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1 METHOD FOR BONDING TWO SUBSTRATES The invention relates
to a method for bonding two substrates, and in particular to a method
wherein at least one of the two substrates may comprise processed or 5
at least partially processed devices. This kind of bonding situation occurs,
for example, in the fabrication process &f backside illuminated CMOS
imager structures, when a first substrate comprising the opto-electronic
devices of the CMOS imager are bonded to a second substrate. After

ot ca enter 105 (OB 40 D (T BN g, the

adhesion between two substrates is achieved via molecular forces (Van

O, WVARHIRICEShtLE RPEIRYERLEIET BUAlN PANGIBGRA M Al S dRR ular to

subsequent thinning step, it is mandatory to obtain a high bonding energy,
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ait igh: PARRIND SRREes AR oREAINETY kipating Boadagesmilebn occurs, for
structure, typically over 1000C. Unfortunately, there are situatio ra) .
HRITSS Wbt 5 BRI 1A GUOTRE® 26 bBABH S ANRAS RGOS imager

temiadyrevidnsdsiiite sabetfatdnsiane&ifiglauiceptareigreseaint davines aff the
t strates, and the standard thermal treatment to improve the. :
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ngmgg%igqﬁggg ;e functioning of the devices due to, for 25 example,
the spreading out of dopant concentrations or the diffusion of metals
forming the devices. Using the mentioned temperature regime, a bonding

eRarAY BbAANItmES daRdar 2 iaddn hns aemnrlsrRuedicdedlia molecular

alternative to high temperature annealing of the bonded asse,mblé, it has ..

WEESH RSB YPRIT A Mg BAHIRYCALHS Bl atirhandig ahg o Taciitate

stepsuieseinHANGaHRY ARV RlvR fokeywe ddydemntarnpgy aitieing energy, at

annealing, of the sur ob nded. However, it has been,observed | ..

e g g o 700, oD e esYer B ol ror art high

detectmgtierdiended vhitafoes by heating the assembled structure, typically over
1000°C. |

Unfortunately, there are situations in which it is not possible fo expose the
bonded assembly to high temperature. This is the case for instance if devices
are present on one of the subsirates, and the standard thermal treatment to
improve the bonding energy cannot be carried out. Indeed, the high
temperatures of about 1000 to about 1100°C in the standard thermal treatment
would have negafive impacts on 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 femperature regime, a bonding energy
inarange of 1,5J/m*"2to 2 Jim? has been observed.

As an alternative 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 1o 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
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has furthermore been observed that the higher the bonding energy, the

higher 2 the number of edge voids. This phenomenon has a negative

impact on the fabrication yield, in particular in case that the

non-transferred layers comprise electronic devices. 5 It is therefore the

object of the present invention to provide a method for bonding with which
satisfying bonding energies can be achieved in the absence of a high
temperature thermal treatment. This object is achieved with the method
dbeordimdpeo cfagrde Thigénverhisepinoragrehidaboadiegatiee impact on the

HBSLAeH oﬁ%ﬁ;fﬁ”{;&ﬁﬁ@ PGS ERSOf 2k %Re'meg-g)ané@#v&!ﬂqayers comprise

treatment t ast one of the two substrates, and b) performing the
IRBIaME dR8j$F-the two substrates under partial vacuum. It is the
surprising finding of this invention that it is the combination of the two 15
steps a) and b? that leads to the desired level in the bonding energ

nhifdfFB iR B?a%?j‘éf’t?@fothﬂﬁfﬁfﬁ?jdw@f?ﬁq?%ﬂwpéor‘@eﬁc%{}‘ﬁmﬂgg fpponding
egigie waigds seoripineddadng lnangidsorslingspaenrasesinFehsrseoiss by a high

only applying artial vacuum, which can easily be reached by using
&%‘ﬁ&%%‘éﬁéﬁegﬂﬁi&%@m?? he process is fast and easy to carry out. A
high bonding quality, namely no 20 or at least with a reduced number of
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expansion coeffticients which are so erent that thie standard therma

