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(54) Title: METHOD FOR MAKING SUBSTRATES AND RESULTING SUBSTRATES
{34) Titre : PROCEDE DE FABRICATION DE SUBSTRATS ET SUBSTRATS OBTENUS PAR CE PROCEDE

(57} Abstract: The invention concerns a method for making substrates, in

particulas for eptics. clectronics, of oploelectronics, comprising an opcration

|~ 6 which consists in bonding a useful clement (10, 16) of a first material on

the surface of a suppod (2). comprising 3 second material. The invention is

characterised in that: it fonher comprises an operation which consists in de-

positing an amerphots material €3), on the surface of the suppost (2). formcd

4.2 with the second material and designed to receive the element consisting of

the first material or on the sudace of the uscful elemen! formed with the first

a material and designed to be borded aa the support (2): and the second mate-

riid i5 Jess noble than the first material. The invention also concerns a method

“' 14 for making subsfrates, in panicular for optics. clecironics or aptoclectronics.

comprising an operalion which consists in bonding a useful element (10) of

A /‘ ) a first material on a surface of a suppont (2), comprising a second matenal.

L A - P ‘The methed is characterised in that the usefol element (10} or the support

{ - (2) comprises a polycrysialiine material at least on its surface designed to be

bonded, and it fusther comprises, prior 1o the bonding operation, an operation

which consists in forming a liyer of amorphons misterial {2). on the surface
or surfaces comprising the polycrysialling material.

0 A

(57) Abrégeé : L'invention concerme un procédd de fabrication de substrats,

b notamunent poor Poptique. I élecironique ou 1optodlettronique. comprenant

une opération de collage d'vn Slément utile (10. 16} d'un premicr matéhau

sur une face d'un support {2}, componant un devxiéme malériau, caracténse

- 5 par le fait, (a) qu'il comprend en outre une opération de dépdt d'un maténau

F—" amorphe (6), sur 1a face du suppoert {2) constituée du deuxiéme matériav ¢t

desting i receveir U'Slément constiteé du premier matétiau ou suy 1a face de

¥Félément utile constiteé de premicr maténan et destinée 3 &le collée sur le

| suppori (2. et par le fail, (b} que te denxidme maténian es¢ moins noble quele

"" premier matériau. L'invention copcerne également un procéds de fabrication

de substrats, nolamment pour Foptique. P'Slectronique ou I oploclecironigue,

C comprenant une opération de collage d'un Siément utile {10) d*un presier
- J matériou sur une (ace &'un support
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particutas for optics_ clecttonics. or optoel ectronics, conprising an
operation which consists in bonding a useful elenment (1®Deddnb@f2084fi rst
material on the surface of a support (2). conprising a second material -
The invention is characterised in that. it further conprises an operation
whi ch consists in de- positing an anorphous material (3). on the surface of
the support (2). formed wth the second material and

the el ement consisting of the fi WO RS on thgm@%’}ﬂmm"'m*m“‘f"@ﬁmw
useful_clenment fornmed with the first rrat eria and desi gned | obe bonded on
t he support (2): and the second mate- rial is |ess noble than the first
material. The invention also concerns a nmethod for naking substrates, in
parti o) dresifrated optes Gorong): #E AGNALSAMIADPPadkieE: roni cs. conprising an

oper at i onAlMZ% BAChBOsRE BY B EAdTH GNLUs ef ul Wigh derfmertianiprib0Jearo Repat. i 1 St
materi al g §G:r1?Fa@§° BM. %Z§€r ﬁﬁé\’?% conpfitginergedrliagscond material .  The

>

nmet hod isK ful elenment (10) or the support (2)
conpri sesyg M§ | east on its surface designed to
be bondeﬁom sk wgﬂé}@&rﬁﬁm R, 0T b%oftquﬁcnﬁmtzﬂﬁéﬂdnnﬂde%%@t' on. an
operati onUAwm (,jb mmlm gAlzjwform ng a | ayer of anor phous nater| al  GR%rch 96
the surface or surfaces conprising the polycrystalline material. (57)
Abr cgd8d Desigmipe statefesioniic SRIAO Rarep (ML YL de fabrication do substrats,
swt anmen KEp’e%MW Nb?pﬁli’ eSZ TZ, @Fic%‘tf)ré e ou | ' opt oel cctroni que. conprenant
one oper f“F 10. 16) d un premer materiau
sot one G%C Fo i t( Lm{ E C Bﬁﬁrﬁ"anf"g‘wm iehg t’%‘fﬁe’é@ﬁ ""‘(’fér"é‘(’:l”tfr?fé"é
le f [f ) (ﬂ@ 'C é}?fﬂ’ﬁ %I'iliﬁ L{f it ors reere cezsma erogﬁ ! Gmdance
par Hh C I Er Not ng J!b%@v % be mnm of each
rraterlausnam)m he , sur I'n T’ace U SuppRs Ly .7)0 Je &
materiau ct desti ne 3 recevoir !'element consti tud du pr em er mat eri au ou
sur la face do /'clenent utile constitute de premer materiau et destine a
ctre collee sur e support (2). et par le fait, (b) quo | e deuxiene
materi au est utoins noble que he premer materiau. (.'invention concene
egal cnent on procede de fabrication de subsirats. nolament pour
| "uptique.l'clectronique no |'optoel ectrom que, conprenant one operati on
de collage d' un dldnment utile (10) dun premer materiau stir une (ace d' un
support ~ 16 Decenber 2004 WO 01/97282 Al
[fetffVELTTTIVIFII{ITLIIft] NVl n~lV~[~V~fl~ (81) Designated states
(national): AE, AG AL, AM AT, Published:

(2). comportant un deuxitme matérian. caracténisé par le fait que I"élément utile (10} ou le support {2) compone un matérian poly~
cristallin av moins sur sa face destinée a étre collde, et qu'il comprend en outre. préalablement i Fapdration de collage, une apération
de formation d"une couche de matépav amorphe {6), sur la face oo les faces componant le matériae polycristatiin.



AU, AZ, BA, BB, BG BR BY, BZ CA CH CN, CO - Wth the International
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PL, PT, RO RU, SD, SE, SG SI, SK, SL, Ti, TM TR, IT, TZ, Date of
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2002 (84) LS, MW
v, sb, SHELYITOREBRICRTIE MRS haris M/ SyBStstes GirarEo & 1)
TJ, TM, European Patent (AT, B} TEHS METH®GD DK ES, FI, FR, For an
expl anation of the two-letter codes and the other GB, GR, lE, IT, LU M
NL, PT, SE, TR), OAPI Patent abbreviations, reference is nade to the

expl anat i ons (Thauingdenten r(:IBch ﬁmetﬂads@(ﬂfalﬁih(;at&lg sﬁh&tra%ls ﬂMarm:uldVR NE
Not es on revi ons beqi each SN

regul ar e@?ﬁ?%nﬂgg P?‘Eg g&‘l"& Cé;t?r) Opk(ifp E'SH%% :{?)QB% IH%R?XPE?%S% r| a

car act er i isgeypidon |reldtes ttoqnmethlod‘sl dirgabricdting s(tbSjrates ire vephoa z(chveconpone
un mat eri.au, pol crlst au noj NS sur aface destine a are coil & et
qu' il corpf Efﬁ—@]é}?%?ﬂtrlé Z tﬂ::ﬁlsugp? bp&ration de collage, uric
opzr?ti on de ha ﬂmuaypedumhe@ee@lme ﬂ&ﬂmﬁﬁptcﬁide%@méﬂﬁod 6] fatgitating ' f ace ou
Its faces ru m ter cristal 16 Decenber 2004 1 METHOD
OF FABR GRS RAHEE AR 0B BT HA RS o PR B OF 4140 mq%m

i nvent i onvhikhat@apticedrephRiEngfa falppoeaistbotratd $2,F 2f @F.a infatedial,| §aahar for
use in optics, electronics qQr opto-electronics. To be nore precise, the

i nvent i on SPeATit Matehale ipciding aspysyatalinge 21155 1deppaing] #0 \HNPHOMSAct | ve

material pheiRtiaysr (G)anpbertRdpoRtaystalfHRPAES -of! $hid Sippurt aRReate;t he
present invention pr ovides a nmethod of fabricati ng subst rates, in

parti cul &olsBing the amospRous magerdak agey (6 tofagilitaie homding mnd bongimgc h

conpri Se&he%&i’dﬁé’d“ﬂnﬁrﬁﬂ&?@ rrﬁat%ﬁlﬂf thate(d) 2o Zﬁo@i‘erasdm&@a&e Wr se@dd
"second material™, incl 50 ycrystalline face; E‘ si ng an _anor phous
of

mat eri al Jubpbrate 6, ub%nli’-hel @ yReng- pnfﬁéalhaeematersﬁu Oupspist t“fisstbst r at e;
pol i shi ngnt g ATONPRGUE, Wﬁberb&idﬁlgyeiefef&% tQe f %%Eh&ﬁiee B n%ﬁaareand

bondi ng the poli shed anorphous material |ayer (6) to anot substrate or
source sﬁﬁ@%&rﬂ@ﬁpnw 12, 13, 18) of a nono-crystalline mat erl al (10), said
first  materigl 5, SuhGHCLEARE, PROG)AGete hiifehtiol Profiisy UaBliBstiXte! Hhr a-red

transm ssi on.
particular for use in optics, electronics or optoelectronics, including stacked

in succession a support substrate (2) comprising a polycrystalline material on
one face, covered with a deposited and planarized amorphous material layer
(6), itself covered on its entire face with an active monocrystalline material
layer (10).

One object of the invention is to combine reducing the unit cost of such
substrates with obtaining a good bond between the support and the active
material element.

Also disclosed herein is a method of fabricating substrates, in
particular for use in optics, electronics or opto-electronics, including an
operation of bonding an active element of a first material onto one face of a

support including a second material, characterized in that:



In a second aspect, the present invention provides a substrate, in
particular for use in optics, electronics or optoel ectt®becanbernrf®Oddi ng
stacked in succession a support substrate (2) conprising a polycrystalline
material on one face, covered with a deposited and pl anari zed anor phous
material layer (6), itself covered on its entire face with an active
nmonocrystalline material |ayer (10). One object of the inventionis to
conbi ne reducing the unit cost of such substrates with obtaining a good
bond between the support and the activel@material elenent. Al so disclosed
herein is a nmethod of fabricating substrates, in particular for use in
optics, electronics or opto-electronics, |nclud|ng an operation of bonding
an active el ement dft a fivethemt eriatledes onebehere of ahesuppentlingcl udi ng

a second magsialionhar agt ebpzedtibnt hatr 1 Rpcanhey 2994 Lgorphbubur t her
i ncl udes, hefore the bondFﬁg ffppe aiéo an operatlon of dep 05|F
th

amor phous TS ORES 28 ottt hBes SRpErE ccﬁ%?@tqtn‘gjlgofoﬁ hégesecond
mat eri al arcbdariendeddd aleceinge tihgeelderentto cerskstiengtob t Beehbhst

mat eri al or, e eent_ con |st| he. first

mat erial and |l%tée2§ed8€ t}gé % aedﬁfLA ?ﬁe sUppot LS ﬁgcf%a‘# %P

second mat @qthVq s alementobloenshist itnge hfrslthematferrsal mﬁherea{breandon

1 ess nobl aindenauspetd b Iohadipauatie WAudenignass 1 ygterial of | over
€,

crystallographlc qua ity; this sense, for éexa an anor phous
material is less™ ﬁﬂﬂ(§QQRﬂﬁeFﬁ%ﬁ§%¢%s%§lﬂﬁﬁé m&h&%;ﬂhaWWﬁhﬁ firgtsel f

| ess nobl e midt@triaminonocrystalline material; or - a material obtained by a
si npl er and/ or fﬂ%{er met hod, acqudlng to hjS criterion nonocrystalline

silicon, for exarple, THF B Bhsi derdl | BED ﬁoblésth&ﬁeqnwk&ryEPhFI|ne
silicon cardicdmerriotte idespgamiateul ar that 16 Decenber 2004 WO 01/ 97282
PCT/ FRO1/ 01876 _ 4 material of lower crystallographic quality; in
this sense, for example, an amorphous material is - less
noble than a polycrystalline material, which is itself
less noble than a monocrystalline material; or

