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WO 2006/ 100301 PCT/ EP2006/ 061012 Process for

fabricating a heterostructure conprising at | east one
thick filmof sem conductor nmaterial The present
invention relates in general to the 5 fabrication of

et @ra%& TP Hore particularly for the PERAFRZURG/GP1012
of heterosubstrates for use in mcroelectronics,

opt oel ectroni cs, optics or photonics. Mre precisely,
thﬁréé&@%“fé&‘féﬁﬁidﬁtiﬁyih'Héﬂﬂrdﬁ%ﬁﬁdﬁﬁ%@SdBﬁbrlslng at

POk eh Do BALLR ELTh oF PER e e dhcfbr At el

materials used and their thernal propertles may be
di.f.fere Processes of Lhis type are already
o, RS ( PETRIER L o Bl SR k! cPBLhpaLr af8s 1O
edﬁ&qum}1QMNﬂﬁrﬂpmeﬁiﬁﬁmu@ed norpapdircikcalanbyecokarche
aqﬁﬁ§ﬂf@&tlgggre'Bﬁftebhéﬁﬂfdgh éﬂf&%@é bong,ng") yse in
t echni ques. Nonlimting exa es of known processes
u§Pﬁ§°§lﬁﬁﬁ§Pﬁ@CSst@ﬁtpﬁé?GBéoﬂh6§e gptife @esphgrqnics.
Eltran(r) or Smart Cut(r) type. 25 In general t he
text of f.abricati het er gsubstr ate sa
BB s PSRN g e S cdCr Rt oF EIATRG otlps? afiovel
bgm@cegsbwannnfnﬂudﬁpgﬁathetgemmﬁ%tyabelkomposed of at
SHRSERALES TARAIR | R08L by Ohoflh S3LTL! 351! 25k ok
MAth a use |T'es on a su
s@blet m@tterlatlﬁeuﬁﬂﬂ earais@mily thenhal aropertles may be
het ereskhuct ure; b) reinforcenment of the bonding
interface between the two substrates by applying a
hi gh-tenperature heat treatnent to reduce the
wealsnessesf osatHikntgpbagee 3breaabl endunef
del am nati on and i npairnment of the nechanical and/or
el ectrical quality of said useful filmare thus
aTbinded i tonsaknohe rer progase hetieredubstrates employing

bonding techniques, in particular molecular adhesion

(hereinafter called “direct bonding”) techniques.

Nonlimiting examples of known pfocesses 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 usgeful film that lies on a support substrate,
the whole assembly forming a heterostructure;

b) reinforcement of the bonding interface between
the two substrates by applving a high-temperature heat
treatment to reduce the weakness of said interface -
problems o0f delamination and i1mpairment of the
mechanical and/or electrical quality of said useful
film are thus avoided, or at the very least limited;

and
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and - 2 c¢) reduction of the thickness of the useful
film lying on the support substrate so as to

constitute a thin film 5 Such steps nay be enpl oyed

wi th various options, such as, for exanple, a
sacrificial oxidation in stepc), or wth a different
order articul ar th steps b) and _c) reversed. .
10 Nbréﬁhé? QRﬁﬁPQﬁO¥L§§€ ot kﬁic%ﬁﬁiﬁé@fﬁérfllm
overiald opt ithezagimpord bhespracessd calnutat icedstitute a
duration %ﬁ the treatnments, cunul ative duration

aSSOCIa ed'with handling, etc.). 15 For exanple, a

heat treatnment for stabilizing the bonding film(step

b)s)uc’rﬂay%@ﬁ s apall ed t ﬁgbé{)ew%@]?dvaggehst 5%%3??1%0 such

I'nnin Step
455)-. Wmﬂ%r@ vﬂt?rﬂcrrrltﬁﬂesncaint@m Lo dausiteyp ). or

h@l@mwbﬁﬁ@é@wdﬂa@t & ?&Mﬁm: Qhifier®os b) and
rent thermal expan5|on

properties, for exanple, dif
cé@fﬁ%ygﬁﬁ%é'the heat treatnments undergone by the
conp03|te substrate during the fabrication (for 25
rf fa ni.n etc i.nduce
e%rvce!hén cth st%’gss@'geesesuc%teﬁ reénggg ]Pr%y ? aufe tor
eMMGH%E@neﬁptlamaathgn i ot certh® n pasesszr acldunylercive
SV i @6t Ur HRY, @EeonQJQ%tm%QtQOth %gggigfhve duration

