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%RATES OBTAI NEHIMM“I“MIH“'WH@ The invention relates to nethods of

fabricating subst ticular for use in optics, electronics 5 or
opto-el ectronics. To besyipee precise, the invention relates to nethods of
fabricating substrates in which an active material elenent is transferred

onto a suppowio of9%2¢pj ect of the invention is to conbi ne rpdyEFRe/0i97T6
unit cost of such substrates w th obtaini ng a good 10 bond between the

support and the active material el enent. Hhe above object is achieved, in
accordance with the invention, by a nmethod of fabricating substrates, in

particular for use in optigs %lDe% r?ZR;BﬁC%[&I%?t %UfBI%lT‘?i%trrE%n' &gy 1ncluding

an operation of bonding an ac |ve rst material onto one
face of a support includi n§UBSIBAGRE PBITSINGD BehdHast &ETAO® in that: - it

further includes, kegor ?nb@ﬁt@@ﬂd' PQlQE’@é atd On,mAhRREr Oﬁa%ﬁ:l@!@@@%tgt' ng
an anorphous nmaterial onto the face of the support consisting of the

second mat er SAPSEF@ tiesr erdedPE bt 6P T e fPRe UsiCerEht OPEHRS s?nlﬁﬁtépntlﬁé

first materi alr ospoBtOlbberbacesof Mhepeagidree pk@aeste COftsd s&hmgn@ﬁohhe
first materi al and mtendedé b ?ond ed to the ort and |g E - the
¥ ha Xp

second mat er F&LAES &< ARLIR RETECP tmg2§ FAS TheV e&8i on
"l ess nobl e" aict iveethaitre rtikils eldoeunterts tto adesisgnatde: ontca avetugrgcedt.of | ower

CryStallographiC qg%%;; iét $p|§h§e %%en&q Peﬁﬂﬁqh§ CSHFEHQrBQ élng

material is |ess ( an a oncrystaI ine materia I'S rtself
| ess nobl e t kde aumbho€Pyst af | ABChatserlisfirates - wht pratoditidinisist a2 neé@cly a

simpl er gMd/ YorfPHRween the support and the active material element.

The above object is achieved, in accordance with
the invention, by a method of fabricating substrates, in
particular for wuse in optics, electronics or opto-
electronics, including an operation of bonding an active

15 element of a first material onto one face of a support
including a second material, characterized in that:

- it further includes, before the bonding
operation, an operation of depositing an amorphous
material onto the face of the support consisting of the

20 second material and intended to receive the element
consisting of the first material or onto the face of the
active element consisting of the first material and
intended to be bonded to the support, and in that

- the second material is less noble than the first

25 material.

The expression "less noble" is used 1in this
document to designate:

- a material of lower crystallographic quality; in
this sense, for example, an amorphous material is less

30 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 example, can be considered less noble than

35 monocrystalline silicon carbide; note in particular that
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In particular that

is less costly than nonocrystalline silicon carbide; or - a material o
| ower crystallographic quality that 1is also obtained by a sinpler and/
faster methogio (907282 exanple, a material obtained by a faspeT/FROMOIET6
met hod usual |y generates conparatively nore defects; a material of thi
kind is also usually less costly, and is “considered to be | ess nobl e;

a hybrid material including a |ayer or an area of 10 material of |ower

crystal | ographig, mﬁ%ﬁﬁjgngn the i i nderg, fo&§§?anplgogfg9nocr¥ﬁg l'1ine

covere

substrate

a polycrystalline [ayer. ess noble materia

usual | y | ess msgsdnys thddridg $id iade cavdidesi & choi ce of | ess noble 1

material s and the intendad.appl igati opeAndr @@al?@éf@ﬁ]@?@dhﬁglié‘? _
technol ogy are the essential @ factors conditionjing that choice. The _choice
of the |ess réblal$ratePFalNEe oY (thctiBRICH 2REHY Tpdraiteter BB i f%%one
appl i cati®ns sl 00 pamanetens rEtdidrByi Bp@Edsaidr tdvawdideethbl some

paraneters are rre inmportant, the choice
butSHRL Y SrRerS ;

mat eri al ,

erare compara

ers are nore I npor - For exanfl €

of transferriafg atisyerkiofd 25 sidison candbl be, baessascoathmny ethber is
applications,. QR R APy 5 fs thegsecyyd material, i. e. that of th

support, nust be equivalent to those of the first material, which in this

case i s nonocrystall inéYhnitdipt eairdl deicluding a layer or an area of
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material of lower crystallographic quality than the
remainder, for example a monocrystalline substrate
covered with a polycrystalline layer.

A less noble material is usually less costly.

There 1s a wide and varied choice of less noble
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 1in some applications some
parameters may be more important than others. If some
parameters are more 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
silicon carbide, and as in many other applications, some
parameters of the second material, i.e. that of the
support, must be equivalent to those of the first
material, which in this case is monocrystalline silicon
carbide.

Also, 1n 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 less noble material
support 1is a silicon substrate, even monocrystalline

silicon, whose cost 1is undoubtedly highly competitive

d; according to this criterion nonocrystalline silicon, for exanple,
be considered | ess noble than 35 nonocrystalline silicon carbide;
WO 01/97282 PCT/ FR01/ 01876 2 nonocrystalline silicon
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so, in the case of transferring a | ayer of nonocrystalline silicon

bi de, whether obtained froma nassive substrate or froma |ayer grown
epitaxially, an advantageous candidate for the | ess noble materi al

support is a silicon substrate, even nonocrystalline 35 silicon, whose cost
i s undoubtedly highly conpetitive WD 01/97282 PCT/ FRO1/ 01876 3 conpared to

a nonocryst ano 9g9%282 con carbi de substrate. Furthernore, POTIHRO1ZGEST6Of
transferring a | ayer of nonocrystalline sjlicon carbide, the second

material, i. e. that chosen for the support, nust generally be able 5 to
w t hstand an exacting process for technol ogical treatnent of the |ayer of

silicon car bic@?qpal%%i(a?{??faf Ny sqanhidR 13 18 S5 g&rﬁic%ﬁ?d&t@ra@egh

. . © . ) :
chem cal inertra, icult to nmachi ne mechani cal chem cal ly,

. y @
etc. In particul ar FUrfheR8&ocgse 16 i@ st 9hvbf 3w ept Raxd al 2§RBWPHR of

silicon carbi@eod@istagnamel esitilecsecend piaker i @henustcvhtihsiandri aeat ment
at a high tenperature, which %e uiées t he s%cond terial fo Eave a
suffici entlythifgh A% i P nt O at8Gi CARPET Ce 0 et ki TS F L thePFmp PLe
expansi on; amd posisiidtared suahablaathitker mdocmsductori t yecSnoilbagikyl i f
atoms Are LRealgdad ndibe Sd! con SarbLee Lo dopg | Lo bhgcsecand patert
may be required to undergo anneal at high tenperature,” Wwhich I's equally
exacting in sédpecn ofarhédeoeisi ci ematesfialhehauingxpandilgh 20eNbradver,

the ideal candidatie materialy;fen e segondaprieri alndiisin e pbl e haqg

replace the tirst mterial wth mninmum nodifications and nmaxi mum
t r anspar ency Sh6micad Wser et f- prbtesed igeharl | y Nenpl'By PSS o0kt r 85EPAg
substrates. Theoiecenrd reperdalal deghbytR5 &t i Hildscds neaybagepossbkl e of
t he specificatio%ﬁﬁ def.i ned

<]

_ ed b tangards such.as the SEM% tgggﬁégg

cor r espondi n§ %8 §ﬂ§%|??%§? o€ L FEF a4 JUSiTe ottt afﬁ. at
a high temperature, which requires the second material to
have a sufficiently high melting point, a suitable
coefficient of thermal expansion, and possibly a suitable