- a material obtained by a simpler and/or faster
method; according to this® criterion monocrystalline
silicon, for éxample; can be considered less noble than

monocrystalline silicon carbide; note in particular that



2 nonocrystalline silicon is |less costly than nonocrystalline silicon
carbide; or -- a material of |lower crystallographic qualé Dgcdrhisdr 2008 al so
obtained by a sinpler and/or faster nethod; for 5. exanple, a material
obtained by a faster drawi ng nmethod usually generates conparatively nore
def ects; a n&(k01/87282f this kind is also usually | ess cosPYE/FROW01876
considered to be |l ess noble; or - a hybri,d material including a |ayer or an
area of 10 material of |ower crystallogfaphic quality than the remainder,
for exanple a nonocrystalline substrate covered with a polycrystalline

layer. A | esgonebkgsratieinal isSsuswabhy | ess costdys Thesgsds, a wiggand
vari ed choice of Ies§ E?bl e l?.materi als .and the intended application and
Bri-¢&fi Ayt

the correspOhdrigYf E8ANGRE§Y95F e°Fhe essenti al factors
condi tioning that ehei etefhelchdi devel tdre/dtedd osehlphimateialdltyi Tt

function of; r d._i .qule ppl kcations, sone Q paraneters
may be nore %gngg%i tsgﬁt&ﬁ%ﬁg%%hg s2 Irl;fl. or?erap%é%}r:r%lf e?%SE‘?Jé %Féofiﬁpd{? fant ,
t he choi ¢ WEKFRTMRBEy & onatewonbepPpsaankiindyme ef aster bdramdngi fmedthat s ar e

more i nport aRhalkQr MRS idbhie fASRIY hEANSHEELLRY; a4l QYA 01 25

silicon carbide, andas_.in many other applications, sone _paraneters of the
second materP I,t?’.lse. itlF?gt 6f t RéSOsupportlynudesse egsitdalentnto titfose of
the first . nabesidkredhitehbknletbssnense; i srnonocrystalline silicon

carbide. 30 Also, in_the,case of transferri a layer of nonocrystalline
silicon carbi de, V\/ﬁe?hgybﬁﬁaafr‘ﬁ ar%?gn%acﬁﬁﬁggﬁvé iﬁ%??rﬁt‘fea&r F6m | ayer
grown egi® axivatkbyiadn ofdvantegeous ysdrdildatrephar t heallésy nablae materi al

support is argihigan substyate. aygnemonocr yshal L 0e, 8p; 5! T GO MQse cost
i s undoubtedly highly conpetitive )
covered with a polycrystalline layer.

A less noble material is usually less costly.
There is a wide and varied choice of less noble

15 materials and the intended application and the
corresponding fabricating technology are the essential
factors conditioning that choice.

The choice of the less noble material is a function
of many parameters, and in some applications some

20 parameters may be more important than others. If some
parameters are moxe important, the choice will apply to a
monocrystalline material, but not if others are more
important. :

For example, in the case of transferring a layer of

25 silicon carbide, and as in many other applications, some
parameters of the second material, i.e. that of the
support, wmust be equivalent to those of the first
material, which in this case is monocrystalline silicon
carbide.

30 : Also, in the case of transferring a layer of
monocrystalline silicon carbide, whether obtained from a
massive substrate or from a layer grown epitaxially, an
advantageous candidate for the 1less noble material
support is a silicon substrate, even monocrystalline

35 silicon, whose cost 1is undoubtedly highly competitive



16 Decenber 2004 WO 01/97282 PCTIFR01/01876 3 conpared to a
nonocrystalline silicon carbide substrate. Furthernoreis Decdrieercase of
transferring a | ayer of nonocrystalline silicon carbide, the second
material, i. e. that chosen for the support, nust generally be able 5 to

wi t hstand arwexew97282 process for technol ogi cal treatment g»tjt/ﬁﬁoimyg»yﬁ of
silicon carbide, because silicon carbidﬁ Is a material having a high
chemcal inertia, is difficult to machirne nechanically and chemcally,
etc. In particular; in the case of steps 10 invol vi ng epitaxial growth of

silicon car bpdapat@l £6XaMRbRoctPerSEEoRd 71 £EL cgyﬁidgwéhﬁééﬁ&éreat ment

at a high terrperature whi ch requires the secon mat eri al ave a
sufficiently high ﬁEFFbﬁ’@m%B?mlnatgﬁl fapreofcéeprséeant nef at Hawiesl of

expansi on, aﬂz|dn§@§§lsblajll@1ﬁ§u'éﬁbi@oﬂﬁ ééb'@%i@% Cgﬂ‘i’élc'[ééﬁctr}éj Mél%r&hyt i f |
atons are inplant in.the silicaon carbide to do . the.second materia
may be requi 98 t%gﬁﬁd&h&&eé‘n A i tﬂ'beaﬁ APYht1 e%gFaﬁﬁPﬁral\Ml &R idPi&qual 1y

exacting 3 n tespedthsftanide coef féxaening of ptbeesal éxpansicahnAbdvygover,
t he i deal ?gég@}ngngat SJL’:—I althgor l%pgr sggon% ;{%’é%ﬂ alcamﬁst be abl er%utso

replace the rirst nateri W't h NI Mum no CAtl ons anﬁll’nax
t ranspar encySib&iCehe ‘%%lélPlCien pSoc@s sexteyairel alhlayienpl sy el gl orchtemgatalng

substrates. Fhersegond inmt efiafid@edl | ¥o25 watiSid esn hgﬁ{lgagﬂ@ po%% l e
of, the speC| |cat|‘;‘gfg defined by standards. such as t SEW st andar
pe

cor r espondi ng"EHLtR &%5-catPonB2¥bFCWlar] i ddh té@bs??ﬁ?e O@J@‘teéﬁd
above thics tianspaisgcyepitakhalusefrowand 30 0§§Il@<§h€1 abayeighei r dpw

05t e 0Cor kBnb0e S Ehe SRR SRSy, SHEPET LEHACLY BOeSEERReR LS,
and treatinga( hpghi shmpg;atheam Ahicheveljunges the second material to
have a sufficiently high melting point, a suitable
coefficient of thermal expansion, and possibly a suitable

15 thermal conductivity. Similarly, if atoms are implanted
in the silicon carbide to dope it, the second material
may be required to undergo annealing at high temperature,
which is equally exacting in respect of the coefficient
of thermal expansion.

20 Moreover, the ideal candidate material for the
second material must be able to replace the first
material with minimum modificationé and maximum
transparency for the user in processes generally employed
for treating substrates. The second material ideally

25 satisfies as many as possible of the specifications
defined by standards such as the SEMI standards
corresponding to the specifications for a silicon
substrate.

Over and above this transparency for the'user, and

30 over and above their low cost, according to such
specifications, supports including or consisting of the
second material must be compatible with existing plant
for shaping and treating (polishing, cleaning, beveling,
etc.) the substrates. 'In the case of transferring a

35 silicon layer, it must ideally be possible to treat this



etc.) the substrates. 'In the case of transferring a 35 silicon layer, it
nmust ideally be possible to treat this 16 Decenber 200418NDe=6Ehi®er 2804

PCT/ FRO /01876 4 ki nd of support on production lines that are dedicated to
silicon and enploy state of the art techniques. To fabricate 300 mm

di anet er subSOr@/28820vered wth a layer of silicon, for ®CATERE1/008F
beneficial 5 conbination consists of trgnsferri ng a | ayer obtained froma
silicon substrate with few defects, for éxanple an epitaxial silicon |ayer
or a layer obtained froma substrate obtained by draw ng, such as '

Czochr al sky kgdhawbfigsupbbbtf ew gebaatsioanti@nassupper &ref Jmderatd kQ, cost,
obtained in aiticul ar E% diavm' ng %ngoﬁs at high Sﬁeed’ under conditions
that are | esS ThER oPPANEIPIAY TEPGEi Bh tB°tAEE dERSHIIaYScrystal defects.
In this case, forT800fabrikamet 630Gt cahi mndisdr atsatbdirdieaceRpiadd n a
m cro-el ectrgnigs pr eJa P I : y t ry 15 denandi.n

RELES Pradyell ogel 100y dDieY (RISt DREh YEIY. I8, Ue eenpe%cgﬁ and

conditions (purity in rms of contam’nation 1d-pafticu
sati sfy \ari @0Bbtoatieai mansisiposed byransfeariogs dr ooessr stdpxiffddat ness

for photolithegrapBy1$t8ASsubBERaRLCal tat FeRIRbet sf ashr NNgRHINYn 2
particular reflectivity so as not to disrupt 20 the photolitho aphi c
process or afPLER*tfe opetitPon BV héPWard odsaiéeénsd}k%tafldﬁchet%é”ﬁm ng

substrat es osubatirgbeenvdthanakddedyi n dmimﬂg{,pess@&hGQEiEpmfdohx%tl%-lcly
Furthernore, .supports i.ncl uding or. cqnsi sti of the second material nust
advant ageous?flaggn%brrpwd’[%ﬁjol gewz %?%ﬁ’aySP@gra%sPéﬁppé’ﬁgr att of9SFAdfer abl y
i ncl udi A a desect dbdrdineg steppazhdcmdst ipodramihy nusfotse atonyiafh bl e
with the matepial ofuldie eLemifibhal day are JLended,l o stpport (i n

0 techniques

t hi s docunent, the expression "alrect ondlng also refers to
known to thereBatiRp| Fedtperdensasy" ahf ervbsadi Agfrctenelaspdds shsehi s

conpati bilit§yogonoer i thBmeter silicon substrates to be accepted in
a micro-electronics production line, they must meet very
15 demanding conditions {purity in terms of contamination
and particulate purity), and satisfy various constraints
imposed by the various process steps (flatness for
photolithography steps, mechanical strength for fast
annealing, a particular reflectivity so as not to disrupt
20 the photolithdgraphic process or affect the operation of
the various s5ensors for detecting substrates or
alignments included in many types of equipment), etc.

Furthermore, supports including or consisting of
the second material must advantageously be compatible

25 with layer transfer operations, preferably including a
direct bonding step, and most importantly must be
compatible with the material of the element that they are
intended to support (in this document, the expression
"direct bonding" also refers to techniques known to the

30 skilled person as "wafer bonding"}.