substrates. These_stresses nay
|@ﬁ@ﬁ@&@é@@bWBWQSP@§d1&€9®rﬁﬁ?lén of the treated
substrate(s) 35 In particular, dislocations and/or

p planes and/ or _other _crysta ects ap .
IFJ S0Pk Fownt hEFhett %E%?%Eur S at® éing the
pb@bﬁ&mg driilse tstprcdb) ly, degpendeormpplied to comblne said

heat treatment with a thinning step (step ¢)) (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 undergone 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 is also known that the temperatures at which

problems arise typically depend on:
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- 3 t he nechani cal energy stored by the conposite
structure during the heat treatnent enployed; the

di fference between the thernmal expansion coefficients
of the materials making up the conposite 5 structure;
and the thickness of the substtates used. Thus,

 broodss R heS ka4 En Erey vy Mot orh S0 e hpr vt te
mwwnnnﬁundlﬂurun@wtﬂe hichat itaeatmbheecpal byed} arl vy,
t he nmaxi | eye ibl.e.n ter of r I .

A My éf%%g?gﬁée beth%qlgﬁﬁt t%éﬁﬁgf %&#@a51on

decrease, SOt €CONnes 0 appl '
trqgﬂﬁﬁkaanuiHOEaCheommﬁﬁﬁgﬂﬁvawﬁﬂng]Eprheexawmqalte

butr MRt hausig vely, a heat treatment for
reinforcing an_ interface at_around 1050-1000C wi || be

di fficdlt e &poyFresst Ré tBsesHPshrAbeeresefuct ure
havi ng a useful filmb500 A in thickness, the 20

t erature | evel s ge eraIIy e Io ed in_this type o

B ant BEIR 0o high as FERRFEL t heChboverdiEnsagdne
ph@ﬁaﬂ@&ubﬁhtameerlnsoiupronegéomflnnan$mqmtheut® type,
r 0 0 . ing.hn

e R e o h T ROhe T EaF o Bake  lipe ¢ 2% known,
A first proposal, known as "plasma bondi ng", consists

I ﬂo@@p ﬂgc@%&qw theatiBA ke 9.t sSsybhagsset an%erms
ed in order to increase the bonding ener

aO m?ﬁﬁPQQQWHQﬁcﬁ?@F?%%@ t PRatthét . 1¢W ?ﬁP@eﬁa%lfFH€U1t
t her Bpb 15t heasesrespaehescedobylabr oBUbSE&Et BEcrdsss .

rel axed, while nmaintaining suitable 35 reinforcenent
and bonding of the interface in the conposite

sFouc emaep lHowbuer nothieshpuspaveall v, equhees speekfient for

eguiRFBRting an interface at around 1050-1000°C will be
difficult to apply in the case o0of 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 hetercosubstrate 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 malntaining suitable
reinforcement and bonding of the interface in the

composite structure.

However, this proposal requires specific eguipment,

thus limiting its attraction from the & economic
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thus limting its attraction fromthe econonmic 4 -

st andpoi nt. A second known sol ution consists in
carrying out eutectic bonding: a netallic (Au2Si 3)
filmis interposed 5 between the two substrates to be
bonded, so as to nmeke it easi®r to bond t hem by heat
treatnent., .so that the tenperature levels may remain
re“‘l’%ﬁ% tIow This solution therefore offers the
advantage of being 10 able to relax the thernma

stfe t t f.Qrci.ng t

| n;% er%egcscéié(;f E}(aﬁci]"ﬁ?e[%@u %{Hr ate.” \r/%/etver r;][ hé:hdgrrrgseﬁce
ofewat ireteamdia g lammettalidc i(Auedtdcd ilmiitss imterposed
My Bt eam_erawaébaafﬂég ety 42 duyh mg@a suBsgguent make

steps in the fabrication process, in h excessively

hiigh %%%ﬁ%?a?%r@opgvém§mnﬁy|hﬁ§%cFre@%@ﬁﬂ§f|ﬁ0tﬁ§at the

f ideipeatune 1ewciRend® eenkihS re0buiyeny 16MUi res an
additional step of interposing this netallic film 20
One object of the invention is to overcone the above
pﬂﬁﬂ&uﬂpld%ﬁonhthepafpneepfﬁhemlnhﬂnadwamﬂagédes deing

