WD 2008/ 132569 PCT/ | B2008/ 000967 Met hod f or
transferring an epitaxial |ayer. Background of the

i nvention The present invention relates to a nethod
Wb 20sA8446d Ng an epitaxial layer able to be peragoosimoosss
i mpl emented in fabrication of sem conductor structures
and in- particular in fabrication of SO (Silicon On
Insulator) or nore generally Sed 5 (Sen conductor On
I nsul ator) structures for electronics,

m croel ectronics or optoelectronics applications. In
wel | - known mannerMethod férgrdmbortiag hh epitodfial SeyEr.
structures, the epitaxial layer can first of all be
fornmed on a donor substrate and then be transferred
onto a receiver substrate or support substrate. This
met hod of fabrBa&giomml afalke invenfifn parti cul ar be

i npl enent ed Ushf},g)résjgﬁ lm%%éia-{%g th %Mﬂé&gﬂ¥moﬁﬂcing an epitaxial

exanpl e of nment ati.on
t echr‘?&’l"bé‘?ﬂe g }lfe‘ﬁf&’l“inkf‘ét? if fabricabi Qfrssiconguctgr gtypctusgy and in
or i @ambﬂa:aht fabkieatioyi oA SOI ikvoat ON-lideikat®) @F ndre generally SeOl

eng | n ur

mn%:r gé‘i%i rwgér(]toggﬁﬁ Slﬂ?:ﬁz[tor) %ﬁtﬁa g)? ﬂ%ﬁff@‘s ngcx%ralectromcs or
El ecPP'@ﬁlF@EDﬂlcéﬁHﬂS?%‘t“éfrs Vol . 10, Nol, 2000

p. 131- 146. 15 rheelSomihGubnbt, t@ﬁh@&hmyumsoaswl structures, the

t ech Q@ a%gay la\%r C%t' )ﬁ.rsﬁ %Fgl l% étlln%r o&éﬁo%ﬁ%&a&%nd% be transferred

i nt e PS4 ﬁ'g‘elw SUb@rﬂéﬁoPresmorw@bsmt Flis mqtlmdsfffeﬁabncaﬂon can in
t BEEhpakiogy be ﬁn@aﬂiﬂeh&tll wiingt thel SihkCiithe tédhﬁ&&g)ﬂfAn example of

e RN L e SR S

) unmar nven
obj eé374564 preinj the artiele b A5 Attbrqbfrrblém'e ebaln@ttlﬁeféi "va can Smart-

prodgst &fin he @Rl ¥ nAérolx@hicyMEME DYurh N1 f eREH Spded Electronics
| ayer ‘f%ﬁ ?e]tlﬁbcﬂeg ()W‘mlt3 onor substrate after

f or mA2Y VR Ker & Bb? jose, the invention

réfl ates to a rﬁﬁhﬁmaﬂﬁut“br@dmlqgg ina 2Bheqlegyaxyidely used -in

| ay e puRQERY dp%h%onsa Hod®dr! Clﬁtcbr%'n ?&ﬁ@llé}fcat@s Sit e bél [n€eresting to
er.nedi.a

conpfi s i.on
Gonobe hSie: weeSnolit Shee. iBrlfvont rreulsy (S e Ak of
" | ay edamagingertpintcecuitsdvhan gahsfey év pepfprogs b)emp,lantdlhe
melting tenperature of the internedi ate | ayer being
wer thanthg rreltln 30terrperature of the
e& taxial |ay he hment step of the
epi taX| al | ayéﬂlefobpnn dfiike slwertion sutogiromise a metled fby praducing an

at |
L R i e R

aft er formation thereof.

For this purpose the invention relates to a method for producing an ‘
25 epltamal layer comprising;
- a fabrication step of a structure comprising:
- formation of an intermediate layer on a donor substrate; and
- formation of the epitaxial layer on the intermediate layer by epitaxy;
the melting temperature of the intermediate layer being lower than the melting
30 temperature of the epitaxial layer; and :
' - a detachment step of the ep1tax1al layer from the donor substrate by applying
at least one thermal treatment, this thermal treatment being performed at a



2 tenperature conprised between the nelting

tenperature of the internediate |ayer and the nelting

tenperature of the epitaxial layer. Fornation between

18 (RN sesubstrate and the epitaxial layer Qf-18R:00s/000967
internmedi ate |ayer having a |ower nelting tenperature

than the nelting tenperature 5 of the epitaxial |ayer

t hus enabl es the epitaxial |ayer to be detached from

the substrate by nelting of the internedi ate | ayer.

For this purpose, thermal treatnment is applied at a

t fenp&empuamrea@mﬁkaieﬁnmnmmekhg iempdrating of einpiateanhedigte layer

of t ' . ' ‘ -hh Iting tenperature

of t%dé%%eg{%@n?%%#e@f%ie@?ﬂ%#%ﬂe treat nent | eads :

to the inter nediognaiondybyrecnderdoner subsiriranddbepifpre leyss of an

gpi t Gfemthediatdlay@having 4 Wvich Bl @emfepdthre thanghd iaelting temperature
et ac t : ' ' '

T ool sp bl il el BELIATE Mer b B dgached from tre

~ - r eno\vaebistraterhy raRdngrof Shensleppgdate lauer Bevhip Pugessuirynabaeatment is
r eusaﬁplﬁéar amogggi@ieza@r@ cOBptiRpi bedwbanl Heayehing f@inperature of the

exanpl e ccordin 0 t .

ot HerpOEic et g 4R OB IRBUEL R0 br BE LR ARGRE Fhiherma

t he ftecbimenhicadmtosthe pntermedigiet loyes melting sdthew rismaging tthepepitaxial,

the mBjpod according to the invention-further :

conpri'ses a bondi st of the epitaxial I

suppor - subst r SeEneee Adicang GE ERHRE! fep el the ehndtnder of
i nverthd mtermpdiste dayabloestechatgtsrsyefecer has tbgerbmopeds hecdogorgpbstrate
t r anshR ladPnt@BoBR Bedhdtld foRYRddubing ™M Revel @piiiab Udyet, Ifak example
onto a recei vgr 30 .subsélr te or SUR ort n?%'r?St rate.

