed: 1n2£cb1le demsltl&axdv arf thei methenboomerds owin the fridde isenethiept FIG.

23L ?%3%2 gl\lfpwnxg érg\slciog %&%{ Irﬂatgr:lg é%g c%&ﬂc'::cilt%%of Zfzﬁ)Ler (% struct%re 142 and
desc t?éd%tﬂq rﬁ &hAevably inithd tedth ERbENRIend 8 6 hlﬁeﬁ%htfhah& @lde of FIG.

I rst odi ment but formed after bondi ng, innin
23L firelis upsthest eqntaoh dtrreivesa L7 gre/foamed élrmléﬁfé@ ﬂnf‘efoa@é‘aon Séécomact

ed,in evi.ou
Stmcﬁgesp{ aesrc}eé%flt%g B }}ée\/fz)ﬁ{eﬁ%ﬁg)e& P eng ’an? %{3:% ol S6fEdeAMbelow in
the t@lfi’tﬁdétﬁbécﬁilﬂleﬂﬁt e geedebe dichicaie thatkrial Sﬂbsmﬁﬁtbe fonged on substrate
el ectrica
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I nterconnecti on between contact structures 142 and

contact structures 147 (154). Wth contact structures
waamwmaa) and contact structures 142 exposed, PENUSA06/030703
e B ghewpy ik g E“thll,mq’l@d} ydie substrate 161 if preferred, an
portlo c@m pcﬁis edlasen@dni]&trtboodmgedz Mtrawdﬂ{)adflasmam be dlled with a

varietyioy bqinkiiatigR an oDt itmalerinfs BoERiE s SRhuafed R fudtcon ora

variety TS, foF Extahple ﬁﬁlg@l@ﬁ Abiek] b Zolgi@ Kepoddte i zﬁ@drlety of methods
conductive material is netal pical netals are

includiag Uit e lingidgshéa cherniskle rvaptan@ep@elrtlen mhm@l raper glepegition and
electroglgp{ié).re ?ﬁg nﬁ%%{lﬁgnﬁ?{er%%la%bg% e?ng% i%%lhga“?g’ §5+c¥) gllg;cntjn@al contact

with tlgoverntagestafctirbe t@xpase dhd hblﬁdiﬁdvdlrﬁatsmdlsitsr’@drﬂedﬁlbw electrical
surface with conductive material 52 as shown in

remstl\@‘tzxeor rﬁhsthew%r%?@éuﬂwywdr@%%d;epaﬁafsd deqre 4hg @\ﬂh@&ate portion
i
outsid an n\% rlﬂsg y po%l | ng e %?%Bg?? a?ﬁ%; éﬁg&%%xf mple
t1tan1umm1tr&teeorctun§te1ﬁnmldld; depasmitﬁd,t fovexampler bpimé3d arganit vapor phase
onductive. materj al ved fromthinned die, .
deposifi oY Paislsak BAPOT APyl 1 FFCRFS (O PEYETUIE FoPGYE nptepal fom
dlffllSlfl§ $ihtel Utﬁé sP¥irateOPorEiby oafsidiet GRa.r €9t Qﬁarﬁﬁi% Wh%ﬁ‘ building silicon-
| f-aligned | edge 166 as shown in FIG
based i@& uehere eviad atel eichedointtsilicohowpprien nRIYGbe zmqferre@ wuego its low

resmtnp{}rl, etmt QOB%I?IT}Q r%itﬁreé?a‘el s%i%l Qoagrgegzgapl %%lé}i qg%ndulpomtrlde or
tungsté hithésl bStN\kbEh raagtabllyiavii@ilatingp tged t?@ﬁil&}c kilisbn wider @ avoid

142 is planar. to surface 143 sinmlar to that sfl
diffusipp pf eppres o fsstiicest leraridivln ether snetalerfopFeameria fimpsten, may
e t osi
o O SRACH 400480 S0 SR EE I BRPS AR, Wil o
polish'mgrpropmﬁ@s afh4a7dv@ﬂ15g¢ous,esaj Bistusged bl fucl hgnisttel, aayebe used,
shown in FIG_. 23] .. Conductive material can

.. 167
Wltha?ﬁ@ﬁ?aﬂégpb HHigr gcTefdE9i8al | y i nt er connect cont act

Shh Wedni @ﬁlbéfﬂne\ﬁt lshﬂl@l@tﬁété}f tn BIGYICN BS Tifle eMibbaligdsint is distinct
formng an el ectrical interconnection to thinned

from the bsvanéh embedlmqnt ip that ¢he epposiigniidepf dis 14kl 4y fibaned die
h 3 . .
sobsufffCIE SandtEl! ahfies 195 ng Formis Fio 200 iblnele g qobstate o

reveal B¢ &iasCHfhlb@esEIHdm W)ﬁding) o€ tiifinel die mbbﬂﬁlte 061 o sexfdveal3 and
t her mal ,. _physi cal for deposi.tion, chem cal

or

exposifg 6316 13 10 BB AR SROVR G FIGH A (] SHabied as shown

in FId %2@81&@6?1‘{&? aﬁ‘ﬁ]&m‘ég 132 GoRianAL éh%ﬁrnoﬁl FIGt 38AUM hinned substrate
tungst en, copper, or alum num After contact

161, fot reumhp}eesahdom canobeluﬂh((edlsdi)ecﬂy eoedue’iaw |léal cbfysubstrate 140 or a

dlelec&?zm}emeg%ap 1t gﬂ%&? ggﬁgél e rc%t ?rl Ay n%&l ﬁ % Subdfite ?61 before

dlrecﬂsvﬂ;oahing&afshﬁabe di3edreabdtiage RNOBhd fo%au@m@f @mﬁﬁu@aﬂ)strate 161 is
mechanical polishing as described in previous

prefer@birw@npr@hmferﬁmle; prorate smglgtion efadiarid4pidaniato indiyidual die, so
i i.0n, bu C
that 3111&1l lvllaﬁ r%(arélgg aas ?]gg (SJ%OM In gfofli n?ZC do eéslggre (ﬁ{]g wafer are revealed

simultpheysus Dieiadi amené. thuk Have nat ﬂd:n{ bk I’Elféifed Bﬁﬁxlﬂmeously, or
illustrate a surface contact 142 but this contact may
alterngfvgly, Bbsepé@&s%ré@ﬁ if die Moldo qrigimtefropahffergpt wateg. es

?foﬁﬂ{aﬁ j&%ﬁ%ﬁb&&{e“fé UEGSx gle%d? 6te249 in FIG. 22C,
con or i n Fl .

[ gure Connecte as | strate
may c2fipr@idide t}EIIﬁx‘echﬁﬁiKall ihleprityrifittesvidshee aatssffidierflyGleep3 Hor example,

a via depth of less than approximately 0.1 to 0.3 mm for a thinned substrate of 200mm
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Al so, the vias in this enbodi nent (e.g., FIGS.
22C- 22F, 22HL) may be filled with conductive materi al
W(lﬁ(&)7/p2166ﬁ to singulation so that the conduct iR€I/US2006/030703

1ot i, je T ﬁh weRd i when the si ngul at ed portions of
diathe gﬂ )gma'%ﬂécqnwis Avideplly suéligienti nhisrderthifat viasbelow which

on the sid
oA AT, BT e A0 P
dtametmaﬁmi Jess forr hellinuédsubsmyte ofi Besdp diddgstele AThid &dinsResad mechanical

¢ abe Ofegilc éor waf er) deyice region 148 (or die
integri o%&ﬁ STy pashig B opposingesifls AE heeswpoerdnamfacpf substrate
140 toVd fidhdl r

‘coS Bl acﬁﬁ?fg?@g?gf&a% i tf)ﬁz%ﬁl Cc?'I sgéﬁfbgee ?4@& §h%%wrﬁ%1%n %l’ﬁ%or via
155 a@mcﬁémcturﬁhé%dhﬁ@rfgmmyad)ﬂlopm hdfice @2as ’ﬂlﬁh:atndltﬁﬁtafer 44

the rth enpbodi nent contact str ctures
attachllnerg seﬁlo Be it ayie a?]tgg giethads, 1n91§ ing Jiregt ondlng or

adhes1déﬂmndiﬂgi Aﬁéﬁﬁt’td@ﬁﬂlg'tﬁ‘e Bﬁfcﬁlr%%kﬁ' df tﬂ@é)ﬁ)@séd"sdrﬂt%e Bf Eﬁq‘gtrate 140

diment, or in the mddl e structure of
toa hadtdée wafenAdaad dpeing sibsiratet 4r tofbrm@bthirmed onbmteeust and reveal

via lsggp%e\?vﬁﬁnn%%l sﬁB%th? l%f'ﬁ%%Pge qgei 58'0? %oHdlgﬁgsDuhe &ehf)r ﬁachglectrtc for

examlﬂe dilicwh datife, @3} bk alepodied L aﬂb@ﬁcﬁng Oien@l debdribell WbBSe. After
are formed simlar to the formati on of contact

formirg (g GTEfeBSY DRTOiRg WHaTs (R - RE FiogHERd amddmdehto surfice
14 rigped,in [ W h

3 o@ns‘iilgéjt?ﬁrrg n1t4*@ dnly thggéggﬂg&gllgog?ﬁ r?g [hea'ilﬁﬁ W%getgr 44 1s [gmoved.
Slngulfammrmﬁyodomumh laaieastmm at dlClUgSétrrscfﬂamgS Rdrhoval @>f 3he smgulated