amedzndristhberdianiwebubpates, Rivsligomeisssding gigmmolobsanpyng an

Wi aEJRRSEIHEMOINQE ISR THRICRE LMY QUbSHANR, BRRSES erforming the
according to the Smart CutTM technoloay, where ions are implanted into a

dEPASENG steP fof dRsibuoSpRs ity fartiehagyhled assembly

comprising the donor wafer can then be split in the absence or with a
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atiepsta Barphtjaihapimnts tedrdeuemsedrided cotitexbotimirigrenédgyicaimely of
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compared to the known bonding processes. Furthermore, by only applying a
partial vacuum, which can easily be reached by using standard rough pumps
only, the process is fast and easy to carry out. A high bonding guality, namely no
or at least with a reduced number of edge voids‘, can be achieved even with two
substrates having thermal expansion coefficients which are so different that the
standard thermal anneal methods cannot be applied. Finally, the bonding quality
observed with the inventive method is sufficient to carry out a layer transfer
according to the Smart Cut™ technology, where ions are impianted into a donor
wafer 10 define a plane of weakness. The bonded assembly comprising the
donor wafer can then be split in the absence or with a reduced number of edge
defects and despiie reiatively low temperatures.

Preferably, at least one of the two substrates can comprise processed or at least
partially processed devices.

In this context, the term “device” relates to any structure on at least one of the
substrates which at least partially belongs to the final devices like electronic
devices or opto-electronic devices comprising, amongst others, capacitor and/or

transistor structures. 1t is the particular advantage of the invention that it can be



10

15

20

25

30

35

devices or opto-electronic devices comprising, amongst others, capacitor
and/or 35 transistor structures. It is the particular advantage of the
invention that it can be 3 applied to any bonded structure that requires
high bonding energy but cannot be exposed to high temperature and/or
that suffers from the presence of edge yoids. This is the case when
devices are present in or on one of the Substrates. 5 According to an
advantageous embodiment of the invention, the partial vacuum can have

apphague HiylbohBetiostr(biddenbar r&fuiratoaigh prehaiag g deridOol@@annot be
1,33mbar - 26,6 mbar), preferaply between 10 to 2Q Torr (13,3mbar - .
O RH AP SV A B AT CAbs Eoey S oI oA e Lrgge voice

witfsrsue qasmpsewhiehicesesspresdinnie bave arcosf dovantagatdhere

is thus no need to 10 go up to a secondary vacuum to reach the desired
bonding energy and a reduced level of defects. Advantageously, step b)

CAPCBEIM i D ACBIBaS BtV SeRRRdinanpaftibalanerdotenipr raiel ivaguum
BRIl 8 préurd 7 POSSHTHEY 10 CosRHI LIRS SaRarliNGefratifPt — 20 Torr

which is under partial vacuum, at room temperature facilitates the practical

BRSO of tReHrithass. W@%%W,%?@Pﬁﬁnmn&% d8Fing!3.3mbar ~ 26,6

swbsenueThigaatest sdenanineaopdathsayhsttatepiare Bxnesedda with rough

t t f t 500C ferably at t 20 300C. With th
PR TRl SR i R AONABIEGE o] BRESaB LS e pee fo

 teEatmeots sewhaddne \eaomena tee deroetd the bsiraf bomdinmg eteddsgy and a reduced

I e prior art is observed, which in turn improves the bonding.
E%J%&ﬁ%ﬁgcggdegradation of devices like back side imagers in already

processed layers, e.g. due to diffusion of metals, fusion of metallic lines

ARG A RARIPCRLPE) Re PRV EBIRL g AR BN OGHERIRY in particular at a

embodiment, the activation treatment can comprise at least one of a _
plaRiRgrakiivdion "angsiishity s&d Ga citmiprsstelituie easrsvhisegntacting
O {15 WHIEACR/ Siad1epBRiKl QAR SORIEH. i BIEHRE RaRifERL Rl Higctical

