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WO 2006/ 100301 *159159* I-‘LI/ EP2006/ 061012 Process for

fabricating a heterost rising at |east one
thick filmof sem con ‘l’lmﬂﬂ Wal The present
invention relates in ene e 5 fabrication of
met® 404064 1993 Odpr e partl cul’aP!"y for the POTAHR20486/ 861012
of heterosubstrates for use in mcroelectronics,
opt oel ectroni cs, optics or photonics. Mre precisely,
t hﬁréé@@é‘tf&n fﬁﬂ&u& 0y m\e@rols%raeea%ss cbtprising at
rodu 0 OT B0 0
Quppor N o 1114. qffsmcon@q\mrsmatremal
materials used and their thernal propertl es rray be
di f.f erent. 15 Processes of thjs are alrea
Ttotb% HHIREDG ¢ TRVRAD t of jr%?ﬁ% Rt ePEREHR raFSs
erﬁﬁhquzag,lobnmjﬁ nga t exchanl ) uasd murpap&rcmbalarmjzefui:althe
dg%g_l erei pafter {. bon g") .
t echni ques(ofl])?o I\E%I [ mktl(lg%llcgé}la sq'llrraetcef kng\% processes o
udiy ae insidiong csst @quolff:éleméonh@se optipe Gesphgnics.
Eltran(D or Smart Cut(r) type. 25 In general, the
cont ext of fabrlcatlng het er osubstr at es, sai d
PR s BF SOrisriYoe dt19 eddtY §He OTF o EdRItRG stt@ps@ apovel
lﬂpﬁﬂdﬁﬁin@@Sﬁﬁ@dﬁ@gn@fath@FQE?Qngtyab@|Komposed Ff at
bstrates made up in_general o IS mat er.i al s,.
FUseRROF T (?h?ﬁlel Pes™8ha %‘ﬁlﬁpgrltlms’ in”which
Slﬁj'SﬂrmtEerld]f'R? mmgﬂeaa@sehbhy tbemnay) properties may be
hejerfstdycture; b) reinforcement of the bonding
interface between the two substrates by applying a
hi gh-tenperature heat treatnent to reduce the
vwerddess < oRithiinteifacee 33rpaah!l eABwWAS
del am nati on and inpairnent of the nechanical and/or
el ectrical quality of said useful filmare thus
avidiwed, i orisatkndwn viey yptediste |heigmrgiubstrates employing

bonding techniques, in particular molecular adhesion

(hereinafter called “direct bonding”) techniques.

Nonlimiting examples of known processes using a bonding
step include those of the Besoi®, Eltran® or Smart Cut®
type.

In general, the context of fabricating
heterosubstrates, said processes comprise at least the
following steps:

a) bonding by contacting of two generally bulk
substrates made up in general of dissimilar materials,
with a useful film that lies on a support substrate,
the whole assembly forming a heterostructure;

b) reinforcement of the bonding interface between
the two substrates by applying a high-temperature heat
treatment to reduce the weakness of said interface -
problems o©of delamination and impairment of the
mechanical and/or electrical quality of said useful

film are thus avoided, or at the very least limited;
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c) reduction of the thickness of the useful film

| ying on the support substrate so as to constitute a
thin film 5 Such steps may be enpl oyed with various
options, such as, for exanpl?2,-a sacrificial

oxidation in step c), or wth a different order, in
par ti cuf arre@UeE arepaf brhandhigknasserafedthe guseful film

NbIﬁQN§ronSQﬂR30§uéﬂ@§@ stiBRsravy ke ebipedoh8titute a
timzation of the process (cunul ative

rall
du'?% 1'ilo%l *the treatnments, cunul ative duration
associated with handling, etc.). 15 For exanple, a

ke ChEE AT &  SebnbrdorL R avaRegrSr EstRER Sach

Wi a$, afcmhl ﬁmrmglet ep :esctnepfx:c):)a]( ocﬁx:qudatcentlriBtﬁapdfGa , or

1901en 20 HOMEYEIne WLALY, e SO XL AT P b) and
nat er| a

het erosubstrates w t avi ng er ent
probefeyessed or exanple, different ther rral expansi on
coeffi cients, the heat treatnents undergone by the

osite substrate durj the fabrication (for, 25
 HRFETET g (TS nedr 1 KBESST 0T ST niPg, DBt coy P FRRe For
hi gh_er@bhamocmjmsizra&sms &fich e espescany | epgluidlative

Ei&ﬂEnEﬁEanngheWJéhtéﬁg%éln “anGta g g“'ﬁhratlon

even %racturl ng, one ‘of oth trea

subS$Pataked TWelde kandksisws e -dl.so |ead to

irremedi abl e plastic deformation of the treated
substrate(s 35 In_particular, dislagcations and/or

sI¥ ‘ﬁrpl%?f%gg]aﬁ’vd/@r hsater tEepsmantdef8Et SRl bbpag . the

bonding film (step b)), may be applied to combine said
heat treatment with a thinning step (step c¢)) (cf.
patent US 6 403 450).