Such aeqibinn i e dueion medsd acrer o RUMCIETER or oduci ng
hés er ost r uct ur ds a(phticulexamsidanct, a8eChe fappiegtion gtep and before the

el ecty.QPikan Stel?‘jtﬁérﬁ&h&?z;&&ﬁhl%% e iPRhEG! REhér@BinBSses a bonding
applica ni?%{grgtma! cul ar berrbodl nment, the nethod
[

ti.ons.
accorsﬁﬁpr?ﬁa’te(??’lt"ﬂ‘éa SERPOTSUPHRAS: act eri zed in that
t he support subBemsitedtacconting to thtmvendion s ghablesypestrugtyre to be

: ?ggdﬁyg?dﬁlggl EP RS ©F aRepfRakifl QayeP ¥idm AldohdrSubdithicaho a receiver

according to the .inventipn thereb
ath aﬁp@&@@ug}] ?Jpp% égtrsggtesgeﬂ:h 'gtrpﬁ&?qﬁffglsa v&n@éeously be used ‘for
f abr ipe@tveilg hotestpantiresc uﬂfa'_r exainphki nce°n_tS,eOﬁ h@{pbbn@rng]ectronlcs,
step H%Erogﬁgtrdﬁﬁ!s %qu}?&&%ﬁﬂé ApLikQiokhe i nvention is

y ecul ar

DTher tymes. of s aimlaE R he R e iy vention
bondiifighasdcepizef inttha teduppelt aubsoatditmghich thenapitaxisidayer énbonded
SHE" O PR PO o0, outectc bondi g, o
met hod accor di ﬁ’g‘et wetherh according to the invention fhereby advantageously
enables SeOl structures to be fabricated. |
In a particular embodiment, the bonding step of tt}e method
‘according to the invention is performed by molecular bonding.

30 . ' As an alternative, other types of bonding can be implemented .
during the bonding step of the method according to the invention, such as for
e;xample anodic or eutectic bonding, or adhesive bonding. -

During the detachment step of the method according to the
invention, mechanical separating forces can further be appiied at the same time as

- 35 ‘the thermal treatment.



i nvention, nechanical separating forces can further be
applied at the sane tine as 35 the thernmal treatnent.
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In a particular embodiment, during the fabrication step of the
.production method according to the invention:
_ - the donor substrate and intermediate layer are formed from silicon-germanium, the
30 germanium concentration in the intermediate layer being greater than the
germanjum concentration in the donor substrate; and
_ the epitaxial layer is formed by growth of a strained silicon (sSI) layer.on said
intermediate layer. |
According to one feature of the invention, during the fabncatlon
35 step ofthe productmn method according to the invention, at least one spacer layer 1s
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25 fabrication step of the production method according to the invention
according to. a. particular cmb_édiment in which the different layers are
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- a graph (a) representing the germantum concentration in each of the layers
of the structure; f '

30 - figure 4 represents facing one another:

- a schematic cross-sectional view (b) of a structure obtained during the
fabrication step of the production method according to the invention
according to a particular embodiment in which the substrate and

_ intermediate layer are formed from silicon-germanium, and the epitaxial
35 layer is formed by growth of strained silicon on the intermediate layer; and



of the structure; 30 - figure 4 represents facing one
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the substrate, intermediate layer and epitaxial layer) enables the intermediate layer

to be made to melt and the epitaxial layer to be detached from the substrate at the
level of the melted intermediate layer. To enable the intermediate layer to melt
30 without damaging the epitaxial layer, the thermal treatment is performed at a
temperature comprised between the melting temperature of the epitaxift! layer and
the melting temperature of the intermediate layer.
A method for producing an epitaxial layer according to the invention |
will now be described in a particular embodiment with reference to figures 1A to 1E
35 and2.
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i nvent ir@ndodoRtsabdilel at 6f k@yhire 20hag formedvdfom a SeOl structure.
Intermediate layer 2 is thus formed by the top layer of the SeOl structure, whereas
donor substrate 1 is thus formed by the layer of silicon covered with silicon dioxide..

30 This SeO! structure was for example obtained during a previous layer transfer
process implemenﬁng the SmartCui™ techriology. It is chosen such that melting
~ temperature Tfy) of intermediate layer 2 is lower than meltmg temperature Tfm of
epitaxial layer 3.
During a step S3 (figure 1C), a support substrate 5 is bonded by
35 molecuiar bonding to structure 10. In the example described here, support substrate
~ Sisasilicon substrate covered by an oxide layer 4 (silicon dioxide in this case).
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of the Sed structure, whereas donor substrate | is

thus fornmed by the layer of silicon covered with

silicon di oxi dg.anotB€ ehbogimBadf thé fvedtivhcaniasuldtar layer is formed

| e
. S?gggygs trlucr%% r(}e‘flltug H{sﬁlFt% ﬁé& g}é%ﬁi@ﬂ# c?}élgr%sh g%b;?ﬁ%‘[whty bonding

chosdf achievMedt Az an ﬁﬁq:rthtwg en{bgqi]!ﬁ'@ptatag rlESUWC(l‘ ?yeéfls formed %oth on -
int ersﬁﬁﬂinashsst}a&yﬁndi’mb@udmw than nelting tenperature
TF(3) of epit X al f
| ,a sup ort I%C}pﬁ%/gir %&BSIQEE’k Ex%é@cgﬁﬁ' %ggaﬁﬁ% {setr%}]%ﬁown as
bondisngh aral mllrmtba rdgsctibed inreredies ‘@i@é‘n‘iﬂ“‘e esion by
her e, m&tdRe 'bt)ncﬁﬁﬂoﬁ bhsR8 Bn bfngdig BvoSdukfacints klhbsé camtaet, i.e. without