PieRiEs s o f Qo120 tfh%brﬂrfe%darlg ARl t%e C%’P% W Hope %‘nlle

ast one 'sem conduc rateri al plications in
mr@l@éloét?tlﬁ@nlt@?r ippesénest pénacbet@mm@stmfee t he
process conprising the transfer, onto a support nade
a first material, of a S|ngl crystal thin film
néf@é,@fea’ﬁrso BIS e GIRE FhitSer PAI , S H 1 ISR LifonftHe at the
fiilhlerfand alipiedet enai ﬁ@&b{ﬁﬁiﬁﬁ tt[@@termﬂuﬁe@r @termltted

LR LPEL R R SRR 1L chaY aCTBF F9t ' PRATCPRe i

thmgkheﬁyaﬁsaﬂualﬁrwlgmltﬂmpsrahosenlawedsmmayt:mtﬁect
di/ %?ﬁ.%.m:‘i.?l et ]{;'1 éb@lﬁ%er PRLBXPABSLONthi g solution

coe I Cl ents o rst
requires an addltlonal step of interposing thls

metallic f£ilm.

One object of the invention is 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 sald heat treatment on the
assembly, comprising the support and transferred thin
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second materials and according to the paraneters of
said predeterm ned heat treatnent, in such a way that
the stresses exerted by said heat treatnent on the
assenbly, conprising the support and transferred thin
- film | eaves said asséﬁﬁ?y‘intact and in that the

ss i.ncl udes an _additi | step of depositin
gcf n F5AVR° asﬁﬂﬁn1%?sﬁﬁaf¥i agh gr es%noféhqﬁa the
sqmmmbsmt enchbdesn the sidiglienaly dtadp st ht éepbsOtheay, on

Prafertay B AOM | B LG a3Rea! ol t@&&ﬁ%&& the

according to fhé ihvention are

t rﬁ%cr@i@sgnacﬁertlﬁ)el timarvdfee sdaglenicny B ERin ssatbet ween

about 100 and 300 A, preferably between 150 and 10
250 A; * the_thickness of the_ fil|lmdeposited on the

t r S Ter R R TR | PRE hBOMEERL4DRY, an@sBeEDsA; of  the

th_ﬁ:cﬁ;_feﬂls %fcddrﬁi&gel'tﬁi tGet RaveRinohi hﬁéothéhﬁolﬁ@ﬁm@

mat eri g rlse t he subst RS [consistin

creating, ?%P %%f@ 6% é%?(ﬁﬁ ¢LE$eEFé§ is
a hedalceame dilzorte ]ma)/langi t3E @Qumfyemﬂalyhé)ettmgenf iL5m and
t%Expgttransferred in bringing the donor wafer into

contact’ with the support and in applying stresses
capabl € oftheeaihhgkngssheotettdchnméat mof depesibed fart mthe

2Q fremhedr esti nofr it he 1QOB@ Eweheloght Shatd®oo A;
contactin operatlon * t he process i ncl udes an

addi t i onal-1'st &5t OﬁréﬁﬁF?ﬁﬁth%ng€§ Hifackl gt Phe the

t kiewohid Maedttsl dehmeliresat tlhél @mbgrtebe deposidcime in
fl&ﬁ% 25 * t,he deposition.ste

4R 5 = ﬂ heg.out ?y .
oS ANTTS + P (TPRLT AT 6T ab¥i SRR HRUL QPoPE SPERESS
fier S“EW@@ aiories hawamnz thehiboentiheysedontie whtier falm to

| $eS1 Ik ePRFerred, in bringing the donor wafer 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 1includes 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 level 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 a sem conductor; 30 * the
first material is silicon, while the second nmateri al
is germanium and * said heat treatnment is capabl e of
generating in the transferred thin filman acceptable
Ievel of defects due to the ®ifference between the

%%% <§$§$§ o%cﬁoeffl cients % %f%r%%t nd. o

ad%mma@&sgmﬁehh®gHWSﬁnbfInnnﬂﬂmﬂﬁing|éx@ﬁﬁbﬂ€aﬂﬁr®uth
a r | | ow.n et

LS, 650 Al Bl OO 10 BB Brag 12
Walgo oﬂmohwmétmgeewhﬂn@mlm htheefrmlehcétEDSt hfef a

appendsd-H W Nasg 'd?f Wecan%%&%a 1A toin
i ITustrate schematically the main steps of a 5

preferred process of the invention. It will be noted
herge thatlthgedi MRAKONSHedd ﬂ@dt’élcbjhéf dhtlehsions, in
sses homn in res Fave been

rel ati.ve .thick
R Sk n&TeaRe BRLENATS { Hnes Sefppabedhe
tdmgdnﬁﬂrhmeetheenemhdaemﬁfmmetheammﬁe 6@feﬂarmgy and