30 a]Ctivation geatment for a substrate without processed or at least
PSRRI P SLAREPIAGESRes comprises a cleaning step, a plasma

activation, a cleaning

Preferably, after bonding and during subsequent treatment steps, the bonded
substrates are exposed to temperatures of at most 500°C, preferably at most
300°C. With the inventive method, the bonding energy is high enough for the
subsequent treatments and at the same a reduced number of bonding voids
compared to the prior art is observed, which in turn improves the bonding.
Furthermore a degradation of devices like back side imagers in already
processed layers, e.g. due to diffusion of metals, fusion of metaliic 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 step, a cleaning step and a brushing
step of the surface/s to be bonded. In this context, it is 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 partially processed devices,
the activation ireatment can preferably comprise a polishing step and a cleaning

step in this order. Further preferred, the activation treatment can further
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step and a brushing step, in this order. Furthermore, concerning the

activation treatment for a substrate with processed or at least partially
processed devices, the activation treatment can preferably comprise a
polishing step and a cleaning 35 step in this order. Further preferred, the
activation treatment can further 4 compyrise a plasma activation step

and/or brushing step after the cleaning. With these treatments, further
optimised results concerning the bonding energy are achievable. 5

Agpaptisg dopisadvaciagheousembadioentshingariggctifigrstiep dearieg.  With
carried, out in a dry. atmosphere, in particular with |e n ;

R R S0 T A TR e e
detbeteaieparticular of edge voids. 10 More advantageously, the

contacting step can be carried out in a neutral atmosphere, in particular in

an argon and/or nitrogen atmosphere. According to a preferred variant,

tHEaording. o AR tRBYERERORR T PERIABIRRh dNa EprbREiiagigleg san be carried
digleqiris \@yehtRdRBHitEamapMiidelavah qres {hanlPoorepeasedD molecules.

devices wherein bonding occurs between the surface of the dielectric .

a5 S SIRP ARSI BIHIRS SEAURRRs IR PARIACIRISEIRC 8y &b Eapicular of
feyddgestanie, be a PECVD deposited oxide which, furthermore, is '
planarised to represent a surface roughness of less than 5 A RMS. Thus,
bonding can be carried out independently of the topology of the
phocessaiianisgestsiictiies onrdacfifdeattmneaof tie sabtiéchteytuinier neutral

P e EI995 AR SIGEN 2 RPN MBRIYE, R AR comprise
a%%g‘g)é\eléﬂ%%l’ g%z%&ﬁ%% niing at %%sta one of 'ﬁwatlwo sﬁl}t[)&stﬁéates after
bonding. As a consequence of the high bonding energy achieved and the

reducRdifyRabs T RERPRANGMAIAS Recardingve aRthsdnantvensetivibile the
is thus possible to carry out the thinning after bonding even after a limited

theRPaPlRIBHIEHI Fih P RRE T VBNEDN 1RIsBARICHEY 1S piidRCR¥RIc Over the
devirs fEe\dderd anwsidbsinates daty ieatresabearding ticonetatehef the dielectric
a a(\)syeer_%%%cgggdsﬁ]%ggdgf ﬁ?e- second substrate. This dielectric layer can, for
instance, be a PECVD deposited oxide which, furthermore, is planarised to
represent a surface roughness of less than 5 A RMS. Thus, bonding can be
carried out independently of the topology of the processed device structures on at

least one of the substrates under predetermined conditions.

Preferably, the inventive method can comprise an additional step of thinning at
least one of the two substrates after bonding. As a consequence of the high
bonding energy achieved and the reduced number of bonding voids according fo
the inventive method, it is thus possible to carry out the thinning after bonding
even after a limiied thermal treatment.