One aspect of this compatibility concerns the
coefficients of thermal expansion in particular. Too
great a difference renders the stack of the two materials
unusable because it is likely to break as soon as the

35 usual heat treatments are applied to it.



coefficients of thermal expansion in particular. Too great a difference
renders the stack of the two materials unusable becaust Pecembariefy to
break as soon as the 35 usual heat treatnents are applied to it. 16
Decenber 2004 WO 01/97282 PCT/FROL /01876 5 In nost cases, and in
particular in the case of fabricating 300 nm di aneter substrates covered

wth a NORQEY ine silicon layer, or in the case of _substrates .
covered with ay§§ﬁ'dgon carbide |l ayer, another 5 ' choice MTJHE%/%M ci ous

fromthe point of view of 10 transparendy in the processing |ine and
conpatibility between the support and the layer is to use the same
material, but in polycrystalline form (the economc saving is then
"conpared to ingotiQrdWSty GAERSr &3 akd) PaMdswdiadc| bsediter eppe  of

substr at es ﬁabriaduaﬂgatlﬁnuslm waﬂgméffébt %%@Jrarﬂgsfh%%%ﬂﬁ@ist_gp% o

| ayers on L yecryst | ne support. I s case, .the nonocry _
Ia%er(s) aﬁlagltq%é{:y%gf@iﬂ}gt alsllﬁrjrézoé’upp%Xe%an BE mdde ofh% hecadfe it erial,
for exanpl esubst Ahses dcsveased Wietrl'eim.sisimmrahesiaéelal@lé_xtanta&gﬂﬂ@y nmade
wi th one or cryst.al | Lng. | rs a nocrysta ne_suppor

i tsel f %ove?gad?{%e?ﬁﬂglé%af?r gpgﬁg g}érgys{%ﬁ‘i r}:g%rratpgﬁpil .Oltrhi‘é.le:W _Oé

confi gur at i bBFRRABar@RCY ekt tHe f Proewsagnowol bue amadessor@ti bild Hyayer of

pol ycryst al héegedRt @t sGaBoreONMd tuhe adaver 16or 4T appi ng oetallic

impurities, which-is known to the skilled person as ettering™ and is
very benefi18‘?‘5‘?”?11'sonEUEppFPcaPPéH§FY§ﬁélllflﬁe Fayer 6fhgol weopstwld i ne
mat eri al casavﬁfogcpmsthéut@oapaalaé@atcsoingds@pcma\ﬁird@dm,e&{ sepﬁpﬂh g,apqug l 2]9
anneal i operations, for exanple. Vi ng now consi dere e questio

t he chglﬁge of the less noble mat ergg?o disglescdiBereipe cHYPTe et n@re

advantageously made with 1one or more monocrystalline
layers on a polycrystalline support. In this case, the
monocrystalline layer(s) and the polycrystalline support
can be made of the same material, for example.

15 ' Also disclosed herein, substrates are
advantageously made with oné or more meonocrystalline
layers on a monocrystalline support itself covered with a
layer of polycrystalline material. This configuration has
at least the -following two advantages:

20 - the layer of polycrystalline material can
constitute a layer for trapping metallic impurities,
which is known to the skilled person as "gettering” and
is very beneficial in some applications, and

- the layer of ©polycrystalline material can

25 constitute an area for trapping degassed speciés during
annealing operations, for example.

Having now considered the question of the choice of
the less noble material, consider the choice of the
amorphous material.

30 This is also a wide and varied choice.

The interface between the two is advantageously
electrically conductive, in order to obtain better
electrical conductivity between the active laver and its
support, and/or thermally conductive. For many

35 applications it is not essential for the interface to be



anor phous material. 30 This is also a wide and varied choice. The interface
bet ween the two is advantageously electrically conducti&Becémber2@84 to
obtain better electrical conductivity between the active layer and its
support, and/or thermally conductive. For many 35 applications it is not
essential for the interface to be 16 Decenber 2004 WD 01/97282

PCT/ FRO1/ 0 ctly equivalent, in terns of perfor sswe
e o e e

nmonocrystal | ne S trate. This applies in particular
require a contact on the rear face to évacuate spurious charges or heat
via the rear face. 5 In ot her cases in particular in the case of

fabricating Sl|jt0n on. %O %bstr tes, the .interface is not
necessarily ePeCEVI ggflll SH UCH]V erf§ A é’%&é’(ﬁ“@%&*h&f’e@n TS5 ¥t hod

i n which thmoaotryetaﬂiileneal subteneteé. | sThindesbplol ddhe fracepftidular
pol verystal LhBs Wehel [y snpordquie t he daandino dedhil apes kagun tg, be
t

conpatible wth final app catl I N mCro- Sledth
el ectroni cse&'ﬁ@uébﬁos@Péé@ﬂén?h@rg@ﬁeombeatuVl%lbftlee areaxi f ace. bond| ng

techni qges in whigh ngrpdhesiyged s usgd.pads Ahese tﬁflh%féue%a@fh
relatively ﬁ? ctln in terns of the rou Er)mess and flatness of e surfaces

to be broug Fﬁ?% 1RGNt L COfhe§hgetiat 40Tt 89S t at ebporatdsng tofe t he

surfaces jushtbeface benfdoognetedsadil gasl éetrSdaLy i dbndtNgefabrication
of the substrates. Wien the aimis transfer to a nonocrystalline support,

for exanple a ocC talljne silicon,s ort ol i shi ng .techni ques
currently enpl o%{& b%’gal’? ih%@ﬂhﬁ%%ﬂaéﬁm@@%ﬁgﬁv%m?@em provi ded
that they atlementasrbaniedltdthefcs of higiRRYAMISIS BB stpperi.ng and t hat

operati-ons subsequent to cleaning are carried out in a sufficiently
Of the bonding techniques known to be compatible

with final applications in micro-electronics, optics,
electronics and opto-electronics, the most suitable are
direct bonding techniques in which no adhesive is used.
15 These techniques are relatively exacting in terms of the
roughness and flatness of the surfaces to be brought into
contact.
They generally necessitate polishing of the
surfaces just before bonding or at an earlier stage in
20 the fabrication of the substrates. When the aim is
transfer to a monocrystalline support, for example a
monocrystalline silicon support, the polishing techniques
currently employed by all substrate manufacturers are
sufficient, provided that they are accompanied by
. 25 sufficiently stringent cleaning and that dperations
subsequent to cleaning are carried out in a sufficiently
clean environment, to prevent contamination of the
surfaces to be bonded by particles, hydrocarbons, etc.
On the other hand, if one of the bending surfaces
300 is that of a ©polycrystalline material, and most
importantly if direct bonding is to be used, i.e. no
adhesive, these direct bonding techniques become very
difficult or even ineffective. )
The above direct bonding problems arise whether the
35 polycrystalline material is obtained by deposition



cl ean environnent, to prevent contam nation of the surfaces to be bonded
by particles, hydrocarbons, etc. On the other hand, if thPecdmbdre0bdéndi ng
surfaces 30 is that of a polycrystalline material, and nost inportantly
if direct bonding is to be used, i. e. no adhesive, these direct bonding

t echni ques bwepep9yxe2y difficult or even ineffective. Thepgdwrrofioigtd
bondi ng problens arise whether the 35 pglycrystalline material is obtained

by deposition 16 Decenber 2004 WO 01/97282 PCT/FR01/01876 7 techni ques,
such as chem cal vapor deposition (CVD), or from an ingot of

pol ycrystall tpenfRbgesal SRal 4S LRGRH cBh C\%&nd?&?cﬁ%_e{:[ (B4B)  or

substrates. These problens arise_ in particular i 1e_polycrystalline
material is $5Poldfer §BEal| iofe BPIYEBYStahking obREREiate iRk t s then

irregul aritiegitadt hendt opehegyreli thet@r almssofatde PotnEyy/StEddBiRgns

material. This is because.the orientation of the grains is _inperfect, the
material feaf'OF&8 ﬁd}ePSFgFSESaEXHQﬂS?bS ii0g r%ﬁ%f%%ﬁlﬁﬁ%i%@?eggei Tius
when t he sur patgsrgbtapdiper yslabbnne materials are polished, the polishing

speed is found to ﬁeank§ggig Lc Lp.thg,various, éﬁ#F 11Qver LQF Qﬁli”
boundaries, etc. These Trregularitrées resulting fr nf% e péiighlng of the
surface are tspategrt ¢t eehe f grhRénpoldfshihg Pedhrrgatslhave anadtreriiadal

conponent. Thhssi S ial Shddaiseasa KN | Hish ¥aF A OUS, et hi nghe Cliganiag. &t c.
steps involved in fornlnglthe substrates or preparing the surface of a
pol ycryst al | HBeREEEFi al*Ref P ot hgl ©2bUrfRie 1909 &F peFgsn qxEapgdyre

famliarion thrabe prablerEds) beetmst erhdsi n vl shimg pshyeaystal lgme
oL hoTLE gL chpshag. ey, 15, C6SET RS oL MR ST LLPY
38). The autspeed is found to be anisotropic in the various grains,
over the grain boundaries, etc. These irregularities
resulting from the ©polishing of the surface are

15 accentuated i1f the polishing techniques have a chemical
component. This is also the case during various etching,
cleaning, etc. steps involved in forming the substrates
or preparing the surface of a polycrystalline material
for bonding.

20 The skilled person is very familiar with the
problems to be mastered in polishing polycrystalline
materials for direct bonding. They are described, for
example, in Philips Journal of Research, Vol. 49, 1995
( for example, pages 13 to 15 and 26 to 38). The authors

25 of the above paper explain the various classifications of
polishing techniques and their impact on the quality of
direct bonding. The problems have also been reported by
researchers for whom the problem was not so much direct
bonding onto a. polycrystalline substrate as joining two

30 silicon substrates wusing an intermediate layer of

| polycrystalline silicon deposited on one of the
‘substrates. These difficulties are described in the
following documents, for example:

- J. Jiao et al., Proc. SPIE - Int. Soc. Opt. Eng.,

35 3223 {1997) 245 Micromachining and Microfabrication



25 of the above paper explain the various classifications of polishing
techni-ques and their inpact on the quality of direct bbtéhBeogmbdidOgr obl ens
have al so been reported by researchers for whomthe problemwas not so
much direct bonding onto a polycrystalline substrate as joining two 30
silicon substrates using an internedi ate | ayer of polycrystalline silicon

deposi ted he -substrates. These difficulties are described in
the foll oaﬂ’rﬁﬂg’é’@ nts, for exanple: - J. Jiao et al., Prob/FRYHST6| ¢

Soc. Opt. Eng. , 35 3223 (1997) 245 M @ onachi ning and M crofabrication 16
Decenber 2004 WO 01/97282 PCT/FROL /01576 Process technology I1l. Austin TX
USA, 29-30 Sept 97, - M Salleh Isaml, Techn. Digest |EEE Solid state
Sensor and AEPG&ESr tRseReFY( EEEE, ANekivoAk B AJSRO-30962pt B:66- 89

(H Iton Head I|sl andp, SGa1Uh 224k VUNBechn92bigesW 1@rEasdefqeltdle

Proceedi ngs_of the first_ international synpgosium on sem conductor wafer
bondi ng, SCFERCE, FREhMEIORF Und "RIHSheR ingi@EFa elevoctdh  83ci B8d,
Penni ngt on, 1B92USA)pp pie2238- RR91 tbRhoraidX BKland0 §8; 1¥s@t2B8D5 JuNe

| noue, QEEEgg;ans. El ectr. devices (1995), 356; and - K N. Vinod,
Transducers~97; 1997 International Conference on Solid State Sensors and
Actuators (| EEE, —19- New Y&rktRY USH, al997) Progekdinfssiaff jthep 6683656 (

Chi cago, | knclSAac18ndd Wt Ofdum ABA! Nesnpbl et Of:  ha BV eRLion, s 1o

propose a netho abricating substrates, 1n particular for use
optics, el eEFLEAFEs or TEFLECA080 r ofinss, | RePliiaigiens 20 Obkeat rorheh

bondi ng an gethueypatminminglaientgontong  fRFe2 93-S suPpehbowign 4, | east

one of .these._t I s 1s polycrystalline, at |east at the surface of
its faé%p iﬁ?éﬁgeﬁcggggi’bonded, solving the probl ens descri bed
B §

Inoue, IEEE Trans. Electr. devices (1995},
356; and ' |

- K. N. Vinod, Transducers 97, 1997 International

Conference on Solid State Sensors and Actuators (IEEE,
15 New York NY USA, 1997), wvol. [sic}, pp 653-656 ( Chicago,
IL, UsSA, 16-19 June 97).

