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realized a high density of defects in the hetero-epitaxial grown films, largely due to the
mismatches in lattice constants between the non-silicon films and the substrate.

Another approach to heterogeneous device integration has been wafer bonding
technology. However, wafer bonding of dissimilar materials having different thermal
expansion coefficients at elevated temperature introduces thermal stresses that lead to
dislocation generation, debonding, or cracking. Thus, low temperature bonding is
desired. Low temperature bonding is also desired for the bonding of dissimilar materials

if the dissimilar materials include materials with low decomposition temperatures or
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SUMMARY OF THE INVENTION

The present invention is directed to a bonding method including forming first and
second bonding layers on respective first and second elements, at least one of the
bonding layers comprising a fluorinated oxide layer, bringing into contact the first and
second bonding layers in ambient at room temperature, and forming a bond between said

first and second layers at room temperature.
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Another object of the present invention is to form a low-k dielectric locally or
wholly on a silicon oxide surface with a fluorination treatment by standard

semiconductor process(es).
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FIG 2B is a diagramof a pair of unbonded substrates
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FIG. 4 is a graph of bonding energy as a function of storage time for bonded
wafers processed with and without plasma treatment;

FIG. 5 is a graph of bonding energy at room temperature as a function of time for
wafer pairs treated with and without ammonium;

FIG. 6 is a graph of room temperature bonding energy as a function of a post-HF
treatment baking temperature;

FIG. 7 is a graph illustrating the linear relation of the measured bonding energy
and square root of storage time;

FIGS. 8A-8C illustrate an embodiment of the invention where a fluorinated layer
is formed in a bonding layer;

FIGS. 9A-9E show schematically localized fully covalent bonding regions in a

bonded wafer pair;
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away from said bonding interface. Preferably, the bonding process is conducted at room
temperature, about 20-25°C.

FIG. 2A shows two wafers 200, 203 having respective bonding layers 201, 204
with respective opposing surfaces 202, 205. Bonding layers 201 and 204 are composed
of silicon oxide formed by any one or combination of a number of techniques including
but not limited to sputtering, plasma enhanced chemical vapor deposition or thermal
oxide. The surfaces of materials 201 and 204 may be relatively rough (>20A RMS) and
require smoothing before being brought into direct contact. The film also may have

sufficiently low surface roughness to bond without smoothing. Surfaces 202 and 205
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in the range of 0.1 nm to 3 nm. The optimum amount of material removed depends upon

the material and the method used for removal. Typical amounts removed vary from

Angstroms to a few nanometers. It is also possible to remove more material. VSE also

includes the breaking of bonds on the treated surfaces and can occur without significant

removal of material. The VSE is distinct from simple modification of the surface by, for

example, charging the surface with electronic charge or damaging the surface layer. Ina
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nhanc e surface activation sikgnificantly..
surtfge; T SoRTAG Spdaebniis BEGEher PR hpiglany. A
desitdd Bondbfy spdicadtsh biQRed W feRtlinhRasuMates J0Y apd 0pPSdudesigrVSE
of the VSE. Alternatively, a post-VSE treatnent that

by paeperigsias obthg Ve Mismedtely.na pesir St Breaiment thatpetivatggand
A T SR

mayebd weylor ary bond to the surface atomc |ayer,
effectjvely term.nating,_t tomc |ayer, unfil_a
su qi?élmdy THeRiEs rpwfege%g%?%te@@ﬁr%bw {9ghe surface
atothQQ%elP, ffe‘g‘g{rr]ﬂ?z %ﬁﬁﬂ&tﬁ&%%& ﬁbﬂﬁ@ﬁ&%‘?m‘i’m ol diBs ﬁE‘itﬁ ﬁgﬁe that this

anot'her g species. Desired species o
surfgerr faadedroughtt tdgethehwithprssffecatetypinpted dy the sameerczmother

bongingGarE AN arectis o b et BEGBRS g ith cach
otheg Qfhentthdyose O sUFROIhIEEBSES fowiityt SIRkwihg cl%?ﬁ@ﬂQﬁﬂdﬁxg between

i ffusion or dissociation and diffusion of the
surfaessA0é @nd 899 plavwspraepmdemprigtuty et is kahanepd by giffusion or

dissociation and diffusion of the reacted desired species away from the bonding

interface.

The post-VSE process preferably consists of immersion in a solution containing a
selected chemical to generate surface reactions that result in terrﬁinating the bonding
surface 34 with desired species. The immersion is preferably performed immediately

after the VSE process. The post-VSE process may be performed in the same apparatus



interface. The post-VSE process preferably consists of
i mrersion in a solution containing a selected
webenilcaB4 t o generate surface reactions that reesTUS2000013306
term nating the bonding surface 34 with desired
f i S -
i e B e P ond pos
VSERirocsss amimﬂta:e dpe i.& oplasmeh, RAE: 162, smt@rmgp@tﬁ,atru’setm ay@olution
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imm RS b reed SREAETIERICT AP OB AT SeY<F B ay mopolayers of

atonﬁ%%&f&%l&nd post - VSE processes are either dry i.e,
plasma, RIE, ICP, sputtering, etc, or wet, i

sollue post~V$lﬁnmcsssanay dsaleasisiseof s plasmaRi; ef @ﬂislbq'iry process
nsi sts. er_or
whe Py RBPEBRE £ TREn S coa s EiIRaR BEhgndion & BPBytace
with@h®H&sieB s¥éﬂid§, Tok pOEIESE @eocely Bapalso baassainyd VSE process. The
appropriate gas chem stries are introduced to result
termiirtgtion PrCER AN lsp ok Aleaing PiRpesh Ve YEigre geptamunants are

rem S\Pe ?nso‘ut ?%% H{? is YRk f%@s‘f %i%%nﬁﬁ?éﬁr@d%@&fh@laﬁtoslﬁg B4 WSiE

erm nation proce may al so I nclude a
proc@és%ﬁﬂes&gbat simes shasheswdtsdn p Klagedsorfhemiermimationar e
renoved without VSE. I n this case

pr JEE $EstsY BF PRPOT &Etaﬁlélgm%eswey Shie BSLhE RN I Baginat
surf%’%gwfthtcfé Vecf Sabiel 5 tha@ivlRY suBEBINUS 6 R 8dniat b1OVSE

or post-cleaning process may or may not
prochss are eulsdquamthy enfficieatly wealkilyfsicfese wgconstyetsi pad caiprnain

f the actiyvated surfa s b i
ot SR L B BR3P el G L SO B e
cmf&ﬁp@a{e&ﬁgg%n@nd can remain sufficiently cli ean

bef ore bondi ng such that subsequent bondi ng wit

si ribieavafens raﬁamtlonelémrmsﬂdﬁh@ i loHe WBtsEyate Jpﬁéd%byefflggmng
r. ti
ther G s i e A A SRR BEE L

t herpet @@ﬁtésezozt and D0ITaR Hﬁ@ﬁghtﬁgget]ﬁﬁranfoadneect Thetact, as shown in

f t Bhtact
FIGG & R ASbHG T HuLSF| COVAREY CpBLIRg R AEBLHe Ineriace 206

at rc%r{l Lﬂ&%lg cgé{@)le@ﬂ‘ theP WAL RBCACTHY SnPSIRNSA §ﬁ6ﬁtaneous bond then

roomtenperat ure between the two
typisaltyf acass 202omado@bidn A &pdmnémgamrm dnd fpeppagates across the

typi IIy QCC location. in t

walgit o agg éwaul:)%&ﬁég ?%%S égrgrggag%% a8 eé’li}lcg.]l rgegzﬁlon such as
pol§1ﬂéﬁiaﬁbn t{g&drek@ﬁ% RS hOmRaPRREA @aked pPlARNbERIcet apetibOmsed to

| ymerization that results in chem cal honds
tenmaktessupfaa@eZ%Iamée?rﬁ)Sst@l the siréagey ore inepwitigigng proximity. The

f .2Q2 5 wh
von 3 S F A0S PR MBS ALRE RO 1 0 sy
at tRSbédIenSPEFTacE Chad W}Sa’#ﬁﬁl}e&w’og&eddﬁy mﬁﬁ'tlﬁg atW@lgser’l’?heatrelmgth of
surfaces at the bonding interface that i slpppart aI I

the dobd rvidun tsgid; Pensied ,sﬁg\ctgrq,@@&‘@sesmgh §;fnp% ﬁ@tt gymber oiy covalent

bonds increase and/or reaction byproducts resulting from the bringing together of said
terminated surface(s) diffuse away from said bonding surfaces after said bonding
surfaces are brought into direct contact. The by-products of the reaction diffuse away
from the bonding interface to the wafer edge or are absorbed by the wafers, typically in
the surrounding materials. The by-products may also be converted to other by-products

that diffuse away or are absorbed by the wafers. The amount of covalent and/or ionic



the bond within said bonded structure increases with
time as the nunber of coval ent bonds increase and/ or
WO e@atldmsd byproducts resulting fromthe bringi PQI/US2004/013306
together of said term nated surface(s) diffuse away
boncﬁﬁ@ﬁia?%eCin&@&@Hﬂﬂ R Aol E8d §RLEs P&Bﬁiﬂ%gn further increase
surfaces are brought into direct contact
in bapd spengthct s of the reaction diffuse away fromthe
bonding interface to the wafer edge or are absorbed by
the wafers, typically in the surrounding materi al s.
The by-products nmay al so be converted to other
by- products that diffuse away or are absorbed by the
waEg#apleThe ampunt of coval ent and/or ionic 8 WD
2094
et & ST bl L e BRE et sy SNV D I A hppced Chegnical
Vapcﬁnlbéﬁmemonhmhecﬁsaoxﬂde wasddpssiteéd by tsimgleEsi%TpMEhed kilidon wafers at

