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METHOD FOR BONDI NG TWD SUBSTRATES The i nventi on

relates to a nethod for- bonding two substrates, and

in particular to a method whefein at | east one of the
two substrates may conprise processed or 5 at | east
partially processed devi ces. This kind of bonding

or ocess of BEKSPIFOR BHNAe BBy RRTRATES °"

-~ structures, when a first substrate conprising the

opt o-el ectroni c devices of the CMOS i mager are bonded
fThednemtion delatasstoratethoy fosbopdinditweg substeates,rand in particular to

SRRl drdigt 08 bR S5 E 0 S B oD dopeRg prdtessed or
e gdest Gartialy fprﬁmmudde\gcest h#&hiackirg iob bobditgesitnationo occurs, for

substrates s ved via nDI u ar_ forces

RABTEIS o819 TaRUPAGOR: BRSO P GRotiTa (P BORE g iR mager
Rubfdd, ivirainea tiet m;eweemphbang Fthélgnpfd ectrbriic idevices of the
mandatory to obtain a high bondin

Ca4Q8 mnﬁgemearueahgaded 508 $Q9°ﬂ@0§ﬂ ergé?‘ftf‘e'vé?n“%? ethe first
Elodihe B iR | pRIGHNBARILY YrRBRGSE Snal Rytt Ul Or into the

n senb tur typically over
ﬂéﬁlﬁé:wamémackmdeel y, there are situations in which
it is not possible to expose the 20 bonded assenbly
to high tenperature. This is the case for instance
Dluring ®ondig, ﬂ'(esa@hw@mbeMemnBvcnzﬁuttshat&sdbabthes viaam@iecuiar

t he st andard t her nal at nent t e t h bon 4
ERY (Vamin oya STRUEPS) olf BEVe ﬂglé%ng“%? e o &' fhciitate
B Uéﬁtsthﬁlfmrﬂqbé’ﬂéb ﬁ@@ﬂ:&@aﬁigpt&oﬂtéiﬂ%ﬂgh bohging energy, at

standard thernmal treatnent woul have negative.

lemshin éhemangee of A8t too PRIy na#/"t 1% YD BRS . g The, prippart high
Eén&ﬁg Eﬁleé IS éll%ﬁ%qj dﬂglg he %Q@rﬂbled sjructure, typically over
tra u3| n t he _

conce ons or t of netals formng’t
dé8Pd€es.  Using the nentioned tenperature reginme, a -

bondi ng energy in a range of 1,5J/m2 to 2 J/n2 has

been observed:. As an alternat|ve to high tenperature
anfsalnatgdy oftherd earbositiedioas sianbhich it tis mad [BBsiéerio expose the

roposed to reach high bondi ng_ener by surfage . .

ende apasmal dgdhio SRR, T s M G [oL ifince if devices
B bpvedt B bRy dramBes distiates NHRAtHeNGan@érdt thermal treatment fo
surfaces to be bonded. Fbmever it has been obser

imiprove hiwe kanding c%“LFFFGYI §8aN9tq beosamRY ML | | lRdesa e?he high
Eém&?r%’i r%sc' of EBH '&L%béﬁt i fsv-Bondge s'tzmd%hf ﬁfé‘?ma\ treatment
as fur een o

errmre served that the higher the
onlti hgve meeggyive t impactsteer the functioning of the devices due to, for

example, the spreading out of dopant concentrations or the diffusion of metals
forming the devices. Using the mentioned temperature regim'e_, a bonding energy

in a range of 1,5J/m*2 to 2 J/m? has been observed.

As an alterriafive to high temperature annealing of the bonded assembly, it has .
been proposed to reach high bonding energy by surface activation steps, for
instance plasma activation followed by low temperature annealing, of the
surfaces to be bonded. However, it has been observed that these steps could
lead to bond voids, like e.g. edge voids, thus defects at the bonded interface. It
has furthermore been observed that the higher the bonding energy, the higher



2 the nunber of edge vaids. This phenonenon has a
negative |npact on the fabrication yield, in
particular in case that the non-transferred |ayers
conprise el ectronic devices. Enbodi nents of the
present invention seek to provide a nethod for
bondi ng w th whi ch satlsfylng bondi ng energi es can be
achi eved in the absence of 2a high tenperature thernmal

thet ﬁLﬁﬁiBéTeBﬁ ed(§ CRYEH. NOTHI® phehbmstoraspect refative ippagem the
fabg @B r{ﬂ? gs in Cp(%jgcﬁléc'r ﬁ%re d%tathgeﬁwgsirﬁs%rr@?@e&g chMfprise