Another objéct of the invention is to propose a
method of fabricating substrates, in particular for use
in optics, electronics or opto-electronics, including an

20 operation of bonding an active material element onto a
face of a support when at least one of these two elements
is polycrystalline, at least at the surface of its face
intended to be bonded, solving the problems described
above and in particular those associated with control of

25 polishing. ' |

Also disclosed herein is a method of fabricating substrates, in
particular for use in optics, electronics or opto-
electronics, including an operation of bonding an active

30 element of a first material to one face of a support
including a second material, characterized in that the
active element or the support includes a polycrystalline
material at least on its face intended to be bonded and
in that it further includes, prior to bonding, forming an

35 amorphous material layer on the face or faces including



above and in particular those associated with control of 25 poli shing.

Al so di:scl osed herein is a nmethod of fabricating substr& Bscembper 2084t i cul ar

for use in optics, electronics or opto- electronics, including an operation

of bonding an active 30 elenent of a first material to one face of a

support including a second material, characterized in that the active

el ement or uppart includes a polycrystalline material at least on its

face intendte\ga‘illg'gm&onded and in that it further incl udeZCI{FRB101376

bondi ng, form ng an 35 anorphous materiab | ayer on the face or faces

i ncl udi ng 16 Decenber 2004 WO 01/97282 PCT/ FROL/ 01876 9 the

polycrystalline material. This latter nethod solves in particular the

probl ens of EbAt POlYFAYStpblinai mgtenhadnor phous material is inherently

isotropic 5 and fi+gesofsgrakNmek&Bgi rregularities. The bonding step can

t herefore be cillrri ed out direct lué on the anorphqous material, whet her t_he

| ayer of anofPhBEE met'eri BRIELCUSBEa) el by RISPEEMEi onchr IPrddsgHingat i on.

However, if ppdisabhgg e @n&ﬁrmﬁﬂﬁﬁsﬁﬁleri/ﬁmat ber ihh@rb?)t@& fifso%tﬁ"cﬁﬂ?f phous

material ds ai-ned by, deposition or. anorphi,zation, the polishing is

uni form altjnd %gévif &S aa/f S%E‘F%t%estlﬁgt RS RSy PG bgBFilBgré p

bondi ng.  Depasi ttiheg edwmephbers cratréeidal owlt sdimekedygaod thpolaegyphous I

irregularitigseedbsyhe ystald i ng Jamt epi-al a materia

are advant agg?)u%flyad'epo@%%%é virt uéal Iriy y%gi rruFt a%%%%%llgig&\‘m {%)tﬁ%}%sétslopﬁlsng

deposi tion, BYLeaRGEn®Y FHREOTHE QRnpPEr dburanorphiztigt-e Hgvwewdnci dg t he

tenmperature gmm@hmgthlelsamumousqé?éﬁd@d 'Sw}fi%%)élgéf‘_erﬁtgg [%hgékveoffo t hat

[ . od Is

at mhlcqi§heaggé ﬁg gta.mégg}{g¥EHlf% Igbtaggggl eby éégg;ition or
amorphization, the polishing is uniform and provides a
surface that is sufficiently flat for direct bonding.

Depositing amorphous material also makes good topology

irregularities.
15 The polycrystalline material and the amorphous
material  are advantageously deposited virtually

simultaneously without stopping deposition, by varying
only the temperature, for example by reducing the
temperature at which the amorphous material is obtained
20 relative to that at which the polycrystalline material is
deposited.
The method g
particularly advantageous in the context of making low-
cost substrates when a polycrystalline material is used
25 for the substrate that is less noble than the material
used for the active layer, for example.
Polycrystalline material substrates are generally
~less costly than monocrystalline material substrates. It
is then ©possible to use a polycrystalline material
30 substrate to support a layer or a stack of layers of one
' or more materials of better quality, for example of
monocrystalline guality. The layer or stack of layers
constitutes the active part of the substrate, i.e. it is
this part that will be used, because of its physical

35 properties, to produce structures for use in optics,



particul arly advantageous in the context of making | ow cost substrates
when a polycrystalline material is used 25 for the sub$tPacemhber200#s | ess
noble than the material used for the active |layer, for exanple.

Pol ycrystalline material substrates are generally |ess costly than
nmonocrystalline material substrates. It is then possible to use a

pol ycryst al gﬁ 51 rial 30 substrate to support a layer qr 0

| ayers of (}Jr‘{ éﬁ%re materials. of better quality, for g’ﬁﬁgﬁb?@;ﬂg
nmonocrystal line quality. The layer or slttack of |ayers constitutes the
active part of the substrate, i. e. it is this part that will be used,

because of %is hysi cal 35 properties, to produce structures for use in
optics, 16 ‘E‘éﬁﬁé?l%)oﬁrV@P@?T@#?‘B'Qr@@?{‘/’?-ml/01876 10 el ectronics or

opt o- el ect r oni cs.FcEﬁlr tiHiists) type chn; am?ﬂlﬁatdtq@tranﬁnbay_gé}{éfflrt?aﬁ}{]sféﬁt hod
can be used_that ,e oys bhondi t ayer to a u rate. e

Smart _Cut ( rTeEﬁ%‘iihggnnéﬁ B@egi Egaga§m838y§ QIARPE, © n(ﬁ’ﬁs AYEIWHCR i s
descri bed i subsitrpaeentTherRS2a68+CAES. héthed patdyi cﬂnlealrtytadvadiagﬂmlbs to
use theg S - et od,.La ¢ [ hon: wth t | scl.gsed_ net ecause
of the f5aci |%‘-m&t1%)at | t oF%gr_s&fgrdﬁﬁcgcy%: inc;ggsscueisk%derd;t ég. (iasp%%sférﬁecause,
usi ng the %rgﬁﬁb 46 (1) dst g tiquliay Inpssdmnt aaequsansd ensenttdren

support subSidaat-€188 hyetBol &Y @brdtidd tids with: fHRr dséiBSePflciNed part, that |ayer
corresponding to only part of a source substrate, so that the renmai nder of

the source substrate cETBES etfcltdtf fBFibkhipltdadly thkivgiers davew
active 15 teyeclisdcsuBeicngtabl e Ml dises abeehabkyelysilmyv €Ast syapRart in

Smart - TRt (PR rolRBHO s e ¥ EOP ARy “dank BUBBLET, 17 CoineR agRHROR ons.
Such 20 apptubksit¥ans Pntiude,ldwmr eampl s tloe fanoduché oacofve part,
| that layer corresponding to only part of a source
substrate, so that the remainder of thé source substrate
can be recycled, for example by taking off a new active
15 layer, etec.

‘Being able to use a relatively low cost support in
combination with multiple recycling of a source
substrate, as offered by a Smart-Cut® method, is
particularly advantageocus in some applications. Such

20 applications include, for example, the production of
300 mm diameter monocrystalline silicon substrates and
monocrystalline silicon carbide substrates.
Monocrystalline silicon substrates with large dimensions
and monocrystalline ' silicon carbide substrates are

25 characterized by the high cost of ingot growthq The cost
is all the higher if an extreme crystalline quality is
demanded, because it is these active layers that will
support the active areas of future components. In the
‘case of producing 300 mm diameter monocrystalline silicon

30 substrates, for example, the silicon growth conditions
must be optimized to minimize certain crystal defects.

Accordingly, in the particular case of drawing
ingots, the ingots must be drawn particularly slowly,
which is costly. For the two materials cited by way of

35 example above, it 1is therefore a question of making



300 nm di aneter nonocrystalline silicon substrates and nonocrystalline
silicon carbide substrates. Monocrystalline silicon sutPecrelsendobh | arge
di mrensions and nonocrystalline silicon carbide substrates are 25
characterized by the high cost of ingot growh. The cost is all the higher
i f an extrene crystalline quality is demanded, because it is these active

| ayers tha 1]l pport the active areas of future conponents. In the
case of erAlwﬁgo nm di anet er monocrystal | ine siliconPSd/ERSEP18T6s

for exanple, the silicon growth conditiggns nust be optimzed to mnimze
certain crystal defects. Accordingly, in the particular case of draw ng

I ngot s, the" i ngots nust be drawn particularly slowy, which is costly. For
the two nmat'e¥9ads LRber HesiayreseBbl eranploncaysdalitines shbiebor em
questi on Ofmm%tlﬁfﬁ?@”@?Ii8994c¥\9b931|é_9é2ﬁ%_t1%@§:@/ 818481y as

"quasi -substrates’' resenbling nonocrystalline silicon or rmnocrystal l'ine

silicon carBifetRifyst Pt et JURIYER|GPSds  possible, but at minimumcost. In

anot her particul amn i asbanee opavhbtuhes hegrardeseri hrdrahoue, doag active
|.ayer 'is known to_have excell ent

cryatal bi nelSBuE T aBHR | FRCURRE HBed e i €8 SPRDaKIGh. TPReT.
epi taxi al |Hyer ttape bef shapéedis nengwhi teshévheexpeddihi| icrysehineeyc! i ng
i can g, Soa Bg. PaRot R nein rodrogan, et 8 RNCTAS | on of
the epitaxiStitanial by leyethercani t P al sagpdech omatye samesubséthate) The
nmet hod al sgpapplbiesi the it h Ay tage tos anya@agr i ﬁbrmégahﬁal'b? f$tari cat ed
wth 'gﬁne\% c{gqrﬂe;{t er d_! amet ei)t an h%;ﬂ previ ousl_y been 0 t% ned. he_re S
a period of*% T QHh thEY avaftaBiPgty ofPHiigHiidishl i t yChae8iDgr in the
new annealing, smoothing in hydrogen, etc., or even
regeneration of the epitaxial layer by further epitaxial
growth on the same substrate).
The method also applies
15 with advantage to any material when it is fabricated with
a new, greater diameter than has previously been
obtained. There is a period of time in which the
availability of  high-quality material in the new
diameter, which is associated with state of the art
20 technologies “and high investment, is limited, and the
material is therefore costly.
The method is also used
with advantage to transfer silicon layers of high
crystalline quality supporting an oxide layer onto a
25 support incorporating the polycrystalline material at
. least on the face onto which the transfer'is made, to

form S80I structures.

The disclosed methods aclvantagéously further inéludg Thé
30 following features, in isolation or in combination:

—- they further include polishing the amorphous
material deposited on the substrate before bonding the
active material element; polishing removes from 200 to
5 000 A, and preferably 1 000 A, of amorphous material;

35 - a film of amorphous material from 1 000 té



di anmeter, which is associated with state of the art 20 technol ogi es and
high investnent, is linmted, and" the material is thert beeerslesrtd0p4 The
nmet hod is al so used with advantage to transfer silicon |ayers of high
crystalline quality supporting an oxide |ayer onto a 25 support

i ncorporating the polycrystalline material at |east on the face onto which

t he transfsg i(? % to formSA structures. The discl osed net hods
advant ageous(R/¥ er include the 30 follow ng featuresPGIFRALOITON or

i n conmbination: - .they further include yolishing the anorphous naterial
deposited on the substrate before bonding the active material elenent;
polishing renoves,from200 to 5 000 A, and preferably 1 000 A, of

anor phous nat@PPah; tW@Eck, aand| musitenadlphodsO®Rt Br itdlichksomid RO Mesl 16

Decenber 2084r V0448482821 oRCT/ FROL/ 01876 12 5 000 A thick, and preferably
3 000 Athick, is formed, during deposition; -- they include heat treating
the conbi nation of theY i0ppbre BRAtt heeatinvethat ePmiingtémenctj diheed

toget her Sshypbhe amir phiasisageteei alatdrieihestetdaat fiBDhelis aedHaageously
conduct %d ag a t enper at

fficient re.t rystalline the aporphous
mat eri al’ at Yeagkliepaﬁrf‘%?hqu he?a}gﬁ}éfﬁge, ?ﬁ’teer i ngTeAEPELhi ndSa | ayer
of active adventafedushy acpaducimde of bthe wdtioierntat eempbératidbe- tichey
i ncl ude, be | D0y 3. ' at 91?2 . spegi e e surface
I nt ended to&g%gl%%ir)lgglggt%}_l% %gg%%%gsrt 0 ]?%%Pp% tferf%g'g %ﬁé‘{hﬁ‘@ ‘active
material at an iTptReY ainehudept AL Ee5t PPbdied. adebadhingant leykar ofept h,

the |ayer Odctiife aGitueram! rof!a ! hon held detarhotdtvd dex detachment
dept h Ha the vicini tﬁ/ of .t réﬁ i-mpl antation.  depth. Al so disclose ereinis
a substate, in part?el drcrdreysebeire bonding, implanting atomic

species under the surface intended to be bonded to the
support of the part made of the active material at an
implantation depth distributed around a particular depth,
the layer of the active material then being detached at a

15 detachment depth in the vicinity of the implantation
depth.