200 B4, 355 s o MO DT Bios 5 o bl PR AU chosen
o ~H RS A QAL 1 B8 P i 0 Rt RS s
the surfatésc aPlFMr(ekwmm Boroé ﬂ\dmrdsbyp}ohwwarnpbyed 1o @etermibeethe RMS
(RoghiFan S G Phourt44E EiGT ERG ISR A S T weers were
cleaﬂ\édocr%oé&e@mkqu ‘P’(HL@)HE@z fntersy, oezsz Ekﬁu&@ands%gﬁ)ﬁned

uare) val ue of sur ce m Ccro-ro ness t
1- ihexwaﬁdnewxm‘ divsledeartatranly datoesgvirgl gronpmlwﬁtheadc}RWAfeI pair in a
i n-drie

H20: 02: NH4. = 5:1:0 |
groufy IEAATIR AL AT W, PG 1 G o (b Ag cbvered waer

pairsO¥eréPseanddt &a&lyg%@tbﬁ{snﬁaﬁof tHifty @eccods P aﬁ k&ti08 idetéh mode
specific way prior to bonding. In Goup |, the oxide

(RIEg @t/ bQ(meﬂH“f drhe mastraﬂéqdewatfp@aw@d dmpedmn GM@% grasie agpgonium
hydré? h ueﬁ% §§lﬁ H rﬁao oﬁl er s Wer ;ﬁgfe%lbl e%}r?ftm,

befotdVb¥ng @@ﬁ&irmm bmiedly:d aﬁ))@it d@orﬁqetﬁpmtmlmtqmnp II, the oxide
containi ng 353% ammoni a, terned " OH' hereafter,

covefssk Brtsry sickry et 1901 02g %elHid aawwomoaufpr aP seefsids and spin-
drlec%l.é?ﬂgg?{ i entwlé’gd%p/ﬁ{&& acEgiﬂl ﬁo%vcﬁf itk x%esused and

aqueou utlon for
can l%ﬁomdlsOli%do 85P0 Thd rwadets wiinethelr heattnd: andir att 250AC |fmy2-\1rahy The

accor di the.t f silicon oxide us
wates ST e a8ty b Ko Triodvessr Bistagieaiadn dipraodn 8F
spln-@'rl(ed BbfofdBnde@'in Air 4Cobm tERGeranib.er S were cleaned again
RCA 1, oxygen plasma treated, dipped in NH4OH and

spFIGdBu gbwsether bondingleshergy as ra denatioonof @tmmttmwe at room

3_sho ndj ene a ncti
tempeaprs a 2 ke leRanE Hitef BEot GRoB Tef 16 PSbRADRR pschondine
ener%@fof rwited p&irsOfn Gr@yPIll inkidsds! quitlas RSCIOOVJ%Y/mZTﬁﬁhm 3 hr and
onding energy of wafer pairs in I ncr eases

G ou
reachfisi the fipctuee eurogy Af P siicom @560 mJ/rar)oa er ~ 40 br storage in air at
room temperature and is significantly higher than the Group I wafer pairs. This is shown

by the upper curve in FIG. 3. The HF dip and subsequent heating prior to room
temperature bonding produce a large difference in bonding energy at room temperature
between Group I and Group II bonded wafers.

To determine the effect of the oxygen plasma treatment in enhancing the

bonding energy at room temperature, another group (Group III) of wafers was prepared.



reaches the fracture energy of bulk silicon (2500
mJ/ nR) after - 40 hr storage in air at room
wo eovpaoasure and is significantly higher than peEU&0OUM 3306
| wafer pairs. This is shown by the upper curve in
The bkfde cdvertA8vdrr SHiRd ﬁ@roﬁﬂ llﬁex%t% 'Uon@@cﬁ&t' 1ogmPlehierde after the
room tenperature bonding produce a large difference
same¢ 1propeesdiconditorsr gy veferr pairs ire fseum ilu excepb dhatethn @ygexp plasma

and ded. waf ers.,. To determ n t of
treadiif G50 WBS Oy N iR B h H AA t Rt Gwigrature
for vedTer @irsabith R WithoResladnl Beat@Bat ehoWhat F1G 3 0WPG! 4 iddicates
of wafers was prepared. 9 WO 2004/ 105084
that theToxygen plgswa dzpbnent is nokesgentieb farrthel fnlh themigali banding at room

temp%rﬁtﬁ% 1% lVL.fe%{)I?dl %&%gceﬁgd [)9 \%lg}-ltelf aﬂ%lg&% ﬁ; En@%k%;) } re

rocess con I ons as alrs

ex I:reai)furtlfeagrdubﬁ(}mquléﬂ tipd @aﬁacoﬁerﬁhWﬁlEﬂpatﬁd wereVWdaded at room
omtte A simlar bonding energy. was realized at rogm
tempeEasradier the same; Praggss copdifiens 4y W#%a@rsm Group Ihesesrhthat the

step bf F@Eﬁ?ﬂﬁlﬁ %@is%nﬁﬁ‘ﬁhtéd‘atﬁ x@ﬁlaéed 13 &é-to%tieﬂ%eﬁ%lt ﬁ%o'r p%.éS shows

he ‘oxyge asma treat I's 'not essen
that thst:l bondhgmncmy atcmothrtgmaeraum)m rethered diyad036 dori Wafempeirs without

N R S0 SR R o, ARt a 08 B SPeany

incrdd8ds'the B&tcﬁn§>éttb@|§>daﬁt)omaﬁpe&merat ure after the same
process conditions as wafer pairs in Goup Il except

t hahe Nk O tregiment teppiDetedithe wace WithiNE gepuandPreferably, thus,

i o R OSB3 S P S e

can B&%edoaiplishddeby Rapdstrard & O, OHNEYPhintighgas] 8dostd 1622 NH,OH-
versus 2500 mJ/ n2. The NHAOH dip thus significantly
contpipEieeplsFaa FPoBHdiong NHdPycontainias Havihpapait o €xpostee to a

Nmtitt‘t%ttatng?ge ptgp{gbﬁt,ﬂttbﬁg%gﬁ of BSoveUteh: e M th NH2

gr oups In the nmethod according to
t h&Vifervpaitsi wareNMBcapsalips tiase it €roup dl, dat oe pbse-HF baking was

surface. . can be cc | i shed by exposure to a
variqgu FhFoRP grafﬂ%gwa%\élse gg[{)ﬂ“é CF OVaCTRI IR SISt & HF 1R room
tempetAHER 2 %BQS&tmm@ob'Hﬁ%t CWa{sa'oBtaﬂ& L ipyal qln%e&gr iP"room

exposure to a OH -containing |i qU| or conbri nation
tempgf atutly dmadmgcmem s sy ﬁmﬁm Ofm‘tptbsg-}%bdﬂpg t}au:rqmaidreafsr 10 hours

O t-HF b
of RO Fich Bpirot@dn A aiBon adamiti bR g SokPist-E. pre-
bondiflg Bhkin@tin VAGEA al BARIATIAE W6EM témpé&ﬁﬁ‘lr@ 'BSﬁdlMg 0y dkieved.
was obtained. The increase in room tenperature

The |9pHhipsaliemgye abtamet fioe e bake gt aévowo%ia HE meSngl the method

acco} ﬁ‘)rtﬁE i gt? 3 re% % Ett apo% 554
PR era rang ?
po%?he hEovepfeeultmﬂmmg ﬁbﬁkth&gretsﬂtanhhigh tond ek A, rﬂh@lﬁéach of
the ﬁg ture g energ i.s _achieved, The optinal

ew@P@ t Stk s r & e adipaefothe leée@overﬁmgvafers
conthBhtEﬂ% dﬂ@ltnmgbondmg at room temperature.

It is known in the art that adding fluorine into silicon dioxide can lower the

oxide density and create micro-voids in the oxide network (see for example S. Lee
and J-W. Park, J. Appl. Phys. 80(9) (1996) 5260, the entire contents of which are
incorporated herein by reference). Recently, V. Pankov et al., J. Appl. Phys. 86
(1999) 275, and A. Kazor et al., Appl. Phys. Lett. 65 (1994) 1572, the entire contents

of which are incorporated herein by reference, have reported that fluorine
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according to the invention the heating is preferably
carried out at about 250 C. The above results
wo n@uaeioes fromthe resultant high bond strengpP@EUSto&a013306

each of the HF dip, the post-HF baking, and the NHACH

1ncoﬂio[¢htféh Ezﬁ%e@’&@SP C}Yr%r BebaliioChRd cﬁ%ﬁe@' @Ptﬂ?es sfiféon dioxide
chem cal bondi ng room t enperat ure: i's known

netwoHe stipetuteh tnwadsl |la:rge fsiagoringre witht wveir | denuelmy diio thel efoldmmng

reactlo%wer the oxide density and create micro-voids in the
oxI'de network (see for exanple S. Lee and J-W Park,

J Appl+ FRaYsF -BO(-0).1(eh096) 5260, the entirepcontents
of _which are incorporated herein by reference).