However, within the context of producing
heterosubstrates with materials having different
properties, for example, different thermal expansion
coefficients, the heat treatments wundergone by the
composite substrate during the fabrication (for
reinforcing the interface, for thinning, etc.) induce
high mechanical stresses.

Such stresses may lead to embrittlement, and then in
certain cases cracking or even fracturing, of one or
both treated substrates.

These stresses may also lead to irremediable plastic
deformation of the treated substrate(s).

In particular, dislocations and/or slip planes and/or
other crystal defects may appear.

It 1is also known that the temperatures at which
problems arise typically depend on:
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It is also known that the tenperatures at which

probl ens arise typically depend on: 3 t he mechani ca
energy stored by the conposite structure during the
heat treatnent enployed; the difference between the
thermal expansion coefficiedts of the materials

maki ng up the conposite 5 structure; and the

t hi cknéss tfe techambieadht e8engEd StPHES, bW t Bhe cheposite

C et e fcﬁﬁwnlfattmw hel@t ew_»eaeﬁéht aélﬁ}?l@}’e@ process

of the Snart Cu suc ens nay
const i tlut éChreeafil ﬁr?ég?orget"i\ﬂ?rrb ﬁgﬁt |"cl'EFF%‘i‘5}1y Sppansion
ﬁwdd'ﬂﬂ'ﬂdl@tﬁﬂss PPsshbl eaiteriianes maidenper ehdr @omposite
rease, so that it becomes difficult to apply heat
tfééiﬁ% " 81" I ack of effectiveness. 15 For exanpl e,
but note exﬂ&u$miuMQﬁssaoﬁeahetsebsneateéomsed.
reinforcing an interface at around 1050-1000C wi Il be
difficult to apply in the case of a heterostructure
h&HAYsy a usefuridi| m 506 A | gonkEEknessOft he Z@bricating

tm@é%ﬂ&\t@ss nsr @&b}éeggpldwe@hé Nshén€ EURES @hpe,

treaﬂgent ei ng too %h as re t he abovenenti oned
hﬁﬁ?%% Y OpRiitahs ﬁb@b%?ﬁbo?ﬁe

relnforcenent of 25 t he bondlng |nterface of a

ub t.rate t hayt extra f h uppl known.
Aﬁ st aplftolpcouslaafrvf n é)%\l/%lme anéax'lp as mie Vbeo idi oés lli:ﬁg nsi's ttée TS
| mlappeypeyatereadscreeaemesos that het sbetaves tdd fifécult

3Qdopgad, iHe L d&edihdiis, e28e tlB%kbeﬁdéEEeSE‘%&ﬂe§§r

a givenreinforcing heat treatnent. By this way, the

thernal stresses experienced by the substrates are

I etcaxeskamnidlid & wod rﬁ@ néxgasat itadllyg  S3hdael Hreatereitt for

anrdelbrP odrlcn%gOfartl h$n£ grfgcgtl gry{]neld 1050-1000°C will be
difficult to apply in the case of a heterostructure
having a useful film 500 A in thickness, the
temperature levels generally employed in this type of
treatment being too high as regards the abovementioned

problems.

Moreover, solutions for improving the reinforcement of
the bonding interface of a heterosubstrate without
extra heat supply are known.

A first proposal, known as “plasma bonding”, consists
in applying certain treatments to the surfaces to be
bonded in order to increase the bonding energy for a

given reinforcing heat treatment.

By this way, the thermal stresses experienced by the
substrates are relaxed, while maintaining suitable
reinforcement and bonding of the interface in the
composite structure.

However, this proposal requires specific equipment,

thus limiting its attraction from the economic
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conposite structure. ‘However, this proposal requires
specific equipnent, thus |imting its attraction from
the economic - 4 - standpoint. A second known sol ution
consists in carrying out eutectic bonding: a netallic
(Au2Si 3) filmis interposed % -between the two
substrates to be bonded, so as to make it easier to
boHer*HeMiIBY- heat treatnment, so that the tenperature

l evel s may remain relatively low. This solution
therefore offers the advantage of being, 10 able to