Also disclosed herein is a sui)strate, in'particula.r for use in
optics, electronics or opto-electronics, including:

20 — an active element,
- a support having a face made of a polycrystalline
material, A
characterized in that it further includes an electrically
conductive amorphous material or a material obtained from
25 an amorphous material between the active element and the

face made of the polycrystalline material.

_ Also disclosed herein is.a substi‘ate, in particular for use in
optics, electronics or opto-electronics, including:
30 - an element made of a first material,

- a support made of a second material,
characterized in that the second material is less noble
than the first and in that it further includes an
electrically conductive amorphous material or a material

35 obtained from an amorphous material between the element



optics, electronics or opto-electronics, including: 20 - an active el enent,
- a support having a face nade of a polycrystalline natébeamber 2004
characterized in that it further includes an electrically conductive

anor phous material or a material obtained from 25 an anorphous materi al
bet ween t he wiOtoélve7282enent and the face. made of the pol yeCYStRO1/018T6
material. Al so disclosed hereinis a sug trate, in particular for use in
optics, electronics or opto-electronics, " ncluding: 30 - an el ement nmade of
a first mterial, - a support nmade of a second material, characterized in

that the secasge maeerdrdl isréesmanabigl tHhan the Eippbrantuidd that cthb
further includes an el e.ctiil cally conductive anorphous material or a
material 35 %%cf%f?%erﬂatf‘?’fﬂﬁ n anor phous material between the el enent 16

Decenber 2004 WO QApRI7i282 i RGT/ FRO1/m@k88es 13 imadecefduheef i ksthmatgei al

d the s 0 de of e second mat.eri al Applicatians_ of t hods _in
chordancgp\?\]ﬁ'%%emgni n?/éerpnti%%uac%ry edlral y SREF CS\?? r ?HZ’rf‘LSBEf‘Ee&tiBﬁ of 5
silicon én inslieenr a@nd iheuiabeicasndn bhequésbriubsiont esft hghaaie
equi val ent 0, IRssMEs SERSET 8L8S gl vaR @k gfﬂa 4 %Mﬁé{@é" at g

insul ative layer. Qther objects, aspects and advantages O e !'nvention
will becone BEpper@mtabnvridadihgi Rt wesdiang ddis ul@tdateaillag@rdescri ption. The

invention will al secier besbpectder sspedtwi t Rndt hedifhtefgdhe gf anipgs, in
whi ch: - figlgres la to are diagranmati c sectional. views @ our

L f _four
exanmpl es of Ib‘ﬁ%t?]to%uﬁéﬁatk@f% IRRAT GG oR 5 readiabe et atigHINA
accordahbe wietaihed pdeseniptiowvention; figure 2 is a diagrammtic

sectional Viem’Sthémﬁnvention will also be better understood with
the aid of the drawings, in which:

- figures la to 1d are diagrammatic sectional views
of four examples of support substrates for use in a

15 transfer operation in accordance with the present
invention;

- figure 2 is a diagrammatic sectional view showing
the use of a polycrystalline material support substrate
like that shown in figqure 1la to implement a first

20 embodiment of a method according-to the invention;

- figure 3 is a diagrammatic sectional view showing
the use of a support substrate like that shown in figures
la and 2 to implement a second embodiment of a method
according to the invention:

25 - figure 4 is a diagrammatic sectional view showing
the use of a support substrate like that shown in figures
la, 2 and 3 to implement a third embodiment of a method
according to the invention;

- figure 5 is a diagrammatic sectional view showing

30 the use of a support substrate like that shown in figures
lc and 1d to implement a fourth embodiment of a method
according to the invention;

- figure 6 is a diagrammatic sectional view showing
the use of a support substrate like that shown in figures

35 1la and 1b to implement a fifth embodiment of a method



the use of a polycrystalline material support substrate |ike that shown in
figure lato inplenent a first 20 enbodi nent of a net htg&lDacantseti2zdg4t o t he

invention; - figure 3 is a diagranmatic sectional view showing the use of

a support substrate like that shown in figures la and 2 to inplenent a

second enbo¥wowi1y9B2a nethod according to the invention; p@y/FRroi/O8R 4 15
a diagrammtic sectional view showng the use of a support substrate |ike

that shown in figures la, 2 and 3 to inplenent a third enbodi nent of a
met hod according to the invention; - figure 5 is a diagramuatic sectional

vi ew show ng;cA0-4ieg Use e aimcgn.s%rate i ke that shown in figures
lc and Id to inplenent a fourth enbodinent of a nethod according to the

invention; - figure B9%s 7d|h‘br%nﬁﬁ?géagl@éﬂénéﬁcwéﬂﬁ%hHWF—WgShlohfén@se of

a support subisd rade d)fK@ &bppoﬁfloﬂ\ﬁbé,ﬂrétgulﬁﬁe 8hat asBBdn! Bnt ¢iigpkament a
fifth enbodinent aqf Wgt had enber L}ng 4 V\é)b() [ 97282 PCT/ FR01/ 01876
14 according o f’ﬁ hvERt |ld?P g TR0 affat? c "&¢8CPonal

vi ew shoWi ngacctchtedus; tof’ taheswppmfntmrbst rate |like that shown in fi gures | c
and 1d to inpl emeniya shyLhephodisrent, of s Bfetgd, S,a0¢00dlnd 19

I nvention. The invention s descri owvmt the di Si X par |cuI ar
but non- | i mi%¥hgranbiotiimentaut THen-fliimit irge codepditmentd.and fifth

embodi nents  concerx: a AQRA NY SRIRLRES WHiGh | Ryel V%ifftha“%m%&ﬁﬁ 5
active layer onto a gol %%{ﬁﬁal l'ine support substrate fourt Si xt h

enbodi nent s <YHcErh RY PBP6EESs WHih iInvotvRs transferring am

active layeradmniwe mﬁampmﬁo S hsdIryad ey St Mithed éLﬂ:}ﬁﬁfrtOfsdr?%lt%i@t)éSt alline

material on the f et recel es.the active |la 15 The fi

enbodi ment of the |nvencf| oY en ssang‘ fibodindhtS concerl a' b3ha ding
process which involves transferring an active layer onto

a support substrate having a layer of polycrystalline
material on the face that receives the active layer.

15 The first embodiment of the invention is used for
direct bonding of a monocrystalline silicon element onto
a polycrystalline silicon support.

The support 2 is a disc, for example, with a
diameter of 200 mm and a thickness of 725 microns.

20 The support 2 1is shown diagrammatically and in
section in figures la and 1b. It features monocrystalline
grains 4. The monocrystalline grains 4 «can extend
throughout the thickness of the support 2, as in a
column—-grown substrate, for example (figure la). However,

25 the support 2 can equally well consist of grains 4
stacked in a disordered manner one on another and/or one
beside another.

It is entirely equivalent to use instead of the
supports 2 described above with reference to figures 1la

30 and 1b supports 2 including a wafer 3 covered with a
layer of polycrystalline material. Suppprts 2 of this
kind are shown in figures 1c and 1d. The supports 2 shown
in figures 1lc and 1ld also feature a polycrystalline
silicon layer 5 consisting of monocrystalline grains 4

35 that can extend throughout the thickness of the



di rect bonding of a nonocrystalline silicon elenent onto a polycrystalline
silicon support. The support 2 is a disc, for exanple, v Dbcambatizgoeter of
200 mm and a thickness of 725 mcrons. 20 The support 2 is shown
diagrammatically and in section in figures la and Ib. It features

nmonocryst al kwoe1/gngens 4. The nonocrystalline grains 4 capcgriRifo1876
t hroughout the thickness of the support 2, as in a columm-grown substrate,

for exanple (figure la). However, 25 thé>upport 2 can equally well consi st
of grains 4 stacked in a disordered manner one on another and/or one

besi de anot I Lre RY 0, Use.1.ns d,of the .supports 2
descri bed agg(\g/]éy(\%\%ﬁlé?gﬁeé%n%%lfgg#i g%?%% %a( Eigug%daﬁg éjﬁ%pgrhtlé:hz o
i ncludi ng a 9@kl B aetdr e wistickeldayer of @bigrdgsedl mammemmt en¢alon

Supports 2 ofnéthsr KhdfoRrEnshove:dd {iguwes (1€; @nske |ty The supports 2
shown in figures 1c and Id also feature a polycrystalline silicon |layer 5

consi sting of nonottBRAEET i ne gr &ifhs 415 ( h&tinchn SiG%end RAFEEIHARL M he

t hi ckness ofad#entddgdeae nferr 2@340;?&9@/ %7;%%33) ;&%58%@@18&@1 I the b
pol ycrystall ine silicon. layer 5 igure 1c ut_whi ch_can_ _equally e
stacked in a(he Lordet e hﬁgnﬁ: noéu%c'dﬁ RESHer” Hnd) G Bﬁ@aﬁg‘gﬁgﬁ' ar‘?&ﬁer
(figure 1d) .iISypp@rt$CQl@r t rheriadd dregasdriteyl ardéy  Shedvanttegeans f or
absorbing SReG! ndi 0GRl dUELAGELREs ndCUARS| NG IRAL  §80RCCHL, SlUTI0
various treatnments, an In partrcular thermal treatnments, of e substrate
obt ai ned af t¥#PR9%hst-erring the active layer onto the support 2. 10 It is

equal | y1possi bl e tio: Use SHRPDLY Spds§OPBE StbNEseokupphatsr 23 W sting
conponent s, t$e vvholf beéng covered with a polycrystalline silicon [I"ayer
5, or consi <ting of*feh AnotbHOUSORELEERES waltie? 3TRHso BolRY edicrr

with a polycrystalline silicon layer 5, or consisting of
an amorphous material wafer 3 also covered with a
polycrystalline silicon layer 5, or consisting of a wafer
15 3 of a material chosen for its very good thermal
conductivity and/or its transparency to light and/or some
other physical property, also covered with a
polycrystalline silicon layer 5.
In each case the polycrystalline silicon layer 5 is
20 advantageously‘from 500 to a few thousand angstroms thick
for use in microelectronics and a few tens of microns
thick for photovoltaic applications.

Note that although the support 2 is polished, the

surface 1is generally irregular, as it is in all the
25 situations shown in figure 1.

When the support 2 is of massive polycrystalline
silicon (figures 1la and 1b), it typically has, after
polishing, a surface topology with irregularities whose
height can, in the worse case scenario, vary within a

30 range of 500 A

However, less than a few tens of angstronB are
sufficient to spoil direct bonding.