Finally, the invention also relates 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 {o the following Figures:

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

the invention.
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Advantageous embodiments of the invention will now be described in
detail with respect to the following Figures: Figures la - 19 illustrate one
embodiment of the bonding method according to 35 the invention. 5
Figure la illustrates a first substrate 1, which is also called a donor
substrate. In this embodiment, the dongr substrate is a silicon on insulator
wafer with a silicon layer 3 provided on a buried oxide layer 5 in turn
provided on a base substrate 7, 5 e.g. a silicon wafer. Instead of an SO1
substrate, any other suitable substrate such as a plain silicon wafer, a

germanium,arsenide wafer o rmanium on insulatpr,.etc
O SR S AT R AL Bt o
othpeoreleditmeit thevidenyrahdadisieaizesoeibindalsicksadator avaffr withtisesilicon

%&E?%n&%‘%ﬁ%@éﬂra? bQIrFQ(? é%@é%‘if%%%um Biw#é{e&ht?n_]é) base substrate 7,

s
semiconductor layer 3, together with'the devices 9, has a thickness of

aP@ut IC8D prateor imsteaderi BprRCinebelRies aMmradbnt shiigflgigybstrate
subsirale 4 pRPSIIEOMNSIElY PRGPESARQr SRR tiRHYRIOCES§EManium on

meaning that, in subsequent process steps, the devices will be finalised,

e B9 PBrosiBetrRIbE SO ARARAAINS! BHESTBEIdurE RCREREAISYIFRS Texiuch as
spcabifie awiived whichicasisistenicpteviding aldistgchintayeehl{dorncated in
example an oxide, on the devices 9. The diglectric.layer 11. in_this.. .

AT S e B S R o SIS st Tymcaly. the
Cidmicmildwaiteg tneed 8p tegitireoiitistrey detitea pldrawisdhimhtep ¢ about 2 o
capied o ing chemi ' ishi '

o A e S UL R T e s BRI Ban o
caarseleelshadeesied riyerly Fglially iRerasRd Aneading hiasiragubsequent

here callegidhe SHBRALTRURSAEe NGRS MRICRYRMIHANNARI BYRnections
al.

could also be out of any other suitable 25 matérial. Prior to bonding, an
ofitation step is carried out to provide an oxide layer 15 on the support
substrate 13 with a thickness of about 0.5 - 2.5 pm. Alternatively, the

S 1§Sr uggtiﬁg&%@ggi%%eﬁg)r&n&%gv grrj%ete ar%t%ig eW %@%&%@is’ts in providing a
dielectric iayer 11, for exampie an oxide, on the devices 9. The dielectric layer 11
in this embodiment is deposited using a suitable process, like plasma enhanced
CVD. Foliowing the deposition of this layer 11, a planarisation step is carried out,
e.g. using chemical mechanical polishing CMP, to obtain a surface roughness of

less than 5 A RMS, so that the dielectric layer 11 can serve as a leveling layer.

Figure 1c illustrates a second substratie 13, here called the support substrate,
which is typically a silicon wafer, but could also be out of any other suitable
material. Prior to bonding, an oxidation step is carried out to provide an oxide
layer 15 on the support substrate 13 with a thickness of about 0.5 —~ 2.5 ym.
Alternatively, the subsequent 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 téyer 15, as illustrated in Figure 1d, are then
activated.

In the case of the donor substrate 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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step or by depositing the oxide on the support substrate. 30 The donor
substrate 1 with the devices and the dielectric 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 substrate 1 activation, first of all a
further second 35 polishing step is carr'éed out. The removal of material is
typically less than 1 6 micron or even less than 0.3 micron so that the
surface is activated and prepared for bonding. The polishing step is

folluaddneacsiaasing stepa whisbean fRat inlancricompise et bhingrebared
the surface and _SCI cleaning to remqve %articles or golishin slur