r et axs?‘h%n‘?he]frﬁﬁi’l’n stFREEEn g FrFethren whadrgying out

r eduf @t tei N odrhdi it et T 10fi A (et 81 s UbiSint a@fse.interposed

wever, the presenc f_said netallic filmat th
e PR HE REBAERRF AR Fanper RPORGY: pePnrEL &g make
15i dueangesubsedpoadt tdtempsby nhehe tabatmeant onspr abess,the
[ i i.vel ' enper.at ve may in
PRttt i e e
solution requires an additional step of interposing
: higi s ”Eb@h{:iﬁnf |t|k1)1ré\re%%r@1%|mr%c}:tl% t %B@ah@é@é‘t b@ntﬂﬁing
0_.over cone e ove ropl ens. For this purpose, e
i 2t i oh 5?%% e atlb?lgaaeﬁsstrla?%% g itCRaTEny while
strefct fsmec iconmhesiing eaxtf daeasift endetgensabpduator
material for applications in mcroelectronics,
opt oel ectronics, optics, etc., the process conprising
t hEoweegisf eltheonpveaerappart wadd ofetalfia sfilm at the

e fdptacOf Bsigl ened Yahah nbhi NebhboriedeeOf R tteq
second material, different fromthe first, and a

prédet Y P HRTCHERRE t FESPREAR & dPhrdgstirei processy in
a wibDetdi agcest evéage highwasingdia tdutien Téddnandayhen fact

S u]PEQS? LH t f Ir? agg%t efrill%ne qnel lQ itnhg‘f%t Etuhret}}elym%l§%?3 S1EhC:)Lfs tsho%ut ion
requires an additional step of interposing this
metallic film.

One object of the invention 1s to overcome the above
problems.

For this purpose, the invention provides a process for
fabricating a structure comprising at least one
semiconductor material for applications in
microelectronics, optoelectronics, optics, etc., the
process comprising the transfer, onto a support made of
a first material, of a single-crystal thin film made of
a second material, different from the first, and a
predetermined heat treatment for at least reinforcing a
bonding interface between the thin film and the
support, characterized in that the thickness of the
thin film is chosen according to the difference between
the thermal expansion coefficients of the first and
second materials and according to the parameters of
said predetermined heat treatment, in such a way that
the stresses exerted by said heat treatment on the

assembly, comprising the support and transferred thin
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thin filmis chosen according to the difference

bet ween 35 the thermal expansion coefficients of the
first and second materials and according to the
paranmeters of said predeterm ned heat treatnent, in
such a way that the stresses exerted by said heat
treatment. on the assenbly, conprising the support and

tr er NERVER nsaig a$FeblRaviedash dandsel®| ythat the
Ir@ﬁﬁ&eﬁﬁdlhﬁlﬁbéé bheadﬂﬂﬂﬂﬁﬂéﬂ'Eﬂé&eéfaﬁeﬁgghﬁhﬁﬁa|on

dep tlng t IIm. . afilmo

t-gk? |S3H gkne s 6}mt 3 i%otrfd”}?&t et'r}FJachl?%ﬁ hef the
s| s@@ctrwahas]t dtre.tHe Silmerl epreferatdsthud.
nonlimting, aspects of the process according to the

invention are the followi ng: * the thickness of the
t rQrReer redefarnedi | nbus ben\lxemmtalb@ut aspeahd 308 Athe

prgfseadl yo hesveely 120 3d 1 nlRn238nAare tHE f@i?#ﬁﬁ??g

of thefllmde osited on the transferred thin

bet ween 108 ahicteess: of tthe s‘%@%ﬁeqﬁe&hsﬂéﬁﬁi Aglm is

t hige tddh fabdu©f1dheand evondi Ml ae i Hai9MYdisRent N80 anda
S s consisting in 15 creating, in a donor wafer
by”1fplant ati on of species, a weakened zone having the
boundar¥y ofhe hehtilcknesis| mafo t Hoe tfriansféepesiité@ on the

N e

support an yi ng stresses cap ab
to the Het%n@'ﬁ‘{ﬂp opft Wéaﬂﬂf@rmllnm Z@lef rfﬁmrt héllrespfofthe

th%éKH@rn%@%%EanhﬁhlfE%é@nEﬁﬁuéﬂbséﬁﬁga&bﬁ@lstlﬁge1n
process, i ncl udes an additi onal step_of “preparing t

f ree 3y he el 2t RBRPRI HAELEEMP yaflf‘@lanﬁéttéé’ﬁn@rfrt SHGrFleSf
oralewedloetap osdrie thevind Nfhe oduddia-ydeFoiHd ahist 61 1nS to

F?%%:a?r§ﬁgf£§%§&”ta%¥ bglﬁ§¥%glréﬁe éﬁgrm &a éy] into
contact with the support and in applying stresses
capable of leading to the detachment of the thin film
from the rest of the donor wafer after the contacting
operation;

* the process includes an additional step of
preparing the free surface of the thin film, after
detachment, in order to deposit the film;

* the deposition step is carried out by epitaxy;

* the first material is an insulator;

* the first material is quartz, while the second
material is silicon;

* the first material is a semiconductor;

* the first material is silicon, while the second
material is germanium; and

* said heat treatment is capable of generating in

the transferred thin film an acceptable 1level of

defects due to the difference between the thermal
expansion coefficients of the first and second
materials.