In the method according to the invention, a 3 000 A
thick amorphous silicon layer 6 is then deposited on the

35 polished support 2 using a technique known in the art, as



pol ycrystalline silicon layer 5, or consisting of a wafer 15 3 of a

mat eri al chosen for its very good thermal conducti vityiGDeénibdr2e04
transparency to |ight and/or sonme other physical property, also covered
with a polycrystalline silicon layer 5 1n each case the polycrystalline
silicon | ayavQ1/®72820 advant ageously from 500 to a few t hpggapRop9egig ons
thick for use in mcroelectronics and ew tens of mcrons thick for
phot ovol tai c applications. Note that al ttrough the support 2 is polished,
the surface is generally irregular, as it is in all the 25 situations

shown in fi g&@&];lbé@en tf'&‘?c SUQQanblg 's 1@{ rf%%' veq ol §£y5t3'§11r1%0n

silicon (figures |a and it télca fter i shing, a surface
t opol ogy Wit ‘??“?%@W%ﬁ?? e%h‘\?‘\h% BeRght V@én 1v n Ptqﬁ’é?e\ﬁér gechmed osénar i o,

vary withina 3brangedf R500nk Howeker, | g5t ban grday t g @fe@angstrom
are suffici eg{ to Zfo)ll direct bonding. In the nethod according to the

i nventi on, t'hi ck anorphous silicon layer 6 is then deposited on
the 35 poli shed stipposturZausi ngt attlmchamqnphhnewrslndd“re anyerase 16s

December 2004, ./ crj f ar. ex
t he docurrent "5 I iC ]:(%J‘@Jgr«z cﬂags%{ qr}%%haar\}l]?%l ra"an oIChef"lcﬁr g’gs%
t echnol ogy; TEBROYE|FPREREIMALNY 'Iialﬁﬂé} A\off taner phees sidhiapemr 6 (figure

2a). 5 The surfacep of pdhée AP PIOUSe S'éifﬁébﬁaYE{:thiﬁteth@n '%9 '6;'61%
pol i shed nechani cal lX and chem cally to _renove_ approxi natel A of

anor phous siP5¥ Ro&G]rdeEdl | Wethi IGhonPetibsbedt & g9 ss‘ﬂﬁ%fhce bedught
i nto combacttivét lantoh@hp:(mlsl sheti fome kaydice oto lfbime aanBoRAOUSy Sithiecon

(Yot e by B PBBAabY, ' REARi SR UMD LR RE (PLGuLD HRF T
For more details on these bonding techniques, see for
example Q.-Y. Tong and U. Gosele, "Semiconductor Wafer
Bonding, Science and Technology™, The Electrochemical

15 Society Series, Wiley Inter-Science, New-York 1999.
Table 1 below sets out the results of bonding a
support 2 and a monocrystalline silicon substrate 8 with

and without an amorphous silicon layer 6 between them

Table 1
20

WITHOUT WITH

amorphous amorphous silicon deposit

silicon

deposit
Without With

polishing of | polishing of
amoxrphous amorphous
silicon silicon
layer 6 layer 6
Poly-crystalline - + ++

silicon already
polished with

some degree of

quality




For nore details on these bonding techniques, see for exanple Q-Y. Tong
and U CGosele, "Sem conductor Wafer Bonding, Science thbded@sther@oogy”, The
El ectrochem cal 15 Society Series, Wley Inter-Science, New York 1999
Table 1 bel ow sets out the results of bonding a support 2 and a
nonocr yst al WOed1g97282on substrate 8 with and without an awerpPFROB0$871¢ con
| ayer 6 between them Table 1 20 WTHClJ'IiS7 anor phous W TH silicon anorphous
silicon deposit deposit WthoutWth polishing of polishing of

anor phousanpr phous _siliconsilicon |ayer 6layer 6 Poly-crystalline-+++
silicon already poitsbed wth sonme_degree |of quality 16 pecenbgr 2004 MO
01/97282 PCTIFRO /018 17 Qoarsely poli|shed poly crysfalline silicpn ++
The codes usedP++hSReHIBHYT 0 |{denote the quality of .

crystalline

silicon

The codes used in table 1 to denote the quality of
bonding are as follows:

—-— Difficult or partial bonding, with many unbonded

5 areas.

- Partial bonding, with a few non-bonded areas.

+ Total bonding, with few bonding defects
observable by infra-red transmission,

++ Total bonding, with no bonding defects .

10 observable by infra-red transmission.

Table 1 shows that the bond is really satisfactory
only if an amorphous silicon layer 6 is deposited on the
polycrystalline silicon support 2. The bond is even
better if the amorphous silicon layer 6 is polished, as

15 in the embodiment described with reference to figure 2.

‘ In the second embodiment of the invention, shown in
figure 3, a monocrystalline silicon layer 10 is
transferred from a monocrystélline source substrate 12.

As in the embodiment described above, a

20 polycrystalline silicon support 2 is polished. A 3 000 A
thick amorphous silicon layer 6 is then deposited on the
support 2. The free surface of the amorphous silicon
iayer 6 1is then 1lightly polished mechanically and
chemically to remove approximately 500 A of amorphous

25 silicon (figuré 3a).

A monocrystalline source substrate 12 is implanted
with atoms of hydrogen, for example, using the methods
described in the document FR 2 681 472 or a variant of
those methods. A

30 The expression "implanted with atoms" refers to any

bombardment with atomic, molecular or ionic species in



bonding are as follows: -- Difficult or partial bonding, with many unbonded
5 areas. - Partial bonding, with a few non-bonded ar easi6 Becenttadr 2604di ng,
wi th few bondi ng defects observable by infra-red transm ssion. ++ Total
bondi ng, with no bonding defects. 10 observable by infra-red transm ssion.,
Tabl e 1 shoWéOt&728%e bond is really satisfactory only i PCIVFRODOISTGUS
silicon layer 6 is deposited on the pol )écrystal line silicon support 2. The
bond is even better if the anorphous S|I|con | ayer 6 is polished, as 15 in
t he enbodi nent described with reference to figure 2. In the second

enbodi nent ofrddie icvenhsent Sk i apet:h@grelﬁuoaamiﬂgﬁéﬁéﬁl ling, sil i con
|l ayer 10 is transferred froma ng %stalllne source substrate 12. As in

t he embodi mefft* ]dg%r‘?%ré%le%%‘?/‘ém% © OFGcPHEELPFi 1B ENPi EBHSELRpoRE 2 is
pol i shed. A'&8 pmﬂtlﬂculdmr cite pibr pdbasi e | tcohhkapembbrdsdt bapfdegpsirhed on

! 6 th
i aht Ty ol i e rochabredt 5 "8R oo Bar Y o StV ESRRd obher 515 500 A

of anorp ousT“atEEBsta]I i ¥bkh (fhgeneryy) thAtnurﬁooarigﬁm aflis el betedeabobst rate 12
i s i npl ant edna W dolin.at AEGMOE Qge&9g§ncakorbeexlafﬁmaenté§'ﬂ9 the Hﬁtagﬁgs

described in the docunent FR 72 or a variant of those net
The expressﬂ%ﬁimg rTBPaH‘tCHH RPER dTBHETHSE erdD t & TR N EBERPYFAHNG P

atom c, nol eauheds ian iianiL Es]mlae,s dtr.16 December 2004 WO 01/97282
PCT/FRO|/01876 181, order -to sert those ) emﬁ:[aln a material with a-

MBXi UM concent r atiBn ld?p]’[%t E P ILE 53 g 3E2 dparticul ar
depth r&fative to Thee dyonyar dedostiurdtaz el 2 Thade af ool e nbhetbiar way isnic

speci es areiﬂﬂﬁ?rﬁﬁguéﬁﬁolﬁpg contact with the polished free surface

of the amorphous silicon layer 6 to form a bond by direct
bonding ( figure 3b). The whole or part of the combination
of the support 2 and the source substrate 12 is then
15 subjected to an action that detaches the monocrystalline
silicon layer 10 from the source substrate 12 in the
fragile area 14.
Generally speaking, the action just referred to can
consist of applying mechanical stresses (shear, traction,
20 compression, ultrasound, etc. ), stresses preduced
elecﬁrically (application of an electrostatic or
electromagnefic field), stresses produced by means of
thermal energy ( radiation, convection, conduction,
increase of pressure in microcavities, etc.), and so on.
25 It can also consist of directing a continuous or varying
jet of fluid (liquid or gas) onto the interface at which
the active layer 10 and the source substrate 12 separate.
In particular, stresses of thermal origin can result from
the application of an electromagnetic field, an electron
30 beam, thermo-electric heating, a c¢ryogenic fluid, a
supercooled liquid, etc.
The monocrystalline silicon layer 10 is therefore
transferred onto the support 2 by direct bonding via the
ambrphous silicon layer 6.

35 Variants of the above embodiment can use other



5 material wth an energy that is also distributed about a maxi mum Atom c
species can be inplanted in the material using an ion t&Bberdmipdr&004r, an

i npl anter operating by imrersion in a plasma, etc. The inplantation
generates a fragile area 14. 10 The source substrate 12 nade fragile in

this way i swoOamtagought into contact with the polished fpeg/rrgf/ensye of
t he anorphous silicon |layer 6 to forma&%ond by direct bonding (figure

3b). The whol e or part of the conbinati of the support 2 and the source
substrate 12 is then 15 subjected to an action that detaches the

monocrystal | /g 2 5thi FOR +EYRRL QeérpﬁbLh@xéagigegggQ%rah éé%tait@owe

fragile area 14. Cenerally speaking, the action just referred to can
consi st of aMPARRgOFEEKant e kEvessE9r( sHearsSLeFHAG oa, tHN cdAFREsSI on,

ul trasound, Bhplantsti@ssesnpsDsiced efeettégathyahappbhcahiienrehqgde
el ectrostatic or el ect r]zrrlg netic.field stresses Lpsiroduced by means of

thermal enerdy TFREAToN, "CYMrectorEX G iHe se of pressure in
m crocavbties, etcln,tbadtbdrdnerbdimenan cfl sthe olisvestit 0dn,di sBcthngna

cont i nuous : iRy Jet. ui.d (4.0 g -he interface at
which the g%lt(,?@feé(l gyeré.{ l%lg%%é{]hgﬁsoluésg&eh%tu st ggf’}é?%{‘ge%%r ark"%&e' I;%
particul ar, Bi¥pssmbedingidinula omgivey@taldsme sidimconhe sappbirtat 2on of

an el ectromegheti&qf iets, aﬁna%%?)hbgg 3Q1heam R e('@éﬁfi& hgpting, a

cryogenic fluid, a supercooled lNiquid, etc. The nonocrystalline silicon
layer 10 is PHT®FH et Dt FAsi B FRdMBREETt RE AfisaritPesl byl r 8€eBBREENG vi a
the annophous ishéicen dmyedifent3d dMajdladded afbde above enbodi ment can use
ot her 16 December Zgo L}]eV\O (11/ 97%%2 gCTI El %01876 19 i npl antati on
t echni ques ( for exagfp & T8\ tas P& 0Tl ARYEFi oh  Bhd/Br ot AEF L hSPquBs for
transferringubstiate ayled . using a technique known to the skilled
person. As indicated for the second embodiment, atomic
species are implanted in the source monocrystalline
15 silicon substrate 12 to create a fragile area 14.
The substrate 12 is then brought into contact with
the support 2 so that the silicon oxide layer 16 lies
against the amorphous silicon layer 6 (figure 4b).
The oxide layer 16 and the monocrystalline silicon
20 layer 10 are then detached from the source substrate 12
in a similar manner to that described for the second
embodiment, to form a silicon on insulator substrate. The
silicon on insulator substrate is made 'up of a stack of
successive layers: a polycrystalline silicon support 2,
25 an amorphous silicon layer 6, a silicon oxide layer 16
and a monocrystalline silicon layer 10.
In the fourth embodiment of the invention, shown in
figure 5, a silicon on insulator substrate is also made.
To this end, a silicoﬁ wafer 3 is assembled with a
30 silicon substrate 12 incorporating a silicon oxide layer
16 and implanted as described above to form a fragile
area 14. However, in this case, the silicon oxide layer
16 is too thin (typically less than 1 000 A thick) to
absorb degassed species during subsequent operation and
35 which degrade the bond. To prevent bubbles forming at the