15 thermal conductivity. Similarly, 1f 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 i1deal candidate material for the
second material must be able to replace the first
material with minimum modifications 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



and above this transparency for the user, and 30 over and above their
cost, according to such specifications, supports including or
consisting of the second material nust be conpatible with existing plant
for shaping and treating (polishing, cleaning, beveling, etc. ) the
substrates. In the case of transferring a 35 silicon layer, it nust ideally
be possi bl e W p1eargs his WO 01/ 97282 PCT/ FROL/ 01876 4 ki ndpOT/FRIIPOIS760N
production lines that are dedicated to sjilicon and enploy state of the art
techni ques. To fabricate 300 mm di anet er Substrates covered with a | ayer
of silicon, for exanple, one beneficial 5 conbination consists of

transferring,q layer s%ﬁﬁe%rfr &é&ﬂé&%ﬁé@sﬁﬁ%ea%tge ew; defeehs.
for exanple an_'epitaxi silitcon layer or a layer obtalne roma
substrat e obsalAcerb@ngr @RNYY Stelta®iCLdehrdltsibpchiviaiiasy, with few

defects, onto a support 9k ieRder abeolénCogh an@Rtai N8dpkRrpakki Cubakrby
drawi ng ingots at high speed, under conditions that are Ies% t han ogglwm
in relation"™®&hnd Fty o Sry<CaPr def 8Et £¥3 PPt %1 s OC%sePePREAC386 mm
di aneter %il icoabis@ksionat esntshe actept eshs ferdi mg Ccrep- élagetr obbtained

production line, they nmust neet very 15 demandi ng.conditpons urity in
terns of confgﬁﬁh i&%l%ﬁﬂjﬁﬁuﬁﬁﬁﬁj%u??éhﬂ?%@)?g%%%t%ht#8¥ye%3ﬁ %ﬁsgn
constrai nts eipipesed lby stile cvar i dayepr ooess ast epyelf | attiesseflor from a

phOtP'ith()gr%?J{Bétsﬂa%l%S’ JEehgilgal bg”farf%ﬂn‘igor fﬁi}féh aa%'eabhgghrgﬁsky
particular réflTectivity so as not to disrupt 20 the photolithographic
process or affréctinghe vpehatfiicon epfeche, varios asensBPart orofdefieeeirage

substratgs Okosdl,i GOPENL Sl NGIUdEH- ¢ e HBLY tybesr Hbi @5uUi PEBRE) ,atet &igh
Furt hernore, support

s i.ncludi ng or cons stiqg of . the second mater.ial nust
advant ageous S5 coHPAET bl &1 h? Tan

W Fagér dFEC opBRAL iUNS ™ ef-Br abl y
i ncl udi ng a dielecti deondi nthestdgmsiand obstrysmpol t aaféytsusinbehisonpat bl e

wth the nat%gfﬂ3dg ﬁﬁ“ﬁf&ﬁggg§ Eyﬁgcgﬁegu%g%rates 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 wvarious 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 photolithographic process or affect the operation of
the various sensors 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 Dbonding 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 1in 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.



intended to support ( in this docunent, the expression "direct bonding"
al'so refers to techniques known to the 30 skilled person as "wafer

“bondi ng"). One aspect of this conpatibility concerns the coefficients of

t hermal expansion in particular. Too great a difference renders the stack
of the two materials wunusable because it is |likely to break as soon as the

35 usual heajyyg@ pgovpgnts are applied to it. WO 01/97282 PCPEREFRAIGI&T6S | n
nost cases, and in particular in the case of fabricating 300 nm di aneter

substrates covered with a nnnocrystalliﬁ% silicon layer, or in the case of
substrates covered with a silicon carbide |ayer, another 5 choice which is

judi ci ous fromthe-poi fwvi of ransp in.t p e kne
and conpatibility I etﬂ%%g Fﬁg ghpp%?% gﬁh ?%29¥%§£$rig§}o£§§e§%ﬁ%gsgge

mat eri al , bufabFigaitjegys8al| ime Cdemetiie BEOABRRESSSRATRIETS tHdh a

conpared to PG Psawing rRnd/ Of1 £pbh aXYhyel0 | nhraccordange Wddsd heor
i nvention, substrates are advantageously nmade with one or

nor e
monocr yst al | SAESHEEFESs GV $bI Yt staPiitde Suprr?ids nt# % ca88theRe
monocrystal | icheilcayewhish ang thelipolowey ystralind | pResuppdit «@n viewrade of
t he sane nat%rial for exaggleth%S [n accordangg w th_the invegtkggity

substrates aréan§§§§ﬁpgdéously nadepﬁﬁ??F%ﬁﬁg(n'1ﬁ5?eaﬁgn089?§?a i ne
| ayers on a renoeeyst ahéi meippgpor enidt setd deyeredisv tte auséaydre ofame

pol ycrystalli grialy,¢This, confj i at-heastnthe Lol Law-ng
t wo advantagggiégggi’thelvéyé? oﬁ&%dﬁgi‘y%ta ??%e.nagerigﬁ can? cong¥Ftute
a layer for ©SPAPFEIONgSnethan COMBRFRG tticed NI Wid Kk FOWWH Ao SFHE 3R || ed

person agp“gettering' addordsnyerwikenethei al niéncos®, apRldsaHdts, aaad -
the | ayer of polycrystall.ine terial can_ 25 constitute an areﬁﬁﬁga

trappi ng deg@SVERtEFECUSS YdulP &ihdal PRE of&r alPShs, "PBPCENS

ne
layers on a polycrystalline support. In this case, £he
monocrystalline layer(s) and the polycrystalline support
can be made of the same material, for example.

15 In accordance with the invention, substrates are
advantageously made with one or more monocrystalline
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 1s 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 species during
annealing operations, for example.

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

30 This is also a wide and varied choice.

The interface between the two 1s advantageously
electrically conductive, in order to obtain Dbetter
electrical conductivity between the active layer and its
support, and/or thermally conductive. For many

35 applications it i1s not essential for the interface to be



Havi ng now consi dered the question of the choice of the |ess noble

mat eri al, consider the choice of the anorphous material. 30 This is also a
“wi de and varied choice. The interface between the two i s advant ageously
electrically conductive, in order to obtain better electrical conductivity
between the active layer and its support, and/or thermally conductive. For

many 35 applywgapionggat is not essential for the interface pOTFRWD1876
01/97282 PCT/FRO1/ 01876 6 exactly equivalent, in terns of performance, to

a massive nonocrystalline substrate. Thi% applies in particular when sone
devices require a contact on the rear face to evacuate spurious charges or

heat via the_rear.fa .9 | t her ' I in_th -
fabricating éef((fal%&%ﬁ/ o%%!qlﬁfglh%ﬁ%ér%(%g ; sub%{]rg(?%fs{)?%@ée’ll n%zérgag%glgég%ot
necessarily @baccrivedialy ieendsgetosygatinot AdisaspePliet t he | peEhtirohar

relates to ayebhabnd Nqubi 68st he@slkbva nederd@ shewrpt ishbopsed tg the
10 face of a polycrystalline material support. O the bonding techniques

known to be EORGAEITS & PURLONSE iSART I55pI%tc A53dn Y Hen T ri&3d éctSSoni cs,

optics, =%lectronics andhept ocakestr oninCs patrhecmatr stint abhe acasedi bgct
bondi ng techgi ues in which. no adhesive iﬁi gsed. %3 These t.echni queg are
& i i i

relatively e TG GRS eF hb 6Pt K FOGGRAESE ahidCth atth ssstrc?fhc‘%ﬁ*ie Ff aces
t o be broughtinteirdaceoritsactot Heeesgeamarlayl lel avggessiltiat epolucghiveg of t he

e e TS L
for exanpl e an nohbehydthsl | faklve| g iddporienene gal | banAgdt echnitgges
current |y enplagyed by d1 suhatr-ate nemifractiwersspdog . suf ficient, provided
t hat they are accoggan%gg Q%nﬁﬁjifféégﬁﬁféh ssﬁé&ﬂgsn%ochggngg ngQbhgat
operati ons
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 peolishing 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 c¢leaning and that operations
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 bonding surfaces
30 is that of a polycrystalline material, and most
importantly if direct bonding is to be used, 1i.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



subsequent to cleaning are carried out in a sufficiently clean
environnent, to prevent contam nation of the surfaces to be bonded by
"particles, hydrocarbons, etc. On the other hand, if one of the bonding
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

techni ques bagyoroysgy difficult or even ineffective. The POPFRO/OBT6
bondi ng probl ens arise whether the 35 paqlycrystalline material is obtained

by deposition WD 01/97282 PCT/ FRO1/ 01876 7 t echni ques, such as chenica
vapor deposition (CVD), or froman ingot of polycrystalline material that

is th i Lt t h ole] [ [
par i cul ar | FoCRE OB er YOl ST | e ROr A T2eo8 SOy Bryatal 1 Seki | Peon.