Re &8It Moditicd spfaﬁtvérﬁ/ fe@thtaqes a ligheadifi s1mygte simpuridie pnd

enha%é%} maﬁﬂg@abig?éte C on ¥mOIAp€ IS\/\%J:>f1 \r{fiar e 1 a%g]()qug tga glgx)con

dloxhler(SIOF Yopsarb &\raﬁaﬁ@éﬁecﬁk&ﬂyswhapﬂﬁi ethdsbdito fulrhardtesphbft. V.
105084 PCT/

Pasikay, £ aNIR g1 e SkTig! dAE. EHendo4 1) (ha 75 e eBe contents
OfngbH)éféiﬁcor?gfgenrﬁ%r@iﬁ%?%féf?ﬁc% owards | arge size rings

sity via ollowing reaction: Si-0O +
F DuShg B HF Qlip- sachl asethe(dip i 10i025 el hqumbus tsolntiburof the present

f Lit er diff n urities ang,
imvei it it adfifie & (edoSatinet S Snd SRl wopet on s ST fosiae
surfA8Qothelthdshs bfeU@dd gtmkbRtbdSds!fbR@ms: di oxide (Si OF) absorbs

wat er effectlvely when it is exposed to hum d

at nosphere. V. Pankov, J.C. Alonso and A Otiz, J
Ap. P (- . 275, the entire contents of
ﬂgﬁ ﬁ%écﬁ?]gpp%{ﬁ?%d her ei n by reference. During a
HFSHOP s ¥EY -9ssitine Fivgg,ion 0. 025%HF aqueous sol u@ on of
the present invention, in addltlontotheforrratlon

of Si-F and Si-CH groups on the silicon dioxide

5 LRLSRE e AR I 28R RSO BAABSAL LA ERY B2 ded S0 041, 130

(1983‘)219 708) thSeatifeddonnd P whith afd 1ﬁb§r§6‘rafbﬁdw§bm HgGkicpmea, THe
El ectrochem Soc. Vol 130 708, the entire

post-Efnbakingatel ewﬁﬁdcﬁm@ﬁ@tqrmmlmm@a wiserhat ig\generated by the
abovE et £4iBhA Ghd ch cep At ﬂﬁf(lﬁ’lrf%acﬁffpgoﬁt ﬁﬁ{o@fﬁ@ta‘?&ns dlfFusg ugco the

t enperatures psS renove
oxide¢ el readiovieh Se@eﬂuhmndamfoan ISEOF escotdiag td Ecp rilne

di ff.usi on. Fluorine diffuse into the oxide a
r AR Fes RO Bk Fonls oDt a.tm@quoglﬁa layer

o o SRR Bt ORI ol SOUh sk e
hlghgreaﬁ‘ ickegcy ofawhiey rabsorptionli ?/ﬁownmrg%@resubsnntlﬁ@peﬁ o beking
tempera%ure up to 350° C show that, when the post HF baking temperature is higher than
300° C, the resultant bonding energy is actually lower than that baked at lower
temperatures. Chang et al., Appl. Phys. Lett. vol. 69 (1996) p. 1238, the entire contents
of which are incorporated herein by reference, have reported that if an SiOF deposition
temperature is higher than 300° C, the moisture resistance of the layer starts to increase
due to loss of the fluorine atoms in the oxide. Therefore, the reduction of the bonding

energy at room temperature for wafer pairs that were post-HF annealed at 350°C prior to

bonding may be attributed to the fact that the SiOF layers at the bonding interface absorb

11



hi gher efficiency of water absorption. However, the
results in FIG 6 for baking tenperature up to 350 C
wa@bowiodeat , when the post HF baki ng tenperat ur BCT/8S2004/013306
hi gher than 300 C, the resultant bonding energy is
less fi&%lé’cﬁfel thah QHE" f{mmd 1RaHSHrAbvdronR
Chang et al. y . P%Sltsea Let%tqar VY)% gglz %lgé‘rg@@ia%leﬁiay be
th101€F238 the ent i re contents of which are incorporated
referenc reported that if an Si OF
o8 PETRed PEhEB 5 e erert AVGRAFS thelALap Ehurficg tormination

of silfborbdidkide iLSInyeAEERoR SiliNEftdr PYSLHP Ahdading %o Sﬂeﬂeﬁﬁﬁ aRCA 1
due to loss of the fluorine atonms in the oxid

solutipieelearing by theexebangetr¢astionf t he bondi ng ener gy at
roomtenperature for wafer pairs that were post-HF
anneal ed at 350C prior to bonding may be attri buted
t o Sitet+ HHOH - ISMOH hallSi OF | ayers at the bongj(?ng
interface absorb 11 WD 2004/ 105084 PCT/ US2004/ 013306
| ess noisture than that of 2500 C anneal ed | ayers even

thepghst. b?{ ?ﬂﬁ%s WAL SR eREd 1d 8] F]g laftet %]néafot:J E)fGafrr?prlé ea((jzlueous

process of e present 1nvention, e ou

NH,OH diadthat enmtdinsgboamh 65BFHA)L i con di oxi de i s converted
fromSi-F after post-HF annealing to Si-OH after a RCA
1 solution cleaning by the exchange reaction: Si-F +

HOBE-OHSH NeHOH B s{-RH,Mostofi - OH groups are ggueous

converted to Si-NH2 after an, for exanple,
NHACH di p (that contains about 65% HZO) Si-OH + NHACH

4 Howev the is sti
paﬁlt ‘ I yﬁ]teer MR %S& }ﬂlo YgeBtinate g @gtgﬁ@pﬁlﬁﬁt@the&\uﬁ‘@l{
dip dﬂweottmttzi@cdr%ate@ﬂteeﬂm@m the NHAOH. The Si-NH2 and
Si-OH term nated surfaces are bonded at room

t epeSuNkand -OH fernpipated wifages argchanded at mel fsmpsemture and

86 g_lé ?@acg%é Iéﬂ&ﬁf(/h@g&e t&gé&{f%eg g?en%ﬁﬁ rpgfc}é%mlty

Si -0 Si + HOH (6) For exanpl e, -Y. Tong and U.
Goesel e El ectroch.  Soc 142 (1995), p.3975 have
reporte%l'NHafF%rN@SP SEDVNHYAt Hbonds can be f6Dmed

between two Si-OH groups that are hydrogen bonded on
opposi te bondi ng hydrophilic surfaces at room

t enper afiOH + HOMSY €5 Si-Ok8i salo¥e pol yneri zat i ofy)
reaction is reversible at tenperatures |ess than -
425 C. See for exanple ML. Hair, in Silicon

0y R . % e P.P.o.Ga r,
IR Sl G YRy U oL B P 3R 199
p.39t0lmtvenesortet tisti SiHO-8i eovalen bpadsdaateferméd b&iween two Si-OH
refer enclfz. . . o

groups that are hydrogen bonded on opposite bonding hydrophilic surfaces at room
temperature.  However, the above polymerization reaction is reversible at
temperatures less than ~ 425 °C. See for example M.L. Hair, in Silicon Chemistry,
E.R. Corey, J.Y. Corey and P.P. Gaspar, Eds, Wiley, New York, (1987), p. 482, the
entire contents of which are incorporated herein by reference.

If the water and hydrogen generated by the above reactions can be removed
without heat, the covalent bonds become not subject to reversibility according to the
above reactions and permanent covalent bonding at room temperature results. According

to the present invention, by fluorinating the oxide before bonding, fluorine is

12



If the water and hydrogen generated by the above

reacti ons can be renoved wthout heat, the coval ent
wheovddodvecone not subject to reversibility accpeTURINOL/@13306

the above reactions and pernmanent coval ent bondi ng at

1nco1|&§r%\f=/‘<{eﬂr¢]c% Iﬁl('g%’ﬁfeaci eea\ﬁ ngl%l‘qtlrl]eg ﬁ?&fgﬂ%h‘ﬂ%‘g %%?or I t@{)ﬁ%ﬁﬂ& water of

the &bQYerDOiEmlelszathZ mtzcomm%oammw b;SZﬁﬂ’dsllﬁ)g.’a"Bﬁﬁ the bonding
de .a

it S ShElo P i 8% e FoB PR 8 Gitace, leading

to a RSty A8k A | ORaleREBdHdMY Q@Bssbﬁw%ﬁ&@fa@@%t I?Uorg'téﬁlﬁéﬂaﬂﬁe The
fromthe bonding interface into the |ow densit

bondingepqrgwmeed fonstiva ofithy Sﬁliaéim@d‘ie)fbmr@gm‘gmﬁ rat e@(frmt@nperature is

oo 9ERS,7 58, 8401 D0 8 Ol YRR RSB R e

sameprodesk donditions BfthdRan Groas H. Mook c@ﬁstﬁit%t@%néliﬂi@f dater S, the
roomtenperature i shown in FIG 7 for oxide covered

waleh, gpraensaonsatigs @eaglae infgdaRe; enmpe e ity psenvgtiansd to therrguare
Scde [ r .
root ?g ﬁg?gﬁ%tﬁft)g{?ﬂgf 'dgﬁ%tjcﬁlt C o?@céva t ﬂr)]l @(f)ﬁ@]g}yldro egrcoﬁlcentratlon at the
bondimgingenfaca Csois reterdibly fropudtiogal totherstiaare r&s bfitiene t and hydrogen
revers roportional to the square root of time t
dfmﬁﬁ&“ﬂ%ﬁ@lﬁ%ﬁl ?f usi on coefficient D1 and the hydrogen
concentration at the bonding interface Cs2 is
reversibly proportlonal to the square root of tinme t
anﬂslhysy(idgeﬁ di ffusion coefficient D2: Csl= (7.1)
é?cD ).1/ 2;,2(7 1) Cs2 = S/(7tD2t)112 (7.2) See for
2)'C. Tsai, in VLSl Technology, S.M &9, Ed,
I\/t:Gr aw Hi II Auckl and, (1983), p. 147, the entire
contents of which are I ncor porated herein by
r eSerr fomexamplke I.6eC. Btsagiin /IS deghmologys StMy Bz iBd, WicGraw-Hill,

r opor.t.j.anal e water and h dr n concentratl on
Auc@im‘{’) Hébggn & n][g407i’ ﬁ{g% CPH{Ce CoRigrds Wg YR INGYPLTRERY ferein by
referbic@portional to the inverse of the hydr ogen and wat er

concentration at the interface: 7 - (Csl + Cs2)"1 (8)
Al Aldbghondieg coemggnit isatevensibdy phifdrti@mirito i watenamd Hedrogen
at er an O4 ter nat sulting in
conofiFRoR i BRIIRE Il (R PHITE nBH ARG PREorionsl to the
inverdé bf ﬂ'i% 'h‘f{fﬂﬁdgeﬁ’ bnd'¥WfeP 88t ehRatforPR Mt B cbe
significantly higher than that of water due to its

much smaller size (2.5A vs. 3.3 A). The increase in

bond g%%nray then be dom nated by the g‘iffusi on of

vvaer( proportional to the square ro ) of tinme

if the d| ffusion coefficient is a constant: 1/Csl=

(701t)1/2/S (9)