SRS Rg s e ROIRDIG, SRRt IHIQNE L aRehanDE SIEmCPish,&an for

lihswdnicd coprpsentscthasngiac ehatsukistebant BG Wilkaoduy to tkeove particles
subsequent process step. In sgme instances, however, this polishin p

oA B L LSTANG o oS PRIl SbAUnEE AR of the
caieleettorayenidnietity raespris e suitatoat vdiieh e odinnwit omeur in the
PlARAUUR BrBAR LB EUREINE o HEL G SIR el WS 15 th QR Yan b
in'the eﬁ%osﬁé o%%he d@cﬁgﬁor substr!att%s surface to bee'bondtgtgito agz & ©
oRyeiRPplasma or a plasma containing 02. The plasma exposure tool can

be, for example, a Reactive lon Etching tool, with a plasma power of

about 100 W to 1000 W for a 200 mm wafer and a plasma 15 pressure of
2 RSGOIOIECL S0 YRRPEH, SRl SHBSHAIE . SHU QIR G RB&PRRgTented by

acliypiipndrnbintonsisivgnaleaningief tNe plitace vidh tisianeRILSIBgbsequent
S%I 30.to 8QC forahout 10min, an 02 %ndlg,‘r N2 plasma z%cttri]vat'on unde[g trat
the" AN BHitio slﬁssﬁ%nﬁigngana%% 5’, ﬁuﬁ%rg%%gn?ng Shd 204 Finar- aes
brastiiog stepefibhedufacaof oxiden ayes itk avwhictebordicentailiiogcGr.  The
in equen ep.Ther e .activali c P ISL1O, i
o el bl RO A BB ol w2

g
adiasred. v ulsscapmiti 0N Yetiatd AP Ay s 1o, 2A8 finsk Wrfeiedbda plasma
substates aramiacedo 100mTorr (1,33mbar o 133mbar). -

The support substrate 13 activation in turn consists in cleaning of the surface, for
instance using SC1 30 to 80°C for about 10min, an O, and/or N; plasma
activation under the same conditions as mentioned above, a further cleaning and
a final brushing step of the surface of oxide iayer 15 at which bonding will occur

in a subsequent process step.

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 substraies are aligned with respect to their noiches.
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 reasonabie time, e.g. compared {o
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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. 30 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 Tdrr, and even preferably between
10 to 20 Torr. Typically, this takes about 2 - 3 minutes and, for the

PREIPSE QDS QRQRNhISHENRE RH BRI tiBkYag iR BARY NS S MEm pumps. like
increase in bonding energy in a reasonable time, e.g. compared, to 7 high

oPTUIMADMIGHIMRBUTIRS BIR iRl e uy i iRa By HIum pumps, like

primary rough pumps are sufficient to carry out the invention. The
atmosphere in the bonding chamber in the embodiment is essentially 5 .
oGP iy B R HRRTR GEITEE i T8 HRROIS o a5 ialy
malepues) astdmrdorthampsfeered of paricuidratriths pbes etheom poBeppior H2O
instance, of ar n jtr e bond; | a
AL SV BRSRhe SoR A S RRE R SL¥Bseo o
piesiance |efebrgosachddytheittmgesurfathe Ipadin@ 1ckrmbeuighkiib at room
copidr A ULRHRIRAHGUS HeAdbopding is initiated. Typically,

a

bonding starts at one point and a bonding wave spreads out so that, in the
end, surfaces 19 and 21 are attached to each other via molecular

a«é‘@ﬁéthn(ffzr%@rﬁuaﬁ;tsﬁal}géa@éﬁépige@a%nddphma%ngmﬁmﬁg zla_nd 21 are
compounc . e Initual, conta 1N De e . / t
i R e

Whthnthegodstaeribsidonenstive mm@mumg)vﬂaGadpmagenussswfnatgiatith-e end,
effects of carryin t the surface, activation steps in combination with.the

