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bonding method by which metallic bonding between wafers or die of semiconductor circuits
can be formed in ambient without using external pressure.
An additional object of the present invention is to provide a low or room temperature

bonding method by which metallic bonding of layers of any metal between wafers or die of
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result of forces generated by direct wafer bonding of the first non-metallic region to the

second non-metallic region, or by reflow of metal in the vicinity of the first and second sets
of metallic bonding pads after direct wafer bonding of the first non-metallic region to the

second non-metallic region.
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FIG. 3B is a schematic depiction of semiconductor die or wafer in which second
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FIG. 3C is a schematic depiction of second semiconductor die or wafer with a second
metal layer.

FIG. 3D is a schematic depiction of an aligned metal bonding of two dies or wafers,
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FIG. 4B is a schematic depiction of a pair of unbonded substrates, according to the

present invention, having reciprocal metal bonding pads;



present invention, show ng the reciprocal netal
bondi ng pads contacted by the forces generated when

wo b@4norreoet al regi ons contacted and bonded; FP@/U&1D04/802006
a schematic depiction of a pair of smaller substrates

b 0 a larger .substrate; FI 5A IS schemat i c.

i 96% s B xRl o GHRRY Finat oh et roRaiely Aeording to the
preseflefiveiEibh.e sHewias i ik REipysdall rhafle Bbiihd adBtcdntdead; by the forces

FIG 5B is a schematic diagram of an enbodi nent of the

generaipdarhandhe Ranneipl aegions contastsdanddondedal beneath t he
T ) T
oo P SR i RoR SRR B S AR Aoy ondeg o o brer

substtdie;a schemati ¢ di agram of an enbodi nent of the

[ tion having refl owabl e A netal terial exposed t .

t %%Q Kdisch SROAHRIcSIABERE of MbronitocaP e fgr dpvention having a
deforRRBRH AfkeR dr%i&%eamh@hﬁgyg&ece& FIG 6B is a

schemati ¢ di agram of an enbodi nent of the invention

haklh 5B ef | ©wehdmeaticndtagtanmedfean @mtwdahed ofy thef imrention having a

di rect wafer b ing of the non-nmetal surfaces. FIG 6C
deforigh E e HopEH MRS BT an enbodi ment of ¢ he

| NN AR 2 Rehenidicdidranapheo dsRta asisBOWRVWERI@ T4 Ebonded together.

direct wafer bonding of non-netal surfaces sealed the

r o fdbise shermtic dipgrem afan cmbpdipensivé theinyeriignamvig reflowable
metaﬂﬁ?ﬁﬁgp pggélittocgae %lﬂﬁ:lch O 600 'flgxﬂc& \ﬂo?go Ehgéét ng b%nﬁﬁl:g%f the non-
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ol t : [ : = ces.
et A o 8 L e e
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DETAI LED DESCRI PTI OF THE PREFERRED EMBODI MENTS
metaRapigripl expopwsiiotthe suréacd onwive dsvicesiviaite dire¢ evaferrondingeof the non-
rals designate like or corresponding parts
mﬁmplggﬁg%out the several views, and nore particularly to

FI 3%, 7BAsaldoheraftit dagahusitanadnhtii@diBedtiofShe RFBEINTRNingOfeflowable
t he bondi ng process of the present invention. In the

meta} materiabieplsdi breatier diedt Meafgrhosding of Heamnrsatal srfases.
ek 7684 §lsenddOR Cﬁg%l\'glfl &%ﬂ%ﬂﬂp&ﬂ o thenﬁ‘lt\félllﬁo%%t‘/ﬂg reflowable
regi ons on separate ers upon al i gnnent ‘are conta |
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regi ons undergo roomtenperature chem cal bondi ng.

Chemi cal bondi ng as used throughout this
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Referring now to the drawings, wherein like reference numerals designate like or
corresponding parts throughout the several views, and more particularly to FIGS. 1A —1D
and 2 illustrating a first embodiment of the bonding process of the present invention. In the
first embodiment of the present invention, direct metal-metal bonding is generated when

metal contact regions on separate wafers upon alignment are contact pressure bonded by the



specification is defined as a bond strength devel oped
when surface bonds on the surface of one wafer react
wowaoh/ortteo surf ace bonds on the surface of an oOPEDEE2V94/002006
wafer to formdirect bonds across the surface
. .elepgents, such.as, a cova ds ar .
intringjer FOROGS, BEYFEh QP RO SIS SEPg MREPPSEal (& qh pighllic regions
undefgd' robfiSteipetatbrdechehAC WoRdi gr eqaéhical b&ﬁtﬁngNaE efsecli throughout this

materials, and thus are difrerentiated for exanple

specifieaiannis rdetivedh atjér’ooméatrgngib rd@vcﬁgped Ehgmsmé@e dlonds enitheapurface of

one wa?fgf‘j rsatc %ﬂgttﬁg S a%% the ?ce ? S Of 0t51hne ﬁla er ‘form direct
I nventil on are SCUSSG e a

bondh @MBS’\@e BuAE&SEementbsduah bl a|cof/zﬂélﬁﬁﬁ)n&f eh&ﬁié@ﬂ I8ld are manifest by
hese forces can be sufficiently great to el astical

their dagla) rhpndngrengths) |approaghyng nfer Jastaes tisefraetire sereth of the wafer
mateﬁ%l%pg%%tts bEs Weﬂt#ﬁ?edo P@OWV\A t Lkl Q/aﬁ €& ORBials bonding.

ows two wafers respective
Exanqﬂgmsf clpmied] drond Lstrbngths adiigvedidy thEhﬂethﬂdsemf tharpresepisinvention are

e eI msnt m conducto rfaces
dlscuaiﬁﬁebeifrvg ega?ﬁ &’BH &tPc‘i?“é%rSfl la]fl 2‘8Fi§di’f eggoped These

forcek @Q@Bé é‘tﬁh&e flﬁgea@%@&hcﬂf y QY theRtéiaiSic r&FioNPy (hEcldical bond
i nsul at or such as oxi de-coated surface. The surfaces

propagatesthetvmes e epposed porothetadlicregionst h, acti vat ed

ebIST 3 iRy P g o T Rk BBl RS S, 10
The WafteSurfRYs ﬁh@% depafd dladedildeRdondhesr QirfaRey, nslyast iélelemental

slightly etc The resulting surfaces are
seml@%ﬁppf@ﬁ@ﬁfa&pylr@h&silrrﬂaaﬂ@l%wem seudll aseert afnaiveroxédes of may be an

msulgtro? Fl?c!haag %gudea&)%eﬁm& ﬂ%vsltﬁgcecs;}ﬁ%) l%eé}ke&?r@ﬁj g}lce a smooth,

roughness 'I'n the range o pre
act1vmed surtfien Tb@lnﬂqu@mdcm golphifer pblishinambvery Bhgnlyietéhmg (VSE)

may biur et ey bp AP St s POl i sHightl ciched.
The f&ﬁ‘lﬁH% CRERES e oty léiﬂerﬁﬁﬂ ahg hgw&r%h‘h@ﬂ b@ﬁdlBQ k#@skedthat are planar

| ow tenperatures "and canh be polished
and sutfoth, chaemglciaemmbbdmdmg fuatpee roTighndss mtdtlmgaﬂl@ﬁﬁrS -, tiveferably no

Si 02 il trid
morclfgh I o S5 ore iR 28 0t e cal  vapor
depQsbiel déﬂeul f&'\f@ emé @ﬁfl&%‘b@ﬁdﬁﬁﬁ ¢8er, bRy er may be any

sputterin by evaporation er materials such as
sohdps&t@/mtegla Ql‘e'ﬁi@dmﬁi@t@i* whish cgn he derasitpd oeforaed aphey temperatures

and c%n%% tp%ﬁs %iecg E:! sﬁ ci ?]Sfdshﬂ)%%ﬂ S¥flke. '?]H@ g(lt)rgit 4}1@%‘?%{/ Ig?}‘; gg%’? fhsulator,

gr eat'e e surrace topography

such\Wl Sy, Isihdoﬁ nﬁtﬁﬂ&&ﬂnorpﬁh&fsﬁto@blf&mnddhﬁir@mﬁﬂhﬂ@l lvayyrdepssition
a deposited silicon oxide. The surface of the bonding
(CV]D}agleplasma-pﬂlMawd E¥ D @ \enp spiiteding Dhiby esampatitay G?Iber materials
chem

such S PRS SemicHR LR oF Bl MR er A o, Aok Beu " Fhe Bfing layer
shoultESA& tERhAY oMat-ANfhnitRe Sithet Bpo F@Jphy of){h@fl@;l‘er off#1féh it is formed.

pol i shing the surface may be eaned and dried to
Preferahlpaibe hayding tHyguis arde@ﬁslteﬁéllp@mogmeng step. The

Corh MBfee JEUE Splyeg B o0P B el BBGHe i ch moy be

accoblphﬁhddglsﬁigf dhatécalrmyechis cal pelisiing) €Chegurface isqprpferdbdnpslgshed to a
}m nprove_ the plgnarltty . L.

roughness descnbed above and is substantially planar. After polishing the surface may be

cleaned and dried to remove any residue from the polishing step. The polished surface is

preferably then rinsed with a solution.



and/ or surface roughness. The etching can be effective

to renove high spots on the bonding surface by
wa@edleori7ve etching of the high spots using, foPCT/US2004/002006

exanple standard phot ol i t hogr aphi c technlques For

er of itrid dd
o bR s ey a3p e S BedafitrsO paf dng o Fpare B8 plaparity
and/o@%u@ibe%ﬁghxﬁgso prw&h%mhg beﬁgoeaeffe‘é‘u% toQ%mQ)QB haih¥pb oifthe bonding
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C&PV&?IOH ﬁrdce ST PSR &Y process an
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of borids on the treated surfaces and can occur
materipltrhmoveddepands wzomtthe swtevial anst themesirddaused forgremgrali ypical

distinct . fro nodj fi ation
e iS5 Tt Opei ol 4GP Rmefn BRG] GBI remove
moreGh@atA4. VSEIAsRfich@et AR brédl'di fbondy 6k thel tFeatedf Sufﬁbes and can
exanpl e of the nmethod according to the invention,
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surfap@l@ér dnch filst atairpie of tht hetipldasoerdprgao elssinventidn, therYSE process

de endlng upon th terials used to obt n the
consiel A ebwax Zv”ﬁe&ameésarga%m@?gﬁen 18%9 Bgpmf process at

o oo o 1575 BRA St SRR iib%,gowﬂs?ﬁ&%%t&e&?t \tisma process

will ¢Hr§ Gepedin B%he BatefialsaRed tovsbtaianthe Hééired(b‘Bh&:):na@Sﬂ Examples
pl asma nodes may be used, as wel| as

are gFyFRELTY é)luymcgmslraédh@pca\gwﬁnsi@@h@n@}l be defstminedicpirigally.

o 7R Py LCPMaRL g Bt REbOUi, opc

(RIE) bed pluﬁrhaﬁﬁ)dwmy.y bk iugdd, by well as phirgiucttel g-podpgled plagma mode (ICP).
and/ or hem cal reaction and preferably i.s conir ed
Sputteama BV B DA P EW@%XW%W@&%% and plasma

%urfaces The surface roughness may even be i nproved

ependi ng upon the VSE and materials etched. Al nost

an?hegH§Eq1roms etehostthe eurfavatveni sﬁghﬁmwlaaﬂxyhlcalrwuﬁmlia@si/or
use

chen RO o T oD (6ot RBRHY LB fHblyganes of the
bond®® dRfactd TLAPLEORUSHIdAGRyREh B ﬁ%krob@d’l@@eﬁamg Rigon the VSE

oxide on the wafer surface. The V. rocess can thus
and wptstplsstahed Slmedeay get preasingituse Bat Willc%mtqtfgh the surface

exce?ﬁzélg g% %%ggég Lfl‘{)]?tll]lg P(?(ﬁ]!l ?e%g%?%tu!%eooga@% ngéé)cg{)c? 5&‘0 gf&dﬂg invention.
ZOCDHé VREMBeRtal élbﬁ?ﬂﬁ%ﬁﬂ‘ﬁk&%ﬁ brédkdoo‘v[&Eof thleto&[deatnl the wafer

post-VSE treatnent that activates and.term atels t‘L@(e1
surfag)ag,r dhe ¥YSK nrpcess can thus enhance the surface activation signifi cant y. esired

bonding species can be used to terminated on the surface during the VSE by proper design of



a desired term nating species during the post-VSE
process may be used. The desired species further
woe@iera y forns a tenporary bond to the surfBCEUS2004/002006
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the V5! pesthieti Gy BRI o e SR P o e Hefece with
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al so | ude a cl eanin e surface
CoMRIT: é’ﬁf{ﬁpraf%ss ) Qﬂm% Pofcmiagags nODc‘FF & rypEocess
wherBBy hprtbsiddit Bk @feﬁﬁﬁ:ﬁ@s sk 'iﬂtlrcﬁfhcécptotrgﬁllﬁﬁ%m}@ﬁlon of the surface

processes described above then results in a desired
with ¢herdesived specivsndbe post-Vi$ie posss-ivSEalsy bpastcood ¥ prgeess. The

eded
termBERSS BReRinR JREine Bt 2 skl BE oo R ubge Tl Sepntamipansg are
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bmubeglns to propagate, a chenical reaction such as

P DUl s Sttt e Rl o MOl Potiist B Rgming them

(if nédé@saﬁl} rahd%ﬁﬁgﬁ@@hérﬂ topeftet € R aBoRding ihiérfaddeA BpardhGus bond
@ ener? I ned as the specific surface 9 WO
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v absome jopaiingy inghobending interface and propagates across the
wafer. As the initial bond begins to propagate, a chemical reaction such as polymerization

that results in chemical bonds takes place between species used to terminate surfaces when

the surfaces are in sufficient proximity. The bonding energy is defined as the specific surface



energy of one of the separated surfaces at the bonding

interface that is partially debonded by inserting a
wowrddge7170he by- products of the reaction then dPET/USHE04/002006

away fromthe bonding interface to the wafer edge or
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wafersfafign fehseusni hept tnsatmentssssasiateshwith penbicquens phetsstiegior operation

rocessi ng.or ration. The bagnded fers.ar . .
wher eI F Jitdorgptdiodiel SiseRE cgetisiEniso diegh Of ieee is manifest by a
lack bEWBRF BOWIN@ updh ipebiivndifiRg tHeGubldgavntpeddeysihg 6f ofp@ivnes
or converted species for a specified period of tine

dePesmbrndgd webus arecrrefgtably goiwd shambisatote 19y ofroopismpprature

s ATV AT YRS LARL JUEE P QR TBols o ime
depefifiegiupad theanaisrialsrand specieb tisddn dtiventy foug houdsliyusuially areferable.
ter of mnutes, en certain sna processe uch,
as | het{orgge B%ﬁ_ﬁ%}ﬁgrw@an ﬂp&wp%&laﬂﬁsné% B@sgssmieéhemwal bonds
may BO 8%18&8% Elﬁ(ﬂ)rle ﬁ%ﬁkﬁ@ tha fgla’cté?'@qhiﬁﬁ%ls,ywﬁé‘nt &E’taint}?(ﬁ)‘s?hanﬁoé‘&ges such as

over were observed after 8 hours for _
an Adplessa tredisesti Hesexatphe d8Hmlam” bods press nbtaingtl inwemedigtely after

di i he b f : bondi
bondyitsid e SAERIRER bk ioier S PR MUY iR oRRRS Cea by an
Ar plaSHR E5185widerySKEWOH die. bel ow 200 C and may be typically

in the range of 75-100 C. Storing the bonded wafers
underealise thinbandpd atars furingbanding mapingreasy thedondigg strength. The

. . | )
one5E gy AT SRR Sy Bl 18 0
C. Swtingahe bondedavafes aidérenpeaua muyefacilitate theatmosal af eesidual gasses

ed wth _sufficjent strength to all ow subsequent

b
ﬁomﬁﬁgg%‘%‘gﬁl&ﬂﬂ&ﬁé%é’ﬂﬁﬁ’@t aliayBresssahol i shing, substrate

r egpval ' [ . '
ot gm)(ﬁ the B%ﬂgé'ﬁ's&az{bo% ) S'?)g g?ﬁiet‘lrb‘&géﬁﬁméar ﬂ&ﬁl‘ﬂe@%eraﬂue. The

I ng ener gl approxi mat el y 500-2000

wafem]drnﬁ)omdedmpiﬂe sﬁﬁnieb‘estwpgihe;v @HoWssg‘_esequﬁt p&)c_essing al_merations
oGS0 P SRR 6 R sy M L e
mon O8RS ER) ShOSHOTDR LS S eI )