Although the concentration of NH, termination may be greater than OH

termination resulting in a higher concentration of H, than H,O after bonding, the
diffusivity of hydrogen is expected to be significantly higher than that of water due to its
much smaller size (2.5A vs. 3.3 A). The increase in bond energy may then be dominated
by the diffusion of water and be proportional to the square root of time if the diffusion

coefficient is a constant:

v~ 1/Cs; = (rDt)*%/S ©)
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13 WO 2004/ 105084 PCT/ US2004/ 013306 Consistent wth
this understandi ng, an approximate |linear relation of
wo b@4resasur ed bondi ng energy vs. square root OPCHUSIAYE3306
time is observed, as shown in FIG 7, is consistent
Wi : y Qi f s f :
Bone ot A nlY ARG phCuRoRARl Wl rfon of the
meagtied bondieg endrEyivs. squasé rogh bEstoxagn tinteyid obspeved, anshovinr inrRIG. 7,

.. th ond interface. s |jkely. responsi bl or ..t he .

is cpfiten? S A AT gldker) i Fhioh SRS bRk By bORdibE Frserface into

the fickiatEd dXINETA B0 Urhlﬁythetdiﬁ“uﬁbﬁféﬁ Ii?s!ateir Qmﬁ}i'diﬁgérﬁ aﬁ@ﬁz from the
|imted to reactions that result in water byproducts

bondyerface inlikely spspansble fai the wabancerpanicofiipebougding energy observed
. f i o v f. . _Far. .
in ARSI s SRR O SHIRGS, rblp gt in

wateg by pipglucts and exadiffusion afgaidoyattr @at & dwigehl) DypédhodSaway from
.E)or exanple, the wafers in Goup 1V, there is a
said OB IUGHACES | y hi gher concentration of H20 to diffuse

awgyy Ii'b@ﬂ&lih@f%uffﬁge%gtaﬁ Qﬁﬁﬁ%ﬁﬁ@fﬂ%{ig His mgkgéﬂ%mfogﬁxgmple

energy of wafer pairs wi I ncrea
one wot Hregtedr wife WHaH amydfor eaempke, dhenvedferki ighGroupalVigthere is a

h that of wafer. pai wi t.hout NH4 di.p.as sho
subs e GentBinitiaR 5F o b iRt ey s RdRerager Theietore
the BoR@ingNerSHBSEOWERE PABNEHA WHLDH AP Merdalesrdufitkl %hgs%rage time
After formng an oxide |ayer 81 on a substrate to be
and prepleRsch moch higher valyg than Hleat e ivaden pairsxpitixett NFyOHEdip as shown
inFI@ tsher by a wet process or by a gaseous process. An
exanpl e of a gaseous process is exposure of the wafer

supf arehodoofHuoapias ad sXiae layeRTreF Shd M istbs8fuddt bonding is
sol ution. The oxide may be fornmed in a nunber of ways
showrpy kTGS §Andfe. Adter formigen pxide faver &1 on g, supsteatarte be bonded

o . b ,
00 PRIIEE L eltaei, IEBER b kTSR ol g
procedst h Anoexampléofit gdssoius @sodesy mettpvivee ef the wafer surface to HF
Al ternatively, F be, i.ntroduced. i nt o, t he oxi.de
vapof ROV ESI et B SPPBn L 4F OSHegRaY, k8 GEeddn & number
i Vi 4 J. 11N
o Vi SASHE o o S8(D1o il N, AL R o

depogitionPECVILY), &t theunal grovidy. sllhefsabsirad2mey be aysalicod wefEH with
L 4t iss.not t hat the .dinmensions .of |ayer. 83 are
or it debigh (el Inek B Ao Tl B e Blrag g indndbige
layei &y fladiirelien iBplagtation 6f BdloFfasi 10904/ caE %ﬂﬁ@rﬁ@%&d&m-i GG
85 al so having an SiOF layer 86 fornmed in the

suffige anncaling Bon2fig 2BiQd swfdse bpadihgdayed 83 ofabbiteht wm
thick, SRR T SREHE o R rR et (I Bt i s e

dimedbiod of Riyer 83 hldatvt Biadwis tdRARE ArHéSiuB&rdl® isFeadl Ror Mfding to
bake (as inferred by neasured bond strength) is

anothes spbdrabe8hbaying psceindshondingdayar §5xdsa having an SiOF layer 86
formed in the surface, the bonding able to be performed in ambient at room

temperature, as shown in FIG. 8C. A very high density of covalent bonds that is
higher by a factor of up to 2.5 than pairs bonded using no HF dip and bake (as
inferred by measured bond strength) is formed between the substrates at room

temperature.
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tenperature. 14 WD 2004/ 105084 PCT/ US2004/ 013306 It

is also possible to bond the Si OF surface layer to
wareihesosbondi ng | ayer without an Si OF surfacePtHYS2004/013306

It is also possible to form Si OF surface |ayers by F+

I hd
A DSOS B ISR i BRI gl Sl

withouliannyiQdt swface layeatlet éﬂmdﬂmtﬁeforﬂnt&w funfatéd dayers by F+

o BRI BB USR5 LSS B B of sion

oxidefellephel bﬁbaah%g ati GRONGA @@nﬁ’&% Ol @%m@lfe?%bélble% form
using Si F4/ Ar/N20 at room tenperature (S.

1OFCﬁgface JayepahkPERGY D (P@mngnlmpq:d Chﬁygal yepqr De?j:@smon) For

exanggy R sepite PEEXD FECHTSORO L 3 Mnvg o sgom

tempeetyre ASIY. KiRh$K. ClehifY. B&k(ail&g@hung, Aﬁ,@?ﬁh)@r Lett. 79  (2000),

p- 1@; §é8§/@ P%gée e%%ﬁmgszﬁéfgeﬁ%gﬂ%&ﬁ@ e%ﬁduﬁgfﬁeél S@@ tBK.
Ajmérﬁ Atlei) §ée05 éfh% %PP@@'U%P P/38760: 81 ﬁﬁ)lc%g& 8, 300°C S.

di oxi de surfabe has uni que “app

Lee aidowPaidkhdppit Pbm Eyttt8®a(ﬂ996)ep ’:'@6ésent i nvention can be
d J at n GO ent .
orth HE-Bh A REnBunE5f Bt e g0 Sudte honfiy fuer orpiicon
dioxidé suffaves h&shﬁ\ﬁlgu@hpﬁmﬁtl&%] eeiGd. &S QRS sﬁl}en%ﬁgﬁf%aé the

silicon dioxide on a silicon wafer, in this case
presesy [invepHor e be usei; itcopmduae adptalized Merigtmn Mdva}eatjbbiﬁhng

i L1 . a f, oXx from
and (ALY bR ot s ol BT RA BT Hb 1 theciel s G Gaps
of ex@dseﬂl’sﬂl(ﬁmdﬁé’}h@@o@@ kllicom wlfer, thiBis cH&A4hE 8ilR6A HEAB: Fe%iﬁn@ a

a discrete_device, a circuit or an i ntegrated

dﬂut% FIE g puttersd difgrseliion ippsadels etk saglepmognt @ omenfe@ncthﬁ
surfaB&i Au1tafdoon NG ;f‘ﬂlelé'cé}f Fitogﬂ'd% lg?er oing,q g ggxélé dpgr)pon 92. The

sol ution etches Icon ox1 de "ex
deviapeottione c8ddt be cr eiadc&te révies ed ciceid &5 an Theer@6@ SERMUL.
ave a v de range of depth froma few

Photoisistor g Ag B Y formes §R SRRl haviapenspaiterefds oThe
dllut@(}ﬁs'sghﬁloﬁ':ét@esgﬁ}: s1imﬁ1 dRAAL %ﬁﬁds@& @{3 ?a'ﬁ}fé r&l Itd"%%ate

is resistant to etching by Hr. Layer
recespasl aromBl Bhe rfavssssthama rnay FEve.a By wﬂckpnasget Df)(lhapd‘i from a few
en

o pn5E gt Aioheh dhBRTGH SR 1 ooSTHeaiGL OB herne
phot@esiét- diFmaskhd thyet 'ise%is%t %‘@tdﬁiﬁg' By H}he qu&uﬁf—‘ 1Hr:emoved

treated surface. A CMP process step be used
folloyed py.casahpwe in REG.r%s slspesition efssikienn dlﬂ}pd@a@~2ioﬁ€ across the

entlres é’lfrfa@g e TE]Q 5?% ?CS geéﬁosﬁo %CGSSS %:il{flacg El‘r\] %{ch?i c ]i)%st%ﬁ:n
treatmg and)bmés&h@élﬂlaé HPrerdatedadiefaber wafer, such as a

Si|i di oxi de r 97 cover.ing, waf er 98, as shown
i rf& ﬁﬁ‘ég PErsessIHiep méb}{hep&%@%m@%@ﬁ dhegorasied gga and improve

the surface roughness. A Group I surface treatment is then applied to layer 96, and the
silicon wafer is bonded at room temperature to another wafer, such as a silicon dioxide
layer 97 covering wafer 98, as shown in FIG. 9D. The room temperature bonding energy
at the HF etched regions is then significantly higher than the non-HF etched regions
along the bonding interface according to the present invention.