Si ng e steps o appl yi ng an
eleamnawdaw@ﬁ treatment to at | east one of the two

substrates, and b) perform ng the contacting step of

Em‘i)gtgg}e nis (zfu @n?t ér%ggnct |H\'fl=91eﬁgn Raek i1&lp rd&ﬁdé‘ﬁ%eﬂ“r@@"f@* kbrfing with

strates co ggocgss&da high

whigh %a&nsiywsborpfamu%qrgl%r%eegée%f =4 c'@s eI 0% o

tenpleFRileshéend tradinmegntaccording to enbodi ments of this
invention that it is the conbi nation of the two steps

a) and b) that leads to th des Ievl [ '
Aceshding ﬁ@agﬁgrwechgﬁ%ﬁprﬁe ﬁ%"eé} herg gt%é\[]defosg 60ethod for
bonﬁﬂr@ﬂwﬂ sibstbtes, aompdsitg thensteprepf @)faM@@Q goagivation treatment

Fﬁ@oh‘ﬂet‘(\mg skibQe BRG ibN Bemmﬁe%nﬁm iigheeprof e two

sutﬁ%apeéahlp@%p Béﬁiag Ag E@{m}aﬁ\%ﬂ vac s%h%?ofg ﬂfb %ﬁé' g%strates

comprizes gsogeayeder a?dsast@ﬁdlaésaeﬁﬂcﬁﬁeémyﬁe%ut A hi gh |
bondi ng quallty, nanely no or at |east wth a reduced

« QUSSP ASABLRAC U i e
combinatipraeféhe dwelistensray nd i dhat lenssdp heydesired ﬁ%‘ﬁlrﬁ] the bonding
ené?fﬂiﬂ eMmEPIINARS Fasmert 7dre—a4naDi redouléfnTi akithy a reteced number of

,ed%)ygfggg%%??are& Yt? Fﬁ%eké(o% Woﬁ&‘in@r}?r bdugeat | F‘@'tﬂ@ltnhﬂsd by only

ent o carry out % t r ansf et n q rough
apRib@ AIPAGat wAQLEn, SHRIF CeRIEPRY BERRRTEG,DY HHEY SaNGAL
pUIAPE ohifPihaireckssnhay e tastand wabeto camoedti dehigh pragieg gpality,

na?ﬁ@@%e&sat I%%sq vggpgqg?lﬁ%ﬁﬁ’mﬁér &P EREE %biﬂg ddrepslasosved even

with &y selepliaiafRaving tl"@gagi exoARYIP cg maxitg whic V\%rér%o%lﬁer?nt that
thd smdeetfrerablaesal hetidussaoositheappliethe meWntthféQﬂd&‘@ quality
obsdné GnliRe aﬂbén%é WedtiG e n‘Fé? @t slifeasht ©nergfodt kelayer transfer

acqqrﬁﬁ%rgtéss (%ga %&g ,tegg igﬁar\k Oea}!allgnsbg oﬂ%aﬁt@d tnl?cs a donor

evi ce
watgptto defies armpane ol weplgess c drisr PIdRg, asgﬂlﬁhlgsqonmnﬁ@p dhe donor

wafé’i‘l%éﬁ 'tﬁé?\r be’i&ﬂft o therlbRshed @rwig! & refuse@ aumber dfsdghdefects and
$ reﬁ dvant a}%t e%ccordl ng to enbodi ments of the *

de F?V\‘?éﬁ'la WY IR he 3 applied to any bonded
structure that requires hlgh bondi ng ener gy but

in @38 RBhteRE tﬂéﬁ@ﬁﬁd‘déﬂcéﬂ ginté e tp @enptsnuetusn dhoat ehsit one of the

su%sgf&.;lféees\rl\x‘:ﬂg%ﬁ %g]ealg? pr G Sd%f 108A8 %né(l%e@ﬁ:es _ﬂ?é SiekSorti®8evices

vicce8
or opipseipeifanic dsviges &Pmpﬁﬁns oa%?ﬂn%%\f%?fég& tafnﬁ%‘ﬂ”ngﬁns’smr
strodtutcle i isweabadivular kevadade atcordiog teremdndiments ¢f the invention
e %ﬁlﬁre of 1 - 50 Torr (1,33nmbar - 66, 7nbar),

preferably 1 -20 Torr (1, 33nbar - 26,6 nbar),

preferably between 10 to 20 Torr (13, 3nbar .- 26,6

nbar). This |evel of vacuum can be easily and rapidly

be reached with rough punps, which at the sane tine

have a cost advantage. There is thus no need to
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10 go up to a secondary vacuumto reach the desired

_bondi ng energy and a reduced | evel of defects.