The probl ens faom dae togotr egful doilvceysitalihae tlopd il ot heke gt athsnof

the polycrysialildeRe BREr k@hvertliss hsthecausgti-hecari erhakonpebpliBas
grains is inperfect, the material features pore or | ess extensive 10Q grain

boundari es, G£dSeThtR Wi O adur F Scdd Sf POPBFYEF YLt Al PEnd ahdterd al $Sare
pol i shed, 5t heopaldrshitag 1 isreed liisdound to be anisotropic in the various

grains, over the grain boundaries, etc. These irr ariti resulting
fromthe polishing%gF tﬁ%ogﬁF ceagFe %geacgéntﬁg ggﬂﬁﬁrﬁkég%olﬁghiﬁée
techni ques hawecd ogiyend Lakhecampoiment of Thihe isobycuystrel thse darengalari ous
et chi ng, C'%%H%”deﬁtc?e§£&§§ | pyal ve ib%t%@&%hﬂgch@e-éM%St%P£§§s 0L 5
preparing the surface of a polycrystalline material for_ bonding. 20 The
skill ed persdmresfgsty falhe| macewieh thrat pishl BAESt @Thel 9Bt BXEGNPAVE

pol i shi ngy polgyGryst abdhmear i@ eri ake. f orrylid eciynbandichg  Theyr &€  of
described, for _ exanple, .in Philips Journal of Res&arch, Vol . 4?h %995 (
for exanpl e, PAYELVERAld IS AR L5618 S3gPreThECAdPREFs  the  polishing

speed 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 if 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 1is 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 using an intermediate layer of
polycrystalline silicon deposited on one of the
substrates. These difficulties are described 1in 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
techniques and their inpact on the quality of direct bonding. The problens
“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 ompqyg1@f28e substrates. These difficulties arepdEFROPERTGN

the follow ng docunents, for exanple: - Jiao et al. , Proc. SPIE - Int.
Soc. Opt. Eng. , 35 3223 (1997) 245 M cﬁonachlnlng and M crofabrication WO
01/97282 PCT/ FROL/ 01876 8 Process technology I11. Austln TX USA, 29-30 Sept

97; - M Sall Mgl est t 3ty r nd Act uat or
WOrkshop (IEEE%cﬁgg $or@E§@%%§AQIq s%%%.%%%t§g§ H|Iton I'sl and, SC,
USA 22-25 June 5 92)%; SahNekGIEmJe,r 8@0 n. Dloﬁ@éeéoﬁ%ssoil@hétﬁfcﬁst

i nt er nat i onals SKAROShHA Of- S€M &PNAIM IS e Ependi REw ﬁs:ﬂ@nq\ﬁz USA
Technology and Appllcatlons (Electrochen1 SOCIet% Penn| USA
ou

223-229: ( Phdérix AP ©qp893!{faleen gigad Islandouelr| é‘ éPé@tr
devi ces (39952 356; and - K. N Vinod, Transducers 97, 1997 Internatlonal
Conf erence on Sol i d %tatg Sens rs, aég Acltuato,r York NY USA,

I
1997) , vol. [ sic] , pp’65 ( |cagd ﬁgﬁnng i hﬁhne 5?f5t

Anot her objeomt@&n@hexnnMen$ymDO$sumocpropemecandnethod wif drabbpodt ngg
substrat es, ISTE 5 @QIEJCU| eJHHo Iy @F'Cﬁ PF£SQE£QHECS Pﬁlectrochem
opt o- electronlcs |ﬁclu i ng %ﬁgratlon 8 ond |ng an active materi al
el enent ont o S@Cifdve o?GQHSE@b@Ft nUaf) | et 8RE-6E%t hdshaswi®| éfent s
i's polycrystakl-ige ot oigast at the surface of its face intended to be

bonded, solving the roblens descri bed
9 p Inoue, IEEE Trans. FElectr. 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), vol. [sic], pp 653-656 (Chicago,
IL, USA, 16-19 June 97).

Another object of the invention 1s 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.

The above object is achieved, 1in accordance with
the invention, by a method of fabricating substrates, in
particular for use 1n 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 polishing. The
above object is achieved, in accordance with the invention, by a nethod of
‘fabricating substrates, in particular for use in optics, electronics or
opto- el ectronics, including an operation of bonding an active 30 el enent
of afirst material to one face of a support including a second material,
characterize§o g1/ohhz82 the active el enment or the support it PgER01201876
polycrystalline material at |east on it% face intended to be bonded and
inthat it further includes, prior to bonding, form ng an 35 anorphous
material |ayer on the face or faces including WO 01/97282 PCT/ FROL/ 01876 9
t he poncrysE ?gg gggg&bthnghl tledtit.gr nethod in accordance with the

i nvention A particular t robl ens of controlling polishing. An
anor phous naterlaIThéslﬁﬁéﬁ@ﬁﬂ@@ﬁhﬁ&ﬁ%ﬂn%?qp%ﬁﬁPQ?eﬁ?%ﬁ gPai An¥prkeion

irregularitiggyyiie bprdi g stigpil £Han ther ef Spbengar red guhtdbleehly on

t he anorphous _material, whether the Ia¥ anor phous terial is
obt ai ned by ®EpéSPENEn d bITANBRYNT 2 AT 8ﬁla %§véﬁ1??eégiﬁléﬁPﬁﬁopécalso
necessary; waethérddeof ayeniof s]ikeanberaQUSafrntEassal Tihe dbfradivegl byep
deposi tion or._ hi atlo the pg s U rm.a r

surface that P& an?%)l c%en?l y f JE di rectdlb nglr?p mnDencq’]oegl %%ﬁ!ﬁgggﬁg? hous

nateri al aIsu@h&keslgoodhebp@kogyhe|rl@gﬂiamﬂil@gwrnﬁﬁﬁﬁe p@t&@ﬂyétahﬁlne
material and.ife;aupr phouge @&@gba' &rebyd\é%tr@;gﬁ%%lﬂsndep@oswé@& vifgually

S|nultaneously Wi t hout stop eposi tion, varé]ie
t emper at ure, Fpéﬁséﬂéﬁpléfby @bﬂEC|H@C€ﬁ§arVenpéW§F & aﬂjﬁhlc%@Y%% of

anor phousp nata%lr@alholu% obfatBeda20 resatiyecdimddat Bt wWakghstih€on or

pol ycrystalline n% erial is dep05|te The, met had according to Qp

i nvention isamorp ization, polishing is uniform and “provides a
surface that 1s 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 according to the invention is
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 quality. The layer or stack of layers
constitutes the active part of the substrate, i.e. 1t 1is
this part that will be used, because of its physical

35 properties, to produce structures for use 1n optics,



particul arly advantageous in the context of making | ow cost substrates
when a pol ycrystalline material is used 25 for the substrate that is |ess
‘noble than the material wused for the active |ayer, for exanple.

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

pol ycryst al Iywggoi®tegd al 30 substrate to support a |ayer orpeETARAWST6

| ayers of one or nore materials of better quality, for exanple of
nmonocrystalline quality. The | ayer or staBk of | ayers constitutes the
active part of the substrate, i. e. it is this part that will be used,

because of i igal ropertii , roduce structures for use in
optics, WO o%ﬁ&?%@‘ﬁ%ﬁ %_%0%/%%8%&%%%&%5%%{ cs or opto-electronics. For
this type of appli €& obhasy Hwer ofr apBPeicakbPhodan LB eysefirghafer
enpl oys bondiag el e, ye&lsdP &a@@%f@&f}s‘a;bgﬁ@i@%f - @ (1) y 8Bt hgdamay

be cited as one 5 exanple, one use of ich is described in the patent FR
2 681 472. | £URS trate cul ARl ySBRIVET dgeod e s BaYhePe srrrieoueer ) ORet hod
i Pf corrb; st i exawidlle, t hengr agant citnventtn,iHeaayseinkbdt henf acid i pytehat it
offers for recycling bstrates. This is_because sing the Smart

Cut(r) netho %I)ét 6i8g é??Si bi%e 1 PF&RS 8?‘35% oaz(ijvlsalr}pﬁ1 ret%ussu jstrate onl y a
| ayer that i SnmeatF-Gunt henaichdéde part ,conbiatatiayer wokhespdmli ngreseovhl y

part of a soyy a%stfaéﬁauﬁg tdat (e f;&fﬁm‘?r @6 ct e SUHCE Substrate
can be recycled, for éxanple by taking off a new active 15 layer, etc.
Bei ng abl e t de¢¥€la nde| 2 pser3teow €836 SifppbpEaime, cosbBinFatilom wmakt-

nul ti pl e; ¢ ecyelt®™nh&fndy,souEcea s spbstipl e, tas ofdes esr bm@osrmrgu%b(rt)
met hod, is particularly advant ag{eous in sone ap%I i cations. Such

appl i cati ons SURSItEGE S UM exAnpPRECTt Fd'ddr oficEPoh 98 B0 Mt Y anBeer-
nonocryst al | itm@tsi lliag@r suhstreai@sndinty to only part of a source

substrate, so that the remainder of the source substrate
can be recycled, for example by taking off a new active