I NIt dreexahadd) 810y $¢ duposited dnna Sil wafeAfdregininiyelepicas Mbhe surface, after
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the pasmat (seeh aswcgona oxpgememiGiy) hpatnext, demaibdy terminated by Si-OH groups
due to the availability of moisture in the plasma system and in air. After the plasma

treatment, the wafers are immediately immersed in solution such as ammonium hydroxide
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WD 2004/ 071700 PCT/ US2004/ 002006 (NHACH), NHAF or HF
for a period such as between 10 and 120 seconds. After

w0 pone/03i70g the wafers in the NHAOH sol uti on, PERYS2004/002006
Si -OH groups are replaced by Si-NH2 groups according

ST R -
oo RN S8 SRS A 5o L
acco@hﬁwhegfoimiﬂé QiRGHbn ﬁa’cﬁ”ﬂ%: Si -NH2 groups across the

0 |

di ng surfaces can polynerize at roomtenperature in
f a29HOld 1SINKAGH ASiSHN-MEHSH (or  Si - N-Si ) (Qoval ent

0o e I Bt 45 S B IR e st

[ . oxi de surfaces are termnated by Si-F
NH4§E§E§§@%§&§ dition to Si-OH groups. Since HF or NH4F

SOt fRfto %‘ﬁfﬂ%‘ﬁae@ Si—Ngﬁr’Sl%H%‘??LﬁJg 3)? RN SR GIOYDS eross the

concentrations nust be contro to an adequa I"ow
bondirgvsir{acesmn tpokynarize s icom teinperatmrs tin fdymisgi$FOeSiemtSiN-N-Si (or

. ort. This js an exanple of a post-VSE process being
SI'N'}q%‘éQ:VG}?&%@gSpr ocess. The coval ent bonds across the

bogidipg + 9teHf aseoagie- Nempnmed due to the poggrreri zation
reaction b.etvveen.rﬁ/dr ogen bonded Si-HF or Si-OH
gr Do b2 +SPi-NH2+ SGN-NESISiF2HF- S) + H2 (4) 6)-F + Si-OH
Si-OSi + HF (5 FIG 9 shows the fluorine
concentration profile of bonded thermal oxide covered
si Altemativay.ahs HEnatNMEF dipged peide kirfited afd tefmibetedbe Si-F groups in
roomtenperature bonding. A fluorine concentration
additpeaio S5Ot emupy. Sieen Hat ot Nél Fosvdiutivg etobesr fihom oXibe strongly, their
provi des evidence of the chem cal process described
concegeafengiraist be entsaledrie ansideayasely dew lpvd.aanslithg timmpssion time must

' intgrface.  Sinee [ ' Vel S|
v s APor B 5 R ASEN fRU Sl P5 process.
The fcovatest Boddexamnessbhs dsomsiguiderfiae fre fihadkimd foythsHSolfinerization
| ower tenperatur es.%L%jri s known that H2 npolecules are

reactigpghatwesndugliregendong HE@r Si-Rdk29uPEker than wat er
motearles P dpdes; + e existence of a dar@ged | ayer
e

near the surface of an adequate thickness i.'e. a few
nnpi-IiH $i-OHaSi40-8at €Ik he di f f usi on or di ss¢uti on of

N HF and hydrogen.in reactio 2 3 :
i e B fhorti Erafion BRnte SERubid srebibotidd covered

silicGiRfefsAthatdRed él_ilp 8 it 01089 HE detor®Font ReMetatif® RndihgWP fluorine
2004/ 071700 P US2004/ 002006 _ hi ?her bondi ng energy

concefitration ek Gxlesshydeen pihe bording acenpbisgroyidesdtidance of the
chenplga{lip%iceggc described above where the desired species are located at the bonding
interface.

Since reaction (2) is reversible only at relatively high temperatures of ~500° C, the
formed siloxane bonds should not be attacked by NHj at lower temperatures. It is known that
H, molecules are small and diffuse about 50 times quicker than water molecules in oxide.
The existence of a damaged layer near the surface of an adequate thickness i.e. a few nm, will
facilitate the diffusion or dissolution of NH3, and HF and hydrogen in reactions (2), (3), (4)

and/or (5) in this layer and enhancement of the chemical bond. The three reactions result in a
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storage tine to allow NH3 or H2 to diffuse away. In
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woamagedoor defective area in the oxide | ayerPCEHER2004602006
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surfacest ean dscsbsprokidad wWithRhe Geshied sGifise oagpieks, @lanagtycand aheapliness.
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free &t dohRLBRAI 0RO IaRFRhic Q8D udIRRh 86 héiSveTRY steéh VMR according to
according to the invention at room tenperature. her
the invgniéen. aDthensgmigprrdiciss odépokiarenaterials suphgs deP, GaAs, SiC, sapphire,

B it LY
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accondirigeto tholnwenticasat troom itdrhpesatuten r@thghmafterisls miwycdisd laeydaposited as

On the other hand, jf after the | as rea a
long g sRpTORIABbToSgRFS fd qhefical reasiions AP VA BHIoBs By SR Surface
activaSie ah$ i Ridgdn, Water that can reach the silicon

surface may not react sufficiently with the silicon

and agelatiesly thick (+hymmbepdde layer isdetmedai evillttaie dlongpergod of time

ener enhanc || limted. The.preferred.
for e ARAERE R e o bk fe JOF R AP dpgter e
plasr@xiréimich £HNESHAE BryBr is 16DOLA t0d. nhribwldeféulve 266k B formed, water that
reasonably thick defective zone ,. about 0.1-0.3

can rpggh thpsifipen sirface swygel fe@e@ufﬁﬁe@fsg‘égh the shispgcmdsanyert to
hydré%é‘é. Yt\?g?fgc%ﬁeesstﬁe HS&fin 2 oesrgfgrg]agi@%rﬁem A bE gigrﬂ}%h.e’"[h@ rﬁgegen'ed

aving a I cCon OxXI ayer,
oxygen plakma fiiensiene thne déaveni mimncinapkeva oride alyiekness(eeg., about 0.1-1.0

bonded to bstrate havi osi t ed _oxi.de

o) i eees b B kBT Qi 2o PR LD EHE: 1 i apuface
bopd] f8osHEHBEAMRAC HePeSELN MRS REs ReN@ieRfica3d! F@Rample, an InP
both wafers 12 WO 2004/ 071700 PCT/ US2004/ 002006

wafer having a deposited silicon oxide layer, as in the first embodiment, and a device layer

are bonded to a AIN substrate having a deposited oxide layer. After smoothing and

planarizing the InP wafer bonding surface and the AIN wafer bonding surface, both wafers
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are cleaned in an standard RCA cl eani ng solution. The
wafers are very slightly etched using a dilute HF

waowaousosol ution with an HF concentration preP€r/abioyg4/002006
in the range of 0.01 to 0.2% About a few tenths of a

are clg%lflzlaraﬁrsrtg\égare i{lﬂf}t eﬁgﬁg %&%ﬁ%&ﬂs oLh egssz?rs ivglé/ s%ghtly etched using

a diluld AFQFEARRkoNESS Wit RIS coﬂ%ﬁfﬂﬁiﬂn ﬂ@fe@aﬂilyz ﬁﬁh@%%@ 0f0.01 to
rinse,” the wafers are spin dried and bonded, in

2%ar2ﬁh09m fea tenths of om iseemevest anddhe Turéace smabthinagy is not degraded as

detel‘lgl?I{] g or a(ég)%’rlﬁ & ?b ren?%f)%:g)ge g{?}%%g emern St 1tho Q[ del az%% water

rinse JABé fvafdrs 22 Gp Inf'tﬁle*d(h!ﬁd ibBgdeinia agibidit aﬁ@@ﬁ)dﬁﬂ fdﬁﬂae&‘ﬁﬁre The resulting
‘obt ai ned. The bondi ng energy has been neasured to

bondmganbrgylhlas besn thedskrefirtactach e 760 arliy2 ofidroudra@SOtinUAfig)annealing
after annealing at 100C. If the wafgrs are rinsed )

this bahded pidt a37i52€ dhedeandmgadnergy quéOMmJémg wag lebtaingdn diba fonding

energy at 100C is reduced to 20 that is a})%
energyfigs @mmewqdﬁatreqsbtsalcﬁaaulh/vﬁr%qﬁlgeten%rﬂﬁ (tom ¢500rian°) after

annedi] nglﬁ? @i(fSIf SRS £E ﬁﬂgﬁ% \Qiftl? Eelhﬁz%a;xlgt%r thérecﬁ THRY %r’cﬁ

a first exanple o ndi ng,

bondﬁé%?ngglat]l@OQ’@ 3 elhcdd@b 200 AORAZ , 1t Islabeit WMRft&tR ofBfaCobtained
used ECVD oxi de was deposHed on sone of the silicon

withon therrinse Fdhis 1H@$méﬁsuth@nrefetr¢meméll3 to by @ terminating ypecies.

e St el 3 WREE P R P A B SR doped

siliconl vfei fwdr& @setia RGNV D log fle@#dsi depbsited Gnisdie of $hedﬁmﬂﬁ1l Wwafers. For
on both sides of the wafer to m nimze wafer

compariperh ghesaial SHflizgd sifigon Wﬁfeéi/@ereml%rﬁélﬂdl%ﬂhs REQ&’ 13 gride thickness
was (gglp. Qld’@§ #(@1?51]‘1 e % g &rﬁl\éeoa@iggfglg o?ﬁle%fglfs ltetgﬁectlvely. Oxide

e and snoot ront oXI surfa
is depusitgd nabbth dides iofi theawafonto mimamizs M@‘rebo&f dllrhg pohshing and improve

plandfizgions Al PP R VSRS i ARE edd g B e pidheind to

smodf@fh%rfro?fﬂ okargarh cir%‘i‘@ﬂlytﬁévﬁ)%' dYolt Nlbé}gsqull f"bﬁé ffi&o-roughness
were | oaded into the plasma system waf ers are

(RMﬁ) @foébIS tormtithe fiRel ~@1 &otr JYmodifitdtREAT goluiion plagysad toiglean the
nmod For. arison, sone wafers were treated in
Wafebflggaﬁﬁ f?%lag'efill?y n‘10 cﬁy{n'ge waf ers were put on the
Or PWO SRekrs Red 108881 infthe PIEMA sPitamMBoth Wagert aRCbINdetdnahe RF
nom nal flow rate of 16 scc/m The RF power was 20-400

clectyade @neireated § yn Besmyyn RIE mode 6F apeomnatiserh soma safiers Meteetreated in
plasn}{\@ﬁlo?lg 91 &Eﬁ het \1; O\gérg%g(gﬁ’ %%goﬁﬁﬁlf ef%c%%ee Al ngeﬁq)lasma

asnma et econ
was Udaé vqaﬂqaesmmabﬁé\e datsiof 16 m/mV\HThe RF pewer vwa3e0- étOOpWe(dypwally 80

an_a priate sol utjon or de-ioniz
W) af b3 PERER 69‘? the yaeu iﬁVﬁlgW ke ’gﬁep@pa@ aw&r%gwgf jere
treat%ﬂrn léfsEnaS%Fﬁm%E bEBReR 830RnlE 879 Bchited The pheing tre@ﬂe§ @ﬂlcon

onded 1n air wthout rinse or dipping.
wafetsowche NI@Mpanwa@pm@asamesdhmyn ionsiese witly d&lmz@ewatnlt llowed by
he interface to nea

spm— gfueg]%n 95 ﬁegweraturg?snc@pg ﬁ?elgcégt\g% 01” %%i f%fe(cjil Waters were
also E#SME ‘t)onded in air without rinse or dipping.

The bonding energy was measured by inserting a wedge into the interface to measure

the crack length according to the equation:

3t E L E,t),
16LY (E 2, + E,t2,)
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13 WO 2004/ 071700 PCT/ US2004/ 002006 E and tw are the
Young's nodul us and thickness for wafers one and two

wae@4bi7oe t he thickness of a wedge inserted PET/MEEN4/002006
the two vvafers t hat results in a wafer separation of

lt :lﬁ,ﬁ1é$ W gred tﬁ%yﬁgg% £ %ﬁgil\é\ﬁqqﬁﬁg{r V@E@I‘SPH% tala)q %and tb is the

thickhbd¥®f @fwdden ddrted B&stiBen the@wb SFhfes itk resaMeietwatek k&thtion of
wafers is shown in FIG 8. This figure shows neasured

lengthdotrpmitberpdgeat thewnGrdi ng energy versus storage tine

oL SRS P U R8s D fate psma

treatqal @d dacdveestt stldcomsivaterswasiers in HIGeSI Tai figup shiosuheasured room
bondi ng energy i ncreases wiith storage tine and reaches
tempgragijrg BPRAIDE PRRILY XF1edT storage Hmefort diffgrentcases as Jarypiynd he results
can l;e?slmﬁkzﬁzg@ g?f({ l%%}él gg féﬁﬂlﬁ&l%ﬁ %ﬁﬁgd REE gﬁ%g 'tl@éte(tl Bﬁ?lrde wafers,
'asma node; sho a plasma exposure tine
the rdmm tdnoperaturs ‘tamrimgmm@y ipcroases| e\stha;toragmﬂlme and mghesgx sibalbée value

ease i n, pbond ener OH di | asma .
aftr B0 B or ShisRe i ] T ghed el isan Bichen Sl ifreies than
plasrﬁéf‘ﬁfoﬁé‘ (BF% shBkt ApldsniS&poduRe tlﬁier&%o W&jbﬁgmh Bofbr provides a
af ter asma treatment without di ping or rinse shows

smalber nﬂgh@bﬂe iworesscaintbopd nukray; (@ndithPHlipraiter plasma faaiment shows a

mucl?ﬁ%%tﬂ gfr%iase 1§fyof)gamtg gg?‘lr%y Elg(:t l rbr‘i)l?sg e@g:@%e&gboﬁéf.nrg%n air after

plasifa trgdiinleyt \hitﬂnhﬁ dippishorn e @lﬁ‘ow;ﬂm Fathsvedrefant boiRktk &ergy with
NHACH di pped vva er pairs. FIG 9 shows rogm

timey Bﬁd&nétngr@et&yﬁth@dlﬁcﬂ&boaﬁ%ﬁ wpfenariey mmgdiselypiigrroom

temp%f%'tlﬁg bog&iﬁg ?n%&gﬂg ﬁ@%?%ha@%%?&eé%g%gw r£ rfﬁ\%gci %151(1 Al G8%ipped

wafeopanesr ved. Conparing different bonding materials, the

D i S el s o8 AT g p R o
depobﬁedsl'a%rg aAkaa%ft €0¢ h W 5o ragBED: B ekihOtERT DO mI/m?

val ues of the roomtenperature bonding enefgy are
weregbyerwbdit | ower. After -24 h storage in air at room

t epper at ur t he, bondi ng, en 128 h h as 10
weCOPRRen et pOSRE AR, R RBopede By o4 dthg el Sorage
time @ PR PthsPEGERtAthélthallg OxRIAA si¥edolfwdled fasrs iSkifgRr toheafers with
maxi num bondi ng energy of a van der al s bonded

PECMD ey altheyghathe yolupeef the Feam frapesatpre bopding cpowy g semewhat
lowe? | arge portion of the bonding energy is attributed
‘0o the formation of coval ent bonds at the bondi ng
I nAdtef a24h aforagedmairatmenateniperatae cihe donding endrhe aahigiias ~1000
equati on. Surf are sputter che ne
mJ/npn s epelieddndhe R pads elabsa tegs anﬁbh@{ @?ﬁs&aﬁﬁ? BhLD oxide
cove?éde\%f’epéﬁrs' BihRehP AR FRuR "boﬁ%1 E% %Hé}g% of BNaLd&y Wlaﬁls bbited silicon
02 plas under conditions t bri about
oxidel esvearettwBEpaiss is phoute00 emlémanzglaagmmim af ﬂlmbnndlhg PETYDIs

at'u:lbu)%e(fj % the folmation SP co%le%t bonds at the bonding interface at room temperature

o]
—

according to the above equation.