61 ed as, needed for bondj,
portioB] bt PRk Tts? 6, h%@OWvetb B Gk P GaRPBRgerpf erinding
chemleaqmfmcnatwatrpontmﬁgrm%iﬂge materials, including but not
limted to polysilicon or a variety of netals, for

ekHpmicebensdies t@handle oveder 4 andpiianing de tfosnttgmnb@' sabstrate 161,
contac\f %’tﬂu@tlh}{ sof47n§1t5nggré 'S’ttlgftl’o%ﬁ%e&] t%llile ég{? H4§Lag1r&egcérb%e§ e g)ﬁ seventh

embochrmdntel Hotveny) ﬂielfognaﬁﬂneoﬁzol&dgkﬁ bh \éenta@tt @fucfires TRY7 €improve the
osen to fagi good el ectrical contact with the

it
elecm&tqrﬂoaetct@tlrrs%ttatl %We%mﬁu%tm@ yRdYcYS dnd erntegtsgpctpees 147
is on 2@ %ﬁﬁ@%mé ot Bk %Sﬁtﬁétcs%]ucﬁl?e%' 1%‘7'&(35 YoedGh ¢ llfl=1l1 t@eern%dlment and
conductivity and may be separate fromthe substr
showrpigr FIGD rﬁﬁumd Hi3.t2365. v Thisoledgensanl thus by fomnet bpletohing the device

arrier er, for exa l e titani um
regiony | ﬁ?ﬂ%ﬁﬁ? olSiieF 144 Y GE sl S Wehrs aperure in
contadwtmm@t 1@7 GRS & ARNIMIBARRhARREWH FbiOHa 956 BAY o8&t structures
Egr deposition, if needed, to prevent the conductive
147111@ 2Rl fromdiffusing into the substrate portion
OF' el Enrk eta\ﬂog%hng \/\;)1 hg§ﬁgWa?er 4\ﬁhan t gﬁ)éé%: tﬁ?f8n§ ﬂinp{%%qqsubstrate

i CO vias are
125, acsurtme:ﬂl dma)bet’ferrmd%h&hdi eﬁs dThe tidewhi$ carOBe ﬁ@&bﬁ&dﬁﬂetsﬁmlar to that

Iyr resaswtable barrier |aye
showr M@%Z?{qumﬁu five sidewalb] 7q andy¥iaekd3mon seulf&élve singigas o that
showrirSHId, @Lefo‘f's@lebﬁv?'éjklaétk/ﬂg 1??)&% vid Y&, CaMtt mgﬁ\;e{lf o selective or
oxide to avoid diffusion of copper into
non-sed¢ative rradsiwadll may drehformad tafibs boriding dicatdd-246 as gletc&rhed nmearher
embocﬁl sQ _be used, with an insulating or barrier layer, if
&B‘i Fed. Also, a material whose polishing properties

arme By ag&@ u84-1a6 t6lkeBEHEE ado %MU@do&U&Rh @éntQét%t&ﬁ&mres 142
may be used th an insulating or barrier layer, it

planarrcgngqsggl to Ae b@lg}ﬁtﬁfaeﬁ@muﬁ:msﬂd oroprofettad ty at thth llaylerl%is @8scribed
in the $&/nfh erﬂ?&ﬁmgﬁw %ﬂt&%‘ghdmg dije IS4I4- flﬁ;E and removing singulated portion of
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fromthe seventh enbodi nent in that the opposing side

of die 144-146, e.g., thinned die substrate, 161 is
\Nwmmmmﬂmmo surface 143 of substrate 140 after PEI/mBINE030703
W”” dh?iﬁﬂ?Str@ﬁ? peveal the vias. This results in

L T RS s hba. g58 Hies 10

are expOselll amildd o FIIB Y3 Asr G, QGDTﬁﬂt}&SseS'bﬁl‘Mbmlﬁbdlﬁh@at 2@6nductive
and contact structures 142 fornmed as. shown in

materighia thephiormed ta glssiticalileint@qonnedh expeagdptutast Fﬁr%wes é% and 147
(154),2 dl@%?ﬁéﬁ@ sﬂhﬁ&%' #g, %3@“5&@?1%]} 1531 & tl%l?e%ﬁtﬁt &%ﬁo‘aﬂn&{t This

fric, i con oxi de,
conduéto.rermdtenal fdnmlane:d c&u batmny er tohpletdlpfil ther\eas. | If the conductive

f 14 f 14 Th ' .
e D RS S e Bt ShheD o, 8 P Sy

fills tH@RSs; Stﬁt?lrgmalﬂfdgofo)oﬁl‘anséfngiél ?ak OhnObe HiRd14dt pfRatitdOwith a
I ndi vi dual die vias, for exanple’vias 155

combig#townof meﬁlllizatlmcilelccmaldepdsmoro rand ahamégal areshanica giobighing as

s SEOBSH o B, S AP, by, ey

metall%ﬂ@ﬁ abﬁm&iﬂgesildlﬁg,dhlﬁi P ﬁ%zﬁikh@iln atm be Qiﬁndl i desefibed in
waf er's formati on of thinned substrate 161, for

previcss gmppéiniangym substrate 140 in FIG 22C, may conproni se
t he .ngc | gal i ty . d
ng 1?1?{@' %ﬁ?(})@l%greﬂe%{n%%gjfo t\él)% ff)lllrtﬁ] @m‘gbéﬁlﬁuaeﬂg gllﬁlﬁreg?rd to bondmg an
electrichlainteagpnhectionpdrel simﬁlarltot the &e@amttrrblﬁlbodlmehh Mmhetdgard to formatlon

substrate_ of 200 ter an CQ se 0 B‘%’l [ Cﬁ/\fﬂ bl
of a ﬂ@l}lpﬂl% PAE Qngrl}pf O Jéllgtan pgsua% Y §Q. possible.
This %g?&gfﬁ' ﬁ@gtafté"taggfebér%eﬂ Sin GRERERRIS %le%inllen@%nﬂrc%ﬁhﬁtﬁes through

nned substrate of greater dianeter and |ess
singulation and bcvrrdmglofsd}béﬁ‘ﬁ Al 6 (ofwafe yeth tic swespéion thajithe bond surfaces

se i.n cal grity can b d b
consGECATRSE Al ot LIS R0 S MERA L, Uity
intercShRetedad e ddstbéd 1rﬁtﬁkaﬂﬂ1|rtﬁ b R¥imédt. baffier dohdiagt hienrm4ngl6 are

of substrate 140 as shown in FIG 24B for _vi

thinn@om erpose Vieg dn Wi d 14410 @3 gascribed i dheaseventB 81? Hﬁ?f?tanand filled
with me %l Tlc?eescgs%g dea%ree'ﬁ‘tlﬁéé dx?éﬁt ﬁ‘%rﬁna? AudEredORRa Wkl siRilar to

ing direct bonding or
FIG. aglheml the dagciheg. thAf\tlenzvaatﬂlmdharrat;ccbmm:tcsppowresglzﬁ damprised an
t he exposed surface of substrate 140 to a handl e wafer
apmﬁ#ﬁ and thinning substrate 140 to forned thinned

E%t Valafiok OF tﬁ@%rftﬁ‘éﬁﬁ;odl‘fﬂe%t ]{ﬁ@pré BEnd Riafiefation is augmented

strate 161 may used as ‘a bonding surface or a
with mean didling as defsonb@(mntbb sevenill probedimentleFomexantpde, vias in die 114-

16 SRR i BB s A R R Ry gl 157

and B8N0 eHeedicadibskaodad the p‘bb'tlicfnaﬁﬁ dicd devite Seiisi raad eoﬂdiﬁtlve an
and the singul ated portion(s) of handle wafer 44 is

electra@ﬂw@@latlslgwgdﬂ\@ilu ip prefergbly Spianes emnthgrcopdugdive pREiqgrot etched via
mdev%'llcifcprgex%ﬁsﬁe 'dgxkrﬁg 1758012 622I>n ts{?l?sb Ste 4 Qﬁc?g%vme region 148 as

dl'e” waf er done wt
showhdARIGoRRLOrThis claletvalh ahdyosis@be g’onmmﬂ owg thecbrgire cdewall, the entire

non-GGa] BOrHaR 6F e A GRNE o SROHR F10° £abn PY P BETEH BL theaiie Aftr
the vx]laj-%::s b@é}f‘él@&f caﬁf %talgfll o d(eléﬂ%trﬁ@'an@ @e\leé f%fbrﬂ 43 aPp@priate,

146 as e sevent h enmbodi nent
the vidomﬁ'ﬂkd,wnﬂhe cﬁmtucaw oratayfal, ot e)gbglaol@ metanesagiown in FIG. 10B with

structures 147 I nprove t ric con ctl
plandfiged Sielfl S o TR CompeRa &F Faf Ry ERAF hhEny matera
as sh&Wwh @ F16.e0Clith metal lining or barrier layer 93 and dielectric 94. The via filling,
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is on the opposing side of contact structures 147
described in the seventh enbodi nent and shown in FIG
wQ3w7aed3Fl G 23G This | edge can thus be for medI/bg2006/030703

ingltlﬂzhl Gt dexi-geqnegi on 148 above the contact

for ex

S Sl 47 O P AR R DL A R of techniques as

Ure 1rn contac ruc rm a
descrlbddnnleaﬂlet embbditnestsown for via 156 and cont act

uctuyres 147 in Fl 22D. Fur her,. prior tg bonding .
t 6{tﬁ@ﬁﬂ‘1’f‘e’[0\/€é‘l"1§?g aud gﬁ@gmsnthmg s dis deyien regiuand a portion of
the di ﬁﬁﬁfrétgt Bl cat R ARl br a{bdbﬁldffﬁ[e'ae?l th Bnlgrhae%&'tl@ﬁ of the die
e sidewal | can be non-se ect ive sim
substra;th,oma iportleinGof ®2Klié devicoregs@l end a\vperisomd efittiel dlimbsm@b before

3.or selectijve mJlar to that sh [ 221
formaffgf oS iVisEE oL G0 BHYRPA 3 A5 SHHISUFEOD 6§°r° st Py FIO.
25A, WHad BV B &l d{ne@rinfdodlie SEhsBGtcl 1D SlddaVRch aEBHiBe of Blel®Sice region

after bonding die 144-146 as descri ed in earlier
171, feroxatupte the sericendustive mgrtish off @ devige Tegion @O@Htigftdr af @ layer of