C e TS An A A AR 6 KA A SRR B orces
lebgtn7 0er- Yogisidotas)nahdiformred doad teuppsibcetepruighotd.  The initial

bR dslRcRaRACUERNe Jpadilian dase RUIRAGABICLER or in the
without having to carry out a post-bonding anneal at high temperatures of
greeniethensoarca iy meshashied {i8@ehat the occurrence of edge

voids can be suppressed or limited (by at least one order of

With the described bonding method, due to the advantageous synergistic effects
of carrying out the surface activation steps in combination with the contacting
under partial vacuum, bonding energies in a rangé of at least 700 - 1000
mJoule/m? with a reduced level of or even without bonding defects are achieved.
In addition, these resuits are achieved without having to carry out a post-bonding
anneal at high temperatures of greater than 500°C. It has been observed that the
occurrence of edge voids can be suppressed or fimited (by at ieast one order of
magnitude compared to the prior art bonding methods) except for voids arising

from the presence of particies on one of the surfaces before bonding.

According 1o 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, followed by a chemical etch that stops on the buried oxide S 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 jayer 3 and eventually 5 are

transferred on the second substrate, in this case, the inventive bonding method
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25 magnitude compared to the prior art bonding methods) except for voids
arising from the presence of particles on one of the surfaces before
bonding. According to a variant of the embodiment, the donor substrate |
can be thinned down, as illustrated in Figure 1g. Thinning can be
achieved by a grinding and/or 30 a polishing step, followed 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

ggmf&'ﬂﬁbp%@\?ﬂ%@@&g Rerdbianiag 408s Nhle %Cﬁﬁ%" B% $ORAEEnergy

buried oxide 5. According to further variants, even this oxide layer 5 could

aRENSYFENBERATR FiidhayERnsisiteavantldnyos BighasaiiysibFRavh angoular

S@Ran ShbSHAIRIG dhiRaARE. JHSINKRNEYgD BN EHBIVARINGES oSheWsechanical
further adofntaaeous effgcts as, again due to the high bonding energy
aBHIERa SH, 880(5f"¥ﬁ efrransferred layer is of high quality, it shows a

regular outline, no cracking or tearing off on the edge of the wafer due to

ﬁs”]@%h%%&a}' E‘@”u”rljert‘ §§h infaPGd WAL @ AHIUSERIRL 0. lﬁ%{er}%\:e now

the'ini evices evice ayer 3 have now been tra
omgethérsnpisoiedupsteatid Sumpednylestraie dévicewy adainsial the devices,

PIRRGESING SiERs s gj s £1eGIcaL CORBRELPBARIRe SRIhRAP R BRSSb Adtmed.

In addition, the struc 5 of Figure 1g might serve as a support
substrate 13 in subsequent fabrication process steps. In this case, both

they dRaRIoAU BRrate Sifle DS SUPRRFESUPAIGH? SGRERR ar'aﬁagenigassifate 13 in

opto- _electronic applications, the structure as illustrated, in Flg re 1g
RSO AP UR S BT o Str oy s BIS TR PR NEAD BT ipstrate and

banks;demﬁeéabwate cavioraiskaberidieg to a variant, the thinning

could also be achieved using a Smart CutTM approach. In this case, prior

to bonding, light species such as helium or 20 hydrogen are implanted

into ﬂmOdelaotrsubsmmt&caﬂiorfermh@q@redetemﬁﬁ&@Bﬁpm@ GigareStlitilgreceive

WG AlEF e LSt %‘&e handedZdside of electronic
C?B y,gas tﬁgrstrated in Fp ure |foto hlgheﬁlr)]a gm temperatijree or electiont
evices

