Met hod of fabricating a hybrid substrate Backaround

of the invention The present invention

relates to a nethod of fabricating a hybrid substrate

conprising at |east two |ayers of crystalline
WRatBAI4€P? t hat are bonded 5 together by di r d¢iI/IB2008/000567

bondi ng. Description of the prior art This type of

substrate can be used in the fields of optics,

el ectronics 10 or optoel ectronies, these terns al so

including in general mcroelectronics,
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produce a substrate comprising a layer of silicon with a (110) crystalline orientation
directly bonded to a support of silicon with a (100) crystalline orieritation, or vice
25  -versa. :

When the receiver substrate is made of silicon carbide (SiC), it is
possible to fabricate hybrid substrates known to a person skilled in the art by the
acronym SopSiC (silicon-on-potycrystalline-SiC).

Such hybrid substrates are useful for the production of high-

30 performance microelectronic circuits.

The article by C.Y. Sung, "Direct Silicon Bonded (DSB) Mixed
Orientation Substrate for High Performance Bulk CMOS Technology", Extended
Abstracts of the 2006 Internaiional Conference on Solid-State Devices and



Mat eri al s, Yokohama, 2006, pp. 160-161, cites an
exanpl e of the fabrication of such a substrate, which
consists in transferring a |layer of a (110) silicon
donor substrate onto a (100) silicon receiver
substrate by bonding followed by thinning This
article records that the fabrication of such a
substrate does not require any insulating |ayer

bet ween the two | ayers bonded toget her.

The F Eﬂ’ Okﬁ’g aaﬁfﬁﬂi 5, %é@?g t{i?ets ahh&aﬁ?ﬁ@ %?efhé)%abncatlon of

ayer
t haétuch ayuhstpleo bihdeht qulsm aboatifagingre paeaf @n(MQ) silicon donor

Ju%gtrrfﬁg oh® 2 éﬂ%@ dﬂp&bﬁl ﬂe&el@é{‘ps%bﬁfa%@ 8y &oh@Rg followed by thinning.

ThIS I'S becaus { bondj ng. i ncludes the
f or T fgielo recrdshingt 419 faé’@ﬁa%ﬁ afeSlr%yae pubirafe,does not require any

SUrhaasiRy ﬁéﬂb%iw&ﬁh 10k t&dﬂﬁtyhﬁ)b@h&ed t@gdBerdr ought into
contact wth eac

ot her. thi,s o
buried in the %Ves‘tﬂlﬂ&a emeqﬂ?glf ﬁbag%}%%v@se £e, Hf §102 insulating
r enfaye&dn tlieoﬁne& >smmdu& Inyarss thatreelhy daophebici-yge ptebpnding preparatlon is

| t th
ot er | SR oRb s p AERE MO | el L
However hydrﬂph abbesapssritidnephitithbendingnipslugdes the formation of a thin
hy iRARN oLk Mhat ﬁ&hrﬁo B@$ace! ﬁreﬂ&fﬁt‘ﬂoﬂ@f Qhélilhfere ltﬂ) thet Brought into
i npl'e

enent since these Hterm nat.e %nds attract
Bt

par¢angice ¥ithpaeh pdhes andnibisaside W ugigd i Ehe, ipasfyeture, must
Al s kidfuent! %ﬂﬁ@ddﬂﬁuﬂiﬁﬁﬁpw$y6a 0260 2mealing sep at very high

t hod f b thin |
ot PSR, afw BugitoPite hE Ehe it PrEFG B Bt case
i n i npl ant i ngHoweergasydophytde odendingns wibatho  anvgbresr hydrogen-
Sub%}ta[lf’;l LRa b%t dg i%rr%g?{ ?{ ﬂﬁcﬁﬁ@% hptet it e Whid B-terminated

mne |'an StO Create a.
V\éaﬂmlde att@ohmruﬁess diahhaverachaghieye isanael e dapdiagheat,

treatment at gisheARREAIMGR Mk HbcBRemolISt 8 Gauss, slal & method of
substrate to separate into tﬁgdgarts 0 elthe