. 14 an _be done W th nt ac t
semicy b B EalOrna b b AR el b Ry il G cBhtine
materfay (rdt kidvin)| ﬁh‘%&aﬁ@le@ﬁ&@l b thstlatihf easetiefohexample silicon oxide
enbodi nent. After bonding die 144-146, and renDV|a%
or othsr sgitAbla mattq@@ise {05 WhsEeh ﬁm@l%alfeg}omwoulﬁfreﬁé%dn thn giTostrate.
portioh SHPYR! deRcet BaPonPiPL G6d Id¥e sﬁmrg e 14d als @pﬁs‘éﬁtﬁcﬁ conductlng
structures 1 § ar e ‘exposed si m ar to Fl 23A or
materi&B Boi exainiple savieatductminedérimntvith @ffmtﬂntly\lew mesisiviity) f0|r gxample

o T e 6 ol SCLELCa L Lk COSCH CBRASEY e
descn%é&‘kéﬂ’i@r Pt Shd eafer@dbddifgentd Idia s‘hbﬁnsiﬁ\lﬂ(}t R5B for selective

nbodi ment. This conductive material formati on can
Sldewpldtrﬂi”aithay lerale@rfpmdeIO}l fhel bottave ofi yig. 172 aspdescribed in earlier

emooB M Rl B EFALHSA) YoA SORRARIREMRon v i
for eidnhﬂl& 5130nii, afigh qhality esebdctiiva Giljpont dioxidef siddvenll tas be ahermally
be filled and planarized with a c

tl
growmégcamapggfhedﬁterqy idanensions of ¥Bp\J<i tpl% ngzﬁgl%ﬂﬁ geﬁ? than one micron
enablﬂ%gah\??@%h aqu%&fdt%ﬁél@gofqﬁas('iﬁ%ﬁ{;és?%@ 106, 0@(5 800 P&tSsquare centimeter to

er “vias are I'ed and ‘pl anari zed,
be fabrivdesdb umﬂernaix&ll)} |azrmn|-seh:ctlmm}jcwgl cati b¢ ﬁgmedm the sidewall of via
flip-

172 f}@w h p Baﬁﬁeﬂ %r?nf X anfﬁ ncgegar Cr' b eglrboglments Via

172 cfaﬁ &héPBE thlﬂe& whadh RERbIbARiCE @%@f df _tn@edéﬁ,n ghdGilladavith conductive
electrical interconnection and simlar to the seventh

matergat) Gd ifommring,fior pxamepjawraometel filledreie ap desstibad abpve- dVia 1y2 gay also

r.iar to .hondin
v RO R AR PR b8y ot it
the filebeiaé heghown ihIFEGsBSIRNt h enbodi ment and conti nues
through si ngul ati on and bonding of die 114-116 (or
wetFlégrpatielh THRberaeeqsEng iidhhe oRancigshen i FEisl of FIG. 25

prior ‘&9 Maﬁgﬁ gg 8&@5@3 %{al'}l](a'['nreFl GH5IES 5011]1? 13tcARE fARRaBbEof die device region

repar e ectrically interconnected as
148, dﬁhmadbleﬁ formatiba dfcmntaht etmtmxdﬁsrém in Ah¢ e\ppetroprdilmg of dieedevice

16 are .t n i in,die 114-
regloaégéﬁ%%ewpﬁn%hg SRR e preppaest qredfiee may be
formé@&@hyﬁs%d%ﬁ@&ﬁg' Iﬂat@ﬁﬁﬂ QT ex@ B! snd 1hB@afihd)Baterial, for

structure woul simiar to FIG 19A in the case

examn*ﬁesm‘utaheowraldmacaﬂ|W1|t}edym¢ﬁil MRS seafert fahdicaticns Typical metals
includ® rggpper and luminum and typical insulating materials include silicon oxide and

low-k dielectrics. Contact structures 123 in die 114-116 can be formed as described in the
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aperture. In a variation of the ninth enbodi nent, the
pre-bond via formation is augnented with netal filling
W(asood/@mm bed in the seventh enbodi nent. For eRENPEMP6/030703
....... S e formed prior to bonding as
e iRl e

28Rd PRE deOice Megion 1618, mli§71nclude the
an 158 I f the dle substrate and the portion of die

formatipayofce cordjicing arateripdida do |eb@trlcaﬂyen@momn@<ﬁlqoytact structures 123

. i n i,de fer t
with e 08 1347 Eonuss D RhedhHe i BElEin Y10, 758 4o g voriet
betwedh dd@dadtlve kidderidl 174 and 6Snta sﬁ’u&lafers dpe bhtfapako deolideeor entirely
regi on 148 as shown in FIG 22L. This sidewal l

consistpidaternd compRRItS ForFrample asrmaodferd fax by, the Frartiag of inddrlevel metal
in the 2% c&t%H Qf:{ypﬁgf Eﬁ%?atgé #raﬁ'hss Folewat k W&fér'falﬁﬁcg’non See

or In om o & Vi a. e via
FIG. 2bBevithedomdtietingahatyrialdGBat ed fron1the d|e substrate and
vi ce region,as appyopriate, vi a
cElkeiieet Gmaichs G bbb Bictidsriorndy Betal S L4 f0 Sontact
structd: é @23 5By WelieRl ARG s#EduidRirah 1§tteéﬂd€éﬁi%‘h%ull ORr eanyplé AcRdrding

mbi natron of conductive and insulating naterial as
to typgiab\KEMOuS wafer fabirationh effectivielyl iminimjzing eraekiminating by need to

modlfbgemgp rgl efgh% il%Be?cA'o&g eﬁtéllC%ré Iﬁclo L%:E%Ve tgHeié[ctr chl %8nnectlons

resumﬂg & ﬁﬁ% v&d sfifg BRd teRmgvicr Rxiting e faofuring chpitilitgs Nge that
described in earlier enbodi nents. Alternatlve to

although chndugting anatenial i17g mavaschre ou gensifeprimerily efileieral egpgpnents,
vias 1??8% ggtor% \Sﬂeo{iteg;l ggﬁlﬁaf?#n?? Slbtg'segcﬁfﬁ R iy i% 1492986 §PLs ?onductor

Into’only a portion o _
portioh o dié desibdsédiat &48,dbr axamplbldim defict nemich &7beandcthe conducting

ion and a ort he .di.e substrate,, before
materoh  HtS0BRSsTOUBTEES Bt GREFUD BiFbin BifcPRPET e, ph iteerated
c1rcu1{s$grﬁé§n1?1f3ﬁl ki %JEE’QICF veRRaR ¥n &nﬁh@mgzﬁﬁxeriéﬂl als76lzé’d may be

e substrate 140 and through a
fabricated twithn de$igulireled exsantialle ghdependent fram tb@(&fﬂ?ﬂC@tl?m of conductive

tive portjqn of deV|ce c
a3 TG SR B B R bl SHABRL P P RSl i
metal e8G9 N NEC Fusthémtdrel HasL 0TI Sdeximslo Iafhmibsfagtlally shorter than
material (not shown), for exanple neta

descriped eartien inghissmbediatent.fdiere forpEPlS; Viag g5 Gad tgpugh the entir
pOI’thgt g‘f (rghes Wb 9 lrg,%lg?t gl e Qlorith e\]{lgs fhhe ﬂﬁﬁélc ?ac'ilﬁgﬂeoﬂ‘le lateral

reS| he Substrate. ortion of die
dimergiynks ©f viaelgi2an bk Ehalntbr dxa&nlsla,tmxbstameamrdessahm ompicrere gnabling

o v O SR SV B B SRS s

centu?éi%’% e i%bhéa&&f‘reb'ﬁﬁﬁg Eﬂ"lrﬁﬁ&@{f&ﬁica W&f ®ted that in device 146 an
ricatiron, a sid I's prefera goforned as

insulatieg sidebadl Bar 172 and msuhiuag anﬂac@aﬁllni‘t 880 arhingluded twhenmgeded to

own in F ectl ve sidewal | 173 that
isolate goréd] tng B]FFF@&P&PZ?@ ot e&tSP ffor° 5’ 172 as descri bed
| Mn €8 Vaghti@Tedh BBdisg, Jodt-bORT thding rdvehiRea siarfilbdduwith metal
in FIG 25A s conpri sed of silicon, a very thjn,

mSteaé)GénfpV?@ ncg-fH Ayt rr@rfaquwewypl@e%e@mmemsthf lefEshand- 5104 of FIG.
I
the s1|x&f5 smbbdifhenne Iniaddition einakitlien glaﬂatwcﬁ’r )bolndmg Mrzeathbstrate without a

density of vias in excess of é]%go’%ac er e sapare .. enti
dovicg grIpHBUCYIth SOWRS! PHBY iEa PePareA S feRccgap e fourth émbodiment 1s
also ﬂ(;%ﬁ\?%g%&c&a}ﬁ%lé hdeughihcent BR 4 Qlifes pdkabd ttdpe@@hibstrate in a
Ball Grid Array IC package.
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172 without formation on the bottomof via 172 as
described in earlier enbodi nents. Via 172 can then be
wo poved2veBe h a suitable barrier layer, if needeRCT/EHSZH06/030703

A Iq Wb ce 'iV material 174 formng, for
"y ﬂgérfew ﬂf; ﬁnfa icggi e expaSediQstick Bef) ehepitse Wasfilled with

172 may also be filled w th conductive polysilicon.

metal. cﬁhﬁé&fa@ﬁ may dgrsaifatly propgyedyor hopding Wwith elspirigal injgreqymections
descrﬂ%égﬁtnfthé k&g‘thvérﬂﬁoﬁﬁleﬁm Qoﬁ%@lanag L rtlﬁt Lﬁ{a[@ Y? h)’ananze the

her “pracessi ng conduct e
surfacofas FddscriilCinp tho rﬁrkto elﬁabbdlmien’o randfvia Oﬂ&t/@aii‘ngsﬁr(d,l cbnaels structure