15 layer, etc.
Being able to use a relatively low cost support in

combination with multiple recycling of a source

substrate, as offered by a Smart-Ccut® method, is
particularly advantageous 1in 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 growth. The cost

is all the higher if an extreme crystalline quality 1is

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



v

nmonocrystalline silicon carbide substrates. Monocrystalline silicon
substrates with [ arge dinensions and nonocrystalline silicon carbide
substrates are 25 characterized by the high cost of ingot growth. The cost
is all the higher if an extrene crystalline quality is demanded, because
it is these active layers that will support the active areas of future

conmponent s. W@ biye72¢ase of produci ng 300 mm di anet er nONOCPETIER(1/0¥876
silicon 30 substrates, for exanple, the iy icon grom h conditions nust be

optimzed to mnimze certain crystal cts. Accordingly, in the
particul ar case of draw ng ingots, the i ngots nust be drawn particularly

sl owly, Wm Gauaélcg%tasxera%%r nt hx_eeéé%?of‘%ﬁ&rh%héc?: ted by nways of i - 35 gxanpl e
above, is therefore question of ih 97282 PCT/ FROL/ 01876 11

"quasi - substﬂ@@@@rYﬁé@éﬁrﬂmengﬂrﬂnlm yS2aPl fPeSspiEahesr 2SonbRF§SY aPfi ne

silicon carbigdessyist r s aas rihas®hy c@st.possi bl e, but at mnimmcost. In
anot her particular_instance of what, has been 5 descri bmﬁlabo%t e active
3 e

layer is an epitaxi®@ ®&9ERET TRELY of llnz%‘Fé'lncles Rfo XEBI | ent
crystalline desalriitbeas dndvd,t stiuni dctose laypar tUsCLElraréyl’héighal Theyer.

epi taxi al |ayer. _can be Ied nan WAdes, (the  pos pLity.of Lng is
based, for e&gl %ype econdi |orh(|°%rglg t'b%g/ e?cﬁl‘% 8 FnE 65%?!%1
anneal | ng, SFHlDl@ﬂ-hltn@SI nblh’ydrlctg?enunetc GO e\ssenpar‘eg@néaalyoﬁucﬁh t héhe

epi taxi al %rltg&laqrthfg gpi tadal g owkhrgnetine sae subsidat ) cnhe
met hod accor to the |nvent| on also applies 15 wth advantage to any

nat eri al mher?oﬁﬁllbélfléb(rl &ft e SAAN 1Y neW?  gPe e dr df ahet 8X2MRAR hadn

previ ous]y b%@&on@ﬁ&@b&ﬁ%g Thepg is @cpern®d of gdimeHimgphi chcllbaning,
avallablllty of h| h- qual i é rTBterlaI in the, new dia er, which is
SRBO% g

associ at ed WPRCELAY" of £790 tERhndM6Yi ¥ %nd 1Hi'gh ‘i nvéSt mefit M s

limted, andrkleneration of the epitaxial layer by further epitaxial
growth on the same substrate).

The method according to the invention also applies

15 with advantage to any material when it is fabricated with
a new, greater diameter than has previously been
obtained. There 1is a period of time 1in which the
availability of high-quality material in the new
diameter, which 1is associated with state o¢f the art

20 technologies and high investment, 1is limited, and the
material is therefore costly.

The method according to the invention is also used
with advantage to transfer silicon layers of Thigh
crystalline quality supporting an oxide 1layer onto a

25 support incorporating the polycrystalline material at
least on the face onto which the transfer 1is made, to
form SOI structures.

Methods in accordance with the invention
advantageously further include the following features, in

30 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 to




material is therefore costly. The nmethod according to the invention is also
used wth advantage to transfer silicon layers of high crystalline
“quality supporting an oxide |layer onto a 25 support incorporating the

pol ycrystalline material at |east on the face onto which the transfer is
made, to form SO structures. Methods in accordance with the invention

advant ageousiwo pyoypgx include the follow ng features, in BOT/FR01201876 Or
in conbination: - they further include pg&i shing the anorphous naterial

deposited on the substrate before bonding“the active material elenent;
polishing removes from200 to 5 000 A, and preferably 1 000 A, of

anor phous nmateniyal ;3 3P, 1 filmo phoys gy izl +fiEem 1 Q0010 MO
01/ 97282 PCT/%FIQS?/ @18?%1(:%2_ ?nrogoof)iétgﬁ?cg,yand preferSEFy 37000 A thick, is
formed duri ggrdegosietdosdtiowhey incl ude heat treating the conbination of

the support and thetaeli Ve dTRIRY irdatel@renti j@ified togsihgfioh bY the

anor phous material (the heat treatnment is advantageously conducted at a
sufficient t&MRRCEUrand ot%{?r VEIvS n@aFﬁﬁlﬁﬁoﬁbﬁgﬁém %Jrril%ﬁflj ngleEg?lr

partly); 5 they itiedudemoapheusbonditeyiadet achhag adaayertoéatmett veis
material froma bart, ude of the,aclive el etioly . 10, Lhgkinclude.
i d/a? Pﬁ ntended to be

bef ore bondi ng, |nrrﬁlgant| n om C Spéci es under € surface i
bonded t o t herystipadrimeoft hehensamthavsdaedgfentiled @dt ile@statm@nitdly)dt an

i npl antation dept h_dig{ri hy{ad,r ound & RaAd il aradept i ngt he1hguer oef the
active material then being detached at a 15 detachnent d,ep?h in ?,he
vicinity of &gdiivigpimateatiiadn £ r@dpteh Patrte Madlfetti diteadirdnit @y dBiiaini adi’so
relates 1@ a substratey i inparbdéculRrdrr YsBdEAgPPtimslarediaed r abasc or
Opto_eleCtrO@ﬁS%iéJ“ik@ipgfhe 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.

The invention advantageously also relates to a
substrate, 1in particular for use in optics, electronics
or opto-electronics, including:

20 - an active element,

- a support having a face made of a polycrystalline
material,
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.

The invention also relates to a substrate, in
particular for wuse 1in 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 Dbetween the element



20 - an active elenent, - a support having a face nade of a polycrystalline
material, characterized in that it further includes an electrically
“conductive anorphous material or a material obtained from 25 an anorphous
materi al between the active elenment and the face nmade of the
polycrystalline material. The invention also relates to a substrate, in

particul ar W gp®7282 optics, electronics or opto- el ectronpCs/FROWGILST6NO:
30 - an elenment nade of a first material, - a support nade of a second

material, characterized in that the sec%ﬁd material is less noble than
the first and in that it further includes an electrically conductive

anor phous nmatgri.al i,al i f p e I
bet ween the e emntﬁvbﬂsn%tﬁft r&%%lg—%% §§‘§7 tr%n%g gggﬁ ?ﬁg%f%tghé
mat eri al andsekensuppéerivdde of the second material. Applications of

net hods in accor da@x@?l%h@lbﬁ% beverkicaBgdsanigquakky rwahbeCovgent hehe
fabrication of 5 silicon on insulator and the fabrication of quasi

substrates tRaVeRTtdoBquCtR efVEd lvas¥rvé sGRYEFat EEE i ﬁabﬁéF?FéGPar % t h
no interngedi atlallcmul aind ve dsayertorQt hedd obw@t sfaBspest somandoadvantages of

the invention w.ll  bec pparent on t he f.oll ow n 10 detail ed

descri ption. SHRE HAVERt chff“w? ©afdgtie 88 t&g Wesrjs‘{eoo%ug\%ﬂat?%’e af'd of

the draw ngs pairtt iwhilehr: withi gur és1tlea nteolibd cariesdilagriaedtyersect i onal vi ews

of four exanples of, ﬁggporgb- ates ég{s us?nldn %d\z]a%tt gaé(}sfe(gf opepation
a

in accordance with t resent i'nventr ure 2 1s i agrammati c
sectional vi éRVERGHORg WJEHe BsE0BE aﬁﬁﬂﬂ%”rtys@al Ifeﬁéilrl?ﬂt efial f@éﬂ)ﬁéﬁ-flg

substratgey detailed description.