Advant ageously, step b) can bé carried out at room
tenperature, in particular at a tenperature in a

range of ‘18 - 26C. The possibility to c rr out tbhe

colieg 19 ABY boades stiuituie that [ﬁ?dl‘éfﬁsig‘ rr%etﬁrﬁr 4 cannot be
r I [

DB RRsnpeisRre odggz‘gﬁﬁ%t%?fsﬁtﬁ‘; 5 prosence of sdge voids.
arhds $uhe vgss wheb glevives areeprasent ingr eponetdi thenrdihadates.
substrates are exposed to tenperatures of at nost

500C, preferably at nost 20 300C. Wth the inventive
rmicbaﬂng tdan ba‘mdnrageeue egbaddinéntglf tba am@htubmrthe tpartial vacuum

N

gb%emm,— wBiec Pnbarﬁ) ERrABPHBRSeR 16 tbowllmr (13,3mbar — 26,6
urthernore a degradati on of devices |ike back side

imiajer s Thig Iavelé?efdsacw@c%%kbe qag|pRd rapidly ke eeached with rough
%‘H S inOht tﬁ@tsarn% tirhd! PEOE g@osﬁ?&@nt&ld& |TH?§|°’§ |satF1‘Gé% need to

ontacts can be prevented. Accord ,
@Deftetoraasle@mldaw vamuium tohveaak thevdesirgd bpndaomﬁlﬁrgscend a reduced
ﬁﬁ% al | east one of a plasma activation, a
E 8 §t a cleaning step and a brushing step
of the surface/s to be bonded. In this context it i's

further ferred that the ivation tr

AshantageBusly cted i trihe cArisceRlld resh tperabfe. W Barticular ata
I@é}hbér%ltthr}é iRT0RMZE HrVDEeS. q@u@p;sdsspﬂnptocbwbnothe contacting
st ep, pl asma activation, a cleaning step and

§tqpswhr¢§ ig uager partiehvacusiaeat ropl) temaeR¥HES fecibtates Hhengractical
8864 éf’:\{hleqﬂo&?(éat ment for a substrate with

processe east partially processed devi ces,
the activation treatment can preferably conprise a

ld shing. ste I WAl ery,
BALTAL ot S 20 G301 ST ER, LByt 468 e boncec
bubdthetes are exposed to temperatures of at most 500°C, preferably at most
300°C. Wlth the inventive method, the bonding energy is high enough for the

' subsequent treatments and at the same a reduced number of bondrng voids

compared to the prior art is observed, whlch in turn improves the bonding.
Furthermore a degradation of devices like back side imagers in aiready
processed !ayers,_'e.g. due to diffusion of metals, fusion of metallic lines and/or

contacts can be prevented.

According to a preferred embodiment, the activation treatment can comprise at

least one of a plasma activation, a polishing siep, a cieaning step and a brushing

'step of the surface/s to be bonded. In this context, itis further preferred that the

activation treatment for a substrate without processed or at least partially
processed devices comprises a cleaning step, a plasma activation, a cleaning

step and a brushing step, in this order. Furthermore, concerning the activation

'treatment for a substrate with processed or at least partrally processed devices,

the activation treatment can preferably comprise a polishing step and a cleaning '
step in this order. Further preferred, the activation treatment can further



4 conprise a plasma activation step and/or brushing
step after the cleaning. Wth these treatnents,
further optimsed results concerning the bonding
energy are achi evabl e. According to an advant ageous
enbodi nent, the contacting step can be carried out in
a dry atnosphere, in particular with | ess than 100
ppm H20 nol ecul es. The dry ‘4t nosphere further reduces

coﬁwBﬁscjao g Cdfl\%élﬁé‘ %gtl\gtloﬁ %ft%ﬁ L 8d/of 'Brlps?lr id StabafrtePlthed@Bning. With

re advant contacting step can
thege fEeatiest. 6u'ithqrn0%tmﬁ%%ﬁ ﬁ%ulfét ﬁ%—“&ﬁ’é% the ﬁo%lém glgray are
achi®vade ar gon and/ or nitrogen at nosphere. According to

a preferred variant, the nethod can further conpri se

the step of prOV|d|ng a dielectric layer, in
Acmdmg Ctulaaracaranmgeﬁiﬁ; trapedimeat; éne thetapinocsies edn @ewacrmi out

in %g{ rgﬂar%' N9 rs\mtﬂ’ne A 'i‘@g Bpﬁqfﬁ%?rr%fie&hfé% The dry

c lray et an one surface
atmbberﬁduéhenﬁ@@eautm eeaurience al/dafeetann prdiculan st efase/oids.
be a PECVD deposited oxide which, furthernore, is
pl anari sed to represent a surface roughness of | ess