When a bonded pair so formed is forcibly separated, the resulting separation is

typically not at the bonding interface of the HF dipped device region. Instead, a part of
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at the HF etched regions is then significantly higher
than the non-HF etched regions along the bondi ng

WO paoenbmee according to the present invention. PaWER2084/013306
bonded pair so forned is forcibly separated, the

the s'ﬂi%ﬂlv%dfﬁgorscgé’t 1@6&%@%& $isel g}ﬁ%g GRkle Qé}featﬁtth% Bg?&e%gggﬂeg}gce and

I nterface o vice region
peel fiizmt thefsubst&ta/\es il ﬂdhﬁﬁhaﬂcdmﬂiﬁ lHﬂBEOQE/ DA3BNO9 dfls@bstrate 90 is

s Rt S SO AP L B

sepafatiBhy fk ErachSe gI]@\/ng chematically in FIG 9D. Portion
99 of substrate 90 is attached to device or circuit

92A physicabexantde of thediléx. 9$Eh%mai1qoxs rshown il G wicrdgyel of FIG.

I TR TR e

Thistrb@naftchegs agiachire fr 5351110(119\x1af@tbeﬁ$b@i\/&1et%%dé& Hatdce erhéi"e the
wafer from a bonded pair that was forcibly separated.

surfapgveas egpRgdtto dHowdhis 1§ eepsistens with the dondiog @n?vgﬁf detween silicon
ox1d€x eh eg‘ t%l&%'_llﬁ&ﬁf%ﬁg bélﬂg %% iex. S%M]tﬁ% ?ral:{ﬁﬁ Flﬁelf'é% gﬁ gvlﬁgﬁhcon. In

othee lrentjgnsbait the drondinki inteafaco vl dee Wafe i alsbhddem in FIG 10, the
| ocati ons bei er th n the fracture enerqgy

of
surfige Wes 3pF PrgRed ?%‘% Elh test Iscationsntherongimg aperei i gxpected to be
lowek m&rtﬁé‘ ¢Bctife L2y Kk Richn. ?hﬁqs 5 R 11t RyifH e tk c%f%ghcon

surface was not €xposed to HF. In ocat i ons,
peelippmeithese @pax. gy i s expected to be Iovver than the

f f. bul k | ste
i SR thEPRERS b0 el o Sl in e FormeDiog OBS et Kdiplgctric
due toofhelih#edhclib @FiM Ak AE HBYe Wish TRRW thel dlelteg't?ic constant of the
formation of a lower k dielectric due to

materigh.  Heje Eaafusn ob thepresenbinypretiamenasebebsed o a@vmageun ¢he design of

e84 L PO Aot 5, sTINEH By SR8 U s

betwdas t@anfal hhest gt albedt tHer wibilewel ah mlGayeptihtdEdodh&sis in VLSI
For. exanp a low k dielectric can be forned between

devigegebyat %PFhlrlg REQCESYy SEchstexppsura o B qatjag\aspa Where low k dielectric
is de%(%\lfoﬂlo%& 'Bg'aﬂtcﬁﬁ&éjg%%&'ﬁ%n P ~Y§(§b ﬁ%v "]_.f %g?wg ¥dn %?ample of an

I ng protess as exposure
embedded dow dwstkictlirel datFiGe 11, Rmdb sna‘tadal fl@jelr @oetibngyl 1a nand 1 13 are

form beee SRR SuicscPack e £12 ikt Fie Mgl oy 125 and 117

arecgﬁ{e@felqu Vllg;syﬁ%dglgqtlgons 111 and 113 are forned
bet ween OXIde | ayers, such as Si02, 110, 112 and 114.

I\/bE%ﬂmIPlayers 115 and 117 are connected by vias 116

I t he net i ]

Do et SARTR, G 1 ARG RS OB sl pifie PG s, A

first bxiye [ay81181 B foahéPeh Qibsee BOrEIG. §9), (ﬁh@me&&nﬁdﬂub‘&{ & film
is introduced into film 81 by one of }?roce ures

81 byjeug-ef thearospdures dessrtsdabogs,susehe emoswe t@ Brpomoseretioa F-
contaﬁm'rzlg gas. A second oxide film 82 is formed on film 81 by PECVD, for example

(FIG. 8B). Fluorine is introduced into the second film by diffusion and/or surface
segregation. It may also be introduced into the second film by the use of an appropriate
F-containing precursor for the deposition of said oxide film 82. It is noted that the
dimensions of films 81 and 82 are not to scale for this example, since the figures were
also used to describe an example where film 82 is formed in the surface of film 81, but

the figures do accurately represent the position of films 81 and 82. In this example, the
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contai ning gas. A second oxide film82 is forned on
film81 by PECVD, for exanple (FIG 8B). Fluorine is

WO naoraciesed i nto the second filmby diffusion peT82004/013306
surface segregation. It nmay al so be introduced into

struc}gﬂ@ RES U nbkd T3 Y bhd US Eerte FNNIBORELRS '1&%? that. ahssmts in the

containing precursor for the deposition-o
removal obd lfelabtmrsmypicﬂucts baxpest ohahet &@osﬁpneh:mp@lﬂumf and/or F-

films 81 and 82 hi
contgipiBProtnE o Prop bt seit Dl AL L ThE EtnfTE 87 BieS ready to be
bond%&%&héMWf&Js'sh@%ﬁ?nFR}fw med in the surface of film
81, but the flg@res do accurately represent the

poSINIB d§ eefndsy Basandpegzoscppy X hiegsusgmpmh eyerehigkdrs on the

sernE PV 0 T R R Pl B B Ry B where

a siliass bgids layer idormee ARY ekpakd te as HFogw G, Selusie HagdBRn of
of the deposition tenperature and/or F- containing

oxidg, ate%ipr Sorl hecmpieanasiban (ippeditan NEHOH poliig. Thnieasurement
is shﬁﬁr{mh %IGS }_% %g 8%%%}4&%8{ geco %ﬁg})z)r?dsiéégﬁé@%n&ﬁé fteifate of

ary
bondSp evmfers skm pyere egaped ie MNHMHOH peoetd bhelingis ddnéirmsdibpltee SIMS

measQATRIRG SHPBE G JH VRor BAienabty G SN EohlgyPaspeenent clealy

conf&ﬂ"s R e AN &XPOS REHLP c&{beﬁF atﬁﬁﬂ 1%tth9 Qqcnfu%i l)f)ﬂfcdoﬁde deposition
deposition of oxide at 0C. The sanpl € was then

interfhicp pa thd HF stchkiHagOesss cﬂlmq tbn onmﬂéF eEResUrecioghis salmslesmwhefore

the Qb dsBhsiftfi, if B sonRUERe Sty b SRORL Athe PORERe Mtertace to
the cﬂfﬂiﬁ@ﬁi of IF N el d¥podiedb®ngd Bl asc@@NhfidBROHRYoxide surface
measur enment shown in FIG 12. Furthernore, the

durlrsal ﬂbs 25 o ioméderdenasitienre hbe Euring gonceninationn the\bonding interface
is abﬁﬁﬂe 16“5:6 38£nd%hé‘ e%iln’ftr&%%g{ Qéén%h&’ﬁ‘ | g.ﬁ@%ﬂ‘{’&ﬁ’ MiF Heated

pos ace on
away €ioas she bbimiirg tilnerfadel factitatex mswa& dforehdtion Bﬁ)fpﬂlﬁttmch as
before the aoxide depositian, IS reasonable
HOH, (resylting & @pdnereased pqpcestratip 06 PREPIYFNE SPER ?%tc@n@é and bond
strenbf}€ di ffusion of F through the deposited oxide and
ccunul ation at the oxide surface during the 250 C
oxTHepdsﬂﬁEumWamw dhebﬂwuqfﬂﬂdxmunaeﬁﬁﬁa(]hncmhpmh@eto'me

i 2x1018/ cnB3 th k .
tempRiTE O SO el PECVD S5 S6PiaoT T AL RrRS Bosibte to
av01di¥.\@éi)a§“£t9 Hﬂlﬁéﬁﬁn@ §’t@§i LR& th@l—ﬁfdlﬁ%aaﬁ_ls@@a!dl deb@glﬁﬁg 4 9E@W ofille on

reacti on I‘O uc such resutln in an
the HIn¢neaigd @ur @@ncémemmpbrpfdhlsm@iwmﬁmts mdhanﬂmanmmwf a non-

planfpl8P 38 est o oty SR, SRR Pa RS Byt

bonddity &dn Bvery st Ril dbreie %@A@g@flld@gﬁmoatduﬁ@ MICsht Hdivever ICs
thus possible to avoid a separate annealing ste

typicgily e,haV@ HenpgEpknar pyriacssthatyip a@pwdlupws g fﬂaemmaéxwesmooth
surfaggk %ﬁ?aﬂfgf& rS%qgrgﬁéfF{u?&&ired@%a%%%ﬁhﬁgOfA MR for improving

tage is Int planari zation o
this planarity is to deposit an oxide layer followed by CMP. This is similar to the

example provided above with the exception that the non-planarity may be 1 micron or
more. In this case of increased non-planarity, a thicker oxide is deposited or more than
one iteration of oxide deposition and CMP is used to achieve the desired planarity. In
this planarization process, if the HF treatment is applied before the (last) oxide

depositions, then the subsequent oxide deposition will have an increased F concentration
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pl anar wafer in preparation for wafer bonding. For

exanpl e, the roomtenperature bonding can be very
was@iabsoBor the bondi ng of integrated circuitspPCT/0S3004/013306