of QUtenigah ghigflaygragia gemicon r malenjal, fiom. & é@ﬁ)& esubstrate This
VV' t RethBatohssts @b phplRethd frd-be @lgdmedn onyEnto, a tdrer substrate, at a

g&?éat ure and 'qngl ant a 41 R%é%%e rem%?o]ﬁl%'i]an%ﬁloisdésg so as to

suf&tﬂtenmehanthzm&sﬂMEmnbmadnhﬂh@amem@eﬁ@daﬂ@ﬁétﬁﬁﬂnﬁﬁ at a
feHlE)glfaEdrg i t gﬂ e Eiufs% shid sﬂggtﬂit@tods%inﬁ%%m twY parts on either
treatment al one achnent
reqﬂd¢eﬁm@hbma@ﬁ“@ﬁbﬁ§$ appl i cation of a nmechanica

force. In accoFRWBY &Fith Whhs i08&dABA iARS ab®le document, the

g g lo‘rgltn;p%ggg Iafglg glgqlp%te{t%nadoig ra:{‘eac eos%hgg al ﬁ% h}%gtegxlpgcl(r)%céwgles within
I nvigp tsu@ﬁ'a‘ﬁee@%ufﬁcisﬂ Mantitiks tafabte&mrﬂmt wenketedlzansttac kis insufficient

of the or ti.cul I

met qﬂ%ltlﬁ S 1P éﬁl}))?q,l]& gf’?ﬁﬁ%ﬂg&h‘{}% &b% aR tl%%ftn%?% ngn% Detachment
Iaweqummﬁhsmmhuamdapph@hMU@égnn@hwneé@Mpe bondi ng

using an int Zlflg%gbeﬁt ik RImBRA dbdy WY fllart el BBy e a surface
bet ween the donor substrate and the receiver
subrepaeiéon dlavdpg igead duectyradiREgh- qual i ty hydr ophobi ¢

bondi ng. 3 SuRWBAYN@Es bh8hé NMEMkibANeck to solve the aforementioned
ect of .the invention

According tao an there, i e .
or Rbeks Hhbh @b ATy 57 1 RIS hyEdF apdbodpf fabricating a
whi li)fbrﬂoﬁtﬁfst'r&eSolﬁmnb@&gft latymotrhmfﬁr sndofvhiahy doeal hotrrequire bonding

Fﬁgﬁs&iﬁal t e%éaﬁe & eg%ﬁen a tbg ?@g%e%{k%rﬂlg donor substrate

| ayend, thc ovkivgr Sutotrat is cysicdlohy m hgintxmahat leydzephobis bpnding.
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successive steps consisting in: - carrying

out a step of inplanting at | east one category of

atom c and/or ionic species into said donor substrate

so as to formtherein a weakened zone form ng the

boundary between said active |ayer and the remnai nder

of the donor substrate; subjecting one of the faces



the nature, inplantation dose and inplantation energy
of said atom c and/or ionic species being chosen so
that the defects induced by these species within the
donor, substrate allow the remai nder of the donor
substrate to be subsequently detached but do not
devel op sufficiently during tBe prebondi ng
preparati on heat treatnent to prevent the subsequent
bonding or to deformthe front face of the donor
substrate. . 't. Accordi ng to ot her advantageous
an&iﬂgﬁg¥9%¢?ﬁﬁﬁ&%%bodinents of the invention, taken
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do not develop sufficiently during the prebonding preparation heat treatment to prevent
the subsequent bonding or to deform the front face of the donor substrate.

According to other advantageous and non limiting embodiments of the
mvention, taken individually or in combination:

- said prebonding preparation treatment is carried out in a gaseous
atmosphere containing exclusively argon;

- said prebonding preparation treatment is carried out in a gaseous
atmosphere containing exclusively hydrogen:

- said prebonding preparation treatment is carried out in a rapid thermal

annealing (RTP) furnace;



Description of the preferred enbodi nent The sequence
of the various steps of the nethod will now be
briefly 25 descri bed. As may be seen in
figure 1, a "donor" substrate 1 conprises two opposed

Wioad9es8i11497 and 11, called "front" and "rear" HEIJB2008/600567

respectively. As ,shown in figure 2, the
donor substrate 1 then can undergo an inplantation of
atom c/or ionic species so as to formtherein a
weakened zone 12, 30 which forns the boundary between
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esc drawings:

- figures 1 to & illustrate the successive steps in the method of

20 fabrication according to the mvenﬂon
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Description of the preferred embodiment

The sequence of the various sieps of the method will now be briefly
described. .