Moteh AR vaNRORRSIY. THiFS LCOBEATHNG STBRNCHE Reararied st In a neutral

atmdigpenpgiidioniffin hherdoprelagnittdgehhempspeassed devi ce
structures on at | east one of the substrates under

predeterm ned conditions. Preferably, the nethod can
Acaodipg i teea gurefedeilt vaoiaat, Heemetifodt bam funtger atoreist thenstep of

f..
kT LB Rt b B -y ORSBUENG.co
wher@rrbi@cvnowfg P hgtwieen die awdanedpfribe disleqtic W@W Qffe surface

of tHae sEXHIPLerREROdi TR tfelcdtlic MTRYert &S e lr%%ﬁ:bmb@ a PECVD
out the thinni n%eafter bondﬁ?nl%geven af t

dencsifd eoe NG SO At PIAPRHEAY ), FeRIRBER; HaH doopoughness
of lebe thaw enfi RNSal Jaus elbcatdawg Qaoeocartied taud mdzpdasdrdigsof the

orB e S BRL R Suh LS O S BRI e Sl
predétetrhimed woeditioren wi | | now be descri bed in detail with

respect to the following Figures: 5 Figure la
illustrates a first substrate 1, which is also called

PrefergbliothesiptodAa8. camprisrian additienakstap, of hisnigrasisast one of
the&wbsgub%tratéssaf@r%ohumgn N@al mbqtz@foev\@ffmé hl@ﬁ bosding energy

acw%yrehc%]%o@pﬁgéuq?ﬂpr P éﬁ-‘ Q glf'lg éIPEJS?aCC dmg to tﬁg ?netéoci of the

example embodiments, it may thus be possible io carry out the thinning after
bonding even after a limited thermal treatment.

Finally, embodiments of the invention also refate to opto-electronic devices provided
on substrates fabricated according to one of the above-described methods.

Advantageous embodiments of the invention will now be described in detail with

respect to the following Figures:

Figures 1a — 1g illustrate one embodiment of the bonding method according to the

invention.
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5 e.qg. asilicon wafer. Instead of an SO substrate,

any other suitable substrate such as a plain silicon

waf er, a germani um arseni de wafer or a gernmani um on

insul ator, etc. can be used as the first substrate 1.
Processed devices 9, such as el ectronic devices or

opto-el ectroni c devi ces, already have been fabricated

[ / t fegt r
g@ou?gﬁgﬁiusgatéﬁhaefﬁs%gpsa@gq U Slisededid fofdr pstrate. In
this emummntvﬂh'emarime sdbsrtraiess 8, silltas o lnmlewnMemwwh a silicon

bout, 2 t. 0p for ins 1 The, devi,ces 9
gt aroted Re Bhyier ot DR § i Rl FrodE A PofBR plbstrate 7,
Bl GESIHEsh Wafen| psiaidt bRah \EOIr SeHaey, anye@thenguitdrtaé substrate
i n subsequent_process steps, the devi.

be
gt PR oA SUEO a0 i GETANNIE (541 0 MR PoR eginanium on

ﬂréu@t&“ ER. bhn bbludal ra%ttﬁé lesh %uB@tXéteslt qpro@ésée'@ﬁié%é%@ such as
whi ch consists in EEOVI dielectric |ayer

elsctroRisngevicesnob 2P S egronIa eyBeRCale ey TR been fabricated in
ghc?/lo?c&nr 'trﬁa ls@iﬁféonﬁacfo? IE\BBrSSGWﬂ'%'aﬁEIPtSJ trQ[%DQSI ‘T%ﬂlcally, the

ocess; |1 ke s en anced
Eahimlmdugot lagedé,ptmgeﬁleo withfthe h:iemcbayge had 3, thizkness of about 2 to

ghinmaﬁéfaﬁg@ﬁgﬁ%éﬁp 3’8 iq’{h%g 9&%}@39? goeno%? ijﬁt' ABstrate 1 can be

d FM@y [pPoLEHEBEE Soradnly @astiall Emoées%eﬂil\/ﬁneasmgt that, ihhmibsequent
ie

ectric |ayer 11 c S evel i | .a
RIsRe SiERs. 116 Gats Wl be BIAIGRE S bbf PRSHRIREF sonnections
gl | ed the support substrate, which is typi caIIy a