However, ICs typically have a non-planar surface that

and a iFsac?lﬂﬁu ﬁgﬁi %ﬂﬂté’ Sufale LRE: ML 3QRE RPSIBHPOTHis BYULARERSton can
erablfe 1o bond

pre r room tenperature direct wafer bonding.
then résuleinhotigher bomdermvgyydor exrngplp mdiiaa iGrgup & presbatebigedtment as

an_ oxide |ayer followed b . . This i i ml t h
describsdpbse. BHBMGBY PaBR P et SRt Rl e i be
obtaiﬂ%?@ftﬂb%éét%eﬁ@yas%tﬁsd@.Cron or nore. In this case

of increased non-planarity, a thicker oxide is

ddhesi¢thel] of thmpseidnvension dandratartnd ot dx papbient conditions

deposi.tion and IS eqd .t ' red "
ratherpﬁgq,parl?elug,g_ lrleﬁmcfgﬁﬁo ppllégla%fzg{tﬁ%glﬂkgyg%&e@& d@m{’ﬁe"ﬂﬂﬂ““’“&
Cons%dggﬁlﬂeﬂ% inSthe@Pdf i bekeafteinkbetidd &st) lowctehe, mass-production

positions, then the subsequent oxide deposition wl
manufeebuingrternslegss od THS GABER(F ATCORO! Hrmiiog Bodle B8Rl Wafer,

substrg:%r (%%%%ﬂée}é g’gﬁdgﬁe@ GFheanIQt;epm'z:iy %%%Lﬁéﬂﬂ'k:ﬂfaitéfﬁl,%hcﬂ L sifitdd, aGRafer

depositi on: concentration can
having fdlgrﬁcéseﬁ)uhéd ihréi)ﬁn,hu' Igindier bubsttaten@hepy sinkoetcexanpl e with
a_ Goup | pre-bond treatnment as . describ ahove, .
WG EIGE2/baa 25 peet Gio dlericrhender dagstist the Righod is not
11mite‘ﬁ°t8'b%n8%lg%w c&@io@ﬁ ORPy st Rob Red HB3 thAabdRMovWASnd the
not used.” The nethod of the present invention can be
processarapested,oast shiownantFles: 2€omdl 2D orls FiGa2Kethet subsiraie 2A3 of the

restricte o.hi.gh.or ultra-hi gh vagyu . .
st OPROREIC: e YUY SHREAs THPRIPYCh biokiduse lncdine one
or morB PEsHesRY of ériﬁdihQ,VYaﬁ}]ﬁﬁg,, poliBBisig RAG @Hehicahetching, to leave portion

manuf acturing technol ogy. The nethod is al so not
207. Theiapprdphigie Phesess Qreprofesipamagy, be daiprained fased upgrpthe fype of the

bgnded. The waf er. '

e S57E5e S Y R A, Ty, P38 s
substfh@é‘d Qgﬁé&oﬁuihstdfeaicgs oﬁoﬂ!ﬁﬁglem';nts, inditcsuritkbe, al 5t 6@Sentlly all of
an show two devi ces ther, th t had |
subsrgh 201 FRAPLAT B BEAIER MOFCTBedLyIGRer OBk cieelioerasesy be
remo¢QP Pl ?agl’f;bugfégkﬂ&éééﬁ gﬁ%e%rf%séd‘% oR! @k eanterRReahe btching

as ‘shown | I'n FI 2C the substrate
chara?RBistifs dfftiee materialst arrthe détoilnof the paGcul2Bappdicgli®t}. ect t o

SUCEL L LETRUEL B 8BS 6kl U, S O ot
silicoglhgﬁ'ﬂ@ 2hat&i NG T8rmddoh §RYRP 207 i(8Nshod@Y in TE. 2C) and another

ppropriate process or "processes nay be determ ned
substizs 800 withroondingtayse 209 is preparpdasedasaiibedpboypaagiely; dhq suaface

subjected tq,t ro :
of lejieb i s ppelpid S8 BEffe e Bae 3ot PpliGRe AR and
bonded th Usyes UroBagieintetace @1 1 emShBt datlel samhdr f desstibsl ndve. The

203 except for the region where the devices or qther
resulting genetyrer issshawnniny e 21} e g dyocesh gwanm%rfqrgwﬁvﬁ dimes, as

oLy KL BT ARl s o the eiching,

t hEh@piebdnt ihventioppdn baidi locally or across an entire wafer surface area. In
other words, smaller die may be bonded to a larger die. This is shown in FIG. 13 where
several smaller die 133, 135 and 137 having respective bonding layers 134, 136 and 138
are bonded to surface 132 of bonding layer 131.

The present invention may also be used in room temperature metal direct

bonding, as described in Application Serial No. 10/359,608, the contents of which are
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Anot her bondi ng | ayer 208 of the sane or different
material, such as a deposited silicon oxide nmateri al
wo goofkaosed on portion 207 (as shown in FIG 2QrCENS2004/013306
anot her substrate 209 with bonding | ayer 210 is f
I S ;. bed narfel Mgt
b e Ne ) oo MR f o Mo SRS 148'nc 143
haveatsepestive bonding dayean g5 andirid4 dndndetdl padsl Mpeandl 085.atGaps 146
interface 2 in the sane nner. as, descri bed above.
sepaig, e 18G5 A0q e WRRen SRS o8 (UHBH REPPAIdRove Ble Rer surface of
the 1By @55 al® Y4 e TRE sEuPidwest 1Ndré TS and $44 Qﬁsﬁré%ﬁied ¥& bonding as
roduce an (N+1)-integrated structure. The present

disafsmfieahowe,rm@atherb@qdnﬁ@bmds pf the sabsteates axa bowight mtavadrgact (FIG.

u [ ea. her rds,,; smal |l er di e
1485 SALRES B ing BinsBE baliellS kiRt e oy BSmday and
144 sentsot ahd $eginl t8rbodd @t 338 or kidde gﬁiﬂtsl@ﬂcdiiﬁdét BaweBS RRCIY S 141
bon&i:i ng.layers 134, 136 and 138 are bonded to surface

and h4b(E36." bnbii Hep bengepropagntestp ot aberd 147 Al rewn teragerature, a
I ' ature netal direct
Strm%c@gldgﬁc}igggggg%étﬁ%gg I'n g'pI i cation Serial No.
10FB5 9, 5688 wstthetalchoriding of ehalldhidetices er dit8 S\WM@nd 152 to a single

2004/ 105084 PCT/ US20Q4/ 0 6 .h in i rporated b
lrgcf SPRERCLTD: ASTEHENER TpA 28R o) S AV il X4 B9 1R Esopetaely, may
be a@R@ detites RA\BnfaESRALKINE BROGLAY llf?%%ﬁzh%gzy angd l#e"ér contain

and netal pads 142 and 145. Gaps Separate t
activpadpyicandint fabstrpiset 5k havea cestadf stiuvergmadSS.exAebrhdaofemed at

. h f f | ayers and 144. The

interlel? 4 8P Beie B bR Re Blrer L Fon livte 139 2l el 1tk the

smalRs dedt&ClsIsad 18bove, and then the netal pads of the
substrates are brought into contact (FIG 14B). At

| eBlig msipd difect hending efferst munespus advaataggs d@gtﬁki)m elimination of
. . i NGy s .14 4 contact . into .
de BARTHETANAME St 40 ot SpERl B P ' octica

intert@yectivond 44 interedniiedt bédde® wafds)as dEhaitzang tiy ﬁﬁ@@ﬁdgﬂ%&ﬁ OThis
. forma bond 147. At roomtenperature, a strong bon
elimipaigs ﬁnségleaﬂ%%déwg% 6#Fpd P3these diy erinding gpd s NRBE | Further,

adi f 4| . o '
e R LB AN AS el Ryl B B0k g
be scaleddevineber dimensions, 1&altingda pmatlendh plugsay cotiectdohiatewafers.
devi ces or c act. structures. Struciures 156, which
The fRo S ORPAGPlecBHb AT SRTCh VLS RUGPIBEIor Thosst A ¢ VLSI
comph@iBldnave contact structures 155. A bond is forned at
interface 159 between bonding |ayer 157 on substrate

150 aaffyetheroayrampte, theywetbod 8thennydntion carmbd anplidé 0 bemitis1
152 i bpndi
enca it a0 B, JOATIRN: RRrbARSR S dnaiatg: frmed

on the Rhitiek,R@d pydtected &linpdha feiniieibabf 8 @pdsd 1 610sich@s BWBMS.
el ectri calp i nterconnections to i nterconnect bonded

FIG. J4feshews thegdaps of faming bending layer Kdcwdrasiar. 1 69fodlowed by

forming protective film 163 on bonding layer 162, and forming device 161 on carrier

160. As an example, carrier 160 could be a silicon substrate and bonding layer 162
could be a deposited oxide layer having the appropriate surface roughness and planarity
characteristics to facilitate room temperature bonding. As shown in FIG. 16B, film 163
has been removed after the formation of device 161, and a cover 165 having portions 166
with surfaces 167, prepared with the appropriate surface roughness and planarity

characteristics, in position to be bonded to surface 164 of bonding layer 162. Surface
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el i m nates any nmechani cal damage caused by these die
grinding and thinning. Further, the elimnation of
wa@le@p/105084 et chi ng avoi ds step coverage probl enBCT/ab1004813306
the process to be scaled to snaller dinensions,
167 [ btk o e SITBEL with Suhdid®a bd BOMIACE: o A48 16 169
I's conpatible her stan
shoverein lIGhdaCt MGpY&E mmnts annbdlﬁcaﬂoﬁlof tleanpthdd Bhewn imFIa}S.