Surfaces are sputter etched by energetic particles such as radicals, ions, photons and
electrons in the plasma or RIE mode. For example, the O, plasma under conditions that bring
about the desired VSE is sputter-etching about 2 A /min of PECVD oxide as measured by a

reflectance spectrometry. For thermal oxide the sputter etching rate is about 0.5 A/min. The

14



refl ectance spectronetry. For thermal oxide the

sputter etching rate is about 0.5 A/Amn. The 14 WD
wQo@400i7a¥ 00 PCT/ US2004/ 002006 t hi ckness of ORCTIES2004/002006

before and after plasma treatnent was neasured by a

thickfS5 oF PHE BORH SaH oG AR B DY RES QeHTH g Tefectance
spectRndstFPandaseRgbd A8MYOFheANEM Sdifts DHch@RafRy. Thel HeHihgdBy O,
and sputtering but al so broken bonds of the oxide on

plasmeeaswat enly slpahedids sutfesgdwerxidation and spuftsingdug plse sroken bonds of
xi de surfaces nust not be degraded by
the o%ﬁ@%ﬁ?}&\%%%} %%gageéss AFM neasur enents show t hat

c ?ﬂ@xﬁé\%ﬁi thé lkd&fatch eomgmmmsgjf ple&gfaftﬁ!a?:drdm@m{foes hbe an\:&
of the 02 asma treated oxide wafers was -2 A
degraqgd by &h%m@an& equESéaEW MEASWHRCTES Phaw Hghepmpared Wétg the fnitil

surfaéd ﬁﬂg sb ShORMSHf ks @Z?Ms% tPdafedkidd Yb?feﬁ&%’é YA and d1d not
y erihancenent eff SO sma eepi ng ot her
chanmtdlcba‘tdjn.i)m ﬂret‘cﬂhngéﬂn%’émetetuhufg&s npt affieientlestorenthebmading

e A ST A R o iRy
plasn%)a tr%aifmgﬁ ALK rp%%fon%éd &/h[ﬁrfy%ggl 5; aﬁq%lr tHafl . c?c%g %ae'ié‘flﬁr?g of

gy I's ont npar e
oxidédRlirRRes0f nElipible@ad et oM@é micﬁ(néé‘s%efh@ ch8nge. Ohb ﬁﬁmal@@@m
pl asma has shown a simlar effect. CF4/ 2 Rl E was ed
temp@r@tqr@h@%ng ancRy isSlpES A 54 eRimpateshior MIDOug e Of RIE treated
waferL{Eé rior to bonding. The bonding energy of room
nper at u ‘e bonded PECVD oxi de covered silicon wafers
vva@that s Hahenicsdhewy aisimidarefieyt. | OF/OhRE wasnned ta minove ~4 nm

eds. 1000 ni/ er sufficie rage.tine
of PIE R i Toap HoaAleF GSTHCT SRR S E o S AR Toom
tempERQIrY B MdtFE@Y DW&&QJovgﬂeQ\éﬂkaﬁ %va?efrs s aFéG chMancd§igificantly in
power was typically 60 W MHz and t he vacuum

this thawet anwhexceed® IQW@ml/mwﬂer Mﬁden@@veg@wns i($cscadno TG 8).s

vveetreaedlnp t i mes
SRt s BlR TR b R b ol L RS 16
scc/n\i\/aTEé RFEWRMRr Was By pilallp&d Wrat 28.56 Nm%@ﬂieufabmﬁn ekl @uetho
y spin-drying and roomtenperature bonding_in air.
mTothh%@ﬁd¢ ﬁ@ver%%hw Velsesrere igaiod implapmain RPbpode for times
f . .
betwécﬁ'gif{% gI)IlII([Set(S) 2t&10 %ei Iﬁﬁ%n%gr%{st@tg%l&%@gﬁas \gé%IIhé‘fP&ﬁﬁed inan
NH406hsotetial followee by spnnah‘ymg @nd rodn tdnyeeratetedidnidimghioadti Tige bonding
pads in the surfaces 11, 14. The non-planarity and
ener%“xfefa@&:ﬁ ~300@hINa2 at rodin ieh@efmira lafteiCor1p B Sigrap@bisaifiay be
arger than that of the chem cal bondi ng surfaces.
Pads 12, 15 may be used t o route electrical
COBRRSHRNR o I8 LERNEA Y101 €53y AAHSICLAAE Flrdcen
to thé oretablic befdingepaaisid &xe@utfamtlﬂem Tandon? ‘pﬁiﬁanw and surface roughness

o R SR A sy R0 bl Bt Soes. Pacs

12, 1\5@{1@’ Be e t&ldui8LetriFA CondR tisRoMShE REp é’@fv@ ldevid&Cdhd/or circuits

pl acing the wafers together to cont act t he respective
pre-fpbrisatedAin thhiverfers.aghe ppdsdee prferdlly omad Hséors spefacedtegtment, and

VSEI1s preferably performed after the pads are formed. As shown in FIG. 1A, pads 12, 15

are on the respective wafers are aligned. FIG. 1B shows the wafers upon placing the wafers
together to contact the respective pads. At this stage, pads 12, 15 would be separable. In
FIG. 1C, slight additional pressure is applied to the wafers to elastically deform one or both
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FIG 1 C slight additional pressure is applied to the
wafers to elastically deformone or both 15 WO
wQo@400i7a¥ 00 PCT/ US2004/ 002006 of the sem condRCT/082004/002006
wafers, resulting in contact between sone of the
-. he . waf . The | ' h f
of thetn %‘gmgm l‘@? Ir G %r?,gg tugg(]élmrpgp‘?@rcts Weqelh%)%gegé#tggpgl}f%algreas on the
wafeRC ath 16datiofl shdveh 8 the |c8ﬁt§€ﬂ:ir%‘i§ an Bk Mple! 41 1RO BERES iYoccur at
occur at nore than one point. This contact initiates
differshilocaizinswaiiss, theccontacbmalp opelir atymozenithan hve pointiebhis contact initiates

structure | ho in 1D.. The, bonding.s
cheml(al SR el TR e o G o SO RaRhET i FRT i e
bondb@nehmnd 6seaandk Aftes eWhitiaNcHehfreal bbhdiff & PoftcstondRg ftam 17
i
is initial K weak and increases as the bondin
&

showgin Flgatles The sordgreapthea injalbeweakhandipersasen gs the bonding

P et ! . . .
prop BT ALl SS9 GIETL ARG B oGP onaed
roomi ardbwdémperataee. met al bondi ng pads contact at room

tenperature, the caqontacting non-netal parts, of
opﬁ@wﬁ&%&f arthe maggr b Jariod e F@W&?WM pdscpptact at room
tempERfr&Ghe E’&it&@tix%rnoﬂ%%ﬁparﬁ'ﬁrogg%iﬁ’é Wafts sinfscel ‘B@géé'!t% form a bond

force between tthe wafers I nc ses as the cont
at thex¢ratdct pdinborphinty, andghe httrctiasEmding/ forveletwdea the eefencincreases as

of . t he net al ds, the wafers. would bond across th
the oghppt Eheipipdl BRI THEeF NG LifePisPwies  the mefal pads, the
wafetsWeHlHi BRd dchs RS 8868 Gafef s&ﬂ@e.r@&@kdmgd& thé\Breként invention, the
interrupting the bondi ng seam bet ween the opposi ng

presefgg of sthe goetal neds, pylole biterretiagi el bondingr sqam \hgfvegen the opposing
ondi ot il . dugtjljity o s

N T e N

ductitityeof thel mwal bondinz yaisethe Pressiird geriefatéd @y i chgghidhl wafer-to-wafer

regions may results in a fo&ce by. whi.ch nonpl anar

bondiggingthe rqg)ad'ﬁetalr B BINBh 19HES Hed al”prc& ehi’swh"é&) ngmplanar and/or rough
_ ti S . .

e AR NS 000k ROy o v

of thi eteted pads dnel intimate qratist bathveepthessetalepage nBregiresbulyygenhmted by the

o il AL A4 AR e
for tHERE Metd13Ads IPbO MrtintHitIRbBlaYes 3N bad Gl A &AM AEMBIC- bofd can be

strong netallic bond can be forned between the
formehbetigere the intimatedy eentaesehimetrhgads, evematapomdemperature, due to inter-
coo r ue to inter- diffusion.or.self-dif [ «
it S AR o Ok by o S, PR 3fitecey; 1 TS @fsion 5

therm&dynhiésalp dyivami« edduye thHel stefacé Greé @At ahliés enlaha&Efor metals that
free ener I s .enhanced for netals that typicall

. rgy. and. is. [ ) Ly oo
typicaldy days ng%uylﬁ%eérdlﬁﬁ”’rl?fuép‘yﬁf altAgfusics acdfilqientsi Jrpese high diffusion
| S | |
coetS3EHL o byt SSEIED ALLLUSHPR, BBl A Sellols by e
mobidkefres electech gas thétas nowdistuebefl byehemetibn ofingte iddsaturing the diffusion

not. di sturbed b e notion of netal jons durjng e .
The Gratriorutier POGE dierBis,dt dfe cenieal THBRM i fiipHs clectical
connBERmM B en BEPPRIsdiUAe Bid 8Ffcfer® Wabdrt.| TRE pediRNEA th@Mechanical

bet ween netal pads on the two different wafers. The

conseistseov g thiscelfestaradiscaibed bedawt r ai nts governing this
ef fiect (are descri he el ow,. An bonded_a I d .
C B oA dea 635 b BE P8 tne bl TR L SRAB WAL LR, ggerated in

which the non-metal surfaces of the two wafers are precluded from contacting (see FIG. 1D).

As long as the thickness of metal films is not too large, the gaps between two bonding wafers
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whi ch the non-netal surfaces of the two wafers are
precluded fromcontacting (see FIG 1D). As long as

wo b@4phizekness of nmetal filnms is not too | ar gepPCT/82004/002006
gaps between two bonding wafers 16 WD 2004/ 071700

o aETLRRO0H Coal, o oS Sa0 s Ledlied) U ER s 1
111ust1‘a|tééiliﬁtf"l@s et b, KiHeR ngér Q@Wlﬂ’ﬂﬁ&@l p’éﬁ& el iRady Hbd%@led to wafer

is ready to be bonded fer 22 wth pad

22 Wl;zlgpadq BZaph ga1p 24 lsti@t\vmradmpmdﬁ Eh@metarn@d&ﬁée a@ntp@tqu (FIG. 2B)
and t > [ Safe2l! %.lagtb (dgfor{nht%st)ondeiﬂglzlet Eaé)svﬁf for n&?ﬁ%f?l@:ﬂé 2C). Itis

orm form
noted2Bat. thé Hlmehsmlﬁ@irﬁEIGS‘JatA QG%I&m&E@SdaMS in FIGS. 2/-\- 2C
are not to scal e, ormula to_calculate the w

th
of lhenferirigda &é@ubﬁeeﬁlea\gldal plitetynbAndsd et as affulllcmon of metal film
thlckltu%E %Q&?ﬁﬁrca p H%r\%}@f B &3, &k cha{'fgr sadie rtthEneg% &he bonding
er ness e bon ener W
energyawﬂhmshobm be/lowFlRBC} 2D isa gagh ajpdwinp d)hw ra(j;attdnehlp between the gap

neigt B SRR Gt S5 Bao A ROCOQRATRTT G R el obeys an

elastlwa,foﬁﬁﬁnto%%’l?‘ bymeOLﬁllgasSHoﬁul%”Eshﬁd‘Ehéwa%& E’ééh\@éizega thickness of ty,
nmodul us and’ t fers each have a thickness of tw,

accordmgowdntheg sitple hleeosy rqﬁ | snalhdeflsctioh afnalthindplatee dhé cmdtbtr W of the
thin

unbofisiohty CuEbF radelly By lad b8 ong R BE HERER e (72 Snere e

metaPBoMdinghyRIde ad A @air ARV hdI GG 28 aba%thaﬁva@'ermtfﬁcé? ave a
hei ght of 2h above the wafer surface: = [(2E tw3) /

(3y)] 1/4 hue (1) where E is given by E/(1-v2) with
13 matio. It has been sugges} ed that

m[?ﬁ—ggcrggziﬁé b t he situation changes d? stlcally

Sexgheré or 1s@f@dﬂﬂyea/( 2018 0 Ib8in@ Pdissbn'YratibONg, Proc. The

mposi um on  sem conduct or waf er bondi ng,
t Hehm b@lnrsagg@mddhat Witle deeasing dhe sig@tion changeggrastically. See

R Costetf B BEE oni ok TP e st on

semnhﬁddht:tﬂﬁWaw/ﬂﬁn)iﬁJ/thhetEleﬂr@ihemﬁ@$saﬂemb&n‘/6la|93 29 p.395 (1993).
|nstab|I|ty i s supposed to aqccur, leading to an

If Wisrbeeied) bara (i dendmie rvalues) helaw Weih 2t §0m%fd>@aéwaetﬁth< Beri
wherQf é},A@fSE[QY/Eh)'W ﬁﬂ&?gh él\éfét?ﬁgalahﬁ:al &Et\éﬁﬂ i‘é sué}é t&‘@cc%z,)feadmg

I mensi onl ess const ant er 0

to anfpendedendaabitly muak ssialiew W that 1Elrglep&iﬁenn‘ oﬂwﬁeﬂﬁﬁskﬁessw, and is

IS much smaller than what is predicted by Egq. (1).
giVerd¥t her work by the inventors of the present

application has shown that, if the spacing between

nmetal bonding pad pairs 2R is snmaller than 2W the

waf er p®i#&hmay not bond to each other. Ho@ver, when

2R > 2W surfaces between the two unbonded areas

around the netal posts will bond and the netal posts

Wi dvherB& RANEHBEnABM R &rbahCah e &aaNICE eHxpekifnentally, as shown
in Fig. 2D if h < 300 A, W is much smaller than what is predicted by Eq. (1). Further
work by the inventors of the present application has shown that, if the spacing between
metal bonding pad pairs 2R is smaller than 2W, the wafer pairs may not bond to each
other. However, when 2R > 2W, surfaces between the two unbonded areas around the

metal posts will bond and the metal posts will be bonded and electrically connected.
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WO 2004/ 071700 PCT/ US2004/ 002006 The pressure P on
the nmetal bonding pairs that is generated by the
W(bmmdjomg’mbf the surrounding area can be expr eBEEUSHS4/002006
(16 E tWBh)/ (3W) (3) Cbnbining Eq. (3) with Eg. (1)

A D e S B L i
surro@fding BRE chh be bdifredsed as:, 3)/ (3 k4h) (5) For bonded

silicon wafers ere the netal pads have henght h of
500 A dhd (6Bt HHIMYY energy is 300 m]/nQ (

o e B SHEE 5 O WHER 5 2 hERNBAR t-3bpince:

this pr}essgu)r,ehl S suffl ciently high for mat a|(4) bond| ng,
there is no need to apply any external pressure during

b(ﬂ@leﬁg?n\W@%tméhﬁafdlhmw obfgiried: 300 A or |ess, ‘W<
2t ,Wisys ﬂpg t he pressure on the pairs
isint e?gé %ﬂ OO at nospheres if k nﬁ%%s
assuned In one exanple of the first enbodi nent of the

present invention, m d| ameter A bondi
i KR tpnded éﬂﬁ@gswqif@fsssw #rsthganetal B %@Vge&%\g th ag 500 A and the

bondanT%S%nl% Clg%fOO g{rﬂé g g@)‘?&ﬁﬁ/hk‘?&é cﬁ?l)r% paééél%?glgjﬂﬂs is about

1.6x108 rdyads/cmﬁ itehd 68 wntthasphersk. Sinee dlis gagsstieely saffmerihhrdhlgh for metal
hei ght of 300 An st.rons above the s rf.ac

bondf; fete Rencer 10 RORK ATE &KL PLSTRET HPTISH, B led yyhen metal heigh
h is mtﬁlortléysdane% & PESHRARA the PRsBfre ddetht nfhtdYpalt¥lid Bothe order of

in oxide or other insulator and h is the hei ght the
5000ma$phémﬁeﬂ€1ehlsa€t$§meed he die surface. A room

t enper.at ur y op
o et Bl dal R AP SRR B RHRRRET ek Mhbmetr Ao
bondmgnpzaisl Wit sandckaiesillcsanenusiy A e aAdppatos dls‘caifceexf Bmm were
netal | i c bond by roomt errper at ur e_bondi ng at waf e

deposifagean exidapvesst 1) mabilicansyalgrs. ines tha A pbanding gads were formed
on thgehlg%%fséﬂﬁéggldh nthﬁ% Bls{) fhdg ﬁ h@%ﬁléif%(ﬂf éh% seabgve BR Miface of the

ing ont s an ng energy.
ox1déNiémwem wafaarbepaiuck smmiler tlancadihal metphtmd:lm&ss biyice metal cam be
' bet ween t

patigl; Fistedt B side B OPromAtIAOR 20 T 2y s gl g i ignded sbove the
die s%&faé@% ARt Rturt HOLER g't@&ﬂo@y hdaendamt dﬂvefo%em&—i'cleans and