The invention will also be better understood with
the aid of the drawings, in which:

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

15 transfer operation 1in 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 figure la 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 la and 1b to implement a fifth embodiment of a method



i ke that shown in figure la to inplenent a first 20 enbodinent of a

met hod according to the invention; - figure 3 is a diagrammatic secti onal
"view showing the use of a support substrate like that shown in figures la
and 2 to inplenment a second enbodi nent of a method according to the
invention; 25 - figure 4 is a diagrammuatic sectional view show ng the use

of a supportweyppvrzge |i ke that shown in figures la, 2 arECB/ERO1/01876ENt
a third enbodi nent of a method according to the invention; - figure 5is a

di agrammati c sectional view show ng 30 fe use of a support substrate |ike
that shown in figures Ic and 1d to inplenent a fourth enbodi nent of a

nmet hod accogglcggdtlplgt QF) ‘t’Pl\ée@tn'v%%tloQS' gye 6 is a diagrammatic sectional

Vi ew showi n the a support substrate |ike that shown in figures 35
la and | b to inpl emetI4rei f't Hser?bd%illmmﬁtle? neeHote Wi 011 @728powing

PCT/ FRO1/ 018¥@el4saceqt di rsglﬁﬁrtﬂwesuwwmue@dtha{ | g6 fn 7ihSf@gures
di agrammati c_secti onal Vi ew, shi gtt he use gf a port su strate Lgée

that shown i ACfiff esd I ahBPLE i rfpl ErBh Hhbodf neéht 6
met hod % aceerdirddnigo tbhe hienverikin@ionThe i nventl on is described bel ow with

the aid of six particular but non-li ments.., . The first cond,
third and fifth en@%‘& r‘rlerh‘fesntjc%rhcé?n d; ]ﬁlg?%%bg?%egs ﬁh nvao'li(%/egg
transferringsam pi@tactilwe Ibalyemoolﬁtlonatpmﬂgy@mmdalmeinrts support substrate.

The fourth and sixthee ”FQQ's'EE”t§e8898€r”tﬁ198”déﬂa ?E?Eﬁsse%bﬁtﬂmlewg ves

transferring an active [ayer’onto a support substrate having a | ayer of
pol ycryst al | FRECSHAEY @rl%@n%hnq hBrPEE&sSt WAL CheddlNRds’ashet B § VR FRy@ér 2115

The firsto empedirent a9k rt f@eatlon\éeryou%ﬁy%t@aqdnfeors,upijor&cts erdiatg. of a

nmonocrystal line sil hcor%oeulretrgs é)nsmtﬁ polbyc/) ¥n %IS |Cnoencse|rlr{ cgnbggggort
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 1is 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 1lb. It features monocrystalline
grains 4. The monocrystalline grains 4 <can extend
throughout the thickness of the support 2, as 1in 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 wuse instead of the
supports 2 described above with reference to figures la

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

35 that can extend throughout the thickness of the



The support 2 is a disc, for exanple, with a dianmeter of 200 nm and a

t hi ckness of 725 m crons. 20 The support 2 is shown diagrammatically and in
"section in figures la and Ib. It features nonocrystalline grains 4. The
nonocrystalline grains 4 can extend throughout the thickness of the
support 2, as in a colum-grown substrate, for exanple (figure 1a).

However, 25 Wwagopypgyt 2 can equally well consist of grai neCct/FRY1261896 1 n
a di sordered manner one on anot her and/or _one beside another. It is

entirely equivalent to use instead of t hed supports 2 described above wth
reference to figures la 30 and | b supports 2 including a wafer 3 covered

ith al .alli.ne . i_al. . t hi '
Shown i 111 oRceteReEERITIEY i Tao e, YRS R0 LS pHLER B8 oo
feature a pokbgurydval véhe bsi|seapke¢dydmn 52 colisiosdangdof MaBRoEr ywiteal PRne

grains 4 35 phakhedn aex4lerd chiar @egheldt ahke nkhi ¢kness ot dhyhe WO 01/97282
PCT/ FROL/ 01876 15 polycrystalline silicon layer 57( flgure | ¢) but which

can equally wel| B¥PBPEERed Fn aCdi soFBéfed KaRAer BRE onP2RhSEHERT AXd/ or
one besi de¢ anawheragbioger ef bd) .aBuppenis 2petikbi spkoddcdd e dpariticcutrely 5

advant ageous for absorhi,ng species prodyced during the  degassi.ng that can
occur duringd§§?F8&§gtﬁgE%he§?§,Cﬁﬁﬁ”:iﬁuﬁﬁ??igﬁngUFhéﬁ%%ékTent

rea’neﬁpg, of
t he substrat én olgaaitniedilafst ertheansl er tirpgtinketact i wg | ayles oatibsthete

support 2. 1%bktaihﬁdeqyﬂé%e%%%re%i%djs‘%h%UpgeEE.@e2f L siig, Fflleﬁe

wafer 3 with conponents, t ng covered wth a polycrysta
silicon | ayepuppPogit &eonsisting of an anorphous material wafer 3 al so

covered My th a pokycrysted|lading siddsGan d aueruse Shpponss stipensisaingf er
15 3 of a material chosen_for its verg good t her mal fon uct|V|tg and/ or
its transpar @hcy?t Fatieght 3 and/tdr someenents, the whole being covered

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

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

30 range of 500 A.

However, 1less than a few tens of angstroms are
sufficient to spoil direct bonding.

In the method according to the invention, a 3 000 A
thick amorphous silicon layer 6 1is then deposited on the

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



ot her physical property, also covered with a polycrystalline silicon |ayer
‘5. In each case the polycrystalline silicon layer 5 is 20 advantageously
"from500 to a few thousand angstrons thick for use in mnicroelectronics and
a fewtens of microns thick for photovoltaic applications. Note that
al t hough the support 2 is polished, the surface is generally irregular, as
it is in allwide192msituations shown in figure 1. Wien t hepERERRUTI0B76S Of
massi ve polycrystalline silicon ( figurﬁg la 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, |ess
than a fewt f. str ar fficient t poi t be
t he net hod a?%%rglb%%?o tﬁ§§|nf§%f§%ﬁ; a %ROOOPhé th dOéﬂﬂgﬁgrphogghggflcon
| ayer 6 is tﬁé@CG§§é§QtéGWbﬁﬁﬁhéﬂﬁﬁ5@Rﬂlsh%@lsu%ponerﬁglﬁ@canpééﬁﬁrque
known in thesart yoas WohQ1l/R7287 PGH RROL/ 01846 1% d@g@@gpedchggﬁe@xagple
in the docunent "S|I|con Processing for ‘the VLSl Era", Vol. 1, Process
technol ogy: (S19WsEf 24hd R N. Tauber, Lattice press, chapter 6 (figure
2a). 5 The surfaceTok t@@rﬂﬂ@éphﬁUstseliamwr¢hgm§ giils cohhehayéghtd yis
pol i shed nech nlcaII d ch v ppL i 00 of
anor phous S|I%Con %h%qgcr§% % |ne SI P@%ggggggtragé ”@h%m¥8%19 br@ﬁght
into contactrwmpwethemp@kughéélWréeO@@rﬂa@é gimorkhoise saddgitous silicon
| ayer 6 to forma Bon ir echipi n t rt

y Rong, t%ll‘i eséﬂb %ﬁ sﬁ&keété( ogn ié‘ PRed

(figure 2b). For nore ta| on t techni ques, see for
exanpl e Q - ProvehG ahet®), C8@§élcé widehri £6RdRI0FS VG ef reBorHHECScPéNce

and Techrwl ogye, Jherpheatr acheidsal 1alerSoei ety $R¥rinesa Wd®Y by the
Inter-SCIenC% g@#\ﬁgﬁﬁﬁﬁggtechnlques known in the art (figure 2b).
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 1990.
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

amorphous amorphous

silicon silicon

layer 6 layer 6
Poly-crystalline - + ++

silicon already
polished with

some degree of

quality




Tabl e 1 bel ow sets out the results of bonding a support 2 and a
.monocrystalline silicon substrate 8 with and w thout an anorphous silicon
‘layer 6 between them Table 1 20 WTHOUT anorphous W TH silicon anorphous
silicon deposit deposit WthoutWth polishing of polishing of

anor phousanor phous siliconsilicon | ayer 6l ayer 6 Poly-crystalline-+++
silicon alreggyopohighed with sone degree of quality WO O1/#7E8R01/01876
PCT/ FR01/ 01876 17 Coarsely polished pol Y crystalline silicon ++ The codes
used in table 1 to denote the quality of 7pondi ng are as follows: --
Difficult or partial bonding, with nmany unbonded 5 areas. - Parti al
32;}2;{12 wth a fc%vgrré%ri-ybonded areas. + Total bonding, with few bondin

polished poly-
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 1is even
better if the amorphous silicon layer 6 1is 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 monocrystalline 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
layer 6 1is then 1lightly polished mechanically and
chemically to remove approximately 500 A of amorphous

25 silicon (figure 3a).

A monocrystalline source substrate 12 1is implanted
with atoms of hydrogen, for example, using the methods
described in the document FR 2 681 472 or a variant of
those methods.