Other aspects, objects and advantages of the present

invention will become more apparent upon reading the
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* the first material 'is quartz, while the second

material is silicon; * the first material is a

sem conductor; 30 * the first material is silicon,

while the second material is germanium and * sald

heat treatnent is capable of @Qenerating in the
n %erredd%hln |In1an acceptabl e | evel of_ defects
LEOTLOYHRS (521 Lokl Rt iR AThb t Her #har 25! camhaeimpmnt s

coehéredbnysveh tie Hay sl fantbrilgetnd ngreéeamsls. aihefi th

as obJect and adv of the present _.
|n€§§%$%% o%%p%% é ékﬁﬁ%ﬂﬂ updh ¥ Hg SH&s6 12
fot¢(nmfhg1&éuatrededes©hemHUHnahﬁy ptkeéermeich steps of a

gpp; [ af nonlinmting
exan'p e ancg %I&ﬁé %rt\ggé;e% \Ht%he appended draw ngs,

in which figures 1A to 1D illustrate schematically
thﬁtnawmltte@% Oﬁuﬂxaﬁ PrefLr redaPr ogges Qﬁﬂk%%lons in
|nvent|o It be noted here that the dlnen5|ons

i P3Pttt |rrFéP5iLV9e fiHiRiRASSsy, ShewR i the

t heigfiesr havbamdﬁﬁe&h@émeﬂoforthfeheséiﬁi(eo@f lcgb@&tyy and
an 0 t osed to jllustrate.the re ty o

rare nafls, BepBURRT e, | P aci e B TRREL iR Thi £
shisaster . support 10 and a donor mafer 20 in which a

meakened 15 zone 21 is produced, for exanple by ion
Iantatlon t hrough a face 20a of the wafer, said

oL Er Kifig FiFet bedindaty of° a Aeweed2ef théswedhaws a

Zosmpp@f:tt nansfret r ed do@teotro W sUPPOritn 1Phi@® BN weakened
flgure é the su or and the wafer 20 are _united

nd-bon g%f?] d| Péct SRR TgPY a 100ndiRantation
|n¢@r¢@@@ alfamenaﬂasbdwmhesumﬁeas aa 10X izt eomatikinigdeche

f iﬂ)&ncﬁ’ﬂ}if o@@'z& ychﬁé "sh f@f "Pﬁje %rhfé}e ZSdetpoorlge acnrda(nosrfeorr}ed

onto the support 10.

In figure 1B, the support 10 and the wafer 20 are
united and bonded together by direct bonding, a bonding
interface film (not shown) such as an oxide or nitride
film, optionally being formed on the support and/or on
the wafer. The bonding interface is denoted by the
reference 12. '

The assembly then undergoes a heat treatment in one or
more steps, so as, on the one hand to detach the zone
22 from the rest of the wafer 20 along the weakened
zone and, on the other hand, to reinforce the bonding
interface between the support 10 and the thin film now
formed by the detached zone 22, as indicated above. The

structure thus formed is illustrated in figure 1C.

The above steps correspond overall to the Smart Cut®
process exploited by the Applicant.

The present invention is aimed at situations in which

the material of the support 10 and the material of the
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the wafer. The bonding interface is denoted by the 25
reference 12. The assenbly then undergoes a heat
treatnent in one or nore steps, so as, on the one
hand to detach the zone 22 fromthe rest of the wafer
20 al ong the weakened 30 zon€/ and, on the other hand,
to reinforce the bonding interface between the

suppbrt £618nd2ehe bawien fihesmedw ee@Rsdomy terefficients

deé@ﬁflﬁéilé@m Zzﬁlﬁ%ﬂeﬁ@' caigd abave. other SEHUCLIEE the
f or med h@ &rated in fi ure 1C ?¥3The above

St ET TRTTCGHA BFBFal 1 10 T bR Bch 1) | CRFoeeds out
exypl dhded bheth&mﬁnﬁUﬂaﬂﬁomﬁ8EE®reSenme:Bﬁgﬁ¢ﬁm 18 and
ai I I I mat rla of the