bond formed was stronger than the  adhesion of "the
acthp\‘a@I the metal ol the eudd gerdacss compabily dandosinuilienesiusiye (Tﬂne Au posts

ntio stron I 1ic,bond.
form3g b e Hiad BY B B R e Foniadiah Fafks Tiel iyl jthout using
exterBaldSre@lurd SRS sit&a%wmaém f& Lp@iddoofl thee.gi 60f msd@ﬁn&h% on the metal
self-diffusion of netal atons on the nmating interface

thickpessrang hoad mﬁ@ngt&yf aWaen theewelgepgip an@efowhlﬁ rsemnrqltﬁ@»sbmﬁsertmg a
Wedé%rb&%é i e batRieg ﬁ? fektﬁ% Rt .ZQL?to ur Lok o&grm?eeled from the

ncreases exponen h tenpe
silicah eultisemte, t1h@hcahrg ﬂgz,e the mecthlotoankibebend dbimetevak | stonger than the
adheglgrrll dc;fn t%’e Hnga ec:: %gmcfé SIB arcfe ocgr % S‘}L ee ronr %rglhéo% surface. As
mentioned above, a strong metallic bond can be formed between the intimately contacted
metal pads at room temperature due to inter-diffusion or self-diffusion of metal atoms on the
mating interface to reduce the surface free energy. The inter-diffusion or self-diffusion
coefficient between metal atoms increases exponentially with temperature, in order to shorten

the storage time to achieve full metallic bonding, annealing can be performed after room
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WD 2004/ 071700 PCT/ US2004/ 002006 tenperature bonding.
The preferred annealing tine for netallic bondi ng

wheioaoer10a he Au posts shortened as the tenperBCT/US2004/002006
i ncreased. For this case, 5 hr was preferred for 100

tempfiapite bOPARE 153 BiRS EomyaR itk fge P8 mgHEGR Ergeen the Au

poststdhbfk@Rid d¥Bh@teinsbifutedinbieRal HOk BHS VAR, 5 ¥a8tpRsteRYd F1€100°C, 1
bondrn of non-netal surroundin areas. The'time for

hr for 20 fQ)rﬁiitdtﬁ B b ?458? &l |Thenrgs metals reqymlewerenaeigiuesiod bonding

than ck%k ﬁlegaslse 1.10 ?i’eﬁ, L?’gl %ge%%gg 2) ltl?er';lg)ﬁl 1‘%&I r{?)%-lﬁ%ﬁl surrounding

areast h@l&é dhﬂn@d< ﬁ?’S&e Cﬂ)rrﬂatllqlrmadﬁ gi&tdél&mﬁ&lﬁﬂ At r(ﬁ)ﬂﬁtﬂggéraﬁw tnd 9t elevated

needed, to ornrneta ic bon i.le_at 500 A, _15 min

temppraipreybeoraies 1onger ps fechy higlnses (g delebt)dnereatest Fr expmple, when
t o t

the t R 6 K polld K10 600 A TS 8 ARPCIEb e i Rk PmBRRIE bond while a

IFﬁoﬁdhdédnhesaﬂnwﬁéts t hat |s conparable or less than

A ng Hosteat G atnisengoSinis Broplder Yal et is about
1000t han TﬁEréfo?éméiptunB@r{HeQea&Qt@id'ﬂ? drSihdt BleS bﬂﬁcﬁé?loﬂletaﬁ g%%sts that is

exanple, experimental results show t hat when
compArably DBleﬁchm 10060 unh esrsulfificierB8B0sdgll er}:sad%mal apphBamﬂms eUnbonded

e T -
expeﬁﬁl‘eﬁiﬁp?e%ﬁltsc'émtﬂﬁ?%& ‘1:1&92(%51@@%% Qd) I;,L)h QHH hafdnid= @60 % W is 30
or other i nsul ator, | ess than 200" A’can be readil
pum, Brbieedds t]ienhdlghtsh@ﬂﬁal thendedabode therdia gurfidces hcar bmmdch smaller
pads can beaflose to zero. The netal

than ae%lrmsf@ﬁtha%w FaSe Wetef gaibel pavially buded éx oxidg ok 0§§r insulator, h
less %@tAldaH‘Heex%a& aﬁHWeﬁe il Bs %3RO ru‘?ﬁob 485 ®idth around the
a ot her

ation, chem cal” vapor deposition,
metat padsruag besldsndwztm. Thosetas load Idembrlbad albte/eanay bafostied by processes

such {ag,d;?tlé grf%fs 15@%%;[0 §Ru%;%nt§|: gvag)e L " @geq %i)%\%‘opl,gggwggcaé vapor deposition,
and REECESHIARE XSS théseakAREAAN P AtiiRA thicRhesk RBntrol in the < 100
present invention, by which two different fully

Amg%mm@§®geﬁtﬁpeélare bonded. The dies are shown to have
p! ﬁﬁ?g 3%"{3 %rr]egc%emg? Y %ra és (l)<fn X Cess ac Hl% %% raas%.ﬁontdhe?rtlbodlment

t he 1T1iven es’o

of tht baRer\ieventiod, 13 whiah t\bvaylﬁfer&ﬂilfﬁlkﬁp@&&ed Hi&s bR tﬁ)nded The dies are
process, .as _shown in FIG, 3A a separate die 30 (only
shovipyg lgwF Planap put urgvenileyes dhipkness, dwrienroartr% (A e ivention may be

e 58 AL ) BBl TR Y B s,

showai mdi]Gt SAhavepacgip diei Moahyrtﬁraomﬂe tdyefSoDdie 38us §lmven, 3& convenience

of s S, SR h e et Rah i Sied Biconductor
dev1&§nﬁﬂct:lrcyﬂlfshha@@)ﬂiosﬂ%dﬁu%es FRtRD, i NKAFEQN B@Cﬂe%l‘%?’after a CMP
are forned on wafer 30 to connect mnth the netal in

operatioms 36, and a |ayer 34 of thickness t2 of Si 02 or
other insulating material is formed

Pofe shen g5EIS- 3 atas 3@zharva\}>e¢n foapes @n%ﬁurwwhmt#ér» &onnect with
metaP $&d5 3 £RUECintRc RS B3 RE FrnfA%h wafr 30 to connect with the metal in

vias 36, and a layer 34 of thickness 15, of SiO, or other insulating material is formed on wafer

30. Portions 35 of the SiO9 layer having a width w; have been removed to expose metal pads
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WD 2004/ 071700 PCT/ US2004/ 002006 35. The surface of
| ayer 34 is treated as described in copending

wa@ppiioterné ons 09/ 410, 054, 09/ 505, 283 and 09/ 5BRT/888)04/002006
i ncl udi ng polishing or polishing and slightly etching

35. Ty Fuudics, atafr 2 N Sl ) ceeba db e Sondieo frpbigatians 09/410,054,
09/505®8Mind |09¥ﬁQ%6”§1@Iu81r%q§dlh§Mﬁ% gg Pb1khin oM nd %hﬂ*}ir Bﬁéhﬁh@t

t1. Surface been treated
sdnf BEKa 3¢, aa§efmn§cM@ﬁeéd3’éﬂmeepad$hé8,sé1@ar39& eﬁlthdesvﬂhometal and
| ion a ont one ano er
nter Rers 240 Rihef oh ARG P AP A E T R b O . Surtace

41 oﬂvl?ﬁeff 31 haeog tregeadliko Bedtide 32, &9 dibcﬂxs&ﬁadb@v& T\Bd'ﬁébarate dies 30 and
where t1 and 81 are g{eferred to be the mninu

37 arg pligpsseand eradagted anogher de persiues ghe banded ﬁBP@ﬁSﬁ shown in FIG.
2Wcorrespond| ng to the case of
3[l'§ﬁ§§%§ﬂggﬁ§§$égﬁa#§ﬁﬁﬁ on both dies to be bonded,
urtbsriged; andw, wivtzjzthé‘)ﬂvl s SI gnificantly reduced. Thus

i nt.erconnecti on b t ads on ers 30,
| G £ M1 AF BRTSD AF A% POuPuSoRaRes RSO Of Hiesfeposition
technthg?Ki@é‘dS Sa,na 38 sﬁoulcf'@é'QWOcdrf%X ndifh t’osthé 844 iof eth=t Ddtobdpred with h=
initial contacting of the two wafers at room

t ont bnﬁhe digs utoebe th@@dq:r:btmbOpé@ds arear widthi BYhesl sigmafdcantly reduced. Thus

1nter<iow%cﬁltopsbﬁ9w%egnqﬁg IpPés? (5_}18 Wg ?(gg%(g% Lo tﬁ? oA gf { Conebotth dies is less than

the cgdad EHilHeS T, AhEY hél R et mlsgacpnféue to the surface
to ography of bonding wafers is sufficiently small

uingstheoriiah gorétﬁ@rr@m@thﬁ dweuw#ipisi e ipp temgprature, the metal pads
are aff &e%r %@ Q]%é Qurh{&% of "tk?es g&‘é@d}@fng% ¢k ‘Fé‘s%mb%()%[b% conform to
CUrs Ween the con ac fad e al's orn1ng
each U’Eﬁeﬁby clastiedeformetiving phaeidedehe ggvidweets the surface lﬂd);tcfgraphy of bonding
adj oi ni ng di es_and between the wafer surfaces.

Wafeﬁdﬁ gubiisiinty smplk @idnibe boading saered dis sHEIGERY Righ. erﬁ*gffﬂrdmg to the

prosefERRERREE il SRR FHREL et e %onl S1dN A LS bhfing tho mota
interemtectd betwelen dienigesret eikcupads aﬂﬁ)lﬁmg A€ amclosettwedn theheafer surfaces.
acting _non-netal part waf er surfaces
The Sgd e 0 bgHAD Corrmdbe BonbRiel hfgcr@a%?@a%&m@ai ifpgerature, to
form 3MHethilg bgg@dl ng force increases as the contact bonding
area Increases. Wthout the presence of netal pads 33
andis #othetfhet anelicslimentowhter barfizbesd? and 4 hleclu@ng imretalvpafie 83 and 40

contag. b Fuechp Robartptate’ 8 oBREHEtefHfis=7 12 ab bty to form

bondt &t€the CddRtdee poRAN HAL IS Stbnldh ﬂﬂ&pﬁic)ﬁ@swﬁﬁ e cORB& BWiding area
prohibit wafer to wafer bonding. Rather, the pressure

incregreseVditeit she presengafof vmqt%l -PAds &7 266 ADatbe afersHeould bond across the

entlrégre %a%?%ﬁﬁgcer ?ggcfgfh?jnél% %sgﬁ {5195 CP% %1‘5 s{ﬂér naln%?al pads 33 and

40, +piiiees &uéreuptﬁlgrﬁhq Whondthg §'daﬁ1 Bame@l thd oppesimy eméert, does not prohibit
carried out in anbient co d|t|o

i nven e
wafer i Wéfe %Pwﬁﬁg b%@ﬂ@rar § Prsseure §ehedatrs §i thy Valsrras ?%rwontact in the
non-l‘ﬁ@t%y W ridnsGRRdh{d PRzce @%Wﬁ@{ah Yadd $and®b RRdcffacted. No

he present invention is a |ow cost, nass-production
extemalrpléssuteus raqgireéchnol ogy.

The method of the present invention can be carried out in ambient conditions rather
than being restricted to high or ultra-high vacuum (UHV) conditions. Consequently, the

method of the present invention is a low-cost, mass-production manufacturing technology.
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20 WD 2004/ 071700 PCT/ US2004/ 002006 The size of neta
films to be bonded is, according to the present

w0 poogfotizom, flexi ble and scal able to very smaP¢T/US2004/002006
geonetri es because direct netallic bonding depends

only _on i r- | ecul.ar .attraction force. Di.re
The {260 TBALITE 12 Opr EROrh s @orOHingeldy WP Hifisphfvention, flexible and
scalaBRNRYPER Nim AN Hed?MBEs bERRSD Hiréét)&n@tﬁl&eﬁﬂtﬁﬁ{gdél&ﬂeﬁﬂs only on inter-
devi ces. The direct nmetal bonding, according to the
molepulese&r@cthrr@mu on, can replace flip-chip bond| ng with
r r b
fur Fﬁémﬁoagstl)%%g% At ?%?abtlg]afi) He CIS ﬁér%lag anr}atbagement and power

capabitity eflsemecondi@br dediads. uaﬁedle&wmasl bonding, accordlng to the present
(sem conduct gr - net al - sem conduct or deV|ces See f

1nve1g;palﬂﬁqryerep}pce S1-phip Sondipg yithyppehesrpaller bonqugg $Ads thpt é;e scalable. It
is fuﬁ%r%&g}g] %mksoﬂltg 'boh(!ﬁﬁg JiPBe udR9R5E Z%%ox%ﬁﬁ%ﬁaé base devices

FOCBSS IS conpatl e W t
(semioen&mmd)myytal-ﬂ’émicdhdm:dxtr deeicat)-Seo-fortamplachdBhigatyayR i Mollema,

D. MG K 0 KEtta Pod o hpAFToTE B Eiopr BGERRE S hade (B4l 2o
Ut k@ Sthe $R605E MP@aUbR RERAITIN tbhnbldpy M BR @fdce alefal-to-metal
fromthe difference in thermal expansion, since al nost

bonding magt b erervesds When fiafenstdrg fhlljg lpeocesseder A direct metal-to-metal

boncER e Bk T LR A o S RBRa BTy fogpinimize effcts
fromathe AsSereficeeint the@naladxinssad, fsiee adhed - alllhetalPhB&AEnificantly higher
invention, while not limted to the foll ow ng

therraal gpansion qs)sfﬁfsen’ﬁethén sdiepeouslieunr digeids. such t hat
"E*rﬁ‘é nggélﬁ' inv Sfaﬁ)ﬂogﬁ &W &%F#gtaﬁ dée FETLEANUEAQ area. The

sem c uctor nmet al /7 oxi regi ons can
presdng ilhentied vﬁ&levm lhlrrtlwd tmm{eeibﬁowtngrmmpl@nh@fchﬂwfeeogeneous surfaces

such-N m L@g%}{%%v ntog%gm%e oft, g({n%%ﬁtg%/ ﬂ%glgorg(guec?ép gﬁemlconductor/omde
and/ M&hﬂ&(lé@fégf‘drﬁ Chfi b€ Bblded RERIAIRD AL afRJ3RE fehﬂ)%fgture

el ectrical Contacts require thinning of bonded
subwmestussadvantagest efei niferzd dbynthea pregegomiventoon. affoerexample, other

bondi e esent i.nventi on I|n1nat s.the
meth?@%ooff et t?é’ggmﬁo%fld %[‘?ﬁﬁ ’ﬁ% @ECOE{‘%%%‘FF8“$‘6‘% “electrical contacts
requié @fifuiihg df bohdddedubsipates; i DEShinf\Aa sl &fepbiitibh bfter wafer bonding.
elimnation include the elimnation of mechani cal

The mrepeny dnveatior aliminataseheinesd: far thephpost-bord Reacasrséepsttp orm electrical
mter%ﬂ%'%};t‘i‘cﬁ{s! Al gé‘se Bf th% aﬁrﬁl}@& WALES the te?Bnﬁag %b8§ $nechanical
pro a e e

ens an ri Ca connectl on
damapeadaaskdt oy therlid ﬂﬁnmﬂg neashensre, tieselithinagon of d¢ep via etching avoids

el ectri cal nte nnect| snaller footprlnt
step GHAdCI78R rBblens BEA loas ﬁiﬁ alsiiicdls Shaeien Bophetied to smaller

dimefRfoRS, Sresullfifs MR LA Uk chi$caf HVRRbhRIEopivtifth 2RBile F@?ﬁ%sﬁ%nd reduced

sem conductor processes, and 1s VLSI corrpatl
electginaliparasitecs greesemmt bandeéd mtaifan  iThe qosthad isbécenpatible @it 08@E standard

.(t hree-di nensi onal. tem a chip) fabrication.