;ina[ : beal b mggoéla uré, | A 1L .300W8 3 ?%Pg%%e]o%l the

onor O in i'ch & weakened
i g adrteduced, for exanple by ion inplantation through a
face 20a of the wafer, said zone marking the boundary
of a zone 22 of the mafer 20 to be transferred onto

Feisiigds farsso ¢h falgur &o1BI1PHESSLfpor ER4D &ftpws a
tlmlpp@fr&r 20 and anbbadranéfeendey tegeitieth by didagehed

bondln 12 bhondi n interface film (not shown uch _as

arf B det or-Sni TS ﬂlﬁ?roﬁ?ﬁgﬁgklgnbe?ﬂﬁ X ﬁgﬁtgﬁlon
tW@nmmﬂ&na fand? o20dnoft heewahfer, Theidomdnrgmarking the
'@k%h%%%%’b% %P@QEEQZQVCEh%hezémE%&e@%n%% %% transferred

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 (nct shown) such as an oxide or nitride
film, optionally being formed on the support and/or on
the wafer. The bonding interface is dencted by the

reference 12.

The assembly then undergoces 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 1is aimed at situations in which
the material of the support 10 and the material of the
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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
zone and, on the other hand, to rei nforce the bondi ng
|nterface betmeen t he support 10 and the thin filmnow

forned b hed zone 22, as indicated a
TG PELr 28 e, R e Rk tents
1GuBhi dimta]tz.ovei:sfﬁemencor fesponshav eroalhlert ostheclanar tthe

Qﬁfc@emé}z{‘@f&?@d eﬁg!ag' tterdec#?:)ﬁ{etrﬂ:% AB hngéntb'e I,Egrﬁie?h out

presen I nventi on Sl tua 10oNsS I N
meeFRGH T ofchtahestm@p;@me 1opnprEedechnttéie supfortheld And

trﬁﬂbfthﬂﬁz%lﬁﬁy%jr“%fgﬂ @KQaBE%QBnSQe%Eh@ ?tﬁnterface
suff|C|ent dlfferent fromeach other so tha

et RS e SCHERTOTE4ARBE be carried out
MAthOUt the structure conposed of the support 10 and 5

th f Im?2 th t t I t
t ot i of nEhsona aBEEPor 4 1T FELt difig CTBSERe FoT
|rnhﬁnthnpkn533weha®ﬂethe thassefickopd fhémt Blckpesh ahat
OftHJ‘e Eé@éﬁéﬂ%@gﬁé 11182!. 2tr§é§'£ﬁe£g§t elt‘get lEﬁe Structure

af orenent’i oned trea eave structur
s ypstsdRr Eld W vunariEeceed | ﬁraotQtétervmca?siS t rle thlckness

thircknessrioh the ifd |dAR2%d st&heéeeuteleeeﬁei Igtnemttl Yot
small not to cause an% rupture, or undesirab

pl&Est | C3YFEF or RBYi onFUHERT R or e‘k%npl‘é“t%“dﬁa%]@cat idrstic
sldgf cafmatimrgt o€ pbanesamplacks) &i€lodaridies fikmip of

22 The, free surface of t he f|| pr epar ed
Sirolt% IERs hE%EkTe Rhter 1B 08 BEDaBbs t ot

thereon. This preparation may conprise

C ' : I h C C '
o o J0 28 Kb Chpbpepsn or o
f fridéc @ Tarthenlsang H@tt@rlatlhéi%tt]ee&ewelﬁeﬂe thggieny -t ghis
epacii reittibna net fae@rafs s Wrditicent e dnawi ckoughnassing,

sacrificial oxidation, RTA (Rapid Thermal Annealing),
further furnace annealing, etc., the objective here
being to end up with a surface of sufficiently low

roughness.