As may be seen in figure 1, a “donor” substrate 1 comprises two
opposcd faces 10 and 11, called “front™ and “rear” faces respectively.

As shown in figure 2, the donor substrate 1 then can undergo an
implantation of atomic/or ionic species so as to form therein a weakened zone 12,
which forms the boundary between a layer 13 called an “active” layer 13 and the
remainder 14 of this substrate.

Advantageously, this implantation is carried out through a sacrificial
insulation layer 3, for example a layer of silicon dioxide (8i03), deposited on the
front face 10 of the substraie 1.

This insulation layer 3 is then removed, as shown in figure 3.



The donor substrate 1 and receiver substrate 2 may or
may not consist of sem conductor materials. 15In
general, the material constituting the donor
substrate 1 will be chosen fromcrystalline materials

worReodiiiele7 it is possible to create a dense PCIAB2068/000567

distribution of cavities, by.inplanting atom c and/or
ion species, followed by a t Rer mal anneal | ng step.
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substrate in which the donor substrate 1 is made of silicon (preferably smgle crystal
silicon) and the receiver substrate 2 is made of polycrystalline silicon carbide.

It should be noted that the donor and receiver substrates may also be
muliilayer substrates. However, in this case it is necessary for the layer of material
constituting the front faces 10 and 20 of the substrates 1 and.2 to meet the
aforementioned specifications.

i



silicon substrate 1. The choi ce of these

species, their dose and their inplantation energy

will be nade so as to avoid the phenonenon of surface

bubbling that is typically obtained when a materi al,
wonpisantied i n standard fashion, is anneal ed.PCEBB08/000567
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energy of around 30 to 200 keV and with a dose being within the 5 x 10 to 1 x
10%7 at/om® range. In the case of argon atoms, the applied energy is around 200 to
500 keV and the implantation dose around 1 x 10° to 5 x 10*¢ at/em®

" In the case of co-implantation, it is possible for example to use

30 hydrogen co-implanted with fluorine or hydrogen co-itﬁplaiifced with heliom.
.  In the case of hydro'ge'nfﬂuorin'e co—implantatioh, the hydrogen is
implanted with an energy between 20 and 50 keV and a dose between 1 x 10" and
5 x 10" H'/em®, whereas the fluorine is implanted with an energy between 150 and
200 keV and for implantation doses of 1 x 10%t0 1 x 10" F*/em®.

35 In the case of hydrogen/helium co-implantation, the helium is
implanted with an energy between 70 and 90 keV and a dose between 1 x 10" and



t hrough the front face 10. Al so

preferably, all the inplantations are cani ed out

through a sacrificial oxide |ayer 3. This oxide |ayer

3 may be finned thermally (for exanple from Si 02 in
wbheosaase? of a silicon substrate) or deposi tREU/IBY008/000567

deposition techniques 10 well, known to those skill ed

in the art, such as chem cal vapor deposition (CVD)
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25 - a second bath of a solution known as SC2 (Standard Clean 2),
which comprises a mixture of hydrochloric acid (HCI), hydrogen perox1de (H20,)
and deionized water.

_ The prebonding preparation treatment shown in figure 4 consists in

subjecting at least one of the faces to be bonded, 10 or 20, to a heat treatment at a

30 temperature between 800°C and 1200°C in a gaseous atmesphere comprising
hydrogen and/or argon, but not oxygen.

The gaseous atmosphere may therefore be chosen to comprise:
exclusively hydrogen, or exclusively argon, or a mixture of these two gases, or even
one or other or both of them combined with another gas, excluding oxygen.

35 The duration of the treatment is at least 30 seconds, but preferably

does not exceed a few minutes.