semibiy S PR AR VESR RIS ot & pads or
| NAGT GRANGIE Presbifi H¥eidiDSs Qﬁfngl‘ﬂﬂe bkl erlpdises (three-dimensional
S|gn|f|cantly sinplifies the SOC fabrication process

systeair@n-a ehiplo{Ebsicetien. Sids ypdical meted bopding oinmpiek padther interconnects
usmél lpﬁl?g%tbe%ée%l B&n%'egecflgg 51219 ?f%’a{{% S Inpthlf’%s the SOC fabrication process and

improves the SOC speed-power performance. The direct metal-to-metal bonding of the

present invention is scalable and can be applied to multi-die stacking SOC.
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present invention is scal able and can be applied to
mul ti-die stacking SOC. 21 WD 2004/ 071700
w2004/ 002006 Besi des generati on of the PETUBENN4/602006
force necessary to formnetal -to-netal connections,
i nvent r eco. s that | ow resi.stance

t t
| esbles? SRy Nt e BERR SFTeq PGB fOe Fglfo-metal

connéytidnslaNé frsd? iidRatiBe FocokbVes tAa 16(wa06 Srandel id e HABIH 8 tHeSelectrical
facilitated, according to the present invention,

interegppeRsions dong ong éiswlcy t@ apgider. r éé“stﬁsfst?@é% mstalt beading: él facilitated,
accorlaﬁ%dfontg %?ésg%ltt i?lggl?% é)%)éc%g@%\en r(E))Il@% ?re% %ﬂrfgc%s Otf the metal

bondlig otatl q)aldef Foo Bxatrhple,s Wil an€Re ddh B@Qﬂehﬁéd Gj}foﬁlitaﬂf&ﬂlét/ozone and
of the present | ventlon t he surfaces of the bonding
nltrog@tp&gsmap\ggg np oxKieilefh o8 e B¥tagssanpl e from netal's such

aSInA%.noﬂ{er Eﬁhb%'aﬁn Yrée }%&fse \?\}I?ﬁ'tvﬂﬁf E}ler ﬁﬁ;ﬁ&@ﬁf the bondmg metal

netals, s r exa (Au) or platinum
pads (flabiicdted for exﬁnplct-frdmtﬂmtaémm:hdis 2l oau&el are neatéd mithalxglatino resistant

xid Wi be forr rface To ensur e, t hat
meta3uteh A SOneRRRISTINT SERDUHD BN b HSL IR TIALE Bty and Pt are
inert Qﬁ@alﬁ o BeRle WilBtEY for@Rd ohehe GliFads ngl“cﬁ@ﬁ’su?é/ AP HREE ANa minimum

dep03|t|on are enployed, preferably imediately prior
amoung of xidro heliwegn pkw @E@é anfirthe hesidntelabasnusier cleaning 4ndr exaporation

t esgnt. ent.i. o h
cenof B8 ToHafls SRS SFBLMENLED bl FRLEL
bondg dnedificgiar ob et ﬁm\eﬁlboﬂﬁﬁerﬁxmeepres@t lify@itiodS a thin metal
thin as 50 A of an Au Iaéer on an pad produced

overapgtlazespay befarmed sadhemaal pryl and bqné@qlr?% davpidbagk ahoge. For example,
alay %rtﬁfnqs%o /Q%E‘% % ﬁg&t(ﬁgﬁn]% néﬂg?rgﬁ%déﬁ §g0(%§sff'ﬁ thpf?eﬂlgoondmg at

yer, enabli 0 be uti
roonﬂtenfpetauhmniﬂ‘hergfoaé meham duehmer/al vare bbystdes prhmédngrle;ser enabling

t he resent quaven en an insulator |a

almoafeadb@@@ Dl B wilider) 1t 2 DaBORA £ Foosh e the procedures of

the (RORH NEnASE WRERE iRdibe1Bt A da%%g&l 6@l Rl\ﬂ?dprgé'es@ed wafer and
netal deposition with thickness 00 A nore than the

contage ppénings aré Eorowsdtoache wieted pads follnwedby al metalddepasition math thickness

100 %@‘i@%ﬁ%&ﬁ’%@%&tﬁé %1? re?glpfa gixgvgl%@lg% O%&eﬁiﬂ %‘Elgpgﬁzg%e Ceg{g:ﬁded above
oxid@fyednl 360 Ae $hePphde calPbe sdpatdia@iiéaemoltRe by Ragrpanill distance, e.g. 20

utirlized in the present invention as an overcoat
wm. | ayer. Pd has good oxidation resistance. The surface

o B akscaror e, SRRWETIBT i otp DR O ol Toation as an

overé(ﬁﬂﬁ@'éﬁtﬂdﬂ&s g86® Gﬁi!daﬁéry resBitavied) Theswarb Aeffisddty of Pd on Pd is very
pressures exerted on the netal bonding pads by the

high yewdiingyioe siglieany - mapstiegnspert of Pslupveace joeq timperatys, especially
glVGI{] el c%ﬁtagﬁlg grelgﬁfrgfégér&e@ %Pttﬂ\é)m%fél Bgﬁlﬂhgg?%saﬁ%ﬁfh% bohdi ngtog the non-

ani cal di sperse
metat ma&’ra@.efaw tdgmﬁ‘d Ofhe MW]ammda:hd:twem dref eePd ﬂnehdmg nayers, if any,

will e Eher i e P g oBiRLORFREAEE T 8 (b Biical intrface

baméayﬁﬁ%WQ%omﬁagyh&%ﬁ%émhﬁk%&E ng exposes the surfaces
he netal bondi ng padS'to hi gh ozone concentrations

u anlemlo@er modification of the first embodiment of the present invention, a UV/ozone
cleaning exposes the surfaces of the metal bonding pads to high ozone concentrations under a

UV light to remove hydrocarbon contamination. Residual hydrocarbons on the surfaces of
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W light to renove hydrocarbon contam nation. Residual

hydr ocar bons on the surfaces of 22 WD 2004/071700
w2004/ 002006 the netal bondi ng pads degredEURBD&D02006

bondi ng, and are nucleation sites for bubble formation
terfaces,

the m DGa0eE Ao AR AL S et aBga sfies for bubble formation

betwdhRRE b&”ﬁﬁ!ﬁ? GRS '?&‘M’cu{ghﬁbu&%&ﬁ&%ﬁb&eﬁ%@%ﬁt&t&ﬂﬁufmes
pr event erface bubbl € formati on. di p of

silipcumentst bave bhweds thay By thzoph dmmMs fcala: eeventtintgrface bubble

form%\gqﬁlrenr gag-ilg dfl} 8?@1&%0@%{@?6@}# 3¥ ﬂ;é(agqp?lg grfzfrflaces Bat are terminated

most§0BgERt 1 altheoﬁy&‘i@ﬁmm@Cbllwofnhwbﬁﬁﬁjar@rtﬁéa?&l‘l%ﬁ W77 g/m® of ozone
Irradiation fromitwo

conceniigHan gppumed dflthll%gﬁ‘?v‘i ang 854%&6&‘1 u;a@laaeé &gal o 2{5W UV lamps
oo SRR TRRBONET PR LSl Il 8RS gng o bondd o

of H]bdipbbdahydrpphmlﬁmmhabn wafets gumeraﬁ@n{a incerf200 Buthtdes lipﬁ)nhmﬂeahng from

rature clearly ind] t|n the fegtive
300°¢ éﬂf?@@ﬂ ske?ﬁﬁ&ﬁ@p?ﬁaaw ﬁ*s&f clipgFemoval of
hydm%gr@ﬁgﬁlghthletwdf& S@ﬁggééate to use UV/ ozone cl eani ng
bef ore bonding without formation of netal oxide on

t H%Drmetladndsﬂir fl’aaﬂaedeqﬁo’te ot heer UVgoztins ¢leanting: afobe bonding without

oxi di t er, of /Au on.the netals ...
formlin’ b Gtah i e et h ity o Fof ek it Mih pergyicized by
ozon€,athirl lﬁ?@ro?"/ﬁ@ﬁoﬂ ﬂleh{k&%'cﬁﬁf)&f/@ﬁ@ftﬁhﬁﬁ orlthe e€ldé EdrOBb removed by

pI asma treatnment with i nert gases, for exanple plasm

e.g. immezgipe it NHQTabefergbondiagi &madditeon, mbusea(traamnentiwikh igartgases, for
examgﬂe:%srgg?r%gtﬁwzﬂééc ud actWetl ﬁ%?c% rrﬂgcgeeﬁgl%ﬁ’ nl&]vljehﬂ?llhg Enég'{agg‘sg?s such as
nitrogdneﬁfd argedh al t}feqﬂﬁmzeshamhér edaham@dtdgeto b @ltdﬁgatﬁﬁﬁngi}bn can clean

roomtenperature for both netal /netal
metalSuripGP A RDBRL DRRAE gperey ﬁfeTOBF’e@@ﬂ?FraWG gwth%b]nwsaé/metal and
oxid&b3G0 86K Itlﬂ'ﬁlter e &t ﬁéﬁrﬁa%:él@co%fedutﬁﬁdﬁrf &Sygelﬁ plasma can
ace of netals suc

renove contam ndtioh fromthe sur
be usagd toArenanve cPhtaniritioa frummﬁrecnusfamﬂmcielsrmdpwml iandh Pt.

tr ment s and tal / met de/,oxi de an . .
s TG RGO LBR L BRBER B PERIRPI-dod ival aghand oxideloxide and
seml&ﬁﬂ%ﬂop%lc@ﬁdiﬁfor%tﬁ&ﬁfeﬁ ha? Hedl @RBABID, Ofher BFLERE A& Preparation
could be used, according to the present i nvention, in
proceghyrashcauibd be msf:@sqy@mhnggto thet present irventiowrin whigh the corresponding
metaf, ?nsufa(t) %1?& Qeml (il}l %)? §1t1rﬁ c%§ Uf f % ?{R%’fd?aglon? Sld topcroln%ct such that

0 con SUC

the foeHgioh Y #oE@m hemnpéragrd Boridig 1srrhit mHibited. | Ih thbeagasfeAwbrotection or
Au protection or Au bonding, the process devel oped . by

Au hopdingy Esepiocessdsveloprd .bsf g hipseBh GRIGI G eilioon dioxide
comﬁa‘ﬁmaﬁfgk @I\?[}Naﬁe o@% by sur é’cfofnaaﬁlﬁ s%o%'ﬂﬂﬁ 59 e%%l@er‘sgnfaces metal

snoot aces, netal
bondarge phasr lam farmdolond i g divef eragerasasddescribb dibaizmve mad1ﬁed RCA 1

OB T LoD ViF Rt oblatnt Heduica Clsi e sipkes of both

metaPH S{HORithbhNOUEhenAIAE BbAGN } B@rf&%ﬁ‘% Rébrs WrhReSsre fandard 29%
room tenperature standard 299 di p renoves

NH.@Hr dip o'blegvesmr@c&esj@cbwudh enrikg metaé lsulff@s@e df fify without degrading the
d ad] the. silicon dioxide, su
st R} S-SR s v o SEkRnE IREE pdiyhfie, srone

coval:‘ehf Bﬂﬂd and metallic bond are formed spontaneously at bonding inter face between

oxide layers and metal surfaces, respectively. Besides the near planar bonding structures
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coval ent bond and netallic bond are forned
spont aneously at bonding inter face between oxide
wo ayen317end et al surfaces, respectively. BesiPBPeBUS1064/002006
near planar bondi ng structures 23 MD 2004/071700
PCT/ 04/ 0 00 shown in
showhy ity ERG e qineh SHEFHTes ecqmyals ngBr'r‘ aepthssprarcuelﬁ% of the present
invenBibRS emr examrﬁ@ta QEbonf Um R Eis ﬁoﬁzﬁcﬁnﬁlmfﬁe Réhere wafers
is shown in FI'GS. 4A-4C, where wafers including netal
including metabréo nntempnmmom arh botdadl to aaswalierl die. diFEG. BAGdepicts a
e Vi ew o substra 0
e SRR RSB RSHSL ARRELLSE, R g, 44, e met
interdbBhédts atenérBbsdoN e hsiladon dokide dadr 50 sk iak iaClPECVDch@hd@ thermal
| ayer, 52 such_as a PECVD oxide, thermal oxi
oxides §f ﬁPI@rPf’ggla%Ss Inteyeprpestnhleextendsabavier the drysh 69 éo tar*@lghé)?é discussed
S [
prev1§ﬁ%%\.gF Sr.m gll% géﬁ% geérl (ﬁg 53 a@‘ﬁgggﬁl}tag%(%rf %cf‘Sélﬂ%ﬁtdaélﬁ&n dioxide
layer$l i con di oxi de Iayer 55. Follomnng forntng an
at.ing | ayer 58 bat h r|aIsc
o atlogyine dhrss gan Tasuling v 38 o DPEraignar huveipod [ iFl as silicon
dioxifie! 4 QRdaRYviahetl aRh BaNeNI ?cﬁiov@:ﬁl ye Bhéffal ﬁiéﬁlfla?‘ﬁc%l polish and
treatnent are used to prepare the |dyers 58 f
surfapotrditmgnt FeGised Bo @eqpar,et ’éledamss 68 dbr baphasi K @GW&B glepicts a pair of

with reciprocal . nme ads, 5 : C
oppoSie i Efe MG Frebr Al T lBeE e bRt Ta ofiCt ehos the
contdc¥iRg QMﬁﬂjsétﬁteﬁﬂlh&id[ﬁ:gt ﬁ&hes% WBlopp o%‘i’%‘lﬁlb'éﬂateé‘lﬁféﬁ—nmgﬁond 59.

bef ore, the bondi ng1 of the non- regi ons gener ates

&

t Hdereeghetoreethe hoadiag 0§ thef rpnnmetabrogians|eenesates fhy requisite forces to
e [ depi.c Fl

o B R TARSBRIoh S e MCEMCAGH . 4, e
bondhgq@ﬁ Stletcﬁudmnagiensgeha’ratee the Iteqimsitectionﬁﬁtgaforcteofdtmhmbt metal-to-metal

contact of ]tghe_rreta bondj ,9 pad 57._ A
contast gF His 1p9tab onfligg p Aoé pr‘% \;tr@ tya dies, 53, gy bgprepared and
bond@c‘i‘r‘o 5’19603%3%91\”{%?&% In the metal -to-netal

di rect bonding of the fi rst and second enbodi nents of
t hia ther mstahto-meted rtiteon bondieg tofi th rfests and séaondi mvgbcnbltnatlts of the

presc SRR, 5 RUCRBOSAci R ey Trba b S e pieafie surface s

prefePf $hin 4l hiifhizet 8 unbbhdddNBSS affa AOHEH M MRiRIpoBBISFurther, the
is scal eable, and VLS| conpatible size nmetal posts or

thickpesgsf h@&dmeen@ta]d@adansj S@Jﬁ@b and\Vd Sl icampaiiblg|size mefpl posts or pads
can btlfhtlg %3 béndege {a?lfi'l \tﬁ‘tl #feyss t}%gchléwgglt c;egtaﬁ{]\éélﬂe% the width

rrng area |s srgnr can
of tht h@bsiddi tige behveeipnitRbally pakiced s ehiatiths sgavild bapaai agtal posts
<10 m) between the nmetal bondi ng pads to be

Peﬂnr(lFQ églaHAPW\m%@ &1 6 dinbdstwesn theymetah barding pads) tp aarsed.
S| gnth{rél %ﬁi%%df Gt SRR d;m{;]enttllaﬁ aﬁg la Sli] 1ﬁ t RPQLE i} Hl% metal height
non-mne Surrace an or Ssi ca reauction I n

abovB @l hownarth audacanaalort shgnftedmlredumm én nauhmbaa’taali arga acar the metal
accept able electri caI connecti on between net
whil, ghainiapang ap serniable slsshicat conRcEPs bet‘rﬁeerlhtnetal portions formed on

sepaﬁ??’%f HENY, tﬂ@fcﬁ{ﬂyaﬁftlﬁlgt ol & mbfdribh eC\hE‘thty oqfthe metal

tal mat e ormstheeectrrc cont
materisl thesfogmedhe electeisall tonfacoim ddsinpd ¢ sasnk fatm ttheeprnmmd at the metal

surfaces from the wafer-to-wafer chemical bonding of the non-metal portions. This

deformation may result in less pressure applied to the metal after the bonding process is

complete, but adequate pressure to form an acceptable electrical connection between the
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surfaces fromthe wafer-to-wafer chem cal bonding of
the non-netal portions. This deformation may result
WO pooO350pr essure applied to the netal after tP€I/US2004/002006
bonding process is conplete, but adequate pressure to
connecti o

an cept.abl e el ectri.cal bet wee
metal SRS 0 DR G IT B PO A BT Bhe FEEL PBHEE oy b Significantly

reductBopeltafafmt i on all ows the gap near the netal
surfaces to be significantly reduced or elin nated.