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 implanted info the donor substrate 1 to 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,
e.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.
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e.g. in arange of 300 - 500C. 25 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. 9 Claims 1.
Method for bonding two substrates comprising the steps of: a) applying an
activation treatment to at least one of the two substrates 5 b) performing a
contacting step of the two substrates under partial vacuum. 2. Method
according to claim 1, wherein at leastCé#ienef the two substrates

comprises processed or at least partially processed devices. 10 3. Method
according to claim 1, wherein the partial vacuum has a pressure of 1 - 50
Torr (1\BRhduhfor 66hnganyopsebetadtiys lcop@iong (tha3tansart: 26,6

mbar), Ve%g%‘?;?ﬁg?gw &&m%fog 1 Ao eth T QB a3 BRaGT 4R MBRsiBtes

4. Method a g to one of claims 1 to 3, wherein step b) is carried out
at roof) terRPERITONR iR peentastinat sleempertierdWa SHosyalss18ndgy partial
26C. 5. Methedagcording to one of claims 1 to 4, wherein after bonding

and during subsequent treatment steps, the bonded substrates are

exposed to 20 temperatures of at most 500C, in particular at most 300C.

6. Methastiaseareinadiagne ebgtaimswntadin vdiaist tbasaeiwiotwo substrates
treatment _camprises at Ie&st or;gg of %Fplﬁsma activatiog, ¥ ggshing step,

a clearﬁﬂglpgﬁ%sa%acgﬁﬁ ﬁ’lha ?&S hE &Jﬁ%cégst% be Bonded. 25 7.
Method according to claim 6, wherein the activation treatment for a

SupsUARWERULIAGRSS6 L 0 AL RRPARINY RLRSSPRILARYIES o pressure of
comprises a cleaning step, a plasma activation, a cleaning step and a
brushiry-stéh iarHis derar — 66,7mbar), preferably 1 — 20 Torr (1,33 mbar - 26,6

mbar), even preferably between 10 to 20 Torr (13,3 mbar — 26,6 mbar).

4. Method according to one of claims 1 1o 3, wherein step b) is carried out at

room temperature, in particular at a temperature in a range of 18°C to 26°C.

5. Method according to one of claims 1 to 4, wherein after bonding and during
subsequent treatment steps, the bonded substrates are exposed to
temperatures of at most 500°C, in particular at most 300°C.

6. Method according to one of claims 1 to 5, wherein the activation freatment
comprises at least one of a plasma activation, a polishing siep, a cleaning

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

7. Method according to claim 6, 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.

8. Method according to claim 6 or 7, wherein the activation treaiment 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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30 8. Method according to claim 6 or 7, 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. 10 9.
Method according to claim 8, wherein the activation treatment furthermore
comprises a plasma activation step and/or brushing step after the
cleaning. 10. Method according to one!f claims 1 to 9, wherein the
contacting step is 5 carried out in a dry atmosphere, in particular with less

”%?“ 1 %@%@gq%%%n%%; ) Q}Qﬁuaﬁ%oﬁ%ifﬂ%ﬁ%ﬁ'?%%ﬁ@m&h@rmore

10, wherein the contacting step is "carried out in a neutral atmosphere, In
particutamprisesriirasnatactyphiencsterpar/ M asaIae HemaHes Biscisaning.
claims 1 to 11, further comprising a step of providing a dielectric layer, in
particular an oxide layer over the processed devices wherein bondin

odBursMrifipdenceRitingrdeconrift alaidstic layer widddndhs ﬁQE@B?g@HeStEp Is

secong svistrade il & iy Mt aeeordingdaiengrofalaies lttarl 200ppm H,O
further comprising a step of thinning at least one of the two substrates

after b 61%4 Opto-electronic device comprising a substrate
fabricated according to one of 20 claims 1 - 13.

11. Method according to one of claims 1 to 10, wherein the contacting step is

carried ouf in a neutral atmosphere, in particular a Ar and/or N atmosphere.

12. Method according to one of claims 1 to 11, further comprising a step of
providing a dielectric layer, in particular an oxide layer over the processed
devices wherein bonding occurs between the surface of the dielectric layer

and one surface of the second substrate.

13. Method according to one of claims 1 to 12, further comprising a step of

thinning at least one of the fwo substrates after bonding.

14. Opto-electronic device comprising a substrate fabricated according to one of

claims 1 — 13.