16A586 VEie BERHBE AT 70 BrHBR RIS o6 RE PP PBARGurface
and Birk Bhoho ehHRGT THE SEhRQNAHENG 170YEErobOA: ih doRTRE it Urface

he carrier, protected during t ormation o
of fike\62 enc_h_Bc.mdsd(tmfcam ondEVE, Anether nm@iﬁc@hon\@f tlhen@h@bsmown in

FIGE APi % e L 1C T WierR oGt Sl atalle 1 2455
portiRAS 1 TPFIMNRE of §YAtE €72 6thOfhrfavés dfortidiR0 73 Ase pre gﬁé@ﬁﬁ" e,
carrier 160 could be a silicon substrate and bondin

discpsagdaboysandchamded teefilan debiosioradonki ¢ Thydghthand ngrtxoneof
FIG.?%‘E; s %‘fﬁ@&%@cﬁﬁ;&d’oﬂ%‘%@ éoﬁiﬁﬂ 19% Wnd%%( to plate 172 with

acteristics roomtenperatu

filmlondhd ¢ thAsushewTt layer F6Lto fobi, bohd I175.1B3eitHea insta@es) portion
ved after the formati on of devjce 161, and a cover

173 %éng Baon Agidsor piliser megsial. g pladg F Faedd b7 silisor plafeed
Wi !A'Ec&ﬂaﬁlgte@ﬁ@ ebédt SavelfidRGRichR H%Qﬂge%gﬁgﬂ &%ﬁ&{eihb}{ such as

characteristic I n"positi'on to rface
depdkBbnofpudieridg, rtgeﬂnm}]gror Th2mically foatiatid®) 2 spdee $1as)84n be used
PCT/ hJSZ 04/ 013306 167 is brought into direct contact
in Pyte of, QQFI%T 148164 and bonded, to form bond 169 as

sheyn pgrdfefrbCembBfimeht & thl: eieﬁpfn%&%mns aft afRRbdid SRLLION dip of
of the nmethod shown in C where bondi ng

waldrapeverad/by flyofinatedbeirfage pdrcpn dtfsﬂdbdeyerw after Apguatipn and grior to

acterlstlcs urf ac
bondilf, 585RR RGBS b, SORARC kERbY 4 oum PR Fyelg e
formk@3n 8 gi-Nvaas addhfdégenbond 171. Anot her nodification
of the nmethod shown in FIGS. 16A-16C is illustrated

n Am BF-dig mndypest-E1k hekisgvap resiyesiogalived gloyplent pondipg at a
des1%§¥et llogﬁg)nio;gthg %a?@rdsugl? a? etglggd mﬂ&gwg;ﬂ rt%@&ﬁéorp Iilgmde layer.

prepare cusse
Altehmtidelg* E (imf)lahmﬁaﬁ %ntl @ubmqﬂefﬁmmdealﬂlg cahhgodugghlocdigred covalent
‘ﬁﬁ n.of. FIG 16E shows a further nodification
bondifg pdesirlle 1724998 i s bonded to plate 172 with film

17 RO iy ottﬂcegl%gérft%%nﬁgn tRY BIF- d'ig 2nd 9&@@%918{1% carf Borm low

In either 1 nstance ortion 173 coul d be an oxlI de or
k digledtiic bovallpiresiliadn dlamsﬂedame Fo7 instamo¢, dowek dieksitricoan be formed

benfied Fediinien thy nafhyt M Rbaeedon MU hufonigtapeat i vis:

deviegittering, thermally or chemcally oxidation, and

spin-on glass, can be used in pure or doped states.
| n The poashed pbthednissiondn epplicableeo ping dpe off ywpstateosich £ heat

sink?,%@l & Gcfoéulil}ogg{% glb@tr&fes, substrates with active devices, substrates with
integrated circuits, etc. Substrates of different technologies, i.e. silicon, III-V materials,
II-VI materials, etc. may be used with the invention.

Applications of the present invention include but are not limited to vertical
integration of processed integrated circuits for 3-D SOC, micro-pad packaging, low-cost
and high-performance replacement of flip chip bonding, wafer scale packaging, thermal

management and unique device structures such as metal base devices.
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waf ers covered by fluorinated surface silicon dioxide
| ayers, after hydration and prior to bonding,
wak@ailtbjosant |y i ncreases the bondi ng energy atPCDUOR2004/013306

tenperature due to the formation of Si-N bonds and

hy

| oenats ARdTcatind B eRARns b U8 Grliinf ARG HEShosible in
lightt ﬁéhmbwe teachingas If is thmefmez:ﬁme‘tmb widethtowdi thatt Wizhigi the sape of the

tivel ation a

app L B renoper B b Rt OB b Detiaraly described
herelpndi ng at desirable Iocatlons According to the

present invention, the HF-di p and post-HF baki ng can

formlow k dielectric locally in silicon dioxide

| ayers. For instance, |ow k dielectric can be forned

between the netal |ines but not at the via level in

mul ti-layer interconnects in VLSl devices. The nethod

of the invention is applicable to any type of

substrate, such as heat sinks, handler or surrogate

substrates, substrates with active devices, substrates

with integrated circuits, etc. Substrates of

different technologies, i.e. silicon, IIl1-V materials,

[1-VI materials, etc. may be used with the invention.

Applications of the present invention include but are

not limted to vertical integration of processed

integrated circuits for 3-D SOC, m cro-pad packagi ng,

| ow- cost and hi gh-performance replacenment of flip

chi p bondi ng, wafer scal e packagi ng, therm

managenent and uni que device structures such as netal

base devices. 20 WO 2004/ 105084 PCT/ US2004/ 013306

Nurmer ous nodi fications and variations of the present

i nvention are possible in light 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. 21 WO 2004/ 105084

PCT/ US2004/ 013306 CLAIMS: 1. A bondi ng net hod,

conprising: formng first and second bonding | ayers on

respective first and second el ements, at |east one of

sai d bonding | ayers conprising a fluorinated | ayer;

bringing into contact said first and second bondi ng

| ayers in anbient at room tenperature; and
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form ng a bond between said first and second | ayers at
roomtenperature. 2. A nethod as recited in claiml,
wa@eowpno®sng: formng a bond of at | east 600 NIPERUSL004/013306
roomtenperature. 3. A nethod as recited in claim1,
CLA®R®Y i sing: formng a bond of at |east 1000 ml/n2 at
roomtenperature. 4. A nethod as recited in claiml,
coip A indiig hethod, rogneprisingd of at | east 2500 mJ/ nR at

m t enper at ur e. . thod as recited in claim1,
i Bt Aot Banlng T8 n qesprribe A e clerhents,
at 149 BA¢ Hsal PY&GHdBnd Hy&@%@m%riﬁﬁé%@ﬁ%rih%&i gS | h arange
of about 0.1 to 1°5 nmRMS. 6. A nethod as recited in
c| bringisg into npntacsisaigh firstzandiseeanidripndimigdayers it analrientsie cowmal
" bondi ,n%ﬁqayers. 7. A nethod as recited in claiml1,
OB g: activating said first and second bondi ng
| af@ining Sborl HERivB&GsAB ifseihd fdohdlaGb@ialtobm WieLitite.
form ng said fluorinated |ayer, conprises: formng an
ox#dé methed as meifedinainnly corIpdisHgi de | ayer to a
fl I Ne- i i e d as recited
| RS GO 1 R i ool ohefBdEE T T2 o
saBdA maythod acmejred Bi dlginal fdouprisingt ed oxi de. 10. A

met.hod as recited in clai , . conpri sing: exposing
sa qgméqgargggqofﬁ?ﬁgeaé?l@gi@rﬂng eoem HRATARER sol uti on
af gemn Iﬁgﬂhgdggyécgg%n ddim ﬁggg%gfglgas recited in claim

9, conprising: ng sal st one of said |ayers
c ofqumiig mborad ¢l at beas 200w’ deroat empembper at ure of in
a ga%%g t(ﬂf about %00-1300 C _12.. A nethod as recited in
cl 3 mgethpdasrected i clgny | fguPEsHeat | east one of said
| afRminCOIRRIOF SR Girdt ahd Y&ohd %Bﬁ’cﬁ&%l%l}r@% t8thade a surface roughness
. tenperature of about 250 C. 22 004/ 105084
in 2 gy oSHeoudd183denm RMSA nethod as recited in claim?9,

cCoppni SLAQ: i i d at l.east one of said | ayers
£ o0on AR F By RE S BhwBBR ng"° Ta. A method as

r egdtivating said fiadt Bm@ secoadBomdh S Biyers,

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

activating said first and second bonding layers.

8. A method as recited in claim 1, wherein forming said fluorinated layer
comprises:

forming an oxide layer; and

exposing said oxide layer to a fluorine-containing solution.

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

baking said at least one of said layers comprising a fluorinated oxide.

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

exposing said at least one of said layers to an RCA solution after said baking.

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

baking said at least one of said layers comprising a fluorinated oxide ata
temperature of in a range of about 100-300° C.,

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

baking said at least one of said layers comprising a fluorinated oxide ata
temperature of about 250° C.
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exposing said |layer to a solution containing HE 15. A
nmet hod as recited in claim@8, conprising: exposing

wa@a0od/1bsager to a sol ution containi ng about 0. OPGRAEEe04/013306
16. A nethod as recited in claim1, wherein form ng at

| €25t AQREHAH oS FlclcP RGEIRD0, doRRERECONPT i Sing a

fluorinated oxide |ayer conprises: formng an oxide

| ayxposingredidest perst onp ofznid layarsi® draREA sotutmn after said baking,
fluorine-contai ni.ng.gas. ,17. A nethod as recited in
ol AP rEetER RO FRUPR T GOITREISTE d oxi de | ayer to HF
Vap@iosinkaidlaf@itb @doRSioh 86hthithgd MF.Cl @i m 16,

conprising: exposing said oxide |ayer to a plasma
cogga{Arm o peresitedmaclaing8,Cpmprisiag: A net hod as recited

in ' r.ein rm at_ | east sai d
boﬁo‘% o%n@ S%%ly%?% t§8 r‘?ﬁi;uﬁg? ﬁg@‘%mffﬁf‘g’lo P‘h%ﬁ g%%’gigd e | ayer
COMprA seshaliefaséitddrig chlim dXwtlereltSfondling 4 3sast SRV Ydlding