30 The expression "implanted with atoms" refers to any

bombardment with atomic, molecular or ionic species in



observabl e by infra-red transm ssion. ++ Total bonding, with no bonding
defects 10 observable by infra-red transm ssion. Table 1 shows that the
‘bond is really satisfactory only if an anorphous silicon layer 6 is
deposited on the polycrystalline silicon support 2. The bond is even
better if the anorphous silicon layer 6 is polished, as 15 in the

enbodi nent dggro1MeERMW th reference to figure 2. In the secROU/FRI19618TENt
of the invention, shown in figure 3, a nocrystalline silicon |ayer 10 is

transferred froma nonocrystalline source®substrate 12. As in the
enbodi nent descri bed above, a 20 polycrystalline silicon support 2 is

pol ished. A 3,800 Aot hitlc,amorpbus shlicon Lauer § [ 5atbep, fenaghied on

the support free surface o anor phous si'licon 6 I's then
lightly poli g\ﬁ@dmmn@mc&mtlr@tam dhemass |§;p¢@l¢9ermlvetla@pm@keﬁa@él $t500 A

of anorphous; 23 %iil-haen (d‘éFEtLH CRRCEAERN n@%ﬁd%@ﬂnbéf‘@eéOélﬁgﬁaéébsﬁ?héte 12
is inplanted wth atons of ]y rogen, for exanp u5|r§%t e, net hods
HRD
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The expressi aate kﬁpuammﬂhvnﬁheﬁéﬁ@y"theteﬁs tad sanydi seordotau o nd bt ha
atom c, nDIecuIar el qplc species in VO g1/972qan€ggr§gn{gg8 1§ Qr der
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bormbar ded surfgace; ggg %oghgsngnlggglar or ionic species are inserted
into the 5 naterial wi an“energy that is also distributed about a
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Pl antation generates a 1721l ¢ 2188, s o0 TS S GRS UPRLLRLE 12 Ide
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 1is 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 produced
electrically (application of an electrostatic or
electromagnetic 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 cryogenic fluid, a
supercooled liquid, etc.

The monocrystalline silicon layer 10 is therefore
transferred onto the support 2 by direct bonding via the
amorphous silicon layer 6.

35 Variants of the above embodiment can use other



then brought into contact with the polished free surface of the anorphous
_silicon layer 6 to forma bond by direct bonding (figure 3b). The whole or
part of the conbination of the support 2 and the source substrate 12 is
then 15 subjected to an action that detaches the nonocrystalline silicon
| ayer 10 fromthe source substrate 12 in the fragile area 14. Generally

speaki ng, thworgi/MP282 ust referred to can consist of appl YWOU/FRUES76al
stresses (shear, traction, 20 conpressi?g, ul trasound, etc.), stresses
|l e

produced electrically (application of an ctrostatic or electromagnetic
field), stresses produced by neans of thermal energy (radiation,

convecti on, E%MHWterion HREASRI (HESSUE LT %P&Qﬁé%hb%ntgﬁo% and
so on. 25 It can also consist of di rect| ng a conti huous or varying jet of

fluid (Iiqui @'Y gasItlmE o LERENIRIEEt abRrl aft fARISEIR T R agt iE T} ay8Ye10 and

the source syhghbatatidnsepar ali®o U dRiddidd ain Shressesmefiet heagrl e
origin can rgsult rom rlhe appll ation of 1an el ectromagnetic field, an
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| ayer 6. 35 i ant s ‘of ove enbodi nent ¢an use
PCT/ FROL/ 018T&1%9 em@pénmmton Beckailjdsystafléinexamplécphasfaaprort

i mpl ant ati On)cov%@@/dorwﬁtkheén t&ﬁ&‘f‘bﬂé‘% E9E1E6ﬁ”§%‘§z'érr' B9 ( %ﬁ%ﬂﬂe | ayer s
| mpl antation can al so be effected in an area nmade fragjl mechani cal

nmeans, for eR&ERFINESE pidt obBeaféde 3§ hed hldteﬁcéﬁ‘ﬁ%%ji n‘é]n?hoifeifﬁéence
inventiam shewshentwbi @ui’kf;dé,me&h_t%l ldigen oerd BPdvat or substrate is made. In

t hi nbodi t, | t 2 d
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descri bed w shbséfretencé?2 using a technique known to the skilled
person. As indicated for the second embodiment, atomic
species are 1implanted 1in 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 silicon wafer 3 1s 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



10 to the two enbodi nents di scl osed above. A thermal oxide layer 16 is al so
formed on a substrate 12 using a technique known to the skilled person.
"As indicated for the second enbodi nent, atomic species are inplanted in

t he source nmonocrystalline 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 wig pfomgxi de layer 16 |lies against the anor plEUE/FRIVEIST6
| ayer 6 (figure 4b). The oxide |l ayer 16 and the nonocrystalline silicon 20

| ayer 10 are then detached fromthe souré® substrate 12 in a simlar
manner to that described for the second enbodinent, to forma silicon on

i nsul at or su r . T i_licon . on jns §H$ trate | p of a
stack of su%@gggL?] e ;Ea;e/te_errgfl:aclg po sycrdyst%%ﬁé;%um (?co(?lf su%%%‘?t?gg?&’% én
anor phous si Pedorrivafed 1 nea ssillijqaan ldere ¥ ayer fegmegn@na thehodeiet abl i ne

silicon | ayegol05p88rbhe fOudyomedi 5pBEi ek, t hgcbayeat itdibreshawa iAo
figure 5, a silicgn on insulator substrate is also made. _To this ﬁnd, a
sil'i con waf efe§hnd axesSenBladlarth at 30 FHAISH ubstifat BOIBCT¥EbRpotaLi ng a
silicon oxi deakayeal Enaasidrigrd ansetls factlesgr bbed albove: tebtaormed fragil e
area 14. However, .in this case, . the silic oxi de | ayer_ .. 16 is hin (
typically Ie?éﬁfﬁéﬁtf dﬁﬁaA fﬁﬁgﬁfifoCﬁ%bgg?bE&é@ggjgﬁaﬁﬁiW%sm%ggf%ai
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e a p 1fico

consequence of degassing, olycrystalline ayer 5 is fornmed on
the wafer 3 (fédabsérb tNrtalcgaatedl specihaslopycalssetditr efayerglply in

techni ques avakl ahltafQr bshi 1h t Be pakY aimpstdldusnansx dwatar | hy&pabl i ng
a satisfactory bond to be obtained, to aIIeV|age t he drawbacks o Egg
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mat eri al | ayercco@mdisigt hetodepadiet edianehheéopol ydegstabkdne hateri al the

polycrystalline material 5 is advantageously
polycrystalline silicon and the amorphous material 6 1is
15 advantageously amorphous silicon.

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

20 direct bonding (fig. 5b).

The oxide layer 16 and the monocrystalline silicon
layer 10 are then detached from the socurce substrate 12
in a similar manner to that described for the second and
third embodiments to form a silicon on 1insulator

25 substrate (fig. b5c).

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 polycrystalline silicon layer 5 itself covered 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 layer, rather than on the



(fi'g. 5a). Note that if technol ogy devel ops favorably in 10 the future,
deposition of the anorphous material |ayer 6 could becone optional. For

" the enbodi ment of the nethod according to the invention described here,
the polycrystalline material 5 is advantageously polycrystalline silicon
and the anorphous material 6 is 15 advantageously anorphous silicon. The

support 2, o®@sopotyge of the wafer 3 and the polycrystallipeTaR019918762yer
5 and the anorphous layer 6, and the silicon substrate 12 incorporating

|
the silicon oxide |ayer 16 are brought fhto contact and assenbl ed by 20
direct bonding (fig. 5b). The oxide layer 16 and the nonocrystalline

silicon lay re t a fir. e ur ; r 2 i
simlar nanngﬁlp%%rt%hzzt' E@c??he%@%rllt)ﬁe%és@coﬁg g‘ré&o%;ﬂﬁ%idaz%%)}%d?%ﬁpg to
forma silicenpperitngukatorn 2hes@rstdeatl@yeri ¢6-Sc) . The fourth

enbodi ment of a method, i P ACEHE dRRCE hM £ Pi LHE aindV W {00 PERBEEEReALS] | i con
on insulator substrate including, stacked in succession, a

nonocr yst al | PRe SKEf8onleser FPEoRsr edOWPER a®B0 Pt y WA i Be sfPFcon

| ayer 5 ig sekkaapuer eshwtdde aBmoaphbpbouatsdtiLion lbgyer 6. armhitshesxade
silicon oxigg | ayer 10 [sig} and %1”DQ9£{3§taiéiQ§ siéicon Iayer 1Qh In a
di fferent emb8diment >t hé iﬁ%yéié?line Si 1 TEon | ayer 5°¥anTbhé depgsited
on the oxi dembdobefysitell3fhef onatiguiah aapephdlds sbbicoan ageegliat ketlt han

on the WO 01497 . /Qﬁﬁ% 21 SUPPQHL o uald y
deposi ted bo{b% %ﬁgé{:?géor.t GCalﬁ%l QﬁBt %élteoi?)éieé? aégyg%&aiél ncg@\%g%ﬁgnt of
the third andhPomenRcamssailidmes matgyigdi davieaydO.-can be forned on the

support % for 5 exanpl gappahhe amyphors; pat el td@yef Empdhigefrsde
layer can re%%%Cgin%O%XE%% E%y%%p%gc%gy%&!g%lga%n carbide.
Also, generally speaking, the oxide layer or layers
can be replaced by another insulator (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 incorporating 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 amor phous material o is
advantageocusly amorphous silicon.