B e it e

enbowtcn)s:ht alhctiviedorcephsitden e A SHFAIGE BEIBE STAIgETOYES t© result in
f o6 nﬁgohleéﬁ[hr $bhdird G%ﬁiﬁﬂé)lndﬂ_d%ﬁ By ittt af afradiay orcdsifVan der Waals
particul ar. ensures that. goo

achi dU%E) Rwivpe § eftéqrq{:a\n?evaecggrh%atgegg F)%gdﬁm@ ?rﬁ%lé zlaes oorf the two
| ayersuifscet ariredended).n on support substrate 5 and on

Et fgct ure 10. léthIh@pé&rdf%h(ﬁhgc@fb@ﬂmé@m@r&dbu e cmdink atep S3.
ondil n is we

descrichdy nyeﬁtlcﬁrrfghr?x@pplfélpgﬁhf ﬁ%ql%g e}&gct!c borrlr%lﬁ 3? adhesive bonding,
adlh e girondddythatiiiel sdbesharor boerticngnd in gragrebmameihp hepding used, can

two %Eﬁsﬁﬁ? 2 tlexﬂ/gé}atﬁrleQ§ Qh&%%&ﬁcdf ,thé ﬂﬁ:&tm\@ tElh@éﬁturet dfeintemmediate

~of a speC| iC

nmel ti ﬁ)ger t’«le ISEI?EA wéltleagrt ca%Zrl{e%e tﬂ gglgke\%?/ F al%yr{s et al. entitled
f or ceghhet mnfatlheri wiookur foac e@fdg@pn@n &t rtgqhgo]g gy_, blg HCqmapound

resul enh nﬁQctwmg#ir@r va@nelishg 2 ( BaRethig 2002 Uee durther dagils on
| ve

set O rac éVan der Waal s . forces)
|ﬂQoItb¢Sﬁ§1fE€If‘€’éP‘?‘lﬁlrﬂgéeq GEfSacti on between atons and
nol ecul es of t heliowity bandidzastes S8.0ddechinsnidelypitagiah &ayer 3 from

L yPesibr RRYEY ,ggaf&ﬁlea%?'a%@mgeﬂeﬂnm 4RAmRANAl Ngep S4. This

step ey a
eut edb¢@ab§ﬁé¥m§§t BrPesiaress #e? B mBﬂ% QM melting |
that thperdtd REBH.Y 6f iaterrrediste layers2 axahmelrtrng trarpsTadure il 96 cpitaxial

t gg ggynglf n?rh He CXFT@%%B%E%E Irlgrtg Stﬁgl Eﬁfﬁp@f‘% Wk@n hfdubdBr slightly

| ayerabpye miiting krepstefire S bhinierraedite laygh, pasfedp l"f‘Bg ghpyt melting

ar t i dreniymddiaté Myee DSvitbuBhowsat tdusing mel@hg pf epltaxral layer 3 or
manuf ctur&ers Io ﬁ 1.0 waf er - bondi ng. technol ogy"

Comp %or Magazi ne, vol. 8, % H h
Sept enber 2oozThrsorhemn1m@qtm@ét awagtagwusly fther stiengthens the

30 bonding interface of the two surfaces placed in close contact during adhesion step
S3 by molecular bonding (here epitaxial layer 3 and insulator layer 4). This
strengthening step by application of thermal treatment is in fact generally necessary
when adhesion by molecular bonding is performed and is compatible with the
production method according to the invention. As an alternative embodiment,

35 strengthening of the bonding interface can be implemented following step $3 and



20 these different bonding techniques. Foll ow ng

bondi ng step S3, detachnent of epitaxial layer 3 from
donor substrate 1 is perforned by applying thernal

twg e N a step S4. This thernal treat mgb b 051000967
per orrre at a tenperature T conprised between nelting
tenperature Tf(2) of internediate |ayer 2 and meltlng
tenperature Tf 3) of epitaxial 25 layer 3. In the

- exanpl e described here, tenperature T is taken around

. or slightly abeve nelting tenperature Tf(2) of -

i nt erbefoé atep Sdaipem usalingssteo pofirmgd abeUowerelempagturothan the

of o T B ot e AL L aver
Thi s t her nal tM@lé‘Pﬁé’ﬁtmﬁ’a%%fﬂ‘%ga@Sruglcﬁung?’ty }i&aeh oF thermai

St r enghtrensintshep S43ﬁaﬂdm’1¢ﬂagall Iayee B frabedadched fromwionor substrate 1
305 BFRR IRA etk &éferezqm@teﬁ stiguRarpdhesi on st ep