123 to conpl et catiQ di e . devi ce r.egi on
formatfopsas desPHAfa tﬁ@, tqnﬁr E?%Hlea?» E@ﬂvﬁé égﬁaslepﬁirf{ég Trpgythe same
or dlffefbnE REATAR %'Eh 9%555&[3@ Qoﬁtfactdétﬁlcgﬁé@ Ge?n f}ﬁﬁ'&nbérﬂ'l%d t8%he post-bond

shown 1 n For exarrp | evel
thinned rguefiaceo rm’ér:revsaledl ahetake filted vitas aso dmdbcdamprths dourdf embodiment.

ety hpd BFng Bz Con MY o KA gl Brpaieth fr 1D chip

packagmglc@@fbe MR YRERI asf RREA A inQArlich Ve Kodlm &S, alThisl BGilustRted in
per and al um num and typical insulating materials

FIGS. .23 amrb%N [Whestha gadond dimis hopded tagihe st die.c Yangsembinations are
1
possit, GG, B, Ll BP0 S5 TR o8 i amotier i

using 2 coiipgiratimns alzséritgid odbold &ndeelovac | Ride 23he showsrilire® Rxamples.
of, a_conducting nateri al 176,6éo electric

where,Gie 485 JAHEE 115 CORTURIe SEALETAL HOB SO Y lEAnisct sirpetagp 179 to
the coﬁg@%flvzé}natgﬁ)ﬂ qp8 gk SReEhicaliel1R Ha%m%%%c’c [‘472![531) afected to

e vertical between conductive materi al
contaaidﬂﬂﬂamﬂ C@hdmntIVEl meateriA 3 68 utf thajovedr side,iand |digl @8 b having contact 147

on [ of | ateral co ent s Qf.._exa
and efiRBlid refegT UG8 eRenerBlc dgnRt b e condoehies BRTPRE 1 of e
lowerf@dri cation of typical integrated circuits, for
exagﬁge CMOS waf er fabrication. See FIG 25F wt
i A3Nnetherlefithand gstryctuse t hasc 4o cdignberdedndn c@ﬁ die-down
b I t
confififory oY PGS RRAETie Wil St Shuchdf T2 bBfded o 0
substiaté egl@at aghCia§ Can tmta‘rpcssegxaamhg accontaétngirietutey id@al  Contact

fer fabrjcation ctlvelym I.m zi r. .
Struct@mlﬂm at) #rgl @%@uﬁ%\@dm@@nﬁ{) a&r Frechoupgfie mr%‘égho? n?iH%tlve material
187 forM R £RP B@l%ng Hf[cflgﬁt%ahﬁ sRERLRMEs thRIReE Ha’teffﬁl 187 connecting

connecti ons, In 1nproved scaling a
conduoavemwlabw&\m sﬂosina;;e ﬂrﬁmmhwm ﬁgumdﬁﬂl i t y Not e

t [th t ud
R Gat R Ak reticshaf e Rk SRSy g S350 to waer
to wzﬁ‘@i bofdiHE N eFiGt %@Iﬂmﬁmn@m@pef@absamrrMm W1thf mult@ﬂe contact
72 are In a sem conduct or Eortl on of die

evi
strucﬁuéqgu 147 and gondustiveratnsiab1 e, dike dhe e op day lsh- h]?’?fl Sldaﬁé FIGe23L, is
d ri @l
bondﬁl)g)l egﬁHeg 91&}%2% 14% rﬁa}lgg%ge%?édt 63%‘?‘2 {I%S?\él tﬁ%?ﬁtg&%&rﬁ&wes 142.
Die a¢ianothiet svafeti A8y Eﬂ Bonaded 10 wpes 63419 Mssirig) malﬂlgthcﬁdsoamd configurations
conducting material 176 and may be fabricated with
descriRed; JhRVE aEelodts DY SRFied R r?g SYaters g c{lwemay e bonded and
interdo@REd SRR Pf cOnductive material 176 with the
except i or% ﬁat conducting material 176 be in
eI Adtmthmhbodund:mcsumﬂmtﬂw the truith feim Hodtnerit awitliy degard to bonding and

t hi
clectleA AntEBRtacoN ansitapr |0k Bt ARl el Fityresprd tpygrigntation of

the dedTA4li1 48 Hond \éﬁﬁ’ﬁ& arldOsptR%aIMMeCof ¥ hasdld Hf@ s Qb p0551b1e and is
throu% 2t he entire portion of die device region
©

showpHa HhoR264r VThisembpdimentsists ap z§1§$qrib?d\ﬂfeﬂ1€ﬁénﬂlaﬂi@0§!mem where
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di mensions of via 172 to be small, for exanple,
substantially less than one mcron, enabling a very
woe@ghozwenl density of vias, for exanple, in eRCEES2006/030703

..... W) Q00 pes -paygre centinmeter to be fabricated
v1asH a? egﬁé‘g ?%gét@d 1frlp 9?4@(? asn%ah 1%8 t dﬁfﬁfl&%f#a{ehgf £bi0 example as

shownl 1InSFIK"J':1t26 ag Al fn‘eaﬁ@nefdl dbm/é,&ﬁasﬂmey bB dllled exitnh eflarlelgeﬂ ednductive
iisol at e _conducti.ng nateri 176 and oth

materiglgn EB04RE 159 ORF SRR P%Siﬂﬁ?li &F BHYFENRS ‘BS%"[ o gample
tungstEI!{] bp%d{f)% Hﬁ/o%gé@b?ﬁ\(f'aﬂetg df*r?éj(h&’ls 1Hclﬁ8§n§|bu't Bﬁf l@lﬁﬁed){o éhemlcal

exanpl e as shown in
vapor lde;ﬁctsﬂltmmj}dsale:beropfatlﬁg Glsnfg’&hsulatmg\amil Halmecr leypars as reqnlred hEle die

o S S, BB O B A R e i i

condu@i&ehﬁlrelte‘t‘lﬁl' ifed é%pl@q’?ﬂ kD @TIG 025F, SME})?' B}?tﬁlﬂl Whd 604 haridlle wafer as
device region but with contact structures, prepared as

descritieds dn i the bighth temeboidinenth ?_thddvfwélﬁg ofsthel ¥igs pf@@sbem gne with a

oo SEBh e 9P, FRETEEng S Sy e pEsas e«

planar_su#fack Wit Aliekiedy, Qay rdbult igidonphealr surfaéardoe ab EEkeut;mty of the
the exposed surface rise vias filled

CMP peetahingThi e gubTiEt® Fay CHmebi. ko) pay g mgﬁevgr diing the CMP
proce%’shzﬂdaf IQ%e%&tQ r;galngz%htérc?ésuftl Gh GUIABGIHVRR3a FREGEA l%? dish&d below

our using a conbination of filler
the s1riairesubaﬂraté cufacerardez@itictién sher foarth emb@dm r iAdsthatipely hie vias

may l‘gel( r,regé,ql e ment a%iaé\é{l%apéég gti%ﬁ%ddw&h %Ps%}ée% \éeh‘?rﬁlt] that preferentially
etche?ﬂi%g‘ﬂ??ﬂaﬂé vel‘sﬂcls 8 PehdRdve AstdicknlBARn 8icenducti® Viacexsaided above

ent wafers with exposed contact structure
the sidiaon stiestrats arfiond&dr evample, plisen Bundbe AFhtkBrespntiaty versus a

h
coppe\flrwo{glrr lnirl.p%\é’%gloﬁﬁ«ﬁge %aalw }{lglrﬁlgﬁ Igé\l/sg I%gct ﬁ)'ilbpt%ﬂ B3 H%ahng of a

condiitetve! fillziatiaoresigy i aesdmbmeaomdabxer anﬁarcat asodesbnbed‘ firi ghe fourth
chi p packagi ng can b e inplenmen scri bed.i

d
embedamtaie anbidwisRaIaed s DS B9 eogiredn ghq He é%‘b"g’%ﬁm
ark%' re%?é'\i n#‘ &F c@ncﬁféﬁ%‘ﬂugd €1a' ePoBHRMl th Uaﬁitafvlé séndabl% surface

1 ons are OSSI e i n connecti ng t
as de@cﬁnﬁddﬁ Itheefo(mh embaﬂmmeuoontacmmnw way be iﬁ@mwdéo ffierm a suitable

bondgl?}gt g;g gvl aesF %I_Clqg%({\ﬂlg ht%s\ﬁiropﬂﬁr al fé?ég‘??ﬁd U Cﬁo{/r\ﬁ%%gﬁ)g@ VE exposed

condi&veNAY ifMGis ivefove B3Rt Ing SubfatS lcoffactlEficapen ET midy lbs Ifmgned on
contact structure 179 to the conducti ve nmateri_ al

condoétivehmaterialet 74dinea nepnser gmilanio Mt desaribed 1 Ahg fosuth “embodiment.
This Cf%?mgt%negnay include the deposition of contact structures and a dielectric, for

example silicon oxide, followed by polishing, to result in a bonding surface that is suitably
planar and electrically insulating, with 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 oxide.