- 8 The effect of the hydrogen and/or argon
is to renove the native oxide possibly present on the
face(s) thus treated, to passivate these surfaces by
nmeans of hydrogen atons, and also to obtain very |ow
weundsacdor oughness. Thi s prebondi ng prepar SLTAR2008/000567
treatnment al so has the effec% of making 5 the treated
surfaces hydrophobic. This effect was denonstrated by
nmeasuring the contact angle of a drop of water,
giving a value of 800. This value is nuch higher than
the val ue obPhadffethfahd Bfdraeh heBbMBRFIn 19T feR6ve hindths bikide

t ical
AEE R B A R LG o
AEpger pamgand Alse S b HE lovepuateeeropehngds. i con
sur f ace hydTkip hidbbedifd) prepatation! tRG1niAC BedThasSBE effecyof making

5 1qhél'§:g§ed %@f %s hyh?(%ﬁ)ﬂ%m This effect Was-lagx%o%% Etb%gmea%tuﬁng the

this t species is a
t rC@ata@oanglirq'fadéop of Weler, tgﬁ@naw Halayeh8 it Bhis weluv érpuch higher
Srthdd the whiea obtamé&s.ﬁérustremexal dfang ttﬂtatasf adpd, Whichfis typlcally

C | [ f.aces.
%a(S%Qgiges gﬁf r enal n {i?gaﬁ{ Z%em'?s mefmgg ace’ ”gatmngrh
d SPAFEBEmPIY trlatpaionsiicen |smface\ftydt¢g@r€zc@emér%l@qmgh% Soc., Vol.
10 outgaang, tebect s. In addition, this

t r eat ment for exa

af or ement i o%édZI q—g{i?gg%f L %ﬁlg%t htafm PR lsr%aorr%ed on the
sitippice purfase. Sipsedhelivdrqeen a‘@m it Vera quRH.cxhen ot dsgrbmgn allow the
Ficmhbxy of tditafenp b&lde I’b@hﬁb@n Iﬂﬁeﬁﬂaﬁngtﬂdﬁﬂ fetcéﬁm BRNDO, haaoes not

Egn%ftxeagéedt Q.atite Etpgrfég H PHL%Q S 1o 1t Znéa(tje \Y]ﬁié)np geherating

ra pe
15 moétgé%&ﬂqf?‘é% that f orm and expand Thi s *results in
the coal es cmrua&m@ﬁ,hthjg Qreﬂ‘t}tﬂiﬂﬁaifltﬁd &s tﬁﬂ:duiﬂﬂcettbteexample the
t.he. | terial in.t
C AR IBE by Sl 1L S bl W oS s
i ApSIUERT 2 gconditions are chosen in such a way that

the afortegarmat dafls ﬁﬁmnﬁtﬁﬁﬁ?@ﬁ]ﬂﬁblﬁﬁ@mﬂ%haﬂmmmat the
etra n Q e

20 ng]a;ngd onia?fgr exam(i N %elopfe%on H% % gq%g}zecgﬁn the
tfléatt)%fﬁtes clhist B and | standut Thin rasu&ﬁanb@p efc@tescence of the
hinghrotLiMRe raﬁﬂuﬁetha%ﬁﬁiﬂléi&nt rbfa;h@ QR raatett 8laterial in t.he zone
a I .0 e e a a
C RERIRAE G nl Qe RIS eR RO LR, SIGHGER: Sign in
f sitharcway BuTihe alpremefioned enplasermio phanofgronadnes nptriead to the

25 Mb@&midﬂﬁoﬁ@ﬁ&éﬁ@%nﬁﬁt@:érﬁﬁﬁdeﬁml n batches, may also
be envisio r the for nentlo

Preatment - BHPEPHine: BBl AT i OB HGh g i o
t etpatise forﬁ@vtemw@rw@ns@msn tao:ontrqaﬂem azxeosphge,rﬁos ksmple a

ConbBRVARat ROP Bapid lﬂ%:ﬁﬁtbgl%a&ssﬁmﬁﬁadeh&f Bise hAI eimﬁﬂatd bfGth
Fgg iis shown in figure 35Advant ageously, ‘it. :
a OSS|bIeto store the treated substrates in a
30 chanber havihagsaofzomnraitiosd famamss phwreh be stlairange treated