The next step of the process, illustrated in figure 1D,
congists in using the f£ilm 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 thicknegss 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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25 The next step of the process, illustrated in figure
1D, consists in using the film22 thus prepared as a
seed filmfor depositing a film22' of the sane
material, wth a thickness of e2, by epitaxy, and in
I ncr easi ng t he thi ckness of §He overall film 220

(useful fil of .30 t constjtutin the fi|nsg 22
CHEP S (G PR BEete NThed2 Epft U Ew S i Lo
crigstidhd mmemﬂalﬁﬂlyn 212@ Iaadolah:al ned thtosgbudidfbete. be
poi nted out that the choice of the 35 thickness el of

the transferred film22 is chosen in such a way that
i tIlexwsls alserbai abdensedytbht dhel ¢barkendnor pbse, by

S' é;Pl R -8NAs débcié"iecl'dﬁt RIATRYALS 1o e;tzer OSAEL YN RWh1 e

gure 1C, "and in particular 1n the transferred
fljfri*n he Iqﬂjjeeao st fette cyChaflidgioar 8thbﬁﬁl%§$%$ than

gfvﬁ;‘dllfﬂ ]915? t bg%%ibné 23siage abtt{?cﬁﬂﬂ.lﬁﬁjgi ][w Sehel meb@ Cut®
efu i,l.m a are not _t.hr e ts | t,
o T I e Lo RE bospind'e \deptn

emﬂ andlandepdsint.i on of the f| I m 22‘ rrakes |t
possible in the end to transfer much | ar ger
t hi cknesses than woul d be possible using a technique

ofEdgm®lendrt Cut(r) type, which is inherently linited
bythe possi bl e depth of inplantation. 10 Exanple 1

ai mof thls f| rst exanple is to produce a
&1?0 dd 151t EXGIRLE7 @uﬁﬁoWOdﬁJ&e Ex Epligture
vvnfddmﬁds@d 15ft hd lc@_els_tzofsdpﬁom &@at( eéxwapﬁea widhn the
of ,sipngle cryst ilicon with a thickness.t
r AE C]%@OC' gfz%fM’orcgg%FEcaW% s ng 1n" Bt "Single-
rﬁdﬂyaﬁaécﬁﬂdnwmﬁ,dekeventhiﬁkﬂmasfthath@y regch 500 to
apRldocal | PYs, a%%ﬁ'lc%%iggg (ghatgerocoupked deyl C&r even

appl i cations.
higher for other applications, 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 qguartz support
depends on the thickness of the transferred film as

follows:
Thickness of £i1ilm 22 Critical temperature
2000 A 750°C
500 A 950°C
200 A 1100°C

In the present example, a single-crystal silicon
film 22 with a thickness of 200 A is transferred onto a
quartz support 10, this ﬁransfer involving reinforcing
. the bonding interface by a heat treatment at 1050°C for
a time of about two hours. Thanks to the Ilimited
thickness of the film 22, the structure suffers no

prejudicial deterioration (cracking or fracture) due to



10

15

20

25

30

35

It has been denonstrated by experinents that the
critical tenperature above which excessive plastic
def ormati on occurs (by dislocations, slip planes,
etc.) in a structure conposed of a thin Si film
transferred 25 using the Smart Tut process onto a

he thi f th . .
b SRR FrpAPRBSE L CpRE.LP8e FURRBEE 6F fHEncRin filn
CrBTt‘ i cal thmppre@aur@d 2000t e 7&0G B0 B0 AehpbBGHAG o2 E Ahe
11 | i hgl |
TRty o ERRels CHBED, ByafuSiigl PeELY M el ital
a u%%f%af%%msaﬁpc‘;rhe 1desinid thapkiess i nVbivi sgpitaxy is

r ebafPr&d anuEh%ob%&d'ﬂQ Eptarkace My feat Lisst Eﬁ%@‘é of
at 1050C for a tine of about two hours. Thanks to the

| | T REE T e s3t bFCqhe Wi tahrﬁgngﬁru&rlare may vary

sufid@slsy nepgiid@indicti ahedebplieagtban (cracking or
fracture) due to - 9 this heat treatnent. The free

surface of the thin film 22 is then prepared for the
epThlwoi al fdepos&ppbhc@ificbm dnl i cohcroebtenemti¢®r the

prag fr%srﬂg' senysbal s usgful (il génabagt 809 to

desrre ess Ai's epitaxy is_ 5 car
t - F 4t rﬁ:t rrv‘é) fas n’¥<22§ndallEoWFrﬁheaofthl§ikﬁ@Eé ey $tha useful

sidiGOs Wty ad Rigglkn@ss that may vary widely
dependi ng on the application. Thus, for applications

in mcroelectronics, the 10 thickness of the film 22
i fdrorccexaanmmcaémmmsoom@ dé800ed\, oseraslt ahernlingps is
CLEBS ess of ttlr useful filmof 1000 to 2000
applm gatPon , "'he desired overall thickness
|s 15 typically from5 to 10 dam Exanple 2