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
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contact 147 and conductive material 168 of the |ower
die, and die 183 having contact 147 and conducti ve
woredog2mB 168 connected to contact 147 and coneCmUS2006/030703
o {[raﬁer | iﬁ'{:ii ii"’?rﬁis.-"’@fi it "M’"li I';;@wer die. In FIG 23N 5 the
N o ' - KA s S "r """" i =yl 5% S i n W | -
descri ceglnh gurgcf | (%1 n g&%ﬁ&eﬁr%ggdlzmgtf?ﬁ%%tﬁgegﬁgslhglug? ghe%dt%%&?t‘l% and
polishingndfacdntat strattures ahd 74 Afldctring rfde dxdmpla silidoatoxade td 46sult in a

.such_as an_ interposer, havjng a.contact structure 142,
bonding, TR 1 1S BXaP B Bl 839 e%ﬁ%l_ce &me@]ﬂ% Wk Bl ey of the
contac??t?%cﬁ&%g €60 e ohRELHARNEEN LKLY Be TRNRII Gla ddfpakabléBehaller, or

ondi ng. The right-hand structure has conductive
larger hed¢rel dialendiBi tloorvordudtivg notarihlid74.ve material 168 in
supstrate 149. and contact .struct ur S5 A s,ment | .
2B e e EER g P eHebea s Peftry bR, Die
144-18Q Rlei RS Bhd¥@t&E5ubsRatealehyiltopeivaded vids GornZedland filled as described
illustrates an upper substrate 140 with nultiple i
in the gimth zmbodiments andeorslastrfanes, eonfaining cantaehsEvGtyges,1if gequired, are

li,ke t di,e ;on..t left- ' l. ' .
pepagy bt 40 G5, BB 084 3 gl B nd B cbociment
After BORAIRE bF @ftS144-146 aoatb3Rhte SUOUdieUrdds] 4b4dh nd@i eeedrto be electrically
) anot her wafer may b e bondege&go waf er. 149, usi n(ﬁ tlgallw
lntefcmeﬁ@ésfoaﬁmﬁ%rﬁﬁuﬁww it @0 EquBS%FdaF}H e 0f e ldillo are
acceségﬁlé f?leﬁﬂd'e? guﬁg'm&glli?&idg%grgpa?ﬁ%ndﬂo? $lip Bip DaskABRHp0BHescribed

nterconnecte 0g A tenth enbodi nment
in presions mbodimentse ni nt h enbodi nent with regard to bondi ng

S0 SLSGL el L SRS o O, AT i gn s
a sem\?\ééo?xd&&ﬂf PR P devibs faseh MBlaPdstaba inlgsbodimenthaimdl As in the

er Is also possible, and is _shown in FI G, 26A, TMS .
ninth embodinrmbtfosning the vias inje semiceednciar regien of deice region 148 avoids
enbodi ment  wherevi as_are e da i sQblated:if;d bieed, which

a deeppyy "“F“i!l I‘Ylg%f Wet v &3 ﬁgtvi?%/se{)%g etrhleaﬁ, l%ofe%édgﬁplegﬁ%s $ W
imprcVe®\@Bvibd délsfly aRBCedudss therjoruredf shtvenduvioasomsmmedas a result of
o filled with a variety of conductive r@tﬁri aBstf ion may be

via farmetion)iregulting nEPTeYed sSCling: & UEBERarS:ithe flegHbsale pppy may
el LiSy i I NGStRIimeht. CARPRIm SR PaR] dxpseldysurface

entire]y 6%%%9%So¢9%bgﬁgg@fﬁgﬁudi ng but not Iimi od t oy o
may chiepiigalont@pstrudiepss Thisorfaedmay dutsugpblatrrergred & fgnding with

i,nsul ating and barrier, |ayer I A . i :
clecsig opfresiibeoat Aol dpalip) BoaigeRip et wlilf (8 pdlerial t
plandrDk BRESirfaLe hEUERIb MSthé ifikdt eehbotlintent,an ehypired.e Additional die from

material, for exanple 174 in FI G  25F, V\Athotlgndal h ¢
the sarpe onflifferdrd veiifers weitheaxpasedgustal filedyvias capiher ibﬁ ﬁpﬁ ed to the post-

enbodi nent . T rev i t i A b '
bondas‘l:‘%l‘f‘ﬁi Wg}f i sghtgkgl? %Oélcali&g rsiﬂﬁat?‘%egs : gged%éﬁlgﬁ% qgt @EI ﬁ’gﬁﬁ%ﬂé fment

Altern8¥RA, BRlepr @frep abttyllizesor tsayi be afophedian prgpdratien for flip chip
alternatively '

, l I . f due, t
packaging ean be i@pl@m.elgtﬁ ag,gs%gfaede{]n(ﬁ%?l% eg{ll)%{riw-iel%ésu g&sspa?urgk_)ocﬁment ten
may El?sro lf‘exéa{m%c? gu‘s{ol ét&&pmﬁﬁ)bl{: Qick esBVR tH G NEBNMhG aMPafer-to-wafer

rocess a ower ratethan copper, resulting in a
formen eiitdr kv BIGLi2AN. ecessed or di shed bel ow the silicon

substrate surface as described.in the fourth_ .. .
enbBdi aﬁﬁﬁbleAlf?aé‘ﬂrﬁ%t P eﬁi’fl, ITREUOR a&OTVEY Eoe vatied, speking and

interE%ﬂmeEt?&?@dn%quﬁ%ﬁs.”FMr b6 86 niiyte Bordled eCisideeddircbr IC-side
that preferentially etches the substrate versus tﬁe .
up. donafidatiany eltemative s the dig-torvafer: rmabt 3 vealerrta-walele t is also

possﬁ)kfeo With the upper wafer, either IC-side up or down, bonded to the lower wafer IC-side

up. Furthermore, these die-to-wafer and wafer-to-wafer formats can also be used with ICs
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the silicon substrate surface. For exanple, silicon

may be etched preferentially versus a copper or
waoevgeewse filled via with a SF6-based reacti veP@€DIS2006/030703

ﬁt?hWHMﬁﬂ{ Yea @ 9%y @ conductive filled via results

fabrleaien Gsiaiis 0BTt S §iRs GreSulteser FREIE ifndioality. For
fourth enbodlnent di e may be singul ated and bonded as

examplaelé?csrfabré@tqdrﬂsmeﬂmoglmwné%@a (%Htsubstfatc?sevélamsrlg:oafsubstrates
v i]le i t [
for exGENGUENY Fraleal S YL Ind QEBHIR. AP Mot Aqhift, B! bk Re of the
substratnfoo i fentiongliint dcthesd ditctinstansesyehe dneird portienl of fhefsobsma&: that
sui tabl e bon% bl e surface as described in the fo%
is not ysge o thangistor rl“é‘?ﬁ’hﬁ}aé( S ‘Fmé’YFfiéé AnigBnige dhe Va elghipg required
to forrrﬂcvér!lcdl %le@ﬁicﬂ"ln&é?@orﬁ@&%ng surface, contact structures
formed on conductive material 174 in a
nédthwgh sulvﬂtﬂams aro shdvat caepised b dwmengfomlu ntshbstrate without a

. _enmbodi nent, Thi ormati.o de the deposition
device §{ERGH HEERAD gomtetelPebies S BYe ey P Bl B ivplapcient for
a chip $d bh&k@@e %éx?@serfsﬁbétﬂ‘&eﬂl HBaN i ARG 1 ﬁadk@@é“ AldoN iR die are

bondi ng surface that is suitably planar and
shown ¢yide de\flwl by oftles dliest ¢rmjemmts ot g@/l@@( eei@mco ror gfevichge but having
S tu hi [l ustra 1G. 2
contacf s ShED T BRI ) § o Botrs SBlneE R mihots oot o e
inventiepnducti ve material 174 and having dielectric fllm
169, such as, PECVD silicon oxjde. Alternatively
AErereus medificatonsrndiagatiensdiths prgsem dnysatios ﬁrerigv88ble in light
ct r
of the TGP Hachighy I JF Mhcrllohy (el IR0 i Jh G schi® of the
appendefl tdaimgnthecinvattionahay be peavtcabotberveisel theih aw&w‘clﬁaal@ described
for exanple, substrate 140 in FIG 25F. Further
alternatively, if exposed conductive fill is above the
bondi ng surface, contact structures may al so be forned
on conductive material 174 in a manner simlar to
that P CU UBOG6/ 30703 described in the fourth
enbodi nent. This formation may i nclude the deposition
and polishing of contact structures and a dielectric,
for exanple silicon oxide, to result in a bonding
surface that is suitably planar and electrically
insulating, with the exception of the contact
structures 179. Contact structures 179 may be forned
of a conparable, smaller, or larger lateral dinension
than conductive material 174, The die are then
si ngul at ed and bonded as described in the eighth
enbodi nent. Die 144-146 are thus bonded to substrate
140 with pre-bond vias fornmed and filled as descri bed
in the ninth enbodi nent, and bond surfaces, containing
contact structures, if required, are prepared, bonded
and electrically interconnected as described in the
fourth enbodi nent. After bonding of die 144-146 to
substrate 140, die 144-146 do not need to be
electrically interconnected to contact structures 142
and the exposed surfaces of die 114-116 are accessible
for under bunp netallization in preparation for flip
chi p packagi ng as described in previous enbodi nents.
I n enbodi nent ten, vias can be forned either through
the entire device region 148 or a sem conductor
portion of device region 148 as described in
enbodi nent nine. As in the

herein
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ninth enbodi nent, formng the vias in a sem conduct or

regi on of device region 148 avoi ds a deeper and w der
wae@7oyedor m ng vi as before the device regi on PGI/US2006/030703
l.,.m.g(mpl eted, which inproves device density and reduces

CLAIM é portion of sem conductor consunmed as a result of
via formatian, resultin g in inproved _scalin

Fdr éneethof of integratifga §kefn§f1tehqm& 3 Bt ﬁwaog straggerwitya
di ment .
Seconggmﬁ g?}rlr%?%éjﬁ e)hg)g(&gl%{e{ém éééerﬁﬁggp@onpr i se contact
stfmmungla (5% 1n1§hmdsﬁrsuﬁlémm enpcyseﬂ)eo stledstbdig ﬁpst epanedtiiotre;