S3 by nol ecul ar. |taX|a
i nsul at or | ayef® %y exW% %S%g?’ﬁ’e Rt ‘P‘y?fig}‘a“afjla}’ef 3 is
- appl ifadlitaed bg)fapiﬂhﬁfld)mbf neelmhivalndepdratinignfofcas bt Gesanaltime as the

nec estﬁe%%l é’ﬁgﬁ ht C@& ?%Pyst% ke OEHJcﬁ‘ rrne@ﬁ’:ﬂl?ﬂaf‘ Ebphating forces are -

performs roducti o
met hawclerakls shrzrne f%cep H%P lied druthe PB‘HG °fA§te 11t Yt i ve
empodi ment , SSAQﬂrcaitgthEshdagng)ffomﬂeatbﬂndsang fimt easf the ethermal

can

2008/@%%{5%491% %%%%SO%E /bg\(%ﬁg%?éhgﬁ’ bg?f%ér%géjg{:/g tools oTr means
anne#&Pmatsiag epriostiopiasmate Hom wialseHEb At HicoR cihigl (SiC) or
the al[ﬁxllihihﬁlgmtrﬁlﬁﬂmmﬁ tuvered fwitthsuitibile eoaringd eablihgy eood gripping

Mel t Wﬁgﬁ’ e{;ngg Wl hemhéasyoq*s I%La%e%@vw@&m&ahb Qbhtes are

of t enabl es % %

| 4y erthe @mnrug@d dwtﬂacln@@ﬁfeﬂ@mhabﬁawsg L3St Fugthe 1t ergby,; creating a
the |d@té@ﬁméhf; strddt 8ff tHE tHvall ¢ rhate int&miedia 18tee P 1G8ingftb getachment
1D) n.th l.e descri ere t. of 1
epi 1 of tanﬁwg)}gyfergp from %r%:orlsg?sgrtag d[ Sucggi%?ﬁlrgéﬁéo%rg f?r example
rrechamamal SRYYSmEntH r@orrgopre@éwapemwéwglaﬁéo t’P'ﬁ’é“f‘é’é"‘t? Hayer 2 or

ther mhsmtroaatmhaeh@ ap%fe@&fmﬁn ifigure$ 60 af#iéB.Such
‘ PE& hani cal f atl?cﬁ:gst ﬁic Cletsés a&nefupggretre 01151'9\?1[1&1 aﬁﬁ‘?’&éztfﬁ% means

ces appli ed ermedi ate
10 Applhe@tastnwtumﬂlshearhlmr ftespRasiurg t tht“héhes%m& fapgrgture of

}ohe {; Ht@ﬁrﬂ'ﬁ ate I‘hfl&a’ﬁt t@eﬂ%}foiﬁ d&ﬁ&ﬁﬁﬁhﬂ&ﬂeﬁt&ﬂa]bleydrmpmrmnﬂteﬂlanve
by neans ing t oo

Y g B 8 5 e L B an v e
sili cmrancraclbswie h¢gedCjo @rhlglw temnsratire rthany the é“f(lmg\lsempefamfe of
coyer, ﬁtgrny@dfatb 1gyrbabl e coatings enabling a good

gripping force.to be exerted.

structure 11. Ge}ﬁlfgr PRE gf( 5’8‘{}}58&? §ep%ratbrrgat050es can bi 5ap{)lhed at the
ani matee tiniet 45 the viemealt seathernt. Sppodecument Hﬁo?cQQé/|0165653 presents
ther %%P&% &lahd leh@reb)fi ﬂe@ﬁﬁﬁ@f‘ﬁepﬁltaﬁﬁﬁ foréds dah el &Eﬁéd B a plane

nmel t ermedi at e n’i | eadi ng" t o det achment
perpendicular to mtermedla e ayer
.30 ' In another embodiment of the invention, steps S4 and S5.can be

performed under high pressure. The use of high pressure can enable phase.change

(i.e. melting) of the intermediate layer by applying thermal treatment at a lower

temperature than the melting temperaturc of the intermediate layer. For example,
these steps can be performed in an autoclave. - —

35 ' Step S5 of detachment of epitaxial layer 3 from donor substrate | is

" then followed by a cieanihg step S6 of detached epitaxial layer 3 (figure 1E). This



of epitaxial layer 3 fromdonor substrate 1. Such
nmovenents are for exanple rotational novenents al ong
an axis per pendi cular to internediate |ayer 2 or

tw@n(@g:gzi%n novenents as represented in f| grﬁ%mgﬁmo%-/

The el ectrostatic plates can furth
provided with heating neans tq heat structure 11 to a
hi gher tenperature than the melt i ng tenperature of
internedi-ate layer 2 to perform detachnent of
epitaxial layer 3. As an alternative, structure 11 on

each s&lp Q6nsi¥nsn @@ﬁoﬁﬂg&eﬁhﬁﬂérfmﬁ:ﬁéﬂnfédﬁ{eahﬁs r@faanng at the surface -

' arran N80, £ e

it ond Spafipd PP RS rin Rusbiic B8R IRR ahBpPnigie on
i nt errsbitcafGaNQY efrocpure @ Wéhefﬂmié’éal@ﬂ mechani cal :
separ ating f Orﬁﬁtﬁe&@?e Reriapediicshead stéph$s, if addtidr Hest@bture 12