| npl antation can also be effected in an area nmade fragile by nechani cal
means, for exanple a porous area. 5 In the third enbodi tehétcafibdri?e04

i nvention, shown in figure 4, a silicon on insulator substrate is made. In
this enbodi nent, a polycrystalline silicon support 2 covered with an

anor phous siWic@ki97T282er 6 (figure 4a) is produced in the BEFAFRENOES76as
described with reference 10 to the two odi nents di scl osed above. A
thermal oxide layer 16 is also fornmed ona substrate 12 using a techni que
known to the skilled person. As indicated for the second enbodi nent,

atom c spechefidahg | Mptantedei NnatheasoubegehbBackyShal | HBgasddngl | i gon

substrate 12 t crea{ael .fra Lie area _14. The su str%%e 12°is th§n br ought

i nto contactpﬁﬁYHry§ 2 gﬁ%ﬁogf 5¢€8 iﬁXFrt e 1§ 11X DY Moy BREEE Pi es

agai nst t he toorggtousb sitlhiecodebaysed6 (faqgie 4Bpcatbe oxhees | aper (6 and

the monocrystalihng,silisan) 20 d ayer 10,arenifign del agaed. trom.qhe source
a escrrbe o] € 'se

substrate 12 in a“simlar nmanner fo'th con
enbodi nedt, Patebiad acspbléng én Satd@facsoryudsimdtiee Fheobtainedn tp

i nsul ator subsiegigrds vRAeaHPuRicIEs ShaCk i pSUGELFSEY LI AY Chdtefial
pol ycrystalline silicon sug%ort 2, 25 an anorphous silicon |ayer 6, a
silicon oxideP| h§ERS 18T SHALECRORBEPYELEF| PRe 28PEFPESHS| BGERTIBL LAYERe

fourth enbodé mens ofhéhe dewenitead, showhd n pcfliygiﬂy%téilan%i :c W8eBrea1

i nsul ator substrate_js also de. . Jo this en si]icon_wafer S
assenbl ed with & 3 aL1|%8§ﬁ g&@%tﬁﬁxgﬁ. 7?&%%%x§%ﬁ?#%g% E?V?E%ﬁfﬁxﬁﬂe

| ayer 16 anthénphénred ‘depdedtivbedfabdwe drofphons fagrial haparl4.
However, in thi$4C h .l {.cqn i de yer .St t.hi Lgally
ese than 1 GOBTA ERESH P el b_%d‘%ﬂa‘;é%d%“&g%‘?é@&u?o%ng@%%bé%éﬁé%t
operation andc@Srdhirgh deqr adeh® he BurNtiTm pr elasmribgishl eberer mi nghat t he

16 Decenber gODGc¥x0d1PVR82 PehitEROLL01876 20 ;s advantageously

polycrystalline silicon and the amorphous material 6 is
15 advantageously amorphous silicon.

The support 2, consisting of the wafer 3 and the
polycrystalline silicon layer 5 and the amorphous layer
6, and the silicon substrate 12 incorporating the silicon
oxide layer 16 are brought into contact and assembled by

20 direct bonding (fig. 5Db).

The oxide layer 16 and the monocrystalline silicon
layer 10 are then detachéd from the source substrate 12
in a similar manner to that described for the second and
third embodiments to form a silicon on insulator

25 substrate (fig. 5c).

The. fourth embodiment of a method in accordance
with the invention produces a silicon on insulator
substrate including, stacked in succession, a
monocrystalline silicon wafer 3 covered with a

30 polycryétalline silicon layer 5 itself covefed with an
amorphous silicon layer 6 and then a silicon oxide layer
10 [ sic] and a monocrystalline silicon layer 10.

In a different embodiment, the polycrystalline

'silicon layer 5 can be deposited on the oxide 16 before

35 forming an amorphous silicon layexr, rather than on the



bondi ng interface as a consequence of degassing, a polycrystalline silicon
|l ayer 5 is formed on the wafer 3 to absorb the degassetb Bpeoniles.20Bécause
there are no techniques available for polishing the polycrystalline 5
material enabling a satisfactory bond to be obtained, to alleviate the

dr awbacks ofWONM/$tA82crystalline material in terns of surPEATAROUGISHSS an
anor phous material layer 6 is then depgﬁjted on the polycrystalline
material (fig. 5a). Note that if technol'ogy devel ops favorably in 10 the
future, deposition of the anorphous material |ayer 6 could becone
optional . Fogsupperenboditentamfetiel Dt hedl aeca«ldid et t Beth nyantiH@n
descri bed heég tgf 2pg£gcrxs%glline eri al % I s advant ageousl y
polycrystalllngpgl i Conand 't eeaﬁ%+%%o Aehtetial 6 is 15 advant ageousl y
anor phous silicon.IfThe sugparit 20f cohsi dthingl aind h€owafbr eXhbeaid nicmet s,

pol ycrystall Lpne siitco H@Mer ang .t AR phous ye nd, th I 1icon
substrate 12é?nc%$ip%ér;ap“la t hgggi I ??:onhfo oxl de%?layiébémé%?éo%?ogzdht %iO%!t o]
contact and @33BRbEed®hytheo anerphowonapigrielig. lamr The Bxddle oxdper 16

and the nonotsystal khne skbigea kawer ok9qareithep desachedeiiom t hesource
substrate 12 nanner,tg t.hat described for the second and

In a Sj 'iar
third enbodiﬂ%ﬂ?‘érft’%t‘ﬁ) e Sptecdftontardul Hor Puss @ihseadrely s inglise) .
The. fourth kabgdioviriedofia sdtthetlonn tac cotidlabatdewltdydrhel § neertciramg

produces a sijic | trate inclyding, stacked in
successi on, %ﬂén@ﬁ%§$§¥$§#*f%§és?%?%%ﬁégh.%Xe%:%gvered with a 30 :
pol ycrys®al | i ne siTmncen vaayjiemts ¢f sthe ddiededawd t ioanthammbpkiduengis| i con

layer 6 and thenspy sbbh oMy OXb dfe haYSEa B 481 Aot dymnocrystalline
silicon layer 10. In a different enbodi nment, the polycrystalline silicon

| ayer 5 can be depdsitedI®rctablvxsBeahbngef bhe OBEdEolAYAY QK ARyEBKoUs
silicon | ayetanr atdercdplai-can e i6obmeenbehs@0Mor (for example a

nitride).

15 In the fifth embodiment of the invention, shown in
figure 6, a substrate is made including an active layer 9
of monocrystalline silicon carbide on polycrystalline
silicon carbide. To this end a polycrystalline silicon
carbide support 7 and a monocrystalline silicon carbide

20 source substrate 13 1incorporating a fragile area 14
obtained as described above are prepared. As there are as
yet no techniques for polishing the polycrystalline
material capable of achieving a satisfactory bond, to
alleviate the drawbacks of the polycrystalline material

25 in terms of surface roughness an amorphous material layer
6 1s then deposited on the polycrystalline silicon
carbide support 7 (fig. 6a). Note that polycrystalline
silicon carbide can advantageously absorb the degassed
species, as explained above. Note again that if

30 technology evolves favorably in the future, deposition of
the amorphous material layer 6 may become optional. For
the embodiment of the method according to the invention
described here, the amorphous material 6 is
advantageously amorphous silicon. )

35 The support 7 and the substrate 13 are brought into



WO 01/97282 PCT/ FRO1/01876 21 support 2. It can equally well be deposited
both on the support 2 and on the oxide |ayer 16. |In a &abDeearbbef200le third
and fourth enbodi mrents, an oxide |ayer can be fornmed on the support 2, for
5 exanpl e on the anmorphous material |ayer 6. This oxide |ayer can repl ace

t he oxi de | ayerof97x82vering the nonocrystalline material peygrrdPo1Puf can
equally well be provided in addition t% t he oxide | ayer 16 covering the
nonocrystalline material |layer 10. 10 | % variant of the third and fourth
enbodi ments, the silicon can be replaced by silicon carbide. Also,

rally s ' | 0fj3 r pl aced by anot her
general Iy spegkingt bhe 9§ggﬁbi@a%yl(glflﬁa§h}§o?%qg%§ &)

I nsulator (for exanple a nitride). di ment of the

invention, shown ifi® fidff'e®, dSsubdtehte PBPRHEE i ne? udidrfaah acttihge
layer 9 of nioneerystalline silieen carbide amwRel YEryssal khae sigiilddgon
carbide. To thig.gnd a golycr%§%alkin§ sil.icon carbide suggort 7. and a
monocr yst al | FREPEPFi ESREESr BPGE 58 800ree BUStFHIE A8 MRARBPPoF St ithgta
fragi |l e ar eadédcrpbedi métthasedesenicbedcalidvee se@omd,epahiddd Alﬁdt If@ruglt&hr ef as
et no .technj . ol i_shi e cry | L] able o
gchreving a %ggﬁé%ggéEg ,€§nd£?tgg éﬁﬁggiét%hﬁﬁgjgﬁﬁhggéggrg?r%ﬁgng a
pol ycryst al | MpeoaayeEabling (giligen ofarhirdeaca@qtoughndsyean &norophoas

material | aygs) ybrisehlemndoposi ol o ik palyssystAlldng Sdjcon carbi de
support 7 (firg. 6a). Note that polycrystalline " silicon carbide can,
advant ageous| y absbPb 2t he-%eyasTRadispREi &f Bheelmvanid®rabovRoWmot& agai n
that if 130 tethaskogy7evolavesshngerabky inst hemdday Ul’@;ncﬁﬁﬁfb‘i:iagc_:i% ?f Sft?ﬁe
ar phous ehehhal L YEL} R Y DRSATEBOLLOT ey AP ctod L O, the
i s advant agboss| ¢ amalghouscaiteggmmding to a low level of defects,
on a monocrystalline silicon support 17 of less good
gquality, - for example a quality that corresponds to that

15 of a material obtained by epitaxial growth, a so-called
"perfect crystal" material or any other material that may
in the future correspond to a quality optimized relative
to what can be achieved at the time of filing this
application. This quality corresponds to a material that

20 is used for its electronic and/or optical, etc.
properties and has been optimized accordingly. A silicon
source substrate 18 of good quality is prepared with a
fragile area 14 formed in a similar manner to that
described above.