F. 20., A nethod as recited in claim1, wherein formng
layergicomprising grfluosmatediogidsdavsr semPprissser s conprising a
f'l’cﬁﬁn@h‘%&? QX | L.ayer conprises depositing a PECVD
oxl de m%lmg%(l a%ag%nt ai ning one of SiF4, CF4 and
Si 2xsingkaidioxidd hyer tas fluecine-edntainirgd gdsm 1, wherein

formng a east.one of said bonding |ayers
coiglr Agrf‘ﬁéo‘ia? T%B?$ﬁ‘a"?@81 %P%P’P%}?%?r conpri ses:
fogfﬂorgglg_eggidcgggigigak,&%ﬁlz rlmplanting a F-containing

species into said oxide layer. 22. A nethod as
r et8.t Adnéthod haenit@llin daimpla, somgrisingpl anti ng a

F-cont ai ni species into said oxide | t dose

ol daltp R G b g dag 8o a5 Gy °°°

e 104 meho@sd telled i FAiRl MwherdiR MRSt Adeas®bEOONGi FBlling

first and second bonding layers by exposure to an RIE
layers cgmprising aflporinated opisle laxer cemprises depositing an axide using a gas

: i sing: exposing said bonding layers to one of an
cmﬁ%ﬁﬂ%ﬁisolution and vapor. 25. A nethod as recited in

cl 20.mAlmethodps irsdited in claie ] Wherbinrfsimipgat ieastsons @if daid bonding

first bonding | a er;,agd 23 WD 2004/ 105084 ) )
layerpeomprising 2/f501in8wd oxjdsdryer seipRtses deppriting? PEGND ofide using a

gas dtathihg bad oPORYI B, JR¥EfH,N0t covered in said

21. A method as recited in claim 1, wherein forming at least one of said bonding
layers comprising a fluorinated oxide layer comprises:

forming an oxide layer; and

implanting a F-containing species into said oxide layer.

22. A method as recited in claim 21, comprising:

implanting a F-containing species into said oxide layer to a dose in a range of
about 1x10" to 1x10'%cm?

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

etching said first and second bonding layers by exposure to an RIE process.

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

exposing said bonding layers to one of an NH4OH solution and vapor.

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

covering first portions said first bonding layer; and
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covering step; and bonding said second portions to
sai d second bonding |layer. 26. A nethod as recited in
wa@ b@uosbg4 wherein form ng said fluorinated oxiBeT/U82004/013306
one of said first and second bondi ng | ayers conpri ses:
EXAQSH; ing sfe%c{rﬁtpo%rg &f LAY $rstitonfing qc{?!eP ﬁbti mgre‘:i%‘[l 93;19
a secon xi de I"ayer on said first-oxide [ayer after
covesingdtepxmuoki ng step. 27. A nmethod as recited in claim

26, C ri.sing: .formng sajd second.oxjde |layer at a
¢ chpichnd id sotind ppribgR R trsnd howinple. s A
MepHoA Bsthb@as ferfled 1 FAidl MvAlreif PoMRihS 514 iﬂuBﬂﬁa{TbcI‘&%ig% in

sai d second oxide |ayer at a tenperature of about

one ¢ saidpfist adniscorstibenslingdeyere dompriggsai m 1, conpri si ng:
form te ] ne. ofy said first and second bondi ng
I a)%:glroggx[gga fltl]rg'\'e/(z)age g‘?’?efotrgiﬂr?grm%’o%gent ration of at | east

10fofréiBa sednd bxide ldyetlo@ saidl EigdtloRillel18yes lafibiRaid exposing step.

copprising: formng a_ fluorine concentration having a

f i #5t AgeefRod as ferited mlam 30, 6pmarisingt er f ace  bet ween

sa 3 : : .

e Sl R0 d SRR I RPAL! RpHKEL 5 2P oERERE 108586 .

separ Atmeethbdd asnesaedlinfdlaisit 26y eakipasidg:| ocat ed a di st ance

fromsaid, first peak. 31. A nethod as recited in

cl Wal‘%\mf”éﬁﬁ Ao larrg %ﬁ@v%ﬂgapﬁébw 350 dnd

sesong RRABINY réc%é@‘h?clﬁm,rdq%ﬁﬁisiﬁg‘?_rm ng a first oxide

| ayer; introducing fluorine into said oxide |ayer; and

f ofarining 2 least omloforiddfirst andevecaml waidihgf lnyess tokdvda fluyiae

afttagr s%lg [ r][t r?rgucj ng step. 32. A nethod as recited
CONCERITE R M2 lf,as clcg) 1si ng: diffusing fluorine fromsaid

fi 8@t AaétHEd hopsdited MtcPaimal, dompasing: oxi de [ayer. 33. A
met hod as recited in claim31, conprising: exposing

s afaming & fluesneroncenpation bavng a dirstpesloin the girinipapfan 1niseface
I.nj . ' 4 0 eci
v A A M HOEAG 3 78 05 AL
first amdiEcose hyeigpepdrhied Goansaikiirbe petki and lacageda dis@ntafromngid
fluorine. 35. A nmethod as recited in claim 31,
first pegkor i si ng: exposing said first oxide layer to a

Pl 86 "R LARSAh BB L& IR 30 Wndfksh frthing one of said first and

second bonding layers comprises:

forming a first oxide layer;

introducing fluorine into said oxide layer; and

forming a second oxide layer on said first oxide layer after said introducing step.

32. A method as recited in claim 31, comprising:

diffusing fluorine from said first oxide layer into said second oxide layer.

33. A method as recited in claim 31, comprising:

exposing said first oxide layer to one of a solution, vapor and gas each containing
fluorine.

34, A method as recited in claim 31, wherein:

forming said first oxide layer comprises depositing an oxide using a gas
containing fluorine,

35. A method as recited in claim 31, comprising:

exposing said first oxide layer to a plasma containing one of SF¢ and CFy.
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24 WD 2004/ 105084 PCT/ US2004/ 013306 36. A nethod as
recited in claim31l, wherein formng said first oxide

wo ayenomenpri ses depositing an oxi de using a gBST/US2004/013306
containing F. 37. A nmethod as recited in claim 31,

wheg e ét%@'ﬁ@&cﬁ%i & didifnS31, tlerlen !fcﬁ')fﬁﬁ%saer‘cpﬂﬁ? hgﬁé lagf

depositing a PECVD oxide uding a gas contar ni on
comBiifed dej@iitimgrah BidHEing 8gas cantaomidgd. st ruct ur e,

cogprising: first and second el enents,; fi.r and

Setbnd: Boferas el PEeREE SLoviertiny Oraingseid s Siide laver
compriiges Hepaeinp@CPRAV DeENRINISs a %@d (Q)nfdiﬁiﬁ% oROBESIRY CBYERE Si,He.

non- adhesi vel y bonded to sai d second bondi ng layer;

andl. Adionded styictuserrgiangisingyer conpri sing a fl uori nat ed

OX} ure as recited in claim 38,
mg%g%&ggescgﬁ%ﬁ%ﬁég > bondi ng | ayer conprises a first

oxfikeahdyeond bordbes Red respean@lyoforiied oh 8@ firstand sécond
fluorine concentration in said first bonding | ayer has
elemgnig; 1 5t peak | ocated in the vicinity of an interface
be . . . s .
ocmr i Bhdlng WS} nAREREN RN I o BB Fo @l Aayer; and
f i saad fiesh Bosding layenodnamiditgyefisorintfed dkidd.r uct ure as
recited in claim,B38,. erein said first bonding | ayer
co%rgéggcmff ?Slrﬁ?}fq%ﬁg-c ah‘ﬁl%§n‘f". #Payer. 41. A structure
assdh®6itst BOndifg yd SBndFise¥ A B bRiRAFr FhbRl oﬁocﬂs‘ib&ﬁl oxide
| ayer conprises™ a layer having a surface etched W th
layeraafid uori ne sol ution. 42. A structure as recited in

| aj 38, wherei.n said.f.irst bondi ng, | ayer. conpri ses.
o SMerts oBtifiln 1E54e i Bl RS e Bt SRR rliEig the
vicin@i9 ol ah RitexFadadfbetwiedn sAidSirk LI CorRiSoonB gl 1Sfkrd MhdCd &icBhBBeak
erein said first bonding | ayer conprises a first

locatgd plopn intpylaee bejivaerisad figst pedrprspad axideilavess. r ange about
109y 2 ' | Nl .
PRl & SR SR, b LD e compises
a fluovirereiplarsted thyéi.r st bondi ng | ayer conprises a first

oxi de | ayer fornmed at about 250 C on a second oxide )
| aerAcBHeErEASAR A UB efaie 38, Whereix it st banstingslayercompises

a laybihdtird dRudfce %géec?}&rgh%eﬂlﬁrﬂlig tsiigendi ng | ayer

conprises a oxi yer 1 nplanted with a F-contai ning
spéti Astricure afasa@tednn alaim3§ewbéremizaid firkki@iting kaper comprises

2o dR AR o e e S R S e @ ™

43. A structure as recited in claim 38, wherein said first bonding layer comprises

er
of

a first oxide layer formed at a temperature in a range about 100-250° C on a second oxide
layer containing fluorine.

44. A structure as recited in claim 38, wherein said first bonding layer comprises
a first oxide layer formed at about 250° C on a second oxide layer containing fluorine.

45. A structure as recited in claim 38, wherein said first bonding layer comprises
a oxide layer implanted with a F-containing species to a dose in a range of about 1x10"°
to 1x10'%/cm?.

46. A structure as recited in claim 38, wherein said first bonding layer comprises
a layer have a plurality of discrete regions containing fluorine.

47. A structure as recited in claim 38, wherein said first bonding layer comprises

a surface terminated with at least one of Si-NH; and Si-OH.
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a layer have a plurality of discrete regions
containing fluorine. 47. A structure as recited in
waeb@xmd84 wherein said first bondi ng | ayer coP@T/USE®4/013306

a surface termnated with at | east one of Si-NH2 and

Si 04/ . .

ot Mt ol ARt L A A B Al cqmprises
a surfiee dérhgnated eith SiNIli arlSi-@Hsur f ace termi nated with

Si-NH2 and Si-OH 26
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