t her nal oc u 4
, 5 %mﬁ?%% ecge R'%ﬁﬁahgyﬁ'@a ne&érgpq 1% "2 gnc{bgaé d. After its
separsaftfaCﬂ das bcﬁne@emath d@goresuéstta&jl ican &e ;E‘Fléﬁb for example in a new .
per pengicmhtaiontd? e ProdubBsh Méthod AX&Uing to thdbhveRticnot her .
crmodent o Al Ner S0l sl RS 7 ata M b 5 5
pr es sptigak dmanetigb trebliaens of the fryentiqn, a supppe |slibsﬁgt}: 54§ in fact not ,
t e 'bBﬁcfeH'iE?Q;bﬁkﬁl lag&er TRY ﬁaﬁﬂtﬂsh ﬁ&tﬂoh%m&ng (SR IRBition then
o Bk vl 18 Hlsh 0B A TIPS St Gochmen
can béepeariabiayerd only, amplementiop prerioud s decabedstepe 4, S5 and S6.
det achgt;n% ololf oﬂ? Rirb@siead é)l zagﬁéate'ﬁ bdcorm Gfbg?ezlk’r@?giri]@ ﬂes.'bnbcd
BN EIL R e S p—
PGT/ pRRQ0OAY AeREBA stds $1 epd 82)isney éesplmbadenﬁvﬁﬁgence to figure 3.
remai nder 6 ofgyl Qﬁ%qublf}gs%nﬂeaﬁpﬁg&@ﬁf? %ﬂlﬁné@s atsﬁlﬁstrate 31, an
ita

surface of det a

descrePitsip! fpare33 gp eReigte ﬁqyareg?oheth?pswbg{'ager 3\ m'?epltaxlal
( GaNQlyer SBr Uc thartlter lczmpssetshaa rsphxer dbyeai Fié chetwreent $ubstratg &1 and

durln&e&%l&ggfg 2step S5, in additi_on to structure 12
5 conpri si.n ached epit axi

| ayer 3, _donar -
Ubstrate 1 i dnahis gmpghmeHete %}aff%?vt Tayes of sliptiys 1 gip formed
been ﬁ@hem@a of demial derhaity Aeesiliconaenbaiune aled her but in which
exanpl ecolngen% G5 of tlﬂ%J%1 SR LQRedd at{e fe%rﬁ d’PEJsé @6hcentratlons
met hod accor %mg e 1 nvention, ‘gne% ) ;Iz |
st r uategheserudihy the WElHps lmpepYe Fﬁtz 5“‘? b”ﬁf%‘?ﬁé 18 tower
I'n alﬂ%hlﬁ{%aﬂﬁgxémﬁ?ﬁﬁu@ff@g)meplmehlayegms a supportI

strate 5 i nfa to epitaxial

I%{/Jer 3. The Slfhcl)lduc %%eﬁggnéeﬁlﬁ%%uagkgfdl ng to the
i nventiishate éns ¢ 8iid layrdaving 8 gemyanival eqicerdtatipn sregiing from 0
f or mgg pep, of epitaxial | ayer 3, with detachnent of

gg Isgralx%grlal i?f;‘gyeg&g q%é ’Sb(.l;u]enﬁ e'IBOBg ggge%ﬁ\{dn? U@rlc}éntraﬁon equal to
60%;
30 - ep1tax1a1 layer 32 is a SiGe layer having a germanium concentratlon equal to 20%
The thickness of intermediate layer 32 is about 150 A.
_ According to H. Stohr and W. Klemm's calculations (£, Arorg.
Allgem. Chem. 241, 1954, 305), the melting temperature of silicon germanium is
' given in degrees Celsius (°C) by:
35 TH(x) = 1412-80x-395x" ‘ (Eq.l)

where x designates the germanium concentration in the silicon germanium.



A structure 310 fabricated according to the previously
described fabrication step of the production nethod
according to the invention (step grouping 15

%S#JOQH‘?(;% descri bed steps SI and S2) is now MOQGE? 67

rence to figure 3. Structure 310 represente
in figure 3 (b) conprises a sul? trate 31, an
epi taxial layer 33 and an |nterrred| ate layer 32
bet ween substrate 31 and epitaxial layer 33. It
further. conprises a spacer |ayer 31' between substrate
31 and inter At adeitidgay@ipethiture 24F klhcdm@nminmﬂnmemtgefore a

the g grgfg;nggﬁ,.lt RAHr g érﬁﬁaﬁl%tc&&h@eﬂ%&n&h‘fcaﬁ UhdfBifre Hel Hlhrved

al | oy nents (1.e.. silicon germni um
al | oyhat rbérleyreemg the aRFMaMRNm tcﬁ@e?:tﬁﬂﬁ'@é b StcP B R ayer, the
constnhdlfitfpl WenpRf-@urendfSthar Byet fsf eesed. Cbhegeently, in structure 310

L C ogl ¢ %%Ea{s%ﬁtie@ %u% $ h W Tty %ngﬁ;?atﬁxja eOﬁh&Wlﬂtﬁ layer 32

are éDg i'nterne ayer 1S
't han THRITE22 Gy it dnvyserthan the IFP’(t’SS)te'BP“étBTet gkicgitay mﬁy‘éwr 33
- 33, PRINEFIL0NG). represent ed in figure 3 (a): -

substrate 31 is a.¢ s%cﬂ!lr@ r0 r%vkt{ég @8%&@%a%em a silicon- |

concentration i ncreasi ng .
i Nt egAwEinEEE spavgle faysp 3 swah 31 EEMRRYEr CQ*F&WWE% equal to 20% is
gEF MeiicHdn W%ﬁ&tsh@'ﬂraﬁm ahd trfermbdide 136r 32. Apistspadenlayer 31"

|
o B i S R AR et e 2
i nt ernd & be erersqy@k d@ing; melting st be ge 1o renge Brigy ppmnle far a new