Hﬁgr?hig ghiﬁgfnﬁggﬁ?aﬁﬂ%f ﬁlona onding | iRter face
ha Elmﬁer$nﬁf@quguﬁqme(ﬂﬁﬁéﬂhﬂﬂ@ﬁﬂ@n sufficiently
different fromeach other so that the aforenentioned
heat treatnents cannot be carried out wthout the

stPCEXAEE oRPosBE FVIERE i9Tppar t1a0 ¥atus fRe chigisen for

fitme 28nivkhéss h@loalfl enal thendirlg kbat @riflﬁ\cgz Jidu® that
sufferlga sone eteé rati on. Accordi

Suast po BB peSbEn LBt BhaenheRts 1k, e i ure
of stihetdmaisIky rethfieank?:;, uchthdmtworddd: t the thickness

af fegﬁQtEQHﬁpiﬂ? %ﬁ?%Q@nEg %a%%f%g%l% ECt%mall not

substantially unaf er "wor
t hF@knedZus &f taﬁé/fl [rpZAries chesen tll@dﬁ%llsw]fe ci entdstic

snaéfoRRitid®, CaUse fARY MBS, O qYBUBSLE 8BhE, s1ip of
pl astic géornatlon due for exanple . to dlslocatlons

SI?E)OIB*C RE0E D F Hikahe £t %r dek$h%Ed 1M A2t he film

22. The free surface of the film22 is then prepared

f f mat.e |aI ta b dep03|ted
thgoﬁ£é%nggrfg?§ §?a Pgnf%g ﬁp % I prepared for a

ch%HI&a‘Pf n’é%ﬁaﬁ@l@%l Py Skl n@o 12@ @g@%ﬁeﬂ dthereon. This

OXbEabh 4 1 & AndRapbilp T1es NetheMOLBL hdHan i J tHST i shing,

n nneal i n et.c the objective here
fuéaggffgbfaf oxgdatgon RTA kapgd Thermal Annealing),

further furnace annealing, etc., the objective here
being to end up with a surface of sufficiently 1low

roughness.

The next step of the process, illustrated in figure 1D,
consists in using the film 22 thus prepared as a seed
film for depositing a film 22’ of the same material,
with a thickness of e2, by epitaxy, and in increasing
the thickness of the overall film 220 (useful film) of
material constituting the films 22 and 22’ up to the
desired value. Epitaxy allows good crystalline quality
to be obtained.

It should here be pointed out that the choice of the
thickness el of the transferred film 22 is chosen in
such a way that it exists a certain density of
dislocations or of slip planes in the intermediate
heterostructure shown in figure 1C, and in particular
in the transferred film 22. Indeed, such defects, after
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being to end up with a surface of sufficiently |ow
roughness. 25 The next step of the process,
illustrated in figure 1D, consists in using the film
22 thus prepared as a seed filmfor depositing a film
22" of the sane material, W& a thickness of e2, by
epi t ax and in increasing the thickness of the
ov%?hﬁ X334 ngpowth ye&s (ihef il of2'302R8t SFard depthwise
const thelituswrdines iflinl 1R 22nd@ndrd2nodptheotifr-ddest£ed
val ue. Epitaxy allows good crystalline quality to be
obtai ned. It should here be pointed out that the
chbtceidl &hso BB bbbekneésthbtothbh&hﬁm&@sﬁagr@@aﬁ@ mby
22,0 5 gho t, |ty £Xi C

SEoh S EROTE e UG, R I B S O Lo
| nter r%l@l agrd et ek ozngien umeclc;thderger f tgupbn¢$ean¢han

| Ny i pal BBsshﬁlEh%Slh%nsaf efd&ath fci-dén 3@ th@d%%g'rt cute
such defects, after - 8 pitaxi al fil

0 of
22tYRfe ‘ﬂmfflédl%elpl%l?ﬁﬁ%%thf nhtﬂﬁé'—el?sgwthq IEﬁSEZéﬂ@ndiePth
aref nhipldtougiordef ects. It will al so be observed that
t he thickening phase, by 5 epitaxial deposition of
the film22', makes it possible in the end to
t rBxafete nuch | arger thicknesses than would be
possi bl e using a technique of the Smart Cut(r) type,
which is inherently limted by the possible depth of
i nprant & i oh. thbs Ekanpt eenaﬂm)e/e dismte? RFRAIGS raststructure

exasmbesés® oF PROUHEE & SkuppbuEe £OPRS@eIk awith the
qu rtz su ort mﬁo% exanple with the 15 thickness of

té’(f 0§ i SRS HYFR ¢ ydddil sPFi coifale-
mn¢hyatah|skhessnthathnaythéakhe5@0that 2600 r&afctr 500 to

ap aj i C ronic hi her for
%Jéd@@a% %% tg%‘ﬁls éé’@iﬁ% ‘BW ﬁgcgefecet HANer 510 even
higher for other appllcatlons, such as CCD (charge

coupled device) applications.