25 : To alleviate the drawbacks of bubbles forming
because of degassing products, a polycrystalline silicon
layer 5 1is advantageously formed on the monocrystalline
silicon support 17 of less good quality to absorb the
degassed species. Because there are not as vyet any

30 techniques for polishing the polycrystalline material
enabling a satisfactory bond to be obtained, to alleviate
the drawbacks of the polycrystalline material in terms of
surface roughness an amorphous material layer 6 is then
‘deposited on the polycrystalline material (fig. 7a). Note

35 that if technology evolves favorably in the future,



35 The support 7 and the substrate 13 are brought into 16 Decenber 2004 WO
01/97282 PCT/FRO /01876 22 contact and assenbl ed by difRetenttmn@ddg (fig.
6b). An action is then applied to detach the nonocrystalline silicon
carbide layer 9 fromthe silicon carbide source substrate 13, in a simlar

manner to t Ve 0d/9e8zribed with reference to the second, tp¢ra@EARifsoErth
enbodi nents, so as to forma substrate igcorporati ng a nonocrystalline

silicon carbide active layer 9 on a polycrystalline silicon carbide
support 7 (fig. 6¢). In a sixth enbodi nrent of the invention, shown in 10

figure 7, aéélﬁggrt | SF nagle IQ&I_% t,hglge St a n
active | ayer ltachglod&fqual | t%/ Mga &?nggé%/rées%%%gﬁngé%%ﬁg ow

| evel of defcéﬂ?:ttjsona]on bKorohber féﬁbﬂqﬁnf?éltsl?f cbhesmspdrod 1cesrdiges ’g@od

quality,, fmh@xmr&@muﬁsdmﬁéwth@m [ eSRONgifiof fhd Rt mdbepian grigri al
obt ai ned by xi al rowt a.so-cal led "perfect crystal"™ material or

any ot her mﬁcgrarré S9S0UF ey M PRAE Fdt =@ tor respond to a quality
optim ze@ rel ati v&he osuppbrtan beaadhi gved sabstthreatei NES ofarfei I bﬁgu@h'ts

AP cart oMkl e dAldd YarkD LSRRI 18, 3 BUA! WY (33l Sagped for Tt

el ectroni c and/or optical, etc properties and has
accordingly. A silTheon memngres widsimeat esibBlesn goddyaual iy iaf prepaded

with a fraghlfanea 14 fenerd idetdSHdA | aFrHRNNQEt 0 dshat. fdeseri
above. 25 Tg:i IIeVB{eate t he_dr a\/\gacks of bub]lfol es fofm ngl Ceocause ?@Q

degassing p oIS rgeedl APRGIEY| T8oR TBAVET 554l laK afR abledlis y
formed o tm;ammwstmﬂl nehesusecendsupmﬁ&dﬂ glodress ooed gERFtERYy to

absorb the 3peci Because t her re.not as yet an

t echni ques for q-hl ng t e po?ycrys% al I5 |‘%€%ﬁé"tt§rl aFnCéHRBFF'ﬁ@n‘é{ a

sati sf act orynmytﬁaié-la@t afhkizon oaatliigei dtagrert heS doéwbaeks gfial hiey

pol ycrystal ldme smefsrbd ydtaiSiA® Qilicon support 17 of less good
guality (fig. 6c}.

15 Many variants of the embodiments of the invention
described above can be envisaged.

Thus the supports 2, 7, 17 provided with an
amorphous material layer 6 can, before bonding them to
the substrate 8 or a source substrate 12, 13, 18, undergo

20 various conventional treatments known in the amorphous
silicon art, in particular hydrogenation or degassing,
and various heat treatments, such as a densification heat
treatment, for example.

The amorphous silicon layer can advantageously be

25 doped to improve its electrical performance.

The combination of the active layer and its support
can also be annealed after assembly, during which process
at least partial crystallization of the amorphous
material layer & can occur.

30 Moreover, in the embodiments described above, the
amorphous material layer 6 is a layer of amorphous
silicon, but many other amorphous materials can be
envisaged for use in methods according to the present
invention. Silicides may be cited by way of example, such

35 as titanium silicide TiSi, or palladium silicide Pd,Si.



surface roughness an anorphous material layer 6 is then deposited on the
polycrystalline material (fig. 7a). Note 35 that if tectthDecayber\20Ddes
favorably in the future, 16 Decenber 2004 WO 01/97282 PCT/FROL/ 01876 23
deposition of the anorphous material |ayer 6 could becone optional. For

t he enbodi n¥vO 0af972B2 nmet hod according to the invention destrredoisyee.

t he anorphous nmaterial 6 is advant ageOé | y amor phous silicon. 5 The
support 17 and the substrate 18 are bro 3 into contact and assenbl ed by
direct bonding (fig. 7b). The nonocryst al I ine silicon layer 15 of good

quality is then defaehed-ify,om/hhe sid '&@é‘c§9ﬂé&eab%‘&€5tx5j?€‘r? }éfgzeag
quality in a nmanne S|mlar to that 10 described for the secon

fourth and fi%tAPBIBGATHEAEs TOF f SRt CRFENT af P HEBE DO dticHging a
nmonocr yst al Isire cai | taﬁb.laét |a\t€zllv@yela3iér obrycod %hkﬁ'cﬂia/me@ék dsilicon

tall t 17 of d
Vany var | antSE R nBal niRt SUP R A enE o H et e b6tk be
envi sagel. THUshaute damppdriey Zrohy thie prappadext Witteh merﬁlmphous mat eri al
llayer 6 can, beforg, | Rgyatem ¢, ﬁ?&‘eﬂ‘f’ﬂ?ﬁ f?teag 911111‘.(3% SHL Cf?sgjb_i”ate
rea

12, ‘13, 18, undergo vari ous ‘conventi o h
anor phous §iq91€i?0nw%ﬁ3fe }h par prEulvEt Hspraydiat i o B@rﬁl@glass’pihgshlagd

vari olus h_EIE_ﬁttd rcﬂﬁdﬁaﬂté,sfm&@f @alﬂ@@sbfhgab?ﬂ?c{‘ﬁ@f:al%{ﬁét HEBEHBQ[
exanpl e. e s siligcon | ayer can advant ageously be doped to

i mprove its %t <$1|etr§| f;s? F&%é onfid% onbi nati on of the active |ayer and
its support can &Ilsxaltl@,anrm}al edtabt erfeagserdy y, ofluriche Whiddhdqd ocegs at

| east partial, cq{tyqs]d %%ttlhon BE tfgv&gpdghou ma.terd al Ioaeercgncageoccur.

30 Moreover, 1n |nen descr Abo _
taken 1ndependently or come.natlon to define new

embodiments of the invention.



anor phous material layer 6 is a |ayer of anorphous silicon, but many ot her
anor phous nmaterials can be envisaged for use in method®¥ Becembhr?§0do t he
present invention. Silicides nay be cited by way of exanple, such 35 as
titaniumsilicide TiSi2 or palladiumsilicide Pd2Si. 16 Decenber 2004 WO
01/97282 PCT/ FRO1/ 01876 24 Simlarly, what is described above with
reference to applications for fabricating substrates including a silicon
carbide active layer or 300 mmdi aneter silicon substrates can be
generalized to many other materials %5without departing fromthe scope of
the invention. In particular, the invention is advantageous in all cases
where it is not yet known how to mpolishi ng to obtain a surface
quality of a polycrystalline material sufficient for direct bonding. 10
Finally, all the features of the nethod in accordance with the invention
descri betl abmeehodast faBricdtial @AbitRERPRNSIRAIIN RF ubdin GOIRRI datibRBs &QpRef | ne new
enbodi nents of the_invention. 16 Decenmber 2004 25 AIMS 1. A nethod of
fabri cat"Flﬁ@T@EFtﬁst@bé@,mPﬂﬁeSparti cular for use in optics, electronics or
opto- ele | CS, i ri e viding « ort .ssbstrate (2, 7)
of a mat eﬁn}oérﬁi}ﬁé%sg%&gr@%lﬁs na‘ltzz‘??gf'a,rg%t%%é%luéﬁ %g‘geé:%ﬂgo %;%?a s’tlgfllu?]r?g ¥ace; -
deposi ngpdpcrasaitiph dace; mat eri al | ayer (6) upon the polycrystalline face of
said support . substrate; - pol.ishi n% t he anorphous nmaterial |ayer (6) to
facilitat @epﬁéwai%%m%rﬁeous wesdligyeHe) pen bs eelsrstaiirsutaceraf s2ifl srpposer (6)
to anot hghsubstrate or source substrate (8, 12, 13, 18) of a
mono-crystalline material (10), said "first material", wherein no bonding
def ect s -gpadishingdhe aobyphbys material lnpat (6) tarfacililat twmding; anche net hod of claim 1,

whi ch further. conpri ses jnplanting atomi c species into the source
subst r at"etbfni ng jta¢ ;fgl)sﬁ%i g&mﬂ%@u§ at%amj]iaﬁﬂ &Setﬁ. another substrate or source

substrate (8, 12, 13, 18) of a mono-crystalline material (10), said “first material”’, wherein

'no bonding defects are observable by infra-red transmission.

2. The method of claim 1, which further comprises implanting atomic species into the

source substrate (12, 13, 18) prior to the bonding step.
3. The method of claim 1, wherein the amorphous material layer (6) is amorphous silicon.

4. The method of claim 1, wherein the deposited amorphous material layer (6) is between
about 10004 to 50004 thick.

5. The method of claim 1, wherein the polishing step removes between about 2004 to

50004 of amorphous material (6).
6. The method of claim 1, wherein the first material and the second material are silicon.

7. The method of claim 1, further comprising interposing an insulator material layer (16}

between the two substrates before the bonding step.



3. The method of claim1l1, wherein the anorphous material |layer (6) is

anor phous silicon. 4. The nethod of claim1, wherein th& Qegoshar @04

anor phous material |layer (6) is between about 1000A to 5000A thick. 5. The
met hod of claim 1, wherein the polishing step renoves between about 200A to
5000A of anorphous material (6). 6. TR® nethod of claim1l, wherein the
first material and the second material are silicon. 7. The nethod of claim

1, furth |, Si i nt i L | at or. A I 6) .bet
the two <BC0s BERS el REREOR 4R Uatn Bl T lin Biea it Satlpnidipe "
met hod of agd ahitside. Wherein the insulator material (16) is at |east one of

an oxide and a nitride. 9. The nmethod of claim®6, wherein the insul ator
material (16) is an oxide that is |less than about 1000A thick. 10. The

met hod of ' ' ' : ' . he s n terial are
i1 con . el Hedog YPEREh b bRl B SniBher bl ] R SR BalRIEE Bin Mot e
is a bul katmakt yedosStadk.i ne silicon carbide substrate. 12. A substrate, in
particular for use in optics, electronics or optoelectronics, including
stacked in succession a support substrate (2) conprising a polycrystalline
mterial g Aenehd 8 SON Q! WMeithd MeirdGARRILICHIANY LA MAAHA LITLANOUS
material layer (6), itse covered on its entire face wth an active
monocr yst edtbidee material |ayer (10). 13. The substrate of claim 12, wherein
an insulator material layer (16) is interposed between said anorphous
material |ayer (6) and the nonocrystalline material (10). 14. The substrate
of clai ms1 L2rrmdied | BIRIoRt ' | ili

el ectricall _condﬁgtP@i@ﬁ%gfaﬁﬁgﬁgﬁgstratéﬁgéﬁﬁfg%%%ﬂ%gk%éﬁ%%ﬁﬁ%%ng¥h t he
anmor phouscaride sibgtrateayer (6) is anorphous silicon. 16. The substrate of
claim 12, wherein the nonocrystalline material and the polycrystalline
material are silicon. 17. The substrate of claim 12, wherein the

mong_c 3 yst &b.| Anabse rih Partathr tfheusePidl Hfticy Séladtidni® FredRbdiadirori@®, Sichida@n
car pil de.

stacked in succession a support substrate (2) comprising a polycrystalline material on one
face, covered with a deposited and planarized amorphous material layer (6), itself covered

on its enfire face with an active monocrystalline material layer (10).

13. The substrate of claim 12, wherein an insulator material layer (16) is interposed

" between said amorphous material layer (6) and the monocrystalline material (10).

14. The substrate of claims 12 or 13, wherein the amorphous material layer (6) is

electrically conductive.

15. The substrate of claims 12 or 13, wherein the amorphous material layer (6) is

amorphous silicon.

16. The substrate of claim 12, wherein the monocrystalline material and the

polycrystalline material are silicon.

17. The substrate of claim 12, wherein the monocrystalline material and the

polycrystalline material are silicon carbide.