St Ohﬁmgl@ﬁeﬁ%u&ﬁl ) tﬁetﬁcﬂ:‘ &Uérain e (KentMOrg. Al l gem
Chem 241, 1954, 305

ST T con ger il MY agtoRRE T, s d A TRRL P i %ff 310 can be
38 Tff:(bn):abed tm&nﬁ@(a@%MG@m layer 32vindr @ g@@é@} having

the £908 Q0hdcatrhtRRs iffdnt ARsS ichhstdrredgRY MRt Th
VO 2008/ 132%&?1 5CTI | B2008/ 000967 iocgg e MEI{] ;sgtf?;:n thz

t enpEPERANE SPOEPIHSN T S HERTIIR fayey or e
decr gasiangini coreentotionfin ehitaxip dayans i mwﬁw thgtcppyieaint on the

can. tnlﬂe?tfr%f RhBerRRrRI eh4E tvo Hj}@:% a@dbrdxﬂ@ Ecﬁﬂféllﬂ@nhbﬁ However, in
ger man| u centration I
LG off ook d" dam3es spiiel g?)'g ?"?“Ic}&r 8 “"g%‘ Is* applied at
Conseemeretr\hxy T,i in is fpreficrshle émsm@hlﬁg rneppasarass ddod) rend  Tfan of the
hlg H%g%ge??dt gff;ﬁ@:ﬂ @Jﬁéfs%es‘fygctivglty%m&b@ sinAME Thd ermanium
( TF (3 ti nper at ur
of eﬁpchgtiraépnpéygf:mggﬁ e -lﬁ’ﬁ'(l'gé)ls_%% e?eﬁalﬁ Eosen 9Uch that the
St r ueblisspordiihl liguidiseempedaerd &t Ibweletl'parthn'reqleius temperature of the
Sﬁé I %glléhbounng Jayers, and in particular of epitaxial layer 33. This enables
intermediate layer 32 to be completely melted without damaging the adjacent layers
which w1Il therefore not have started melting.
A difference of germanium concentration of about 40% enables this
condition to be fulfilled. Thus for example in figure 3 (a), the germanium
30 concentration in intermediate layer 32 is 60% whereas the germanium concentration
. in epitaxial layer 33 is 20% thereby guaranteeing a difference of 158°C between the
two melting temperatures for melting temperatures of more than 1000°C.
As an alternative, other alloys can be considered for fabrication of

Qag

structure 310. The concentrations of elements in the alloys forming the different
35 layers of structure 310 have to be chosen such that melting temperature Tfao) of
intermediate layer 32 is lower than melting temperature Tf;33) of epitaxial layer 33.



ger mani um spacer layer 31' with a germani um

concentration equal to 20%is 10 inserted between

donor substrate 31, and internedi ate |ayer 32. This

gpgg@kﬂggyer 31" noreover enabl es-donor substya gﬁmﬁﬁomm7
be aned away frominternediate |ayer 32 %

preserved during melting to be able to reuse |t for

exanple for a new inplenentation of the nethod

according to the invention. In this way, according to

the equation (Eq. I), astructure 310 can be .15 .
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at tenperatdé em&&@ aﬁgégged?ble for nelting
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shii | @m0 Idvepeger mani um  concentration of intermediate

l.ayer 32 is .therefor prefer t, t

cor r s pORTEAY p q {16 d@s 1% enﬁé‘%?&' u egnllg%ﬁﬁom%rept‘ﬁh@ ﬁnamum
solldms&memwnmauuﬁ®6%% t he 25 nei ghbouring | ayers, and

i n.par tsﬂ&i@&' ﬁ@ex@fﬂe Rin§ agot &ke kY& g313maanM dayenabiithsa germanium
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concentration @he @RRAss &ﬁ%(@eeﬂa@iteﬁyérlmss abENIHOtA.on t 0

be ful fi1led [hue.{or exanple hh by aigr %e?)fomleﬁ%% epitaxial

gernanlun1 30.
IS 6 O@bmﬁh&rremgmhhhatg Qymaﬁ'l‘ winsitioprt BeTMARILe ,Ifs e tmg temperature is

epi t ay 'ﬂ?ﬁ%ﬁeﬁ%@ SAL Sén LB E e Mt@%ﬁp&rﬁt@reaof intermediate
dlfference 0 fwo ,neltin

C b
t fpdpyar uteds feaya 8| ?(W{ﬁ%‘g cnd 15 étgreg?rennr er tt}han the melting
1000@ﬂnﬁ&mﬁﬂfﬁhhefthxmbmwmﬂher al l oys can be -

consi dered for Bg?iwaf@@[t tho rogflctloﬁtrﬁéiﬁdd«'z{c@orafh@ to TiiReinvention, this
concentrations S |

di f f ettpipire 48 fpra%pgle&l ?srebg{ameg @’f@n ﬁré{}jgu Ptgr g'.gOE)rEﬁ'ucture to
ChOSQ&c&&ﬁhﬂthat mel ting tenperature Tf(32) of

t %‘Er medi ate | g,) e%%mgpldegééﬁﬁd LR relBdnké 'ﬂ;gﬁgure 5, structure 510

. erature Tf taxial layer 33.
- 2008/ XBWHES: PCT/ | B2008/ 000967 |1 Figure 4 (b)
r epr esedili@ndofdiabiaics 1 eoasat Inectilionalioxidecduyeni a

SUUCTUL Q. et M @RRLARL 103 5 GRE faté TERS-037°C.

i nvent (ﬁ% Efﬂnur}lIlm%l:h?é ?{ ). structur é;?’@ {;Ill cat ed

in t h@erﬁabmnblatﬁrr@@dlaéf hapjer fis e &opJAYRI QLR

aqgor-d'anﬁlhdnﬁ) Adegide repﬂﬁbhaiomyaomrfom by qbefmdpmorphlc epitaxy on

Subst {ntaetmeledlélté la%gr §2na}n§ 'ilavmé th%ltilng¥c§ﬁpeﬁ3ure P 53=1240°C. -
Structure 510 fabricated in this way is then bonded onto a silicon support substrate
55 covered with a layer 54 of silicon dioxide SiO,. After detachment, a galhum
arsenide on insulator (AsGaOl) structure is obtained. _