35 The support 7 and the substrate 13 are brought into



monocrystalline material |ayer 10, but can equally well be provided in
addition to the oxide layer 16 covering the nonocrystalline material |ayer
"10. 10 In a variant of the third and fourth enbodi ments, the silicon can
be replaced by silicon carbide. Al so, generally speaking, the oxide |ayer
or layers can be replaced by another insulator for exanple a nitride). 15

In the fifthngrbp byt of the invention, shown in figure geTHFRIIAMS 8L €
is made including an active layer 9 of nDnocrystaIIine silicon carbide on

pol ycrystalline silicon carbide. To thi é%end a pol ycrystalline silicon
carbi de support 7 and a nonocrystalline silicon carbide 20 source substrate

13 'ncorporaEIﬁQa%t %'5%5%n§ﬁe%4bgo%3§%%%dk%%dQ% Cr%ﬁ%ﬁ %% Ye are

prepared. As there are no techni ques
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becone optlomahocEqstaﬂhenenbedﬂaenm obathed&ethodiaecoﬂdyag te the a

i nvention Cgﬁgggggiﬁqnetgglqg%rpg g§u@%t%r or® 78 gqgvaggﬁ geously

anor phous SI| he su% ort he substrate re brought into
WO 01/ 97282 PCT/ FRI1/ (836 xth2 erappdictesthdoissdibl &8VBYtéPPects s hf

(fig. 6b)g A@lgﬁhr'eon hs then apphieshtd detach pfhe n%@@ﬁ:x@tr@lcllh@e silicon
carbi de | ayer fromthe silicon carbide soTrce sigskagt in a simlar
manner to th§P“9C§§§€F|Bé@QM%%%%%ﬂ%r%%E%V?O fHE s IR dIUAYLEBur t h

i.e. a quality corresponding to a low level of defects,
on a monocrystalline silicon support 17 of less good
quality, 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 Dbubbles forming
because of degassing products, a polycrystalline silicon
layer 5 is advantageously formed on the monocrystalline
silicon support 17 of less good quality to absorb the
degassed species. Because there are not as yet 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 1s then
deposited on the polycrystalline material (fig. 7a). Note

35 that 1if technology evolves favorably in the future,



enbodi nents, so as to forma substrate incorporating 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, a substrate is made incorporating a nonocrystalline silicon
active layer 15 of good quality, 1i. e. a quality corresponding to a | ow

| evel of defwg)§1/97882 @ nonocrystal line silicon support 17 pdT/FRH/GI376
quality, for exanple a quality that corrggponds to that 15 of a materi al

obtained by epitaxial growh, a so-calle "perfect crystal"™ material or
any other material that may in the future correspond to a quality

optim zed relati ; @%ﬂ A : th i f~Ei N I
appl i cation. d%fﬁ)lo\ég&&taoﬁ ;M}agto}{ré?%s%% S tsg nf\afgjtrréw?lj%legr]i :J[E;}{%t@mc)g?!éaugggg %r its
el ectroni c ar@dtéernegti Edr khe. empogidieritescfanghfadefdeod RTM IR to

accordi ngly. tRAeSiilivedtt i cHOW R SURSY Nad e, 18 108 Hadepiasiad | hyt &1 epared
wth a fragile area 14 forned in a sim.lar manner to that described
above. 25 To258VPEFRFCOUSHY FMQmFAORS S 18@98res forming because of

degassi ng product sTha pohyppsyst dl7 i aedsitheosubsayered 18 adwanbageghs! y
formed on the MONoCrys C%I Ialnn aéss'eln{b %rc‘it %&P%‘}rrtecy bt%fnéisi% S (ggL(r)%/q ?85"-' ty to
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absorb the d(%gss?gd s‘:"peci €s. Because e are no et
t echni ques for pol Téki ngndarve peibacrlyisteaal | $hbipener Layerendd i ngf a good

satisfactor yqﬁ%aqtpgr Ib% Obkﬁgﬂed@é@a@}{é@gi ALEm t Redr anpagcks, of sbhgce

pol ycrystalli'ne ma in ternms of _surface roughness an, armrghous

material | aysubstirgtend® epderdedushltiie 1poldy cPapsiad |8l Mk ebPal Ppttig.
7a) . Notgp 35 dhatriided ectuiol ogye evek¥esadf averably i redecH utane, YWofth
01/97282 PCT/ FROL/,01876 23 depgsi tion of tug?e annrefrgous material, | ayer 6
coul d becone® IHERACS FoFOt het 8FBodi Frents W1 e Tret HOE CAECSAH RS t 02 t he

i nventi on desemnichedshernd,inchesahbeqhoastiweerliater 1S oddvamddggoashiyy
aror phous SikﬁFOQ' monocrystalline silicon support 17 of 1less good
quality (£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 1n 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 6 can occur.

30 Moreover, 1in the embodiments described above, the
amorphous material layer 6 1s a layer of amorphous
silicon, but many other amorphous materials can be
envisaged for use 1in 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.



5 The support 17 and the substrate 18 are brought into contact and
_assenbl ed by direct bonding (fig. 7b). The monocrystalline silicon |ayer
15 of good quality is then detached fromthe silicon source substrate 18
of good quality in a manner simlar to that 10 described for the second,
third, fourth and fifth enbodinents to forma substrate incorporating a
nonocr yst al Iywgeosmyagon active | ayer 15 of good quality oOrPE@T/FR01/01876
nonocrystalline silicon support 17 of §2 good quality (fig. 6¢). 15 Many
variants of the enbodi ments of the invenfron described above can be

envi saged. Thus the supports 2, 7, 17 provided wth an anorphous materi al
layer 6 can, beforg;honding, t ham{d o3 ot f}?eéd&bi%er@tsbéver ﬁ@pugggewﬁéyate
12, 13, 18, undergo 20 various conventional treatnments known in
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di amet er SIlﬁg&ﬁrdance e 1nventlon escribe a ov can e
taken independently or in combination to define new

embodiments of the invention.



substrates can be generalized to many other materials 5 w thout departing
fromthe scope of the invention. In particular, the invention is
“advantageous in all cases where it is not yet known how to perform
polishing to obtain a surface quality of a polycrystalline materi al
sufficient for direct bonding. 10 Finally, all the features of the nethod

in accordangg pyfoghe invention described above can be tp&®/FR01/01876
i ndependently or in conbination to define _new enbodinents of the

i nvention. WD 01/97282 PCT/ FRO /01876 25°CLAIMS 1. A nethod of
fabricating substrates, in particular for use in optics, electronics or
opto- electronics, including an operati bondi ng an active 5 elenent (
10, 16) of a first material onto one fggg:[ a support (2) including a
second material, char&ctemezdebd n dfhat:fabricdurnder snbstdesean opénation

of deposi ti ”gaa%’%lc%ri%rrph%gt MRl n(6%|p9i‘é§ thglfe@EPoRIcé heo%“%@%éﬁ%

10 consisting of 'thée second materia fended to recerve the el
consi sting ofleled riondsts, neiteteding ant epehetipacefofbardlngtt #Veaskéient

consi sting okl sto, mMéerbal .and 4 enged:-{ 9 benbendsd todde,gupport

(2), and in that 15 - t'he second material is |ess noble than the first
mat erial . 2. SNRROThod 20f LY Edtd Ry L®RRd aleserial, paPeratarariese de in
optics, el ecttrh@m,cs or opto- electronics, includi ng an operation of bonding

an active 20 el enent (t ]fo, c1§‘r6?) of first materi ooedface.gf a
support (2) including ‘a t$8ddd H'é}cgﬁdas acrha?%%{%%%%dofn “PRat “thd altive
el ement (10, at®)r piwoushenstigppiort (62) onitec|titesfacpobycrytst as ipperpat € al
at 'eaStl@“ Ibh15[12%8 nd Weended 4 hga bpnded; anda g 1ReLndbaf PEt BEEeive

i ncl udes
the element consisting of the first material or onto the

face of the active element consisting of the first
material and intended to be bonded to the support (2),
and in that

15 - the second material is less noble than the first
material.