Tﬁ@ledﬁ}]@épf the deframablegnatatiblan et *er«ma'bf off thet hetal/ingiepipk fprming the
electrlcal {:(I.;]rﬁa qu % e%lg%& &k I %leSSIflr%r renngrgtedri)e Jh%c Ctl%l ond{:n%n(%f%.:e non-metal
oW the pr P &jeHerat & a

surfamﬁd ibe Guficidn€o reeBssthE aletal Sntéraud @ﬁfficibnﬂ? 1ﬁfdf1fsl re$pRBlivd Qurface so
cess the netal pmaterial suff|C|entIy Into its
that th"e Soeear the wefal sirkace gan b significantlnre H‘é“-‘d‘rortqlﬂgllﬁ@?%l In general, the
o) fol r
deforﬁ{éﬁgeflglﬁteﬁt@ﬂe @ogzéxge?!}m ﬁl@ﬂhﬁa«%{%lr f&FS?sgb%ugé g eﬂg@ésﬁﬂz gdidrated by
the vaer-toatafbr gentica oningausepitdly gioas sue pagend0g00cbrbls of 1% of

t he wafer-to-waf.er chem cal bondln is typically about
that rgﬂ%lr% def}%rnidy@% Iaetag] % ’gk[le KGESS O ‘rlhﬁ é‘{letgﬁﬂlllﬁ lltédes(psctlve surface
allovx@ Qﬁé’ﬁﬁf‘tfn& Rlefodt ofBleadh&ial shbBcE Wﬁh@ﬁoﬂ-ﬂﬁtdﬁﬁﬂce'tﬂ 'b@ S}lbstantlally

ts respective surface allows the starting helg
hlghetr Heamafterl the veckss eThib signifidastin @mprmcsathestg}ermes pbthgemetal surface

reauifd R PRBAR Y walt oBE S b BiEe kSR e Mlabupebitiy of the

embo%iﬂhélﬁceThé edpfbrineflioh Oalfy @ABEtetialle re@fiek Sorf BlimBaRdi thg non-bonded
and subsequently the manufacturability of the

regiog mmdr‘fbwnetamléow&ﬁ svlstaptial ancsenss b Sreammber p{ conagefiqns that can
t e
be iy B B4R E5 M PRAFRE T Gond SEo0, & B AR bAEpiFhRrconnccted
partsconnections that can be nmade in a given ar ea and
i ncreasj ng the bond st re gth of t he bonded
i nihs é#ﬁﬂ@@t%ls g igelusicnat HRoRE aﬂﬁglé?a yderneath the
metaf Qﬁfa‘c@ CASLIﬁth&téaf in®F IGO §Am:¥§ ale &ﬁghgﬁbﬁﬁ% T%taf‘mktt&?{)ad 50 formed
surface, as illustrated in FIG die w
on aéay@s 6[1 a;hai 1550 hasoadektoat cpaesps0difg rlayeed onoemoehelr aywice.5 Region 53,
bonded. t 0, a correspandi l.ayer on
flled i R roiBop oo tmag b sl SichiR adon & Rl SEF siphds formed in
layernSN b?%&éidafﬂabﬁdtbﬁﬂhogféﬁﬂy aétclﬁné Qwd P%hegbﬁijtl@ﬂ?t‘chdh§=‘11ques Layer 52 and
mat eri al , f or med | ayer 52 by standard

regioph @i @magd apHgyer ét4c hAmg nam@e@ eblaypisi Bay be dpimaeguers substrate 54.
Also L%?éger 3 pd dbe ﬁl%gh ?a{}g% 3oralra er 9 bg—:gfotrﬁ&? é’f ?ie 10’%&?( material, as

ayers may“be " f O on S
showhe@iF0G. 3. may be nuch Iarger or layer 52 may be f or med
of the | ow K material, as ,shown in FIG 5B. |on ié
reljegiP &3 Bravalerobeia vait cantainige & %EIHHWFGPH@W <5 ik air, or it

may 99? ghﬁgesgl'b[e rll(ﬁ'lr m%dts solid®Y; t‘%}?al @wﬁ’%@ﬁﬁ&%ﬁ@ﬁr fow! e&n?%§ﬁ1b1ht that the

ter hoa sutficient OW conpress
presmgeﬁet‘EEed by elsfshmxﬁllwwdi defedniie html botedthagegipth.| The void may be
f.ormthe nmetal int The vo

e regi y
Tormup,fe TS SR W A e © EEA GBI PRy pRggs ecommon in
compBRinalsbinfcoiictét ih egeﬁe&ammrfabﬁban@ﬁ MR RelaBBIY TARE YaHrRAtion is as
integrated circuit fabrication. One exanple of this
follopvapt) etgh jaggcegss im@ planar, non-metal surface, 2) fill the recess with a removable
material like photoresist such that the removable material is in the recess, but not outside the
recess.  This may, for example, be done by conventional spin coating of photoresist,

resulting in a thicker photoresist in the recess than outside the recess, followed by blanket
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follows: 1) etch a recess in a planar, non-netal
surface, 2) fill the recess with a renovable nateri al

wo 2dog/opiTod or esi st such that the renovabl e nat ePCHEIUS2084/002006
in the recess, but not outside t he recess Thi s nay,

con e AP SRR e SRAECE: Ll e mteria

outs1ﬂ@ﬁ1err§é‘e§§ Buttl{%ﬁ@uﬂﬁéieit Herehid®e HRCASRrial 19"[11@%6‘55@) patterning a metal
bl anket 25 WO 2004/ 071700 PCT/ US2004/ 002006 ~(‘'non

featu}:mthae&myrset disitaepsebut deespied entiteli sqvebfheam@ﬁnlsrm'mg an exposed
portléﬂJ % 'th%' r%@és é?(ld.r@ X{ g&l?% n@g tégr%lhéal m. eer}altslgd?het rhet%ﬁsrseocyeasc%essmg the

expoﬁ&lqﬁﬁ'ﬁon 81) th[é&éde@i nNAR@xampRidla congatdsitte hb@pas solid material is a low
transverses the recess but does not entirely cover the

K diglgetaig quseq an\senycondueien sumafachiing; ohhe deptheo @&s@oraaﬁdwwally

comp MlatieT® VRl %rgétef e’ ﬁf@&'&iremgﬂt r Ié}Qtaf BBV LaRS ﬁorp)ﬁetal surface.
accessln exposed portiomr of the recess

Anotbsradip| te Wftﬁlc]a t]nmdmrcﬁ'sEﬁCblSe& MOto- b@bosdddl nriaymtserhaa'b d mgibn such as

.low. K dielectr.ic used m con tun
regiopy ) BpLAreSPORIRE PPSGTL hOIeB g BICELIPR S0 bb PRRIcAiodal oD,  This is
illust®dte SRR 5 CL %@retlh% & thedrieeisgh a%Ehéi'i%Itﬁl dr@xbﬁx‘geanﬁ h€not shown

non-metal surface. Another die to which the di e of
to scepGHes pads $@amdb>geredmadedyy Slostonimaessiva forwgigonerstedtbydwnding of

layer5§g @523 ’gnen%éo%? f %%%%gadée Qﬁﬁl%lstal S%B?t}‘aﬁ%gf El'l&fﬁ%t ormed over

void ot Gow FCmatdrRil @edidn 59 i 0dyed SBhdlaybd &8 idforinsd anSeR@Bt | Kgain, the
drawi ng and is not shown to scale. Here, pads 50 and

uppes dicipay ygdedydgye®he conpressive force generated by
T
PO oS RS0t e MR S i s
defomnationvwiﬁh nedpecti @l eerchg)tm cﬁﬁmsrﬂdrmgeﬂle Shemiaay dondigigocess. The

f or med nlaer5 Aaln t he e i e..may hav
deformgghipr BEY<s Softe Bhi i saplicd RRdre PRSP Sehfat suffcient

press@t%‘ 9&Haint N6 MBS StHé FRASIS s@tRes NI RALRH aR@Gnaintain an acceptable
deformation wth respect to each other occurs during
minipiys ednéarit eeslistion dbﬁhfgeeprtb@ t¥e metdh eurf@t@fs onrthe iwn separate wafers. As

e ) A uR BB bR SRR o come

into édiﬁadﬁﬁ{ lat& bl {ReRS viely 616§ AGnRAThtéTRiaB{adér t@fhe metal, resulting in a
acceptable m nimum contact resistance between the two

maxmevel osd}ng arsedepreanae npp-naE Huspecswat epigimyg ch@lm,cal non-bonded
reglqgfgcgn dl?)f ﬁﬁ@%éé 0t ?esfs hfd[J {m%gi g)niihg 'hqgcﬁl &;}ﬁacqeéa?il th C? fci)rrr]ned by the

sur 0 “Cont
pres@t[r%ﬁﬂl@ﬂ annul us very cl ose or i mTEdI atel y adj acent

to th tal, resultjng maxi num bondi ng area
Iﬁ%@#%%{ﬁ&%&s gﬁSlgw? lacgxe & ARV HE fEize the number
of p(fb@i?ﬂ@@l@&ﬁgal in &&ﬂe&?on% Tﬁeodéfbl‘fﬁa%%sfleggfnb{zvﬁﬁﬁ ri C?nby depends on

adj acent to t contact, can t e forne
the nodtal thp:kesse raind it evatal beightTilevd dhonombict] sefacen These parameters are
th to maxi m ze the

appr%ﬁ%%?y ?“%‘Béig%ﬁ’ee'%ﬁ%‘%{{nﬁ. V\fﬁ 1088t er connecti ons. The

de$eyebl @/1)egy amgnd dubdudid FRIVIEX]IEPE MSaOPoiskhs Ratio)*(metal
metal thickness and the netal height above the

heighighovpiuface/iplf addth ofiegien)par amet ers are  approxi mat el y
degued”m ned by the follow ng rel ations.

Pressure = Stress*4*metal thickness*metal height above surface/(half width of

region)”
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Stress = (2/3)*(Young's Mddulus of Metal)(1/1- Metal

Poi sson's Ratio)~ (nmetal height above surface/half
wow@iio7oho regi on)' and Pressure = Stress*4* nePel/US2004/002006

t hi ckness*net al hei ght above surface/ (half w dth of

region). 26 WO 2004/ 071700 PCT/ US2004/ 002006 \Were the
pr GLST e Peests s é@ﬂmﬁr@a@ R eondhg IPRRFSRY o etederenge for these
relatib®f @heRABuAPh thd eHEndHRLRLF T FaR Teehfdse Maidks®i8ind Glang, 1983
"Handbook of Thin Film Technol ogy", Maissei and 4 ang,

Reisspog®12Rdi ssue, ppl 2-24. For exanple, for a netal
”ﬁo%gg% 12bor APt Bl A CEOMANE 130 TR Rhad S Lk LRBAY Sbove the

t e on of a m cron above e surtace

regio dfeqboan OV fidronfabat®ttic durficera@d,a tdpton P@HSAHY gbout 1 micron, the
generated during bonding is approxinmately sufficjent .
pressils GRICENSH SHAEBRIng i PPAAEmS @gﬁl&ﬁcxeaggqjﬁﬁ:fﬁgn the metal into the

. i i i . . .. e .
e EBRAL Bl O Ot Beegh o b min
metal Ieigit woldd heeel reanlted insarounbonde mimidds @rmmgdidtheromtiahe metal of
of abho 1 mmif the al s not defprmahl.e. Th .
aboufd aiady HiaBiet 1929 85% FRIGUTRALY o QBB GeREy) oy Dy increased

substhREHIly" b GediBfifg AORL ERlroPloftihe MBhRheiBRI FhivealRVEod-RRtal surface.
non-netal Surface. Furthernore, the non-bonded area

Furthegmenghthe aonibehiigd aee iscmbstantidllyslecregsed adliogmid 4 signtficant increase in
inecrease in. the .numbe f, metal to nmetal cont.acts. .

the o BE ol i AR B PR bl TR Bruli fiirease in e

chemih@ Bbsdihg baady NGf ©BRbMpreskibilith of GRMBEiI0E Thlinbi by n€dledt&tE than the
regi gn can not be neglected, than the thickness o

f
thickpess offheanetabirasds fabaedpeed peeqrdiebornd orghg metd height ahove the non-
[ = sar. f S b
metal B s BY R L R el To Rl o o, B Pein cas to b
increaseddgcérdingty. Notr thasthd pamentade amloynt the tveidthhaft the begion needs to be

. per.cent age unt the width of the regi on needs to bhe
increpsed g E@%ﬁmpéﬂ? Bcenipe ARghat Hhermetat léf@%‘%é’gﬁlﬁ%'&’etl}ﬁ’é"%?]aﬁmfa% or
the nibel YMEKAROYRING HRGEUMEYal surface, or the netal

t hi ck

I ckness, needs to be reduced. A fourth enbodi nent pf _
t hé fowdneimbodinent hefr thelinxestion hfurther halakesnlthelemeghanical design

canstrajnts int vicinjty of the t,al contacts )
consGRR; Fols Tatnflre T feRl bt ‘B p FOHBE aRrang and third
embdWmERk Wynekl@Ag ol Vo WvelkRperituE Cpodtddhd Refieiy f@iﬂazﬂ}/\to form reliable
anneal to formreliable electrical interconnections

electes wakgicementiens botwsenddwmigallyr Sondgddseéars.pt Porflesgription of this
“TIET . . . ! toE
embiidhinin RO IcTorRBAb Sl T HIOTRREE 1 0 ' 81 ©°

Wi Filguel G03hosusitaaeiss 6Rand $3 egitld glaandsubficed. ERedessed®d and 63 are
espect i , and net al

fomé@inﬁ#@?%%gsta&ial?dg@ﬁggppg#\fe ¢ 88 g@ta\{gl sffprgipS are for?‘r?e%sm recessed
2 DT, The b/ttt LSt ol bllg o ducit
previonslg o b metdlen combiretiah of meladlngakipg paged6d4 amti6 S sarcrflow at low
temp%r%tallrggy E&arlngl\{cvs of such a metal is indium that reflows at a melting temperature of
160 degrees C, and such a combination of metals is 96.5% tin and 3.5% silver that reflows at
a eutectic melting temperature of 220 degrees C.

After the surfaces in Figure 6A are prepared for direct chemical bonding and the

surfaces are placed together, a chemical bond is formed between the planar surfaces.
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tenperatures. Exanples of such a netal is indiumthat
reflows at a nelting tenperature of 160 degrees C,
wa@ar@4®ucho a conbi nation of netals is 96. 5% ti nPendSBNH862006

silver that reflows at a eutectic nelting tenperature

of 220 degrees C. After the, surfaces in Figure 6A are
Comfre 39 GIPRRNT dctidkhelietais Bowar f5aa s THE! cefpadesause the
contaRfs@rPTRERE] I AUSHILA reliBbERET TRl iRQBshriestid PRIy hiehyReEN

the planar 'surfaces. 27 WO 2004/071700 ] _

PCTftesstheodreatod 0®nd Gonfighesd 6B chasnbesdi foemed, 4 vait 66, is formed by

.there, | ap near the, netal ntacts because th
partifi PR FIRE PGB Bogt B, MBI SPRLAOLE SRR EpbEty the water
surfatéyt fedr @BM@E fogBthtSadioforiibly @ @ehicalbbad liké ehechietl €dltacts do in the

bond in_Figure 6B has been forned, a void 66 is forned

first ggd sqsapd ieaibrdimgisl Af mpxigwmn berd ges if tym walizedvikpemgximizes the
vond il S 0 Bl BB o il S W LR R Ly cmporatr

reflowednabkalcrefibers tthe detdlrintthe redesses tresmitthgscoating of the metal from the
enbodi frents. A maxi num bond area is thus realized that, )
OPPORER| YRiFES lqggeher FOATeEHeRg in Af BeTeoRpected ghettofuctire with high
reliatii§ WorGHBE &l BRA BAOREBY 18" BRAct PallO¥h and 65. This reflow is
_tenperature reflow anneal reflows the nmetal in the
assisted v thspeomigsatian ofigapiblavyeaction dorofcdsies with highfaspert tdiies and gravity

opposing..waf ers together .and pesulting in an

as, fof R ARRG iU Beerrate O@Es dBkits BeRmestlni gn  reliability.
Poritd @fis e@Bodiint, 8iiest t6Yhe faarth efdboWinidt, CARBME Ele RAMASes in Figure
64 and 65. This reflowis assisted with a conbinatiaon

6A hgs thaapretal apeessastieplacebwithameiak plategis. sush dhatathp detght of the metal
- - ’ f , - f
pich S ARBR e B onk SR OTILS, gl AL o Ml recoss

belowiti® planart mrfabe ofi ahik biheewatds aesliowmieFighrd &, SNubkiaies70 and 71
in Figure recesses replaced wit