35 As an alternative, it is now assumed that, in the above-mentioned

 structure 510, gallium arsenide epitaxial layer 53 is a layer with a thickness of a few



5 epitaxial |ayer 43 and two spacer |ayers 41' and 42

respectively between donor substrate 41 and

i nternedi ate | ayer 42 and between internediate | ayer
R38R taxial layer 43: As represented i figiibEootos

(a ? d%nor substrate 41 is fornmed by silicon germnium

with a concentrati on I ncreasin 10 from Ot 020%

internediate layer '42 is a silicon germanium | ayer

with a germanium concentration equal to 60% - spacer

| ayers 41' and 42' are silicon germaniumlayers with a

ger mmhdéred nﬁ&ﬁﬁ‘@@tg( avo aficreti) dbinied WR0itadihas étapadiete layer 52.
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t he é&ﬁhﬁﬁg &Og@f?f{l%l JiEFmentS, ng edneg(gnb;%g h?*enﬁq k.néém t8 persons
st r uckilied ilGh@art, sowably iassesiated »v@hg,mqt@ﬁoa@ﬁ@%r@mtepgg%al layer
S1 CouRY %dsdﬁ&or@ sﬁwtﬂaﬁco(foxd |e%;ﬂ€ widy Qllie. SmaBCOeY naethodh It can

e SR, MBS IR BOLRIPSIALY ey st o

t 0P |qayeonmodellday@s@r ofquantaruwises, GOransigr finF“tSirﬁfﬁlt‘légem de
epitaxial layer 53 forned by pseudonorphic epitaxy on
internedi ate | ayer 52 and having a nelting tenperature
Tft53j =1240C. Structure 510 fabricated in this way is
then bonded onto a silicon support substrate 55
covered with a layer 54 of silicon dioxide Si02. After
detachnment, a gallium arsenide on insulator (AsGQ)
structure is obtained. 35 As an alternative, it is now
assuned that, in the above-nentioned structure 510,
gallium arsenide epitaxial layer 53 is a layer with a
t hi ckness of a few WD 2008/ 132569 PCT/ |1 B2008/ 000967
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.hundred mcrons (e.g. 400 mcrons) forned by, epitaxy

on internediate |ayer 52. This layer is sufficiently
thick for a self-supported substrate to be produced.

RRb 20dshsRe0 det achment of epitaxial layer 53 iggrup200s/000967
perfzorrre directly (wthout a prelimnary step %

bondi ng on a support substrate) by nelting of

internedi ate | ayer 52. The 5 nethod according to the

i nvention thus advant ageously enabl es a sel f-supported
AsGa substrate to be produced. As described above, the
producti on nmeChadMSaccordi ng to the invention enabl es

a self-supported epitaxial |ayer to be produced on a
support s bstr the | atter enpodi nent he .
product i on met Eft?hz?eg@rpﬁ?q’f@mﬁ&“ e?‘ﬁé‘aﬂﬁ%"éﬁ? r’%ﬁg;s-”) compnsing.
const i-t utfgsicatiomstdpad a Swuctire ArdsT10r41 0;At0)anmepsib@xi al

| gyer onto a EJH‘H%%‘: Sl? lﬁhslh{eﬁ'hﬁhatg h%}'%r (i 5@42 ;52) on a donor
production netho accor enti’on can be
associ ated it Hell 1%8fent ary treat ments, not
descri bed herfanbattonl{m)vuf thccepteigdmer (3533;43; 5 oh ithet inlermediate
art,- usuall y égﬂ"?hf‘g%)v”gte? thod for transferring

an epltaX| rt substrate (for '
exanpltt® @ ’r‘i‘gt tﬁ@Pgﬁ%}fﬁt e (FFE)t ?foase injepmedigie layer (2;32;42;52)
tber efoihg, lower thi sher RBiNAg ttempamsttde e TEE:aTHb)P fof afie egitakinl tayer
pat t er§13$ ) Sandt Fansfer of 15 quantum wel | | ayers or

At Uum’'wi f'es or ‘transfer of printed ci rcw ts.

200811325’6961pment IstspoS8) eb@%qpltawsl laggr AP pB:43;53 ) it Htsddonor
for pragtate (0;38418p) bRapplyingABeY at(Bas8 dnd Jendyl treatment to the

conpri '3'5‘%%8 bidin d”‘f’lbl ST, h?(g 5%)? Busoél?rﬁla%%%%{axi{%ﬁ?gigrfomed at

310; 41
lht er ﬁé@pmrguqemnsqdzbgge@zthg zr)eltgyg IMPTAMES (Tfz2); Tfaz)) of the
subst ﬁxﬁ&rmeaxateaiyeé 12 52,42 5BNd thd MEIEAE toRtpefabied (Tff;){THg:) of the

epi taxi. ?Lﬁi (%5342 3 53) on the internediate

| ayer e}fl Y epitaxy; the nelting tenperature
(TF(32); Tf(42)) of - the internediate |ayer (2;32;42;52)

10( Zgl ng iovverrhk t Redduttid ABthéd Moﬁg‘@ggbmrﬂﬂgcﬁaﬂc(&%d in that,
axi a

B oo hhahet BcHa i and Deffc i adenitin? Hep A4, 1. Fathor

53) f pemprishea donding stepi§83)reft the (amtasml Ipyers(By334A5; W (§¢ i support

($4) albsicpapt: , %_ne thermal” treatnent to the structure

obtai ned (10; 310; 410; 510), this thermal treatnment

being performed at 15 a tenperature conprised between
the neltihg thpereucion path¢B&romingdg clainf2, chegacterized in that

2t er gRALApG | amrate( ésg 2whith @OLplih8alBldrl B3%3) is bonded

tenperature Tf he “epitaxial [ayer
(3; 3309{’@"@35& ‘?éﬂ?@ &li‘%%‘ 4fet hod according to

claiml, characteri zed in that,
4. The production method éccording to claim 2 or 3, characterized
in that the bonding step (S3) is performed by molecular bonding,
30
| s. The production method according to any one of claims I to 4,
characterized in that, in the detachment step (S4), mechanical separating forces
are applied at the same time as the thermal treatment.