OfH BhatchBs, A8 also BB Snvidiydidcal |y A _

After the aforementioned treatment, the front faces 10 and 20 must
be bended together very rapidly, so as to minimize the risks of contamination by the
ambient atmosphere, This bonding step is shown in fipure 5. ‘

35 ’ Advantageously, it is also possible to store the ireated substrates in a

- chamber having a controlied atmosphere containing only an inert gas, typically
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20 and an inpl %19{}{1 ee&eﬂ’ugéfy 81 ch5a9ucaleé‘é’cachment is being carried out,
- the structure may also be rotated 5o as to facilitate the detachment.
Two examples of how to implement the invention will be given

- below.

25 - Example 1:

A (110) Si silicon substrate covered with a silicon oxide (Si0O,) layer
underwent an implantation with helium ions (He") with a dose of slightly less than
1 x 10" He*/om” and an implantation energy of 50 keV.

~ The silicon oxide SiQ, formed was then removed by treatment in a
30 hydroflvoric acid (HF) solution followed by cleaning of the aforementioned RCA-
clean type. ‘

This silicon donor substrate and a receiver substrate, also made of
silicon but of (100) crystalline orientation, then underwent the prebonding
preparation freatment in a gaseous atmosphere comprising hydrogen and argon for a

35 time of about 4 mimutes at a temperature of 1050°C,



The silicon oxide Si02 formed was then renoved by

treatnment in a 30 hydrofluoric acid (IF) solution

foll owed by cl eaning of the aforenenti oned RCA-cl ean

type. This silicon donor substrate and a receiver
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crystalline orientation, then underwent the

pr ebondi ng preparation treatnment in a gaseous

at nosphere conpri sing hydrogen and argon for a 35

tinme of about 4 mnutes at a tenperature of 1050C.
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dose of abo%ﬁ%%szlols F/cn2 and an inplantation
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The silicon oxide Si0, formed was then removed by treatment in a
hydrofiuoric acid (HF) solution followed by cleaning of the aforementioned RCA-
clean type.

20 This silicon donor subsiraic and a receiver substrate, made of
- polycrystalline silicon carbide (pSiC), then underwent the prebonding preparation
. treatment in a gaseous atmospbere comprising hydrogen for a time of about.5

minutes at a temperature 800°C.
The two substrates 1 and 2 were bonded together via their respective
25 front faces and underwent a heat treatment for 3 hours at 1000°C in order to
‘strengthen the bonding.
Finally, the donor substratc was detached from the remainder purely '
~ mechanically, by injecting a fluid jet,
A substrate of the SopSiC (311100n~0n—p01ycrystallme silicon carbide)
30 type was thus able to be obtained with a very high-quality bonding interface.



20Thi s silicon donor substrate and a receiver
substrate, nade of polycrystalline silicon carbide
(pSi C), then underwent the prebonding preparation
treatnment in a gaseous atnosphere conprising hydrogen
for a tinme of about 5 mnutes at a tenperature 800C.
The two substrates 1 and 2 were bonded together via
their respective 25 front faces and underwent a heat
treatnment for 3 hours at 1000C in order to
"strengthen the bondi ng. CLAIMS Finally, the
donor substrate was detached™Tromthe renai nder
purely nmechanically, by injecting a fluid jet.

A substrate of the SopSi C (silicon-on- polycrystalline

silicon carbi 30 .t s thus e obta
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one of the faces
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substrate, to a heat tyeatne ebondi ng
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20veakened zone @tachid k&l Yremainder along the weakened zone by a purely
mechanical action,
the nature, implantation dose and implantation energy of said atomic and/or ionic
species being chosen so that the defects induced by these species within the donor
substrate allow the remainder of the donor substrate to be subsequently detached but
25  do not 'develop sufficiently during the prebondiﬁg preparation heat treatment to
prevent the subsequent bonding or to deform the front face of the donor substrate.

2. The method as claimed in claim 1, wherein said prebonding
preparation treatment is carried out in a gaseous atmosphere containing exclusively
argon. :

30 3. The method as claimed in claim 1, wherein said prebonding
preparation treatment is carried out in a gaseous atmosphere containing exclusively

hydrogen.
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