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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The aimof this exanple is to produce a sem conduct or -
20 on-insul ator structure conprising a support made of
silicon (either single-crystal or polycrystalline

silicon) and a thick useful pl m made of
single-crystal germanium f exanpl e, for

appl i { O in ho .C CO ents,. _25 The.heat..
t r%’aﬂt)frrjgénc% snt?%qu}j%gd %g¥8éé€%%hi Vr‘{gpgﬁ%gt h?ﬁlégeft?rrlﬁ% ur%llm
f i defe2 gragmna-s donor wafer and for reinforcing the
bonding interface with the silicon support 10 are
determ ned. 30 Typically, these treatnents conprise a
dN&EhmeRt ThRask tEFAATEBRERRAA GITAbEG B9 pitaxy,

40% Qlfhais aatb bngm@talab@@m?@ié@w ﬁ@)?ﬂél@ﬁnc_f} ostr:]z_ﬂ,@, heeES been
and then a bonding _.interface_rein cing phase at a
te re]?la%urgugf Woute 35560 F&ﬁgoo%'gforagasﬁnr@e(ﬂcryswl
almamegriemhduindm MeXt is tthes diepersiitedd iex penitientiakll with
eF. i ckne t [ i 2 i.ch
oy 22, o 58eR Cho U, PhEGeribye " it Rrore
t rideokEmiac othe JlatGerapplhedhe phessprucexamole, this

widiheutomai O t Bepobi tan det & i @rld N Nexts 8HLBE d000cC
treatnment. preparatory to the epitaxy, 5 such as a |
clE¥ &t EhreéhdritiEmesst i hi 4§08t 8p, HasOBeeh tearfeEm in
?gxfltom the stﬂm'r?rleﬁdﬁyas%m 3u§éﬂ@1 e g@rydirdhim gﬁIMRiMYHh a
i,hm22' is eposited in,continuity wt t he

f itﬁhr%c%%elsﬁ f)téfr §§ng Rc%s?l%esf?%ctf%p%,m%er efore
thickening the latter. In the present exanple, this 10

fi ;s . tL .of 7 .
oS TR S ks eredt  Sp P! ShaR (B iy it ced
t &Cal te sPRpPAiBeYst adegseibedgandnt upetision wihlked in

t Rihek Re%s wAf11508wA 1w NBS endk® heny PHPlations thereto.
The invention is applicable whenever it is desired to
produce a heterostructure which includes ab least one
gsemiconductor 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 in tension or in
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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15 O course, the present invention is in no way

limted to the enbodi nents described and a person
skilled in the art will know how to make many

vall at i eto. The invention is appligcable
mﬁ%%@?gﬁ&@%esi red to produce a het%%fsqgiﬂ:q‘ifroeslolz
whi ch includes at |east one 20 sem conductor materi al

and in which an added filmnust have a thickness
greater than that permtted by the essential starting
data, nanely the heat trea&_ to be undergone and
the difference between the=¢f |  expansion
coefficients of the two materials. InP-on-Si 25 and
Gafs- o0 j t S - ially 1.0 A L
oy al o5 BEObe nt a8 o AT RS (7 ACF AT agC; ypr L Sing
f i3t Feas heors repmHapndiatiesr natardadi derorppd ications in