SR o e lnc e of Poehe 3 st 428 et Bontac
Stmctglleaﬁg{l ze the surface as described in the first
odiment, if required. Additional die fromthe sane
o rbonkﬂlflg eaid dirstvebdneans tonaichsasrpd slethenttush thiat bhedf saidifirst eontact
be. .bonded. t o t he.post band sur e wi.th syitabl e
st g SFia38RAR Y uhcifn BOBIGPAD Gatiekle S sy bR ob Mt Structure.
e b Q¥ - as Aédiel MdklaMe ll Yoonsitih@dg: bunp netal | i zation
may be faorned in preparation for flip chip packagi ng
c APIHBE PHP Vit ta saidaseanidisentartstaigiure;end

oﬁﬁﬁégg{‘ééﬁn&ﬁ% STt £y B PR G uErihkR
waf, e nieﬂ&ddalfseécﬂfedﬁmalhlm 4] eonhmrisingy FI G 23N. The

deS| rabl e fe tur e |nv nt,i on .convey to verti cal

of
ste@kma@ném {ing I&Sﬁr? a5 Ok g F§iivat i ons. For
| e e down or | C-side up.
amghﬁﬁdgn tg?lﬁgltg%g ?oéﬁltghszﬁggl e-to-wafer format, a
\Nefbemng (salvllalﬁmlatmg fihaton sibsthstealiyosdy bxbrelumwdpctrh@1Squpeld first

ctemdif posp e Pt vingod plfed B EBrL s dBORE: 1 o- vt er and

e, €A niethdtds@EcifedliBlafn d2bordpreinde used with ICsi \ i
Pil Ni. . Ull / LiUTfabricated using substrates that

ddormsing saigisonductive magasial irpeantachpithsaid pseandseaiact siruchye and
. on-on-i nsul at or
side FAAIPAE bESIHROL FA8 AR SLhEr, oLy
ex@anpneethdd ds\fecieddan ichiim, cdipjsirgnd sapphi re, may not
ret%uue the eX| st ence of the substrate for

ERing said; qopduqtiye mpderial i ¢Qniaet pahsayt sepqd Cémcr gructure and
subst%éu'y%w& sﬂaB goﬁféﬁ%amir@t sfelskﬁ{d dontdePbritnge. for
transi st’or rication nay be renoved, to mnimze the
vViha Ammdthcngasrreqtﬁdna dlaip 1f, wheeiresaid Gt elemsot eaneprises a first
i nt e onnec thou S bstoat%rs(f are

portl%rblr% g taaﬂa é@‘% 4 §eco 6P8 ion 1 sal ﬁrs?P rt10{1 said first

contadEdtifefurk B6ling idpUéedvih shid Ge¢nd Portsdd, Witl wietisod @nﬁirﬁﬁlg
possi bl e, for exanple, as a replacenent for .a chip

paRiehing sai fiest perion te sBhstansiely regch sad secongiregion YOaane cavity in
. Al so, the die are shown w th devices but

Saldﬂé@ﬁé&ggl’es or elenments not having a device or devices

buforhang andnadatirgdilnsinrsaict davieg; amdy be bonded to a

substrate lf,SI ng t he nethods, cordl ng o the . .

| nRIHRE s TRERBFISBd0 R0 SRS ITohFOMERES P RR e R frpipe said
insulhf}; RgSent invention are possible in Iight of the

above teachings. It is therefore to be understood that

VVI 8.hAme¢thed &m@pﬂedih cldim lappmpdsidgcl ai ms, the invention

dcC ot her than as specifically

de E?frl[ggs&ladc t1a a er sal \Qﬁng step

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

forming said via before said bonding step; and
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herein.dSf IS 1. A nethod of integrating a first
el ement having a first contact structure with a second
webk@memte3havi ng a second contact structure, coP@EF/US1006030703
formng a via in said first el enent exposed to at
' ald LoShidctur e LM ng a
con§ orm)rg éﬁagc?{q&?& ldtt\‘?egp%ﬁwecfacovﬁ%ect ed to at

|Hﬁ$lm8ﬂhbda§tefc$tédﬂoﬂh1&£l cﬁ)h’gﬂishigl‘e and bondi ng said
first element to said,second el ement such that_ qgne of
Sfaring;saisk cond gt ien&eTial &t BHG Vi AIOSA Fepiag Teitlbwd Brst contact

struct\ﬂé?ﬁ% e%md‘t?qﬂl'n%ec“y connected to said second cont act

ure nmethod as recited in claiml1,
chinpA nsstingt asfmmmdn'gctmthy'c@nmn@ed to sai d second
contact struyct Uf ? {qorm ng said ¢ %'5 L
PROV g 2 Portiar R spid Tt element {9 cXpess ! 3“&{"6 ‘materia

SiJ. Uﬁztrﬁ’e’tﬁod%re&téa%fé%n% E&ﬁj{) ge:in claim1,
conprisin form ng an insulating filmon sidewalls of

sami)vm/aatcypomon of spad ficstl elgmentigsingcheimo-wieetiamicd] polishing.
c i Si form insul at.ing filmon

ﬁgp‘%‘%?tﬂgq T‘Ve‘&ﬁ‘i“r‘{}%&%ﬂ‘ F%ptb%pgl ons of said first
elehdBEng sEMROAAE VO nidirfil ¥ RavaRAtholigh rAasiRbLintatdlP the same as a
contact structure. 5. A nmethod as recited in claiml,

polishgetaei paif pgrtiomer wpiddirstalemednduct i ve material in
CONt AGH . hhd Q%I%@ilt&i 1?1%?a?ﬁd10°?5%1§1ﬁ%n§..t ructure and side

porition and ortions o irst contact
sb@ndiﬁgm@d fifst aﬂ’d mbhd)dleﬁ&mrs gatH hdt daid fitsacontact structure is

conprising: form sai d conductive material in
dlre"ﬂé’cﬁ‘?fl%‘?ﬂte‘{/]\fnotsﬁldssﬁ? %é@eﬁ‘ﬁHStB’(?H’crea"ct structure and

sybshantihad hs\/reeﬁéaﬁnaclﬁfndﬁ) eeﬁl jiQfgsai d first second

contact structure. 7. as recited in claimi1,
whending said ificst aind setcoedi elnmntscsudpﬂm@sd eorfduetive materiplgn directly
ubstrahg and a second portion formed on

i n¢l udi.
connelg,tgﬁdgfalrl&g‘?"%{}grc?‘?%ﬂ #% first contact structure being

duép@slﬁdthbm aSRicHe S RLAMIth DRbipeikingsai d rret hod
r etching said first &artlon

onprisin
s bb@dlad salg ifirss apé sedend a]ealeeeé@ﬁla bepidh first eorfteﬁ‘rtﬁfracwre is
. Vi eformng an insulating
dlrec’[%()rrﬁh?crﬁé@gi %i&gsggﬁﬁonga%gg et chr ng said first portion to
expogemsthod af recitd mxmnm:l cotpuisingr e after form ng said

B s i B BB PR ot Apabu avcty

conne%ted'%b%ﬁ@@&nﬁ%oﬁﬁ&ﬂsttﬁgtuk@ claim1, conprising: formng
said via before said bonding step; andrenoving a

pdBt iAomethbd saiatited inselaigl breemprisimgexpose sai d vi a.

heating said first and second contacts at a temperature below about 400° C after said
bonding.

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

heating said first and second contacts at a temperature selected to avoid degrading
said first and second contacts.

20. A method as recited in claim 1, wherein said first element comprises a first
portion including a substrate and a second portion formed on said first portion, said first
contact structure being disposed in said second portion, said method comprising:

removing substantially all of said substrate.

21. A method as recited in claim 1, wherein:

49



10. A nmethod as recited in claim1, conprising:
formng said conductive material in said via and in
weonrazte3m t h said first contact structure bef PCBEUSHNE030703
bondi ng. 11. A nmethod as recited in claiml1l0,
'U@ﬁﬁiﬁi‘ssélﬂglenf@ﬁlﬁpﬂsﬁgaae\ﬁ%taindn of said first el enment
(?x pose said conductive material. 12. A nethod as
$esang plepien) Gammyiseg ﬁ%bsirgteﬁxjvmmﬁtr@e@&wepor tion
Oi S%%eftlﬁcfdsef?r@éf‘e'aqﬁiéla g LeRgNO- Mechani cal
pol'i shi ng A ad recited in claim12,
cemg firss elegrensaingmiseng smguhitedahejhmng/e dewiterandl to have
a polish rate approxi mat the sane.as a ppljsh rate
o R BB PTSEr B SR ste Ko B ASAS R GRIGEY hod as
reti hefkthél & RbiRdR cIARAMPNIREAG: bonding said first
and second el ements such that said first contact
ssaid Gral element eimpiseb y devineiemtled t o sai d second cont act
t hod as cited in claim 10,

c%ﬂ%%ﬁtcgfrlﬁalemﬁ%%qwlsﬁﬁau trragt and second el enents

soghAthéhod &l RcikaElUtdimVE cBRipeikingl s directly
connected to said second contact structure. 16.

neeniiee aplurdily ebHrst glegientspagh hadnge figgt ﬁgnta%ﬁapﬁ%e 94 sgcond
elemel‘u{t Wik @ﬂﬂ‘aﬁ’@%g Qé’coﬁb CORALSHRbGR 5's! tpat th%é‘éaaféhfo%eﬁg f?&%ﬁ‘{é&
ruc re i irectl Yy connected to sal secon cont act
structwtes aretdiveetly dohneétedned bvedofasaidr secoridecbnitact silwitured,

c npr.i si ng:, bo id first and second el enen
b P B S S VRS £ APt at A} o 5 said frst
conta&%{}ﬁ 8dq0 sai d second contact structure. 18. A
met hod as recited in claimi1, conprising: heating said
f forstingsrid sewntveatesel is cach af saéthpies andiccanpedio aiferst one of
'df4Qc0 C a,[f er,said bonding. 19. A nethod as recited in
sa1d frpt eoptagt SUMGIWG | Sj ng: heating said first and second

COB! aChsthal adrdcREPRT Ahivl 24,%6mpeikiag: t 0 avoi d degradi ng
said first and second contacts. 20. A net

r detining said cendictiye matgrial iw g3cly af s#id Vies pncgq:@wgﬁgd to at least one
first c%ﬁﬂg{ %ﬁl@ e?ar(d e{tgéaspgﬁc?t de00hd Jb%lté%g kRGt@eSubstrate and a

first portion, said
fl%SLAmethbagat; ra:itedlmmlam b,eudng)rmrgposed in said second

portion, d net hod risin reno

sﬁwgillaatswﬁ%v a3 |Se‘i9F‘d§§‘iq;g‘m§%P6 ouprGOm JermPergturg il  byad
strengtB % 4 B gé Bf&t‘xﬁit Bpd-20068eh™: " "sai d first el ement

conpri ses devi ce; and sai d second el enent conprises

a2u b’smeﬂlt)é ak secitad imelaine dsconmisingevi ce.

chemically bonding said first and second elements at about room temperature.