It has been demonstrated by experiments that the
critical temperature above which excessive plastic
deformation occurs (by dislocations, slip planes, etc.)
in a structure composed of a thin Si film transferred
using the Smart Cut process onto a quartz support
depends on the thickness of the transferred film as
follows:

Thickness of film 22 Critical temperature
2000 A 750°C
500 A 950°cC
200 A 1100°cC
In the present example, a single-crystal silicon

film 22 with a thickness of 200 A is transferred onto a
quartz support 10, this transfer involving reinforcing
the bonding interface by a heat treatment at 1050°C for
a time of about two hours. Thanks to the limited
thickness of the film 22, the structure suffers no

prejudicial deterioration (cracking or fracture) due to
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coupl ed device) applications. 20 It has been
denonstrated by experinents that the critica

t enperature above which excessive plastic defornation
occurs (by dislocations, slip planes, etc.) in a
structure conposed of a thin Bi-filmtransferred 25
using the Smart Cut process onto a quartz support
dePehdisheatt heepbheRhesthef frae ?Flégéf:@r pdd thiel rahdg film

fohbons: tHBhckpessrad fot M2 &Fiddcall IR ALME of th
2000. A 750C 3% BT R ot 200‘% 1100C In the present

exBhpt €91 a TRy s (£ sPEPEBRING| | Fheo %Iighlea crystal
thﬁskﬁ@BSfQﬂmZQ&.kheSdésﬂﬁé@rtﬁﬂcbﬂé@sa TRYsquittaxy is

su rt 10 hIS tran fer invol vi ng .r ei nf orci t he
bon%?ﬁbe& fgbeéﬁ§ O hEQF ™t FESt a$£1055@g?0PaQ§ of
t|ﬁEn@Ie€meﬁtahnShbM¢@n,Thanksatahﬂhknbbﬂit@at may vary
Ny ebOPs Sadbefddind N dfe 4 sehyghure suffers no

prejudici al” deterioration racking or fracture) due
to 9 this heat treatnent. The free surface of the

thirRué| | meod2 |§pbh@8a§i@@§VGQJfOrmﬁago@@bkﬁfbﬁhcs, the
ment for uci n

depositi on of S |ICO
hERSFRATE: cppothe Ridar dit 1o Frt REcdBLEr eRout $00 to
thigtness. sahas eplbaﬂyupSmﬁthamrngchﬂesyadﬁsdHEquémul

th I single-crystal silicon,
fhih @oaé ?ﬁﬂ?pnay va

ness ry wdely depending on
the appllcatlon Thus, for applications in

i ﬁéPebéﬁt aggugéat&eﬁs 1%@@%&%& v dhaa 1f 'éxméi&legss is

for exa bout 800 to 1800 A, so as to end up Wt
> a tHPERR Js% B e GRSHLINT 1 | [ m of 2000 to 2000 A For
CCD applications, the desired overall thickness is

Example 2

The aim of this example is to produce a semiconductor-
on-insulator structure comprising a support made of
silicon (either single-crystal or polycrystalline
silicon) and a thick useful film made of single-crystal
germanium, for example, for applications in

photovoltaic components.

The heat treatments required for detaching the thin
germanium film 22 from its donor wafer and for
reinforcing the bonding interface with the silicon
support 10 are determined.

Typically, these treatments comprise a detachment phase
at a temperature of about 300 to 400°C for a time of
about a few minutes to two hours, and then a bonding
interface reinforcing phase at a temperature of about
500 to 800°C for a time of about one hour.

Next, it 1is determined experimentally whether a
thickness of the thin film 22, which does not exceed

about 200 A, does allow these heat treatments to be
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15 typically from5 to 10 -pm Exanple 2 The ai m of
this exanple is to produce a sem conductor- 20
on-insul ator structure conprising a support made of
silicon (either single-crystal or polycrystalline
silicon) and a thick usefulr P m made of
si ngl e-crystal gernanlunl for exanple, for
apPRER] onkC | nth@hoPbrBFEaTe cUhpbPRht sSa28 ThBiReatfilm
t r@ateridsatieqpi red for detaching the thin germani um
film22 fromits donor wafer and for reinforcing the
bonding interface with the silicon support 10 are
dafexini nadte30 dypirealtgntt hesepdreadEentd cﬂmpﬂeyiuaxy,
de t e ur e, of, about . 300
O]%$$g$9aa?%%%ﬁéFgﬁéﬁg QQ %gi 811 hlngosFﬁB h aFSbeen
an@aI¢K&ﬂ21QN¢ndpng thﬁtéﬂﬁ&nefnémnf©26|ﬁg phass eatcrystal