“silicon wafer, but could also be out of any other

suitable 25 material. Prior to bonding, an oxidation

ﬂ@?es b%pi@%tfd;t@% tt?é‘}le&toitgb tﬂ@ Qlﬂ'\ﬁﬁch T érsgs5|n°|9roviding a

ubstrate | ckness o
Gierectriczlaselp‘m féd exannzie iamejxyqe tohdhs dbsuequ entT heatiglestyc layer 11

P ERRRTend s SR B SR B E bR F L g gnhanced

GVIDT Fsilldaging theedposition ctflms deeyerr ddsa @mar:bam ﬁbpas cartied out,

Iaer 11 and/or t t .su te 13 with
Geinbzyermias mechaniodl Bolsia CIF Ab qtin £ $ittasproughness of

té&e Bhath IAVRIME so tRatthé dRfledic RYEN11 €86 starhsth Rveling layer.

mcron so that the surface is activated and prepared

for bonding. The polishing step is followed by a
£ g%‘?%'1@%l§§t%? ‘éﬁ‘éé&b gadLtsthtd AS! ﬁ@n%ecéﬂ%‘apmeS& ipport substrate,
ru

bing o e sur ace and SCI cleaning to re
phichi isl typicalty pmsnllsdm meafer, drut yeoulss atbgebe Te d anyepther suitable

Materst’ rFLr!ei':r(%| t3 lb n%[h %?1 gﬂﬁét?o%estgf) Ig I?:%rned out to provide an oxide

layer 15 on the support substrate 13 with a thickness of about 0.5 — 2.5 ym.
Alternatively, the subseguent bonding is performed without any oxide formation
step or by depositing the oxide on the support substrate.

The donor substrate 1 with the devices and the dieleciric layer 11 and/or the
support substrate 13 with its oxide layer 15, as illustrated in Figure 1d, are then

activated.

In the case of the donor subsirate 1 activation, first of all a further second

polishing step is carried out. The removal of material is typically less than 1
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5 dielectric layer 11, which represents the surface

at which bonding will occur in the subsequent process
step. In sone instances, howgver, this polishing step

can be omtted. According to a variant, the donor
substrate's activation can be conplenented by 10 a

mlqgmti)r guen \essitban Os3 mipram so2halribie serfage is|aséingtediang prepared

it T?ﬁ R e&épﬁ% Lf?l?;ﬁvﬂ%:loﬁ Pcle énin sstéﬁpwﬁrcﬂ can for

conS|s expo uré o r su a es
Bstdneeecotrprise damtﬂmg bithersuoiayg and Gk araning & piragveparticles

cont ai n| n 02 T osure tool b fo

80 shte”| TS SR atecetmed off on e ftfce of the

ﬂiém'%tncolhy?gwtwrﬁ&oréwr%@%@% é{urfamelagom&m&]T mndmf Al amdr in the
asna pressure o about to miorr

%b%yﬁﬁtampce%%teguwﬁcﬂme N$iANGes BOW%V%W@&HSEWQ. ﬁ#ep can be

biwittegconsi sts in cleaning of the surface, for
I nstance using SCI 30 to 80C for about 10m n, an 02
and/ or N2 plasma activation under the sane condi ti ons

S0 B2 . B bl BLBETapRALIR 208, B ol pbrted b

wh:iI.al}ilm:il)emhiwa’ugnw:sicmgt ﬁn@trztimdfoal\lsm!mnwmth Enothesit a subsequent
T e act| | I

Bi-Einec" Ehe Ui ik & a cronslitdr T SPERER 31 R delelibypstrates

S &Sbéatﬁbrhl%datohaﬁ\tﬁ@geﬁwﬁrhs&ﬂwmésyna contalnmg 0O,. The
illustrated in Ficgure | e, the izﬂhﬁand Seco

RaBER: SiRcsus oI HBdE 1A GXRN G REARE B, Ciphing; Rl with a

blla§n§auf56\ﬁéreof18b8ut 1(§IﬁW>1:bdﬁ)dOaW3|forla5 200 MRE watiPid a plasma
substrate 13 faci n&@t e surface 21 of the dielectric _

peepevrelal abgut héo dePrvl oghs¥3mhas ta 133%Batdal |y, both
substrates are aligned with respect to their notches.

30 After the introduction of the substrates and their

Tﬁhe'e gnpeort subdimte H3rdebvaiion ol togedonsirls ﬁmdpening ohthe surface, for

uum i n t r ef bI -

S g v T itarans e anbl, gt aBCBF et RE piasma
E:ytnnatiah lupideit #m;e$d;]@é<66ncﬁm aémer?ﬁomlemabmﬂe arfdrthémleanmg and

ur pose t invention, .this :
o dal i BRBG st o e PuiEtsL S ovte et 5 taﬂwg@mfh"w“' oceur
fn%‘&%é%l@q'u@nttmﬁ@essest@p. conpared to

The role of the activation process step is to prepare the surfaces for bonding so

that high bonding energies can be achieved.