2. A method of fabricating substrates, in
particular for wuse in optics, electronics or opto-
electronics, including an operation of bonding an active

20 element (10, 16) of a first material to one face of a
support (2) including a second material, characterized in
that the active element (10, 16) or the support (2)
includes a polycrystalline material at least on its face
intended to be bonded and in that it further includes,

25 prior to bonding, forming an amorphous material layer (6)
on the face or faces including the polycrystalline
material.

3. A method according to claim 2, characterized in
that the amorphous material layer (6) 1is formed by a

30 deposition process.

4, A method according to claim 2, characterized in
that the amorphous material layer (6) 1is formed by an
amorphization process.

5. A method according to any preceding claim,

35 characterized 1in that the amorphous material (6) is



25 prior to bonding, formng an anorphous material |ayer (6) on the face
-or faces including the polycrystalline material. 3. A nethod according to
“claim2, characterized in that the anorphous naterial |ayer ( 6) is forned
by a 30 deposition process. 4. A nethod according to claim 2,
characterized in that the anorphous material layer (6) is forned by an

anor phi zat i oyop9ea S. A nethod according to any precedi pOT/AR01M018785
characterized in that the anorphous nat e%ﬁ\al (6) is WD 01/97282

PCT/ FRO1/ 01876 26 anor phous silicon. 6. met hod according to any
preceding claim characterized in that it further includes polishing the
anor phous nateri %{h 86) dﬁgosited on the support (2) 5 before bonding. 7. A
met hod accor 8MRGPCEYEl & m'6° characterized in that polishing renpoves from
200 to 5 000 A, and. prefretabldy hd@@EdAnof @norgpmpuspreteding (6)aid, A

fret hod apcorghgga 230 B eiq%dicngﬁcliaé ur Qefh%gq ALz liiréﬁ'l‘l‘% i:fug
urther includes hea reating the conbination of the support ( and the
active el eneamorphousiemateiraed t b§et heéerpgithe afdbr phbas &uPEPEAEl (8). 9.
A met hod faccepghbRg tRnelidym 8, characterized in that the heat treatment is
conducted at a sufficient = 15 tenperature to crystallize the anprphous
material (6) at |dasf p&had ae-onding nbg &ﬁé‘&l"bi%g ?l?)a%ﬁ‘ﬁ/t%?%g i hi
claim charaeteri zgslishif@t irenovelsudesrorft @oobondong,5 odet dhi ngna
raori ol 11PeATREERbY dcBRParhg o AP AERCIS, TERaPaECel Faed in that it
i ncl udes, before b8ndiAngmeitimpldantaowprationd ¢ tespezies pndeedihe satbave
intendeqlgo gﬁaQQQQ%QiE%dtmﬁi that it further includes heat treating
the combination of the support (2) and the active element
(10, 16) joined together by the amorphous material (6).

9. A method according to claim 8, characterized in

that the heat treatment is conducted at a sufficient
15 temperature to crystallize the amorphous material (6) at
least partly.

10. A method according to any preceding claim,
characterized in that it includes, after bonding,
detaching a layer (10) of the first material from a part

20 (12) made of that material.

11. A method according to claim 10, characterized
in that it includes, before bonding, implanting atomic
species under the surface intended to be bonded to the
support (2) of the part (12) made of the first material

25 at an implantation depth distributed around a particular
depth, the layer (10) of the first material then being
detached at a detachment depth (14) in the vicinity of
the implantation depth.

12. A method according to any preceding claim,

30 characterized in that the support (2) is a
monocrystalline material covered with a layer of
polycrystalline material.

13. A method according to any of claims 1 to 11,
characterized 1in that the support (2) is made of

35 polycrystalline silicon.



support ( 2) of the part ( 12) nmade of the first material 25 at an
inplantation depth distributed around a particular depth, the |ayer (10)
of the first material then being detached at a detachnent depth (14) in
the vicinity of the inplantation depth. 12. A method according to any
preceding claim 30 characterized in that the support (2) is a

monocryst al Iywggof@bega al covered with a |ayer of pol ycrystpdtT/FRO1MESTGI al .
13. A method according to any of clains 1_to 11, characterized in that the

support ( 2) is nmade of 35 polycrystall ?Ae silicon. WD 01/97282
PCT/ FROL/ 01876 27 14. A nethod according to any of clains 1 to 11,

characterized in that the s re (2) .S de of palycrystalline silicon
carbide. 15. A net P’lgd %’céﬁ?%ﬁcﬁg £ 8%9189 cii ﬁ%ylogo lel%/lm% LcLhancroac %fi zed
in that the stppectefdzeds nade wofiat nohberystugpbirne $id)i care 1BadA nmethod
accordi ng top%;pg/c@r %%%qilgglglclsgilmca cg%rr%qto%ri zed in that the active el enent

(10) is made nocry ine silicon. I0 17. A nmethod according to any
of clains 1 to 15, 15chdr asetehd¢2edcrardhan tire aeyi wd etbyemt (10001 $1made

of — monocs ysilliRe c3HilletOn Garbider 18neA BREDRFtaceendi ngs t onddY  of
preceding claim characterized in that the active material elenent ( 10)
15 i ncl udes &opesdEystdiinens iddt@-al | ayer (10) and an insul ator

material |ayer (16)esugh agtaddoxiadeorayery 19. Anget bedcadcagdi Bgatia, any
precedi ng cl ai

i nsul ator | af@rrgr?l? har&%%t rjlt{iieg‘l%é‘fna%/gg a%ﬁﬁ%?%ﬁz%%n;etn%gé 1?222#%?%8€Oo£ny

precedi ng cl aiomocrofsdraddtierd zdd iigert.hat t he anor phous material (6) is

electri0f6ly CondUQHlvgk method according to any of claims 1 to 15,
characterized in that the active element (10) is made of
monocrystalline silicon carbide.

18. A method according to any preceding claim,
characterized in that the active material element (10)

15 includes a monocrystalline material layer (10) and an
insulator material layer (16) such as an oxide layer.

19. A method according to any preceding claim,
characterized in that the support (2) includes an
insulator layer such as an oxide layer.

20 20. A method according to any preceding claim,
characterized in that the amorphous material (6) is
electrically conductive.

21. A method according to any preceding claim,
characterized in that a film of amorphous material from

25 1 000 to 5 000 A thick, and preferably 3 000 A thick, is
formed during deposition.

22. A substrate, in particular for use in optics,
electronics or opto-electronics, including:

- an active element (10),

30 - a support (2) having a face made  of a
polycrystalline material,
characterized in that it further includes an electrically
conductive amorphous material (6) or a material obtained
from an amorphous material between the active element

35 (10) and the face made of the polycrystalline material.




21* A nethod according to any preceding claim characterized in that a
filmof anorphous material from 25 1 000 to 5 000 A thick, and preferably
3 000 Athick, is formed during deposition. 22. A substrate, in particular
for use in optics, electronics or opto-electronics, including: - an active
el ement (10), 30 - a support ( 2) having a face made of a polycrystalline
materi al, chaxpgi/eregeed in that it further includes an el eqpCTERO1Y01876
conductive anorphous nmaterial (6) or a n@%erial obtained from an anorphous
mat eri al between the active elenent 35 (40) and the face nade of the

pol ycrystalline material. WO 01/97282 PCT/ FROL/ 01876 28 23. A substrate,
in particular for e in optics el ectroni cs Qqr._opto-el ectr.onics, .
including: - an elg§9np CHH IR of "a BT er#%f,u§eaj§hp88chf’2)
made of a seedrdtmenércisalbr optohalactteninied,i dnclaidinige second material is
| ess noble than theakigign@ﬁq %@Oshﬂﬁd%to%u%Fgg&skn%E%ggﬁ an el ectrically
conductive anorphous material (6) or a naterial obtalne rom an anor phous
materi al between thead elsprthade?bf t9elsfiref mat erieForhd PRESELPPort

made 10 ©of thgrse¢erd Rt e athat the second material is less noble
than the first and in that it further includes an
electrically conductive amorphous material (6) or a
material obtained from an amorphous material between the
element made of the first material and the support made

10 of the second material.