A has. t he_pnetal h .
have yg3pgptiys %F‘égﬂéfrs Suti Thatadh? #&itgHRehN fepesspe(h [n this case, the
v I [
meta?%tﬁfa%@#d@ﬁ&, ﬁlhééﬁf%ra@, 1B affeh &ﬁ@ﬁsnae@uggfegw%gg chemfiBbond are

an the depth of the netal recess | anar
placegluinfcancoas shognanHagurediBer Sheasurflcoswf subsEatgu 7@ add\71 are prepared

Substrates, 70,.and 7 have respect.ive netal pads 72
for Ak ShifieBEden il Speite sy P BEHARET S in R example, and
a che@@88 bohfl & folRbd betsieeh A ant® sB@hoes (FICEMI After tOMFR the metal on
after the planar surfaces formng a chem cal bond are

the tyyp difagent yvaders inwettekstogeibomn farming purtiensyB, imamanpet igéer to Figure

tof: /0 and 71 are prepared for direct
6C,r§%ué§nﬁ%§]ﬁ1§%r§ iChg and the surfaces are placed together

asHerce] the mpbevieirsxangl effers Mimetowsh@nhmageshdddlistictions from prior
formed between the plapnar surfaces (FIG

7B) . Aft
low tegipeigiiire praéerrRondingdrehniqhies+ hae sefal & malvdaﬁgétr*sonid@egrof the present
invex’ﬁﬁ)hti? %&R&%o!ﬂ? bnd ?&%ﬁﬂe@ Ho RQfchaP Rrcds .rBGmate%%ﬁ[ere. The pressure
a C gl ! nce,

si m to Figure resultin n Figure
applitthen pheanetal pasts/ihat is oryuiel éorsmetaliermets] bohding @geserated by bonding

distinctions fromprior | owtenperature.wafer bondj
procqss dhi B ROV RISl APToFb MOt APCAT PeaE b A ng6HIg i I present
inverRISIE PerforMMEMded Arnibens RO ARRCHS BB dollRMHE 8Srddfzed: wafer level
external forces at roomtenperature. The pressure

or digysici bandsnstrang metallic posts Cwlu orsmetelits-methl foonds formed at room
tempgﬁthﬁle,' Jn%s't'fr%}lg I RARELEH L IERTAL S u B8 Hun be formed at room

temperature by covering the metals with a ~50 A Au layer. Thus, simultaneous bonding of

metal/metal, oxide/oxide and metal/oxide can be achieved. - The metal-to-metal direct
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process itself, and not external forces. The
nmetal -to-netal direct bonding of the present

WO paweftizon i s perfornmed under anbi ent conditi OPGT/ERZN04/002006
the follow ng are realized: wafer Ievel or die size

bondigriahy Bieh JatenHgn i CHBIISTUR SR ULy e e dherefore,
is a R@REhcAlrablB tte%'hﬁol%é? eThé Rt ﬁ#‘m@fb‘[j dfebet %ﬁdﬁg of H{e'"ﬁargseﬁi 1nvent10n is

room tenperature y coverlng he netals With
compagibleayigh bormlingsof mataribls apewed withniicay osides, nﬁtc@lnl mlaclon nitride.

oxltacel{té)t)l(rll dﬁ} glirr]lgt& L aI XI d (27816%6 8@%14;' e\égecrllt 1nvent10n is the direct

bondﬁ’@T o044 - ﬁf&’e@%gloh@ Qiﬂd))ﬂﬁlawc td e Bilees eitindingvpatsi OAsi Sreviously
npati bl e mnth standard VLSI K processing an

dlSCUtSWélr drigrthe diree) hongingiindbesgrigpions that iRaperalgy therrrsuliant gprce on the

oppoglﬁ 'Eétﬁl oqld{n C}% dgoﬁgl gt;b&ndglﬁqé? F@g %tgg{/@%glgyrgélﬁhss according to

the ;seslent‘ menhoﬂemvabnﬂy dmmds an et blhconn dioxtide abe other insulator covered
al -t o- net al rect hon; of the

Wafe{&r -t et A YLz e Sesipte, TGRGRAD OoRl SR ey that may

also PONipPES B arf B8IMBAR sBIuPSh gﬁbﬁt& oddii. bl ¢ eﬁaeﬁéwgg alﬁ)}alqlﬁterlal with
As preV|oust di scusse I's the direct bon

an opehetuciuegiufase thetcagba tormiregedt eOHe NH paRH droumgse anrhporous low k

t.he 05| net a The |rect b
matefiftS HRRREGREIR bettoc B ftoE R Riswd Bh, el ton B bl
| NXeddirdiag to GRY peBbiitl MvORIMS silidoRidioxddd fdxRiRd HyoxdydetHod such as
ot her insulator covered wafers. Cther material S can
depogjtiont thermaly, of ghemaicahy loxidatipyornch spin@noglptre ceteaesed in pure or
s that may al so be dipped in an anmoni a sol ution
doPeh%%%% to bonding. More generically, any material wth
anAppl&iatlsﬁsr ofthel peesantihveneion firdludedbut be rog limitedtie eetiigal integration

OH, NH or FH groups, . and_porous | ow k terials when
of preeiighinteatairdc sirtuet ©oar3-Pod MG drsEt-aidipackaging dewrogst and high-
r t
perfo?ﬁﬁfi‘écegl% g@%{gl ? c‘ﬂgf'g(i/ﬂcgr}% Qﬁgﬁ] f%g%agﬁgﬁaigél th&hal management
and tdnqunlelvw@rstrutthmsrmd:h 35 metatbeseidedbésy oxi dation, and
an be.use re or doped states
Sl 5P B SO e e SRS St i e
of the@bovel tHAdhﬁfkst Ot 1% Qhdrbfoad tol H&Iﬁﬂ%ﬁtdo@ﬁhat%ﬂﬁh @lﬁ?ee&‘éﬁéi of the appended
integrated circuits for 3-D SOC, micro pack
claimsgihedpemntign endyi hgipragiised etheemise theaps am@r%@ily @k:sq‘rnhe@ herem
chi p bondi ng, wafer scal e packagi ng, thernmal
managenent and uni que devi ce structures such as netal
base devi ces. Nunerous nodifications and vari ations of
the present invention are possible in [ight of the
above teachings. It is therefore to be understood that
within the scope of the appended clains, the
i nvention may be practiced otherw se than as
specifically described herein. 29 WO 2004/ 071700
PCT/ US2004/ 002006 CLAIMs: 1. A nethod of bonding
waf ers, conpri sing:
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preparing a first substrate having a first plurality
of nmetallic pads and a first non- netallic bonding
WO e@iompr oxi nate to the netallic pads on the PCT/EE2004/002006
substrate; preparing a second substrate having a
CLAilgﬁond plurality of netallic pads and a second
netallic bonding region proximate to the netallic
paﬁSAQﬁ’ethcﬁtﬁots&ﬁlGﬁ%\ﬁé{%t&ﬁﬁﬁism ontacting the at |east
one pad fromsaid first ural i of nmetallic pads
nrhpaatngl aglarst subslzatp having enﬁrgmlmag@dﬁm@t@ihg pads eﬂyl aoffirst non-
metaﬁrﬁtb% ;[gl ?@gf?g o rgt%% ﬁle ]?i%tphggo P quir%tl {llsastrate,

non- e ng reg |on Sdl Seco

NOptepaRingl d Seeoncb@fbdﬂraﬁe haﬁgg 2] @eco@aq)h&@m@l ofgndtdllic p@dsdand a second
first non-netallic bondlng region tqo said second

non-mefallipehogdingaegiph REpxigatedy etelhc/na%%% sgeondaupstesie;

! ety fhe Pt )gag ffrofn%e{qi ﬁgs@iurgl nRAgIOR stcux%é% at least

one ;mdrffmwléxdzo@ndlphgalalsm‘fmeﬁalhmpéohce of sal d non metallic

ion on said first . substrate; and_.for

B 1reéﬂ§€°1&ﬁ%t%saldof?rsg%?ram§ kP iseiop o 41 SRR - metallic
bondﬁ%q@gitoﬁ dve an upper surface extendi ng above a

surface of said non-netallic bonding region on said

s elacmdm theibaid fiast on3netallinbohdiug segioretyi sasbsecondhen-mete]lic
bond rrellon said contacting step conprises bonding the

H&'S8'% et of netallic pads to the second set of

e .ahlhéh@dgsrecifed i dainQ@omprisiagi ted in claim 1,

corrprl Si n?@éel astically deform ng at | east _ one of sai d

_ cpad b saifl fu e plurality of mgalle adistohas eapper
surfa%vﬂ g‘&% H% Qd%ou\i%%rgrﬂg aéé giﬁs lﬁ(gp%e{@lg Lr%ltljegfg)n R 1élgﬂst substrate;
and form ng said non-netallic bonding regl on on said

t bstrat ted
: m%uaa @?I%ee.a%g of a%gr%f:%o@g pilga e.cc{f F’?eFéa £ pﬁ@g Ta%ﬁ%upper
surfabd eXlEndifabdid a AL cabt @@n&ﬂjﬁ%%‘ﬂfc bohdirf} BBLARM s8R second

recited Tn claim1l, conprising: formng the first and
subsiggeond plurality of netallic bonding pads havi ng a

t hi cknes subst ant S l.er . han aration

i b Areeie anelbedim' L B gt §Nafni R Gimithas hending
the fir& Gkt EnétAllie paddMokhe SRBRA kétiof Shetal @OpA. 2004/ 071700

PCT/ US2004/ 002006 form ng said first and second

pl 4r o} methogdfas gecitafl in elaisd hdiamepristts to a t hi ckness | ess

Lg%gs&léc?g? fl\léofgﬁﬁ%geat ?ea&tgne%?galgfﬁ\;s;tﬁahg sgéona u@ﬁ&t ReCon d
‘ y.

1 ons respec
5. A method as recited in claim 1, comprising:

depositing metallic pads on the first substrate and the second substrate after forming
said non-metallic bonding region on said first substrate.

6. A method as recited in claim 5, wherein depositing comprises depositing at least
one of Pt, Au, Pd, and alloys thereof.

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

forming the first and second plurality of metallic bonding pads having a thickness
substantially smaller than a separation distance between metallic bonding pads.

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

30



9. Anethod as recited in claim1l1, conprising: formng

a first bonding |ayer on said first substrate to cover
wagadod/ofizoet plurality of netallic pads; form PQI/ES2004/002006

opening in said first bonding Iayer over sel ected ones

pofiinige 1 Bist Bt St ey BEmRlath otk e Bigess ess

than 3600 v&chbrawﬁ Shifict oFfsail TS aﬁaa sé@nq HoRnA AN Ir@gisﬁs r ?é&lvely
second plurality of netallic pads corresponding

op&niAngsthpd ag edcited mfslalnbb,mﬁ’nmgwifl@yer and directly
d,.f d
Rl 87 P IS br AT B ohaBRBte S MR npggtio of

metaalﬁbpadlsde Iayer formed on said at |east one said f| rst

and second pl urallty of netallic pads., 11. A ne

as [ravng @yopening ispdifirsichandinedryey ovesgsiasiodpnsa pﬁsanql ﬁgat plurality
ofpeﬁ‘l@d second substrates to an oxygen plasma; and

rehovi ng an oxide layer fromsaid netallic pads. 12. A
mefdrodings secend beutling layenomsald sevbad substrager epari ng said

first sub rate.c s formn plurality of t
sufEping Sf‘é&%ﬁ’wpﬁ’é%w padsipmseibhondigdayey %aefb&cpa@ Bfurahty of
meta@lwdpeﬁﬁ%tﬂngﬁ‘éh&ﬁg% obﬁﬁﬁ%s 1ﬁ@ﬁdtﬂ}btr BhnlE g% yer Carfaondi ng

contacti ng sal | east one conpri ses
codtratﬂ}’I qmgtaatmmm@fmwd b¢cong handihg é’afcts of said third

gtrate %n t%(g 1sadsecond plurality of
§8 85 TPt 7§ b oA PHE conpri ses
C Oan&’(ﬁsIm%&l axitlbldyer fRMedBh 8hillia€ldaeBine Raidffir§iamb seéonddilkality of
third substrates with said non-netallic region of said
metadlie P substrate; and said bondi ng conprises bondi ng
sa 14 sai d second non-
:]ij fA' cgtggglggrnegﬁgcg ‘%&&I{f gﬂ) Jishf ecited in claiml1,
whexgisingesathfief arlr epaiid supstssteghofanroxy gauplasmataadand

prepari.ng sallg eco d substrafe cqonprises: formng a

o1 FTBRPEFDRKide qysy pm sapkmetalicinggs-sai d silicon

di @%i dembBYhs rdoREATHGait] £ ARE&GH: 1 N Said silicon

dioxide [ayer; and formng a netal structure in said

vi ardpetiessaid first Aubrttiatecdngwiseelvirmen 4 pluclligy of thjrd substrates, each
00 PCT/ US2004/

smalf TR 1 Seppd s Er@ant spdr g pectilesstimedind g i ponding pac

contacting said at least one pad comprises contacting a third metallic pad of each of

said third substrates with one of said second plurality of metallic pads;

directly contacting comprises contacting a third non-metallic region of each of said
third substrates with said non-metallic region of said second substrate; and

said bonding comprises bonding said third non-metallic regions to said second non-
metallic region.

13. A method as recited in claim 1, wherein each of preparing said first substrate and
preparing said second substrate comprises:

forming a silicon dioxide layer;

patterning said silicon dioxide layer;

forming via holes in said silicon dioxide layer; and

forming a metal structure in said via holes.

14. A method as recited in claim 1, comprising:
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formng said first plurality of netal pads extending

above a surface of said first oxide |l|ayer; formng a
wa@ewandi7oxi de | ayer on said second substrate; BOTUS2004/002006

form ng said second plurality of netal pads recessed

be%ow.a S{grfac.% iafc sai d, zcond]? oxi de | ayer. bondi ng

s al YWHRE S HISE AKIOE cAYEh AR AR At SEPi%r es. 15, A met hod

andrﬁﬁﬁ% &84 fifst pluddiiy &f nﬁ%gr?adsaéxwﬂiﬂya%% b RErfAe of said first oxide

plurality of first Subst es each having at | east one

layejrst metallic pad and a first non-metallic bonding

region proximte to said first tallic d on the
£ 1 faphing g Sepld pYide fayepof paid spond Suralet 8t ol o5 havi ng
a firaigs said ZRofdBlurdity bhaRtad padsabedssedl Bedowh sahék of said second

..second substrate; contacting said at |east one first
oxide#ayst-| i ¢ pad from each of said first plurality of

e Y j f said second
pl E?%ql#%@ﬁ%ﬁ%ﬁe%%%c%d %%@%ugggrggt ly contacting said
fi i5t Anoethokbatecited imartddinn coagrisingof each of sai d

plurality o fir suhstrates to at |east a portiop.
of P@QW%@B{B‘H@% 8h _hﬁ%ﬁl%srr s R erad aah?neaﬁat metallic pad and a
first RONHRA1EBE iR re%?dndprf)kihtcatte R 1d EBrlshbiafi AL e first substrate,

regions to said second non-netallic bonding region.
eachiod said firsttsubsirates haayingt aplanay sideaimaller thew aptaner sige of said second
subsﬁ-ltasti cally deformng at |east one of said first and

&&ond substrates to generate at |east one point of

COBéRgdting@hidaR NeaSPdre firkt BEtaBitchad FrdN GachlTShiddreSslurality of
initiating a bond at said point of contact; and

metadbiypasgivith aeagt prsnef st skeend rluradity ofmetalispadscond

Su . | A .

SRR 052530 B YIRS bondlE 1) BB Bkt o
first selssittated to & ledsah Podtionadngaid sdcogd ndonitalifc Bondngirepmne add

at | egst one of, said first plurality of pads. 18 A i

mePARnGsachaspiddistipoarmeialliepond Brgignsg: saidsiergnggpon-metallic
bon(ﬁﬁ)%%gz&{_d in alayer of material below said void. 19.

A Tethod as recited in claim17, conprising: deformng

a it drmethobeneatted Badlainphdonprisigend i nto sai d voi d.

20.. A.nethod as recited in.claim1, conpsising:

¢ o Bl REY AR e ne s die ESTR] By toggpepate o
leastf dneSoirRt 08 cERE@ M tvRleM sald! firkt Hd se@RdSUbSHAG; @ voi d

di sposed proximate to said one at |east one pad. 32 WO

20 nifiginelordet said poou pb opdad; and

expanding said bond between said first and second substrates across a substantial
portion of said first and second non-metallic regions.

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

forming a void beneath at least one of said first plurality of pads.