28. A method as recited in claim 1, wherein said first contact structure comprises
one of a pair of contact elements having a gap therebetween and a contact element having a
aperture, said method comprising:

forming said conductive material in contact with said second contact structure
through one of said gap and said aperture.

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

forming said via to have a width greater than a width of said gap or said aperture.

30. A method as recited in claim 1, wherein forming said via comprises:

etching said first contact structure to form an aperture; and

etching said first element through said aperture.
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22. A nethod as recited in claim1, wherein: said
first elenent conprises a singulated die having a
walewrozie3and sai d second el ement conprises a SPOFUSADE030703
haV| ng at | east one device. 23. A nethod as recited in
Hodfwwmmﬂmafadnﬂwcsﬁprtsh@‘rent conprises a
??é‘?ﬁd sai d second e gt conprises a substrate.
B4 CaGt SRR GhfoRp r%canta@mqr@r ng:

Qz@é’]ﬁlﬁ Shi@vRlY 'égf[)és@é Bhtatd l'é&% 3t Gdch g‘f ﬁ})}Z@%ﬂd Wérrbgrfgces of at

flrst cont act ructure to nt wt
one legst omeadfishid avitasepatidngont act structures such that each

%m@ld first co tacta (L]lructures are directly

ethpdias resiisddp clifp > CURRRPE ont act st ruct ur es:
fBHhleiggl Ad/dBsaldiRREIBmeht Iﬁ‘@klgﬂaj:é fohidehSERkt @tﬁf&ﬁure toa
exposed to at |east one of said first contact

substrai¢;r uct ures; and forming said conductive material in
id. via nd con ted to at | east one of
S R A R s A et hod as reci t e

| dfteg kit MhiBAing CundingSdalifirst €lembmgo said deconddlghdnt @uch that said
material in_each of said vias and connected to t

condustttvgsmat%% i direatly copnestad totspidseennd cRRECHYCEY; 2

II% CONf @bty ructure. 26. A nmethod as reC|ted in
al m conprising: bonding said first and second
e$33m&mte3h<aiasa‘ecxwd inctrmtle opepaging:e wWith a bond

sfrength .n. a e of about 500:- 200

RS ENA R N YRiye PERiRgS Pgﬁ'@ first ﬁ?meeéf:wsed to
said vigondi ng said first and second el enments at about room

tenperature. 28. A nethod as recited in claim1,

\/\B\férélmetb@d@Blfecllt%iln(ﬂmma]clcomprlﬂngure conpri ses one of

a.r of. contact ele gap t herebetween
a éméflgcaé”n]tn%@?m@ lg}!mr n?élekfa}]goggag%élﬁt ure, said nethod
CONPAIBthEd af REfedG Sdindl, comgtisihgve material in
contact wiith said second contact structure Elgi%stfe one

oPongingja Huifsl cApracehay mgyehiigrcentagitrusiie & trpat sech
that sdifl't Jfl#d%o%a%?stnﬁ; £d 19 Bftac tt{ﬁfﬂ?ﬁeﬁ@ cSRudtivd ﬁ’ﬁafe?iaf‘%’ €A @nethod of

reater than a w sal gap or sai d
1ntegrat}ng | ﬁfse elef@nt Waviregg st esntace siroaureiwiticd sicond clewieat ldving a

orm n% said via canprises: etching said first contact
Secon@??‘?}éﬁt Practure. FYPRISR aperture; and etching said fi rst

elf@rggﬁléat,ﬁrlﬁggafﬁgleqiﬂﬁ@ﬁrture (""" 1u 3411 AA 1" "ml
as reC|ItedtJi.n "c"lJ"a"i.m
I §0rmm$a ﬁrstgpndu@gve sratemiahip s8dd daxf i r st cont act

Stcgllljlgetc ng? sa% ﬁrs? glllc{dc{l% m%%?itaﬁt%tsaﬁ%rtsf Bact structure; and

bonding said first element to said second element such that one of said first contact
structure and said first conductive material is directly connected to said second contact

structure.
37. A method as recited in claim 36, comprising:

forming said via and said first conductive material before forming said first contact

structure;
forming a second via in said first element;
forming a second conductive material in said second via; and

connecting said first contact structure and said first conductive material using said

second conductive material.
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etching said via to expose a contact |edge on each of
upper and | ower surfaces of at one | east one of said
W@W/azmssporti ons. 32. A nethod as recited i n PCHUS2026/030703
conpri si ng: bondln a side of said first el ement
Mg nﬁéthb&a:smeﬁt fhici#im 37ooéaptisisg:r ucture to a

substrate; thipning said first elenent tg expose said
v Oamlr%&%a@r ses@RcaiRiyRgeteHRliahaye a sbstanfially lagaral-powon

tgmgsglnqletﬁg& pE 3| ms%c@oﬁlgﬁgt gai d conductive

mat eri al i rect connécte 0 said second contact
sfmmutgﬂaai seamnﬂ ccﬁmuwlvegmmnaﬂ tsllvbsubmmlalls Jertidalnet hod

A RaRT R PorERetR GO P g1 PO SeBeng s 8 devies
and safd @é’@égco%{;ﬂ%%§§’a1& first bitadtistructife, sdld m&}m@@r{s : t ed

in clai , conprisin formng an insulatin yer on
s fatming $2id vie apdisdidwonc uctige matevial iowidigiarbefare Euming said device.

cl nird el enent, having a
ﬁ? ?%%‘H?‘gg?re&{ ?(E%Cl?l nﬂlf Sg%‘gngamgl rst el ement such
t Padioviid 8 pbitioh Gf 6418 tfRgiteldhidnt €3 eNpdsd Said BorkibliaChatetibh

said conductive material.36. A nmethod of integrating a
f f2s P metbadas rasied Mclainy 41, $pMPHRPECt structure with a

SCGRMn Lﬁﬁ%loﬁ%\f'sﬁg fﬁstse%?éﬁq uﬁgE %ﬁ‘@rﬁo ﬁ{ercﬂﬁﬁé’aﬂ ‘f:ohshmg

corrprls rmng a via in sal I'rst el enent
demArngemoﬂlas sdmted)nmlantn%cnnnpesmgi in said via;

ecting, sai,d first c ctive teria [
f .s&gftlw@aandgﬁtw&e{l%}ﬁ%a ﬁ fﬁgafg QPB“’FF‘P%?W%C same as a
pollskﬁlla?e'@‘}'éudtﬁbrﬁi@ﬁ &t SeFARMcIRMeAENt such that one of said
first contact structure and said first conductive

métte Al miethiod adireciicd inyclaisnibeoagrisingsai d second cont act

ture. r [
5? ’1n§ P &ﬁ?toalnﬁlsﬁcgong ? Eif‘ltsas(%g%g%g 5%1 %t%s S’nglluct Ive
dlrecﬂﬂiécﬁfnk:akd bednd sechbad U@rﬂ&t&ﬂudmfel rst contact St ructure;
formng a second via in said first elenent; formng a
sé’éorfdm@ﬁ}‘i’é@éﬁc\?@dh%ﬂé’fméﬂ GOHIEiEING: second via; and

%,r s 1 a‘iixdfslefosrfd e@é}ﬂérﬁ’ﬂu&ﬁ%&ﬂ QﬁlgrcSnMVé & atbrfal [sdirectly

Con ive na erial using sald second conductive
conncfmdcblblsaid slsdbnd contdct Mructlﬂ\éu S I P I T O T P

rrethod as recited mclaim

3746 c%ﬁ’ﬁh%ll %_grea?ew?ncﬁﬂné& WYEEB®d conduct i ve
mar;o%ﬁin% sl AU Resdlgiasit alchthdtakiarfbt datdt Qfuct@dis

A method as recited in claim36, conprising:

directly connected to said second contact structure.

47. A method as recited in claim 36, comprising:

bonding said first and second elements such that said conductive material is directly
connected to said second contact structure.

48. A method as recited in claim 36, comprising:

heating said first and second contacts at a temperature below about 400° C after said
bonding.

49. A method as recited in claim 36, comprising:

heating said first and second contacts at a temperature selected to avoid degrading
said first and second contacts and said first and second conductive materials.