t egPaRA i f)lfln@bszt 1s|35c1%29 éiébo%%%&‘ Qn Q:otdt’ﬁuqf Y prith

about ane hour. term ned experinenta
wheRpefidm 44 cklhe§§r6'\5 tHe ERYHLR} | AEZRCtWKREhH td@e@fore

noth exeaeithg abaet 200y . d?ﬁsdﬂltlé Oiﬁiﬁ:‘e@%?l@_ héRimple, this
tr to ied to the structur o
w SR 285 0% PRROFEERS Bk of | BYRRPHRERBOE APPBE J00°C
tr@@@nwmthpﬁepaha¢mmqs$othean)ﬁbxy;n brelech a5 florm in
h | h e rr
TN A R P e i e*‘ff‘a?“ﬁﬁ?ger ifiuftn a
fi i chness ahd) Wegosint @@rien @@ntcpnau tpwith the

film22 in ternms of crystal structure, therefore

thickening the latter. In the present exanple, this 10
-¢ﬁ1§9urg§ dEPSSPEEGSRE 4 VEmId Rt Ure bt QBOMPY7GG€”ted

andowithe arbidikress odeAB80(bdAl andordepetSord OBRLLNed in
the art will know how to make many variations thereto.
The invention is applicable whenever it is desired to
produce a heterostructure which includes at least one
semiconductor material and in which an added film must
have a thickness greater than that permitted by the
essential starting data, namely the heat treatments to
be undergone and the difference between the thermal
expansion coefficients of the two materials. InP-on-Si

and GaAs-on-Si structures may especially be mentioned.

It may also be pointed out that the transferred thin
film may be strained, either 1in tension or 1in
compression, the additional thickness of material
provided by deposition retaining this strain. This
allows thick strained films to be produced, the strains
being provided over thicknesses of several tens of
nanometers, or even up to several hundred nanometers,
depending on the level of strain it is desired to
maintain.
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total a single-crystal useful germaniumfilmwth a

thi ckness of 5000 A or nore (up to 3 pun). 15 O

course, the present invention is in no way limted to

the embodi nents described and a person skilled in the
arfo vt 996 (¥ How t o make many vari ati orRCRARR204$/061012

The invention is applicable enever it is desired to
produce a heterostructure which includes at | east one

20 semnmi conductor material and in which an added film
must have a thickness greater than that permtted by

the essential starting dathAIManely the heat

treatments to be undergone and the difference between

the thernal aQ§ion oeff|C|ents of the two

mat er i &t sPT Pﬁ@sg 18T AL of- SiETECHYECUrEI ) 1ng

eswecle&$y @@en@émicwnﬂhctd$ T&ne&ﬂa%;ﬂhrlxppmf?hﬂﬂﬁhs in

eryed thi il m ma e _straine

P@%C££§ié éﬁﬁﬂﬁé?cn.qqgogl SiTHF E%F % 1o tTha  the

t bxkeess ebmpuieinal 3G ptm@é@rbyo@eposatsupport (10)

f%é&é"@ﬁ dNEsrst rfdperitd s oald J1d k- /A n film

f| ns to be produced t he stralns elrn rovi ded over

hi tkhed9€le offseyeFCongnsnater ishonstidiierent efepmygthe

t Ofs;eyer ahné Uﬁdb@@déﬂé_@ﬂ@héﬁsheade@Q@ﬁltﬂ@nQn fohe dreviedast
of str init is desired t.0

SObRHRBtHT b EBBSRRP0BTEF ke 1| L APfgHeqn khe thin

prbctlss &od f abei cauppgra, st chetraceecanpdi siing thaat the
le@ﬁicﬁﬂ@%§eﬂéfpngchﬁé gﬁﬁﬁrkﬁhqugi%ﬁ%ééﬁﬂéé%g% fﬁg to

m croel ectronics, ptoel ectroniCs o etc
preess dbfperenag thbetwaﬁéferth@ntotémgmﬁﬁort qmn@ns1on

nHQ@e@f1@héﬂ€§tcﬂﬁtehba|flﬁgtaéﬁkﬁgg%c%hﬁstﬁétéPins and
fllrn%é%%%% e of a second materi al different from
t

t hg°9 thHBeapBFéﬂﬁFEFﬁ1ﬁéd%ﬁ%ﬂ H?%Qﬁ bRaminesy heat
at treasment ei piopoichg aa Wwondilmgt | bher facesEE2) exetrween by

thgalgnrheat treatment on the assembly, comprising the
support and transferred thin film, leaves said assembly
intact and in that the process includes an additional
step of depositing, on the thin film, a film (22’) of
additional thickness of the second material in the
single-crystal state.