Subsequently, illustrated in Figure 1e, the first and second substrates are placed
into a bonding chamber 17 with the surface 19 of the oxide layer 15 on the
support substrate 13 facing the surface 21 of the dielectric layer 11 on the donor
substrate 1. Typically, both substrates are aligned with respect to their notches.
After the introduction of the substrates and their alignment, the chamber is closed
and pumped down to a vacuum in the order of 1 — 50 Torr, preferably 1 - 20 Torr,
and even preferably between 10 to 20 Torr. Typically, this takes about 2 — 3
minutes and, for the purpose of the invention, this level of partial vacuum

provides the increase in bonding energy in a reasonable time, e.g. compared to
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7 high or ultra high vacuum Furthernore |ess

sophi sti cated vacuum punps, like primry rough punps

are sufficient to carry out the invention. The

at mosphere in the bonding chanber in the enbodi ment

Is essentially 5 conposed of a dry atnosphere, in

pight orcwitrarhigh vAckwes RUitemo® |gsmsapbistieated yaggum pumps, like
f I pher e,

BHeRLicldp piRipsLdr® SEffcicht ) o Bl 58 indaniBA " Cr e

bondlng chanber is kept at roon1tenperature thus in

Fub S PhalS T o R0 JUFRAE 157 ARERCH Sosontaty

bdimtigé‘éddidﬂt@ d:r?nétmﬂsph@ge ikl p@ttl‘:?ﬁlhedmtrﬂ IFdsgtiran 100 ppm H,O
ing is.initiat Typi ca bondln starts
TSy AT e b BieiR RS (8. ek dERaPTes. cabosed. for
indtdriee Sﬂ@rgowrafn%?cﬁsmlr%géﬁd Theapéndihd aaRsberoiseRER at room
ot her via | ecul ar adhesive forces (van der \Wal s
taﬁmmgyur%rthwmwwmfdr&%aa@r@ compound 23. The

initial 15contact can be achi eved by applying a

slight pressure on the side or in the centre, for

Wistnatheedésiresd pessisard vkl fs WedWhelwtwm@udew 18eahd 21 are

di t he _ad - .
BRRER e ForRask of Hislidekilf AR ML AU S iMtabl - Typicaly,
bondingristartat atoanenpbdint tihe actooridirgf wage Baremide;rut parthailin the end,
ST 2B P e D e 0B G G aohaSie ores
wahhaélrt vansitaredraat Al & dmor-supsort lddnaddinti 2, The initial

these results are achieved wi thout having to ca

pentagl pays thenashievef d¥narplyiRg fisgsht ew&éw&t grdle o‘?f'ge or in the
gLar §6r |h£'[§ﬂ¥:éggg mE&hzgﬁ?aI iﬁﬁ&%-éobser ved that the

occurrence o e Vol can suppressed or limted
(by at | east one order of 25magnitude conpared to the

Athe e PBOL G YHAHED LCERe' el Syl erects
betamrgnyandithg. suﬁaceratbtmgtldmsmp\sanlmnnblnéhdmwith the contacting
odig&ia[ the d or substrate.1l can be

VRGP PRAUTE. RS L 2 daeohat JBgst 200 — 1000

ﬁgbu%m%imﬁm Hreiucadidvel aney éverﬁ@maomcﬂdnamgrtgeféétg Rre achieved.
foll owed by a chemi cal etch that stops on the buried

buadlition, dheseneespls arapciieMediwibeuthayingrtgicarry out a post-bonding
EﬂﬁéHl %ﬁhigv. ﬁljagrétu@gadf oiiddtbSthian gso@t@p:ﬂ ha%%‘éénacﬁ)s%ﬂ% that the

pol 1'shin or grinding, can be perforned
o¢runreneg o edgenwidmerebe Suppressedor dimited dby @t ie@@rt one order of