18. A method as recited in claim 17, comprising:

forming said void in a layer of material below said void.

19. A method as recited in claim 17, comprising:

deforming a material beneath said pad to extend into said void.

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

reducing an unbonded area around at least one of said first and second plurality of

pads using a void disposed proximate to said one at least one pad.
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21. A nethod as recited in claim1, conprising:

di sposing a deformable material beneath at | east one
wo@boogardod i rst plurality of pads. 22. A met hoRICEHES2004/002006

recited in claim?2l, conprising: deform ng said

b teria neat h sai d. pad by reducing a
?@k%ﬁ‘? %B?Era%%ﬁcﬁeé 1“0‘3?% Lsff’g’rplnﬁ}ngr n an area beneath
S aidftpading §§§fonﬁﬁlﬁe B?a@ena@ %eneﬁ‘tHrﬁtléHéfjoﬁof" & ﬁl@fiplhfhhty of pads.
claim1, HSlgéJ] di sposi ng a defornable | ow

malar Aameﬂbedeatenlt in| @am 2br¢empﬁsmaa d first pI ur aI ity

of 4 nethod Ci ! im

coiePR A actaloRe fellal PoloR sl uF B MsBiinga,highmess of said
low Keasterigia aﬁfarcﬁladeﬂeefth Bt apleuitainb pyd.of pads. 25. A

method as recited in claim23, wherein: deform ng said

I 0\%3 KAaetopd as rasied iy Haignl Goms@ﬁnprl ses reducing a

r .

sal l&b 11?? aelgietforgfﬁgfé llogy\K;gE@liﬁ Be@%atgrhg gl&rstgé op ?aﬁg &} plurality of

padscl a| m 1, conprisi ng reduci ng an unbonded ar ea ar ound

st one of sa fi.rs and second plurality of
paaé 2’55“?1‘8‘ gaﬂ‘éaﬂ}? “h%ﬁ EPTRISIYESposed proxi mate to
S akigfoﬁﬂﬁlg%hld 188X n?a'?&la@ B6heath/at I&SF%Maﬂif ﬁl@f;ﬂq{a‘i‘@y of pads.

waf ers, conprising: formng a first pluralit
mefzél Ametbadlss weited i elaim Ty lydtereinee, said first

rate n a respecti lur of fi
ofCIRERh T bRk gt b TEhetD sBithl oses difing e tickness of
said mdw Ketbfeyialoih anf®datenbsith Baid it Bast e pd@per surface of
said first plurality of pads being fornmed bel ow

r e3peétingiliod as regited ingflaignl.¢omprisinghon- et al | i ¢ bondi ng
gﬁ%&&@ﬁl inoﬁﬁﬂ gge IfégcaQQ&dpétul(eggt %‘X o?fsgfﬁffi % ah(% sé’c%%ﬁ plurahty of

ond su al d secon
padsrum;geacdefvﬁnaﬂlmmatelmh}ydloﬁoss@ prxiinme o saill ahé hicledyd bdd: p@l

te.to he secaond plurality of metallic
32 Agnbed ng%‘%lﬁga}?ﬁ eﬁ-“g CQEPHSIET st non-netal | i c
bo?&ﬂrﬁﬂg 5 @igky %ﬁﬁaﬁt? of el Ré[d% &rhe%rspgub%ﬁ‘étg ﬁl%f‘ Cibstrate having
ng regi [

non-netal [ 1 ¢ bond ng sard |rs
a reSfp@ﬁrtlwmllaiahiyooﬂihstdlomgnctaljlcchmsdmg regiduk presipett tovsthe dinst plurality of

ety BB AP e e ot et il B R P e ow

respEAVE 8GifaceR ol sdill Figdt thliﬁéHﬂ!hE Y)of?ciln PRfi@st i ¢ pads to
respective ones of said second %ura lity of metallic

padaming f se0ond PEEHHE Of e@talb%lpfrdswm end Sibstygte, said second

subsgrggﬁ‘{agﬂl#ragrgsﬂo %(/eué%ga(l)ﬁ QP %ggl?d ngnaneéa‘ll I%qn%ﬂl%rgglg 'p%o?(lmate to

I'Ng ConNprises re
the dee@sl plovatity of metallic pads;

directly contacting said first non-metallic bonding regions to respective ones of said
second non-metallic bonding regions;

bonding said first non-metallic bonding regions to said respective ones of second non-
metallic bonding regions; and

heating said first and second plurality of metallic pads to connect said first plurality of
metallic pads to respective ones of said second plurality of metallic pads to form a connected

pair of pads.
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of each respective pair of said first and second
plurality of netallic pads form ng said connected

w@aoor/07280 A nethod as recited in claim27, WheCEUR2084002006
upper surface of said second plurality of pads is

fo bel ow respectiye rf ce of said sec .
oA A E g At o BS e daling SrEtHEES Saloviiag pidgast one
of eabﬁ‘re% &V Bfir oBaH EirieAl kO9nd %[[ﬁ‘ﬁl'lt?%? n{e%fﬂl@}f}&d&‘oﬁhmg asald

| east one of each respective pair said first an
Conngéabpdrplurallty of nmetallic pads forn1ng sai d

s.recited in claim?27
PR H s ip B By VoBRis SEbRfelefyef o b ogpa
pluraﬂié}d(Sf pads {0fofBed BEOWa edREMRCuresSHTshidGesord nonaietallic bonding
second non-netallic bonding regions. 32. A nethod as
regiopgcited in clai m31, where heati ng conprises reflow ng
at e
3 Ség%eﬁlg&{s?surrgg e%iaiﬁl'&l%‘iﬁne ¢ gv{hlsx?égleggﬁoé c?rﬂo]%rﬁ]s%% gechJgflgé at least one
of eacl® respediied ppiiof said $'1.rstAndEédmd phralitg@if tresthllio padsaformidg,said
ei.n: said upper surface of said second plurality
°°nn6‘fteci)8‘?}§ ext ends above said respective surfaces of
said ReGaRch Mm@iﬁ 1ﬁ|c|ld1191 BPORGER S Oﬁ;ﬁ? §l§t‘f€h.¥ o@ s&ﬂ rs§c§ond
di stance; said upper surface of said first plurality
pluradity plisls sdoened alsleouspectpentiaves of lsmﬂa;cwdafon-manaﬂw bonding
first non-netallic bonding regions by a second
regioffst ance; and said first distance is |ess than said

seTDNA nfktBd PaGRcitedid-clAmPIN ddereHehtifd d1Bprised M dvwihE 8t least one
a first substrate having a first plurality of netallic

of cagly grspestive peir g saib diret and spgosd phurplityd megllie pads forming said
a first non-netallic region located in said
C()Illjlg(gtgj'ﬂ’%gls,urface proximate to the first plurality of
mes Al Alrﬁetﬂ@dﬁsre&t@fm‘lﬂkﬂlﬂlb%é&ﬁlﬁ havi ng a second
plurality of netallic pads extendi ng above_a gond )
sufdGupes pudanept saidsrepneueht o, paés edeRslspbove sald respective

surfadQ¥ s Btdebddd fGR MBI é’%ﬁhﬁﬁu SR E&P@i‘g‘ia]ﬁé’éf ace

proxi mate to the secon rality-of netalli¢ pads;
sasaild fippes Isut}fdm@rd‘lsalﬂﬁrsﬁplmhw ¢fi ppdpextsndti edwt kespective surfaces of

..qontactin i d,.second urality..of netallic pads,
said figst B%‘&i“fe\'?g l‘g‘lg e SR Py R PR LIS 004] 002006
sakfld fitdt Afstdhed igBisdthhd &aid S&LoAM distine@nt act wi th and

directly bonded to said second non
34. A bonded structure, comprising:

a first substrate having a first plurality of metallic pads extending above a first surface

of said first substrate; |

a first non-metallic region located in said first surface proximate to the first plurality
of metallic pads;

a second substrate having a second plurality of metallic pads extending above a
second surface of said second substrate;

a second non-metallic region located in said second surface proximate to the second
plurality of metallic pads;

said first plurality of metallic pads directly contacting said second plurality of metallic

pads, respectively; and
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nmetallic region by elastic deformation of at |east one

of said first substrate and said second substrate.
wW@200487500 ucture as recited in claim34, conprPGI/N§008002006

| east one of said first and second plurality of

o R Bt e SRR RS h cofief 1 AT ctresty opld fafit SeBond non-

meta3RCRBIdnMy Wl kit (¥ formbhabn bpatm@déso&a(ﬁfsaiaafwsﬂ@batﬁte hf&K 588 Second
substantially smaller than a separation distance

subsateween adj acent ones of said netallic pads. 37. A

SUSHCHULR A LEELAE Il Al M AGspier el n sai d

t hickness i's ess ‘A structure as

I eaf legtl ohdofdatd MsBdnd veendphiralidy of @atillicopiels ebnisdied to a device.
first and second non- talllc regi.ons conprises a
si PY-cOtYraug srarecited igclaimgd S, porapiisigiure as recited in

cl ?ah&nf%&’ at'64Bha gpzﬁﬂag yzgrlﬁga.?l?@ﬂr&gdsz&cﬂehé ﬁ'é lﬂﬁﬁn&%esrﬁbstantlally

exposed to an ox uct
smalieg cheneriseiparatba ldrstﬁlsc; betwepn anhcay:I onesatfahidi metelllmpadhol es

n.said silicon dJOI tructure a o
" odT ¢ AR 3 Tepl waf?émgﬁ “ﬂlﬁ@lmﬁ%ﬁw@sw i511e5 R 000 A,

COWrAss%rucuﬁe erl‘a&ﬁé&jllrl%lfﬁe;ﬁwhb&lrpad formed on one of

said first substrate and said second substrate; and a

r eslelsas e ahidi firspad] feopmbrorometatlit tegions rrenmplisssai dilicon dioxide
la efi rst substrate and said second substrate not having
Y%sai d protruding netal lic bonding pad. 42. A structure

as39ed tedctit & RcieBh VAR 8B8NwAbreliLaHl sOtOn QfiotiB€ layer has been
first substrate and the second substrate includes an

eqused@gaim?@m@p}aémm 43. A structure as recited in

cl f said first and
seggn 35%1‘“8&? {Iléeghe |caﬁa§6%§l ng-deformed. 44. A
st mecdllized \aa;hdsleciﬁ@tﬂ $11’iccﬁi cabniﬂalhyex:on”prl sing: a void

forrred beneath at | east one of said firs uraljty of
pad& AmCtuRe ag Iieelé%mectlaagl e 2ibetsen the r%qt%lﬁlﬁ? yia holes comprise:

e ?’@Edtﬁidﬂ% m@taﬂfb' I 8RR Shefof! s@ﬁﬂe}frspgub%tg ﬁh@gal@ SlcBrH

voi d . structure as recited in claim3
subsgratepandsi ng: a rraterl al beneath said pad deforned to

gr%ﬁernﬁfdeglﬁeé @8%@}0 %qd?flarm%dsowo%%t&);lgg s,a(yg fiFst subs%ra%e and'said second
subsFETE/IBRANMY 092 0RAnAilahenTRNadRLAA, al i sposed

beneath at | east one of said first plurality of
mettal 14 structure as recited in claim 34 wherein at least one of the first substrate and

the second substrate includes an integrated circuit.

43. A structure as recited in claim 34, comprising:

at least one of said first and second substrates elastically being deformed.
44, A structure as recited in claim 34, comprising:

a void formed beneath at least one of said first plurality of pads.

45. A structure as recited in claim 34, comprising:

a void formed in a layer of material below said void.

46. A structure as recited in claim 34, comprising:

a material beneath said pad deformed to extend into said void.

47. A structure as recited in claim 34, comprising:
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pads. 48. A structure as recited in claimA47,
conprising: said defornmable material having an area of

wo e@doedod hi ckness beneath said at | east one PemUS2084/002006
A structure as recited in claim34, conprising: a

ot PEEiig TAtrl nred Pt st 8 Lo dest Mgy of metallc

padsstructure as recited in claim49, conprising: said |ow
K material deformed in an area beneath at |east one of
saft® Aistryetupy apratitedyinslaimpgddeomprisingh structure as

recl. in.Glaiméd wherein: said | .K mat.eri hav

i Béolats Rt ey B S ot g8 Rilenicka T8 S s east one
pad.pad. 52. A bonded structure, conprising: a first

plurality of nmetallic pads disposed on a first

subdt Aatractuge 95 regited B glaimi34) FerePEERg:on | ocated in a

fi L ot .
|15 SRR iRkl b HAASERPLAKRLE, ) ph oty of
metadlid phdbi rst plurality of netallic pads being bel ow

saLd first surface;,.a second plurality of netallic
paE@ @i S&‘b‘ﬁf_é‘éedascfﬁ_cla‘v‘ds‘ééfﬂﬁ‘a @uwp%&l%g,: a second
NORGIRIRIK infatekBPHGBrh QL A Sarbd) lbél?éaﬂl S0 gﬁé W kag Sirst plurality of

proximte to the second plurality o i ¢ pads;
padsportion of said first plurality of netallic pads

dicectly contacti.ng .respective ones of said second

pl Efaf*i%%‘z‘“&}fe%ef?%“f%i18°_ 1&54?=W§§r68btive!y; and sai d

fi §6d IGWR-mBkAhl Hae bR die@df kétiue e hdcknedd BeneaR daidiat RG&t dhe pad.
bonded to said second non- netallic region of at |east

oné2.ofr beaped stryctire.eobttisiige and sai d second substrage.
53 c ) i i ; ; .
R PR R St T 2

rises a por >structure
asa fiegt nbedndtailic kepion b2ated anPpfirss sindicedissid Sestantface proximate to

lural jty of tallic pads hayving, an upper surface .
the fﬁittréwailwgofa%% cgadss g NEPE SBFAGe T pAKHS Rl el et elallic pads

bein%gelo%sg{dﬁl&{ YiEcas recited in claimb54, wherein: said
pper surface of said first plurality of nmetallic pads

bea sepobé pbualityiod nfetali¢ padsrdisposed dnya secbid stbstiait ance;
36a \s/\é%o'rzl %gﬁ-%e]tglﬂg reFécl:c-)I-l{ B%gtce)g f’r{ soa(i) soe%gnd surface proximate to the second
plurality of metallic pads;
a portion of said first plurality of metallic pads directly contacting respective ones of
said second plurality of metallic pads, respectively; and
said first non-metallic region in contact with and directly bonded to said second non-
metallic region of at least one of said first substrate and said second substrate.
53. A structure as recited in claim 52, wherein said portion comprises a reflow
portion.
54. A structure as recited in claim 52, comprising:
said second plurality of metallic pads having an upper surface extending above a
surface of said second substrate.
55. A structure as recited in claim 54, wherein:
said upper surface of said first plurality of metallic pads being below said first surface

by a first distance;
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sai d upper surface of said second plurality of

netal li c pads extendi ng above a surface of said second
waemmgrede by a second distance; and said firsSPCT/US2004/002006

di stance being greater than said second di stance. 56.

A s%gucture as recited in claim52, I d, secon

p! HRRey Swfackof s seeond lrplyioh gieéa%ﬁg By e?gtamﬁ% above a surface

of saRPeLEMd NBstPRE BYacnd apudcacsgof said second
substrate. 57." A structure as recited in claimb52,

c napst fixst digtanesbeaing gregter thabseidsteondadistanrer ecessed

poftipns i.n which said first plurality of nmetallic

paift% /gls%u%\nsepasg%cdte é%glag\ng?,r ucture as recited in claim

STsaidcsapid plufdity S8imetatiRCsuAs héxtiﬁ%bﬁ aperRamMhaextetasstRiow of a

portions in which said second plurality of netallic
surfappeficsaid secemd pibseafe. an upper surface of said second

D! 37 Ak Kl ffe JTRLALiE RS2 DIl Ow a sur face of

sal d secoﬁ%ksubs rate. . structure as recited in

c| saidifsPsubstratp haging gecesseid hosttoms il whitdhssaidafist plavalingof metallic

recessed portions in which said second plurality of
pads gt disnosed-pads are di sposed, an upper surface of said

seond sRlisthRl dstciRl ifBlafth |5i7900§ﬁﬁ§i§sir%i ng below a
surface of said second substrate.
said second substrate having recessed portions in which said second plurality of
metallic pads are disposed, an upper surface of said second plurality of metallic pads being
below a surface of said second substrate.
59. A structure as recited in claim 52, comprising:
said second substrate having recessed portions in which said second plurality of
metallic pads are disposed, an upper surface of said second plurality of metallic pads being

below a surface of said second substrate.
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