2. The process as claimed in claim 1, characterized
in that the thickness (el) of the transferred thin film
is between about 100 and 300 A, preferably between 150
and 250 A.

3. The process as claimed in claim 2, characterized
in that the thickness (e2) of the film (22’) deposited
on the transferred thin film (22) is between 1000 and
5000 A.

4, The process as claimed in one of claims 1 to 3,
characterized in that the step of transferring the thin
film (22) of the second material comprises the substeps

consisting in creating, in a donor wafer (20) by
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filmand the support, characterized in that the
thickness (el) of the thin filmis chosen according to
the difference between the thermal expansion 15
coefficients of the first and second materials and
according to the parameters &% said predeterm ned heat
treatpent, in such a way that the_ stresses exerted by .
satPHEHA T Uht RENSDST e a3 s#tBkenedo@ansi hgli hddving
sugper boandatryanst ethed thiinn £i1M tbeawestsahdferred, in
a enrply 20ti nt act and jan that the Erocess | ncl.udes an
addi tiona %?eﬁo%?rd%% %?t?ﬂg? GRPERETt WithDf iHhy Sppport
fidmd (22 ) applyandi tatomslseshi ckpebseofoft h@eaddand to the
' [t N -C a ate, . Eh
roagaimelt, | OF oie Ok, TEYER b BhPLRe 25T oF Fne, gomor
t Heaken adieys the comtackangr gpsfretied.thin film is
bet ween about 100 and 300 A, preferably between 150
and 250 A. 30 3. The process as,clainmed in claim2,
char actB1 zBUOCERS t R&t T4Etef ckResdadmft ofchat@qtamhzed
E, 221 )thb??gfti(:) t ﬁdc(:jlﬁlestogﬁlAtd%ISﬁS;fAfiQﬁ{raﬂd dthiph J1 |pi'ﬁe(p%}33i_rigsdthe
e en an . / rocess as. cl ai.ne

TR S ERa R e 1 W &ML RG] WBt QP7 bed A D FIC GARATERE
stip ofder arsfdapdaid tthe tthilm (22F in.(22) of the second
materi al conprises the substeps consisting in
creatir&g{i in a donor wafer (20) by 12 inplantation of
speci esThe REARERedagorfd ized hiwi pge afe vbaidary 6p 5.
t hehdidr diidad oihe thaanstesr @dposhtiBhi NHAYY tBe carried
donor .wafer. into contact with tﬁ% support and in
aﬁ%?@i?%;%ﬁ%%ﬁﬁ?és capable of leading to the 5
detachnment of the thin filmfromthe rest of the donor

er r ntact i ration,. 5. T [ oces
:2§b|a?§%§ Fkggfggnkg,%ﬂ%%@%fe?%zggei%$tﬁg?£T$ £5%0 6,
i icPRFcRSE At 2R t iBnaFhafep tdfe prepest ngneékerial is an

insulator.

8. The process as claimed in claim 7, characterized

in that the first material is quartz.

9. The process as claimed in claim 8, characterized

in that the second material is silicon.

10. The process as claimed in one of claims 1 to 6,
characterized in that the first material is a
semiconductor.

11. The process as claimed in claim 10, characterized
in that the first material is silicon.

12. The process as claimed in claim 11, characterized
in that the second material is germanium.

13. The process as claimed in one of claims 1 to 12,
characterized in that said heat treatment is capable of

generating in the transferred thin film (22) an



10 free surface of the thin film((22), after
detachnment, in order to deposit the film(22'). 6.
The process as clained in one of clains 1 to 5,
characterized in that the deposition step is carried
15 out by epitaxy. 7. The prédess as clainmed in one of
claimse 1 to 6, characterized in that the first_,
MEASTTRITAR1IE ald eVisdsulPht oFefopts. dhe procdde aglifference
Cllaétfmblri nched whéﬁnalglmh ﬁrdrlzeﬁ)eﬂﬂidi:éalttst gﬁ ftihre;o“tfirst
eri .S, quartz. -9. The process as clained in claim
gﬁh%%ésgixg%%§%§r%ﬁ}%T1tha? the second material is
silicon. 10. The process as clained in one of clains 1
to 6, characterized in that the first nmaterial is a
sem conductor. 30 11. The process as clained in claim
10, characterized in that the first material is
silicon. 12. The process as clained in claim11,
characterized 35 in that the second material is
germani um 13. The process as clained in one of clains
1 to 12, characterized in that said heat treatnent is
capable of generating in the transferred thin film
(22) an - 13 acceptable |level of defects due to the
di fference between the thermal expansion coefficients
of the first and second naterials.