%ﬁ%pﬂzucf ay@?’ﬁgF o{hgglt a?lfl&r%e rgﬁ@éeﬂgfhﬁgsfﬁf&pﬁ I%ISVOI%S arising

frogh the @ndasmick of patickes on one of the surfaces before bondlng

According to a variant of the embodiment, the donor substrate 1 can be thinned
down, as illustrated in Figure 1g. Thinning can be achieved by a grinding and/or
a polishing step, foliowed by a chemical etch that stops on the buried oxide 5 of
the initial SOI donor substrate 1. Eventually, additional finishing steps, such as
edge polishing and/or grinding, can be performed. The thinning does not
necessarily stop at the buried oxide 5. According to further variants, even this
oxide layer 5 could also be removed. In this layer 3 and eventually 5 are

transferred on the second substrate. In this case, the inventive bonding method
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35transferred on the second substrate. In this case,
the inventive bonding nethod 8 shows further

advant ageous effects as, agaith due to the high
bondi ng energy achi eved, the edge of the transferred

| ayer is of high qualit it shows a regular outline,
sows Aothenpdyantageola efietts an again slwgetootnet high emging energy

[
Sefiey 20 oBBEAThE Hanbiai2l' Brds, drtfigf A0Sy 8 SRbys 3 reguler
bbiingGlo charzkiog drdganing3offan ¢han edgd ebthet wafies five te theameohanical
LEMHI Bﬁﬁ‘ substrate 13. To conplete the devices,
g BhEE d9NBEVELSThg steps, such as el ectrical

connection etc, can be perforned 10l n addition, the
structure 2 of Figure 1 por t
Bolielrated in Figure din hecintit de ks S 6 S5 GoiedBier ave now

b@eﬂ hiahsfRRRr oRf) fihd %pﬁ@ﬁoé‘.ub%%?é Mat e 'ﬁf‘@oiﬂ?ﬁete the devices,
ort substrate can conprise devices.

éféfﬂ rell @ERqesRINg sAgRs, isteh A slectigaecannagten |983 &@" be performed.
illustrated in Figure g will receive 15light via the
buried oxide layer 5 so that it inpinges on the

eaddiiiaie thed stelcdoter 2mptFigera temight skreoasiaraypport aubstrate 13 in

et PR eprooRess et B B G PO E B fpGrate anc
tHegdippapeubstsatezin asngrizkeidévices. 20 hydrogen are ’
i mpl anted into the donor substrate 1 to forma

predeterm ned splitting area. Splitting is then

ﬁP&thlé?ébtr%Hfd apblehticHd, e éthﬁ:t@ré%srllﬁétﬁa‘!e@fn F[Eﬁreb@%ﬁecerve

23 assembly, as illustrated in Figure If
hg’rﬁma Berhuriedperide taver Seqgthal i irpingaAg @ndhe @@e;ks'deet)eectmmc
3?‘} di s enmbodiment the first substrate 1 carries

ready devices 9 on it. The

According to a variant, the thinning could also be achieved using a Smart Cut™

approach. In this case, prior to bonding, light species such as helium or
hydrogen are implantied inro the donor substrate 1 fo form a predetermined
splitting area. Splitting is then achieved during or after the exposition of the
bonded 23 assembly, as illustrated in Figure 1f to higher than room temperature,
€.g. in a range of 300 - 500°C.

in this embodiment the first substrate 1 carries already devices 9 on it. The
invention is nevertheless not limited to this kind of situation as any substrate with '
our without device structures can be processed according to the invention and

thus achieve high bonding energy and reduced edge void concentration.



invention is nevertheless not limted to this kind of
situation as any substrate with our w thout device
structures can be processedgaccording to the

i nvention and thus achi eve hi gh bondi ng energy and
reduced edge void concentration. 9 Cains 1. Method
for bonding two substrate& conprising the steps of:
a) applying an activation F? WXt nent to at | east one
of the two substrates; and b) performng a contacting
~step of the two substrates under partial vacuum

_M@M far hengiag fwo swestrates, RemPEINg R ERE €5 conpri ses

0 gl
R o e

bhc eridmainga perigstingestep ofi the two spbpirates ugdamrartial vacuum,

\Sr:ﬁeu%;w&‘{ Ieastpcfn%f tﬁg lkt)\?é())/ %gbet?ﬁes—r Qflrgp@%es% %%ed (oi%? é@ast partially

. Ven prefera et ween

nbarprecésel debimes. 3. Met hod according to claim1 or
2, wherein step b) is carried out at room '
tenperature, in particular at a tenperature in a

. MenR eﬂfcoilcﬁﬁg tOcRff1, dhbRdihask paciar aiougnt has)ﬂepr@.fsure of 1 - 50
. clains wherein after bong %U
- E%ébééwrrrfv‘@a?rn’eﬂ&) Retgsably (e 2 el B@?F at4 H}b@r), even

g Igﬂeﬁwém@\f@%“‘r%ﬁ (9%,33hbdRShe BOMKan i N
articalar at nost 300C. 5. Met hod accordl ng to one of

claims 1 to 4, wherein the activation treatnent
Method according to claim 1 or 2, wherein step b) is carried out at room

temperature, in partlcu!ar ata temperature in a range of 18°C to 26°C.