50. A method as recited in claim 36, wherein:

said first element comprises a device; and
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form ng said second conductive material to be
substantially vertical. 40. A nethod as recited in

w@b@7eB89 wherein said first el ement conpri seBCHUS2006/030703
devi ce and said device conprises said first contact

Shi¢ SRS ORB LT, SOBRLARhiy o ST L0 V1

f 8. M A gestaidchsdestteddn ckim 36, whdrbind asf r eci ge]gl_ in claim
36, conprising: renoving a portjion of  sai rst
aa&éw@ngk@%e&%%@ssw alngglﬁ@ﬁ@eq fpyingd dpvics and2. A
neidad o Ae el%ﬁféh# &gnaérge%é %&hﬂﬁ%’haﬁﬁ £ leabthe defi@BVI NQ

sald portion o irst el ement using
c iz nd -metbdrhad reaitedoialciagii 36gwhdin: A met hod as recited in

claim 42, copprising: .selecting said conductive
n%ﬁ“i?l}sélereflﬁnh résegﬁfiP%‘ﬁe’raﬁfle approxi mately the sane

agi@sd2ehd sRmeat @oﬂ%is%@h%&%{el on _Of sai _d first
elenment. 44. A nethod as recited in claim4l,

cohpAinstthed absaitéchin claind 6 compriingl second el ement s
sych.t hat, sai.d £i.rst. cant act . UC I i :
B3R 0 S bR 2500 BREHEL R el RSt vioan
first comiuoare matefiaCioh@ed idsatd o 4 dscoadBlekicnt with alphndlityepf second
said first and second el enents suych t hajgeﬁscf%d
contad gieeietes vechiteieaarh Pt said first elemepts g AR Pletiq Brsk gpnjact structure
and sagﬁ? ;flﬁgr:t]dcgg RE i G tgrncé)%ﬁectéad {TEIHRQH sBd sE&ﬁl'dtc%ﬂtagtn

conpr1 si ng: Ing saird first and secon
struct@kegenent s such that said first contact structure is

directly connected. tg .said secand contact structure.
474 A methpdgs %lt?gtﬂ @%1813#‘5: CMBPM86, conpri si ng:

b%&g&iﬁg s @itHstfahfl $8coal dIHRARNAE B FE6Hh Seripiitutd With 8 dbad
conductive material is directly connected to said

strenglei:rmrjmg@nfdmut§OQ-@@QQﬂmé/.m248. A nethod as recited in

cl_ai m 36 onpri.si ng: heati id first and second
céﬁt gcpgthgﬁ agpetc tﬁ%%?%?lu%rgé’ﬁgﬁ) %@1{‘3 out 400 C after said
beRethally BOndidy BB fied aAd sdcend tlethehts at hlaoutr@6n temperature.

conprising: heating said first and second contacts at
a S6efpmethodas reciled &t gaim 30,40B1PESH8yr adi ng said first

a C émg kil §QERAE! structure t
c%%é@g%\r/g gderf.gqs éi?lﬁgr?ts. e8.ﬁ‘?’A&rlrlfté}t ﬁig Sgg QLIrr ecited SI r#cclr%iorg
substfe; Wherein: said first el enent conprises a device;

andsaj d s%g‘grnd el ement congr.i ses a substrate having at
| dhiapingsaid it dlemen {0 epREsHEY s recited in clai m 36,

‘r']“é?{eﬁkeﬁa Mg f ﬂoﬁlaing%hﬁrm@tteléaﬁm b 588 sécodd Rluent athdhat said
aving a deviCe; and said second el ement conp(lsgs a
condwaitys tnxeagrinl fradirast]y gonnestedito s3id seropf cantact structure; an

removing said substrate.

57. A method as recited in claim 36, comprising:

forming an insulating layer on conductive portions of said first element exposed to
said via.

58. A method as recited in claim 36, comprising:

forming an insulating layer on sidewalls of said via.

59. An integration method, comprising:

forming a via in a first element having a first substrate;

forming a conductive material in said via;
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52. A nethod as recited in claim36, wherein: said

first elenent conprises a device; and said second
web@memte3zonpri ses a substrate. 53. A net hod aBCT/E8100€aB30703

in claim36, conprising: bonding a plurality of first

' :éﬁgﬂ} tasco(ﬁ%%ps&ﬂ]?ﬁrgﬂl &i f'n[sf’ E]]eﬁlgm eéi&griléglfy%% {§ed B st

rst con ve materi a or ne n’'saild via to a
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| ement s. bout room.tenperature wth a bond
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bondi ng said first and second el enents at about room

contact ifiséura end eaid sendudtivemiatsdiabas a past ofesdid honding sterB6,
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via; after sald thinning, bonding said first el enent
result plsaxdbbonding-seni el ement such that sai d conducti ve
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ructure; a renovi ng “sai rate. 57. A nethod
adirgcelgicomuabcting sdid ifinst 36ntactauguciusd togaid second@ntaet structure as a

i psul ating | ayer on conductive portions of said first
result @h‘tﬁqncg‘%pﬁgéd to said via. 58. A nethod as recited
| §2.Ch3hdthctPas S QTN ih g 590 %Qﬂeﬂgsa?d“bd)rﬁﬁﬂé[ atp &Qnﬂgx?s\h? heating
on sidewalls of said via. 59. An integration nethod,
said coslupiivesinaigriak amdrsaiddfirst andse¢andzontackstrustwsesent havi ng a
f{sgs%\ s‘#ﬁs rate. f.orin'.nq5 a condslilrclzt,i ve material in said
V- thigels %({;;asareg%eﬁjtlgcc U2 PP ENS said first el ement
eh&tting iat atdnypesieaeiotd400 Gai d conductive materi al
after formng said via and said _conductive material;
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said firhthad sabnd bontadtngndssmidififsi ast sesotdtoraietiteomstarialssecond

Sggskrrget:tﬁéd gsnr%cited in claim 64, comprising:

heating at a temperature below 400° C.

66. A method as recited in claim 59, comprising:

forming a device in said first element, said device comprising said first contact
structure; and

heating said conductive material and said second contact structure at a temperature
selected to avoid damage to said device.

67. A method as recited in claim 59, comprising:

forming a conductive member in contact with said conductive material and said first

contact structure.
68. A method as recited in claim 67, comprising:
forming a conductive via structure as said conductive member.

69. A method as recited in claim 67, comprising:
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form ng a connection between said second contact
structure and one of said first contact structure and
waajdozissducti ve material as a part of said bopdi/mg2006/030703
~step. 60. A nethod as recited in claimb59, conprising:
L dfdrmmgf astibdianizad i lagra aitdrcommedtion Ay sridreorehictive member. d
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structure to said second contact structure as a result

that sais} thirdjcanipeirtiveire isgenneged i spistaenductiyemeaeniad in clai m
5 n p conprising heating said
cz%dmsﬁtgégtengt%{ergmg ‘ggrs%}l% first and second contact

S# it eleneat hHdng aﬁﬁmhbmdcta&ucta&i ted in claim62,

conpri Si ng heating at a tenper ature bel ow 400 C. 64.

Aa BeORe glegent %ﬁl%ﬂsqqqné caRtATt S UC S pr i si ng: heat i ng

F‘?stfv %ﬁh@{lﬂl gpgpsgelg ghacts at a tenperature

ected to avol egrading said first and second
c o firsicosdumtisle smieatial forsied amshid icad vih coonelied {ovsaid first contact
materjals. 65. A nethod as recited in claim64,
SructWs A si ng: heating at a tenperature bel ow 400 C. 66.
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device in said first elenment, said device conprisjing

condustiveimpterigt andovaidafinst eantast stuvasure dndirenslationgectes g said second
conta$ dchctlve mat eri al and said second contact structure
AU mer at ure sel ected to avoid damage to said

dggi eestniRre As FERIEDT Asin EG lcblﬁijrlslﬁgtl al m 59,
conprising: formng a conductive mepb d? cont ac
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conprisin a conduct a structure as said
c cadukt ooﬁdtmnfeenatexﬁﬂ d1récth5e¢dmne|cta¢tor&abd teednd eontacq iseructure.

nprising:ilt"> """ n'..suB stanfially
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bonding a third el ement, having a third contact

first contagt stwcgyret o said fir st el enent such that said third
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f i dnSihs Bht@pEMdeviiaMongediod sidswalsaTicanductive pottione said first element
expoge%%gr;gld%r;n\ggt havi ng a second contact structure;
76. A structure as recited in claim 71, comprising:
said first element having a substrate;
said first contact structure formed in a device region formed on said substrate; and
said first via being wider in said substrate than in said device region.
77. A structure as recited in claim 71, comprising:
said first element having a substrate;
said first contact structure formed in a device region formed on said substrate; and
said first via being wider in said device region than in said substrate.
78. A structure as recited in claim 71, comprising:

said first contact structure connected to said first conductive material using a lateral

conductive member.
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a first via fornmed in said first elenment; a first
conductive nmaterial formed in said first via connected
wo 0038239 i rst contact structure; and said firBECT/US2006/030703
,ﬂrelenqqywpqueqhﬁgr§9hg second el enent such that one of
M herd On birhicttretR HEUHER FY BlalRy €f domdpriaiig: sai d first contact
structure i s directly connected to said second
ciosecard vigifeimeadipsaid4mst edementuct ure as recited in claim
7 EIWalok I ' . G : LT
s SATRSRE R SHaL ol QS Bl MR e
contacs §tfutird afd 8sid fiegticbedhictine alagdrizl.71, conpri sing: said
first conductive material _directly connected t o said
sHtohdirugHteasredtef e £lgim 71 eAmprISINgA structure a s
r :?ﬁiértdeé#erhé]lt Gr‘lla@ihg]_a%ﬂird ESHTR 'sﬁh&gr'e_b%ﬂﬂéd Q%afd fit element such that
conductive material 1n contact with substantially only
said thsiddentot ftacese ofcosngated torssid firsthcanduativietmaterial.
ssttrruuccttuurree. 75. A structure as recited in
claim 71, conprising: an insulating sidewall fornmed on
sidewal I s of conductive portions said first el enent
exposed to said first via. 76. A structure as recited
in claim7l1l, conprising: said first elenent having a
substrate; said first contact structure forned in a
device region forned on said substrate; and said first
via being wider in said substrate than in said device
region. 77. A structure a s recited in claim71,
conprising: said first elenment having a substrate;
said first contact structure forned in a device region
formed on said substrate; and said first via being
wi der in said device region than in said substrate.
78. A structure a s recited in claim71, conprising:
said first contact structure connected to said first
conductive material using a lateral conductive
nmenber.79. A structure as recited in claim?71,
conprising: a second via fornmed in said first el enent;
a second conductive material forned in said second via
connected to said first contact structure and said
first conductive naterial. 80. A structure as recited
in claim7l1l, conprising: a third elenment having a
third contact structure bonded to said first el enent
such that said third contact structure is connected to
said first conductive material.
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