CamyRsSictrdi@saddibi8BabotPhakpgss Ghri@d eridlc 30 the
provi ded by deposjtion retaining this strain. This

al TRt SRR 3 e d TR et 1 pr 8Bteed fweport (10)
steaianf eimiggir mdtded adverost B ckirgsesrgktsaverdhn film

te of noneters, or_even up.to several hunpdred

na .or%et I@?ge epgdndlsﬁﬁo%ﬁ t t&é\?&’ oélg??ﬁ?ﬂgi t%(g“ the
ddsinsdd tamd 35 weddezermina®l 20867 10088ment for at least
PCH;ER20064,061012,, 41 1 iﬁ‘cél:ﬁ'.@cel-(lé)prkﬂ’ﬁes A4 %khe thin
fabricating a structure conprising Cat easef one
sdtilfondiiet orthfat 7RO lor apprreatewiedn in  that  the
Mrieeheekr qRi1gS o ORiRel ©eid Opi Tf . i §PEh6SenChecorlilfy to
pr.ocess d;qgfg)rl sing the transfer, onto a suggort (10) ,
med€ of T Tat erFHWeTt a SPhgl eFRPYRRAI ¢ RRRAnSion
fidomf£i22pnimdecdbf ttheseddndtmabadi asecdhd f etadrifalem and
t AN erm ned _heat treatnent_far

L EEcBagihby oo M VBRI AP 188, ok eRBL IPRaL A pgar
t RESpRANL] | LM @bl e wappobet diier asteedsed énethad by

t%@id}jhﬁé‘é(t?e%%eﬁ%h)en‘ﬁf &he i naEEbAbi S, CheRgtising the
accordain Q
supportgand 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 preocess 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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the difference between the thermal expansion 15
coefficients of the first and second materials and
according to the paraneters of said predetermn ned heat
treatnment, in such a way that the stresses exerted by
sai d heat treatment on the-assenbly, conprising t he
support and transferred thin fil | eaves sa

as RESHF-It Akt SREFLES (t Wt "ERESERHc &S né%aeéagrrrng

acdhid i bnahdasye@foftldeprtmhr ngh lwnebhed htpahtEarrad, in
kness, of _t he

frlrn 22 f ddition t hi
Tridind e, B o faPer | Lhhr "EBRF R0t HTsAERE" suppore
pﬁuubssnasamwhwnnn anﬁsaEﬁr1caphb¢ackﬁi|iedd1ng tthat the
t HH%% e n filem.1i.s
Ie&%‘ev\%% out 18%Q dh]%lgOﬂAIrﬁlpﬁe erg% g%v\ggn tilgo donox
artep 830 af tegp the r:ﬁeter:@éegsoaeréra@lﬁed in claim 2,

characterlzed in that the thickness (e2) of the film

( ) d posited on the transferred thin film(22 S
R HrieFS 50880 SA218ed 19nElBiBcdss Ca’_é&-‘ %%&ed
irlnnﬁhaﬁ id dirrd ullels0 a3, aditiariacher iszeg of Phabatrieg the

SUSROT AN SLET DAC B A 1129 (220 0L e 50500

conpri Ses e "SUb: teps onsis
cﬁ@annd@r ite degomdk Wwheefi{R0Y2BY) - 12 inplantation
of species, a weakened zone (21) having the boundary
of the thin filmto be transferred, in _bringing the
dénor BPePLARE oot abLoWER tifle 2RPPBFL Claﬁ#@ﬁ R to 5,

aﬁ@ﬂa}tb@@e&&&@&SQ% capabl erf hepdsngié® khepd is carried
det ment . gf the thin filmfromthe rest of the donor

méw'r ¥f £8F “PHE- cont acti ng operation. 5. The process
as clainmed in claim4, characterized in that it

|@clud%§ a%f%%gégro I ?@5? 9#9ﬁ%£'8 t %lﬂ%p fr@g 6.

surface of the thin ter de
orhararseygepedi t ithe ¢h4¢n(226) Eirst material is an

insulator.

8. The process as claimed in c¢laim 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 c¢laims 1 to 6,
characterized 1in that the first material is a

semiconductor.

11. The process as claimed in c¢laim 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



6. The process as clainmed in one of clains 1 to 5,

characterized in that the deposition step is carried

15 out by epitaxy. 7. The process as claimed in one of

claims 1 to 6, <characterized_in that the first

material is an insul ator. 26387 The process as

clained i.n claim?7, char erized. in that .the f.irst

R e T T

8, bethezaxctiare zgcerni2hl iexgdlmldrhe:mmmnfalthes first

Si rqcess as clained in one of clains 1
é%@%ﬂ; aracgg%Fgeggln that the first material is a

senlconductor. 30 11. The process as claimed 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

germanium 13. The process as clained in one of clains

1to 12, characterized in that said heat treatnent is

capable of generating in the transferred thin film

(22) an - 13 acceptable | evel of defects due to the

di fference between the thermal expansion coefficients

of the first and second materials.