Method according to one of claims 1 to 3, wherein after bonding and during
.subsequeht treatment steps, the bonded substrates are exposed to temperatures

of at most 500°C, in particular at most 300°C.

Method ‘according to one of claims 1 to 4, wherein the acfivation treatment
comprises at least one of a plasma activation, a polishing step, a cleanihg step and

a brushing step of the surface/s to be bonded.

Method according to claim 5, wherein the activation treatment for a substrate
without processed or at least partially processed devices comprises a cleaning

step, a plasma activation, a cleaning step and a brushing step in this order.

Method according to claim 5 or 6, wherein the activation treatment for a substrate
with processed or at least partially processed devices comprises a polishing step

and a cleaning step in this order.
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11,

12.

13.

conprises at |least one of a plasma activation, a
pol i shing step, a cleaning step and a brushing step

~of the surface/s to be bondgd. 6.Method according to

clain15 mherein the activation treatnent for a

strate rocessed or | e st arti
ﬁ'@gsééﬁor B %sdg f é’@?r%lmcﬂ&rﬁ eﬁreaﬁnﬁ){taglﬁ%hermore
&ﬁﬁybﬁ‘s@s'aoﬂasﬁa %'cﬁ@é’dorr’qgstéﬁ aRd/an ﬂrt@h%lﬁ&b BBerstheé Ridaning.
thi-s order. 7.Method according to claim5 or .6,
wherein the activation treatnment for a substrate mnth

rﬂé&%ﬁ%%%gm% @torleﬁa\séua.%w P ﬁ&é@%é%@ﬁm@% 68 s caried out-

I SeS a 0 IS eani ng step

_ m Ia chymtrdespher&On &aﬂmawdtrdea@ﬂmnnwopontiﬂﬁ mofecules.

wherein the activation treatnent furthernore
conprises a plasnma activation step and/ or brushing
Méhpdaicterding® dﬂeedftilailms Pto d/bvtnerdinathe epdfantng stepriecarried out

of clainms 1 wherein the cont is
ig g Heulig! SiRoSReEE &wara*w@garf‘éraé‘d’frfﬁ\?ak?%@sr r with
| ess. than 100ppm H20 nol ecul es. 10. Met hod accordi ng

- toone of clains 1 to 9, wherein the contactlgg step

Mgth@dracp@@imto one af ¢laims o A0nbEpRRFRMPIISING A SIgRof %[P‘"dlng a
lé‘[: ri@nlﬁg g%fltg}?]ﬁ?hﬁ{ %md?ella B\'?é}dthécﬁf%fzgéééﬂ 4&i@ e wherein

her co r|S|ng a step o
l:m’rdmgjowtgjra bdtwﬂezrt:thlel surfasgeaf the wiglegtas dﬂyleaanémn@ﬁlm@ce of the
Ia er over .the.processed devices wherein bonding
i §u ﬁ%f ¥een the surface of the dielectric | ayer
and one surface of the second substrate. 12. Method

ding t f cl |
eiio astighto 88 bt SeRi g ataesEBhbAShem sthg of fnning at

1§é§1$in(a&$f@ﬁe fd Suibdhel Aer bbhdir@dt o- el ectroni ¢ devi ce
conprising a substrate fabrlcated accordlng to one of

clainms 1 -12.
Opto—electronlc device comprising a substrate fabr[cated according to one of clalms

1-12.



11 METHOD FOR BONDI NG TWD SUBSTRATES Abstract The
invention relates to a nethod for bonding two
substrates, conprising the H1steps of applying an
activation treatnent to at | east one of the
substrates, and perform ng the contacting step of the
two substrates under partial vacuum Due to the

conbi nati on METHRD FQR BANRING TWE SUBSTRATES carry

out the bondi ng and obtain high bonding energy with a
reduced nunber of bondi ng XBEE’%ct The invention is in
particul ar applicable to a substrate conpri sing
processed or at 10l east partially processed devices.

lﬂ-ug‘in\lle:ent-ion relates to a method for bonding two substrates, comprising the
steps of applying an activation treatment to at least one of the substrates, and
performing the contacting step of the two substrates under partial vacuum. Due
to the combination of the two steps, it is possible to carry out the bonding and
obtain high bonding energy with a reduced number of bonding voids. The
invention is in particular applicable to a substrate comprising processed or at

least partially processed devices.

FIG. 1e