20 after the fabrication step and before the

detachnment step (S5), it further conprises a bonding

step (S3) of the epitaxial layer (3;33;43;53) to a
ubstrate (5;55). 3. The production

2@@2@ sr%aéto claim 2, characterized in that ngh%gs{ooogm

support substrate (5;55) to whjch the epitaxial layer

(3;53) is bonded conprises an oxide |ayer (4;54) at

its surface. 4. ‘The production nethod according to

claim2 or 3, characterized in that. the bonding step

(S3) is perfornEk frgduntibe edtlad doondingdo aBP obe ofl tleims 2 to 5,

pr odugf Q{75 EO%a%E ‘Bﬁﬁ’dlﬁ‘ggst%& {%2343 AitwRd b?'a%%al trkRment

4, characterized in det achnent step

(s4y, sipetsmpgthaningdhepondingdnterdicees  are applied at the
sane tine as the t her mal treatnent. W) 2008/ 132569

P5CT/ | BZOO‘?/ OOOQﬁ?e ?on mﬁwer gg&&hg%‘ aﬁﬁ%ﬁ‘@gf claims 1 to 6,

according to any aracteri zed

in t haharw?@z%lﬁahaﬁg f%lf@pcqrsmseﬁ aremgrel sieR A5\t heiprapindr (6)
t r eat pRiterm&liRPlapd: (Bt re@migingen itiegletackedpitakiaidayer (3).
interface. 5 7. The production nethod according to any
rone of claims | to 6, characterized in.-that it

further chnprT8egroduptioropsthod pesording fo py LRE of é‘ql?amﬁde'io 7,
106) ﬂfardcfﬁ‘n@d?d@dha’i,t during Yiey fab2datiore sep (82)0the intériediate layer (2)

det acgI ng &gﬁ; goﬁ% ont§r?§)1bst1§ie (ywe pr oductl on net hod

accor ne o
characterized in that, during the fabrlcatlon step

(S2), the.int erhmpd:jdaétﬁml AYE6d @2dordihg td anyrede by oemhg axy 7,

on th do ar _s.u r
accor é;[é%edslﬁ at(I)?ne o ]}]:el)%br?can%hﬁoy %l%%&h‘ér ac?ﬁ&l zezd) and
n théf!nor ehbetrate (St hase fasmed SamiacieQd sEstiiehe | nt er medi at e

| ayer (52) and = 15 donor substrate (51) are f or med

fromaS struct roduction

accor di ngl %‘if pf)‘ﬁg&l?fl l@thc’(F % CF anxRar é)ctcgaﬁms’zedm 7
int h@haractmmdng thataiutiap thedabricationssten therintermediase beri (42)and
| ayer ¢fidZhl RS (4DPirk forhl f}oayﬁncdrﬂg"amaﬁ@nf Bk MRemicdaNm layer

| diate |
ot o S L I TaLEhdly (0 e ot
t han ¢pitatialofayert(43) sphataké alcltingytempgratgie @dap)efithe frgermediate
mel ti !;gert(ﬁfﬁpﬁ Nak & Barl He(rﬂahﬂg &fmﬂcﬁﬁlré PEe5, e d kit &itaxial layer

1 ayer (42) | ower than the nel'ting tenperature
(Tf(4( 3 of the epitaxial layer (43). 25 11. The
production nmethod according to any one of clains | to

25; 11.  The production method according to any one of claims 1 to 7,
_characterized in that, during the fabrication step:
- the donor substrate (31} and intermediate layer (32) are formed from silicon-
. germanium, the germanium concentration in the intermediate layer being greater
, than the germanium concentration in the donor substrate; and that
30 . - the epitaxial layer (33) is formed by growth of a strained silicon (sSI) layer on
said intermediate layer (32). '

12. . The production method according to one of claims 10 or 11,
characterized in that, during the fabrication step, at least one spacer layer
35 3 I‘;41';42') is formed between the donor substrate (31';41") and the intermediate



characterized in that, during the fabrication step: -

the donor substrate (3 1) and internediate |ayer (32)

are fornmed fromsilicon- germanium the germani um
CRBGRRIEREI ON in the internediate | ayer bei ng@@ddo8hooss7
than the gernmani um concentration in the donor

substrate; and that 30 - the gpitaxial |ayer (33) is'-
formed by growth of a strained silicon (sSlI) |ayer on
said internedi ate layer (32). 12. The production

met hod according to one of clains 10 or 11,

char adegr (428danidfer bhiatesn thg nmtﬁrglqih@ et (32542)i 204 thet @p}mdtlﬂyer
| east @sasyspacer layer 35 (31';41";42") is forned

bet ween the donor substrate (31 41' ) and the

i nt er medi at e WO 20081132569 PCT/ | B20081000967 15

| ayer (42'1p. an@heprodettise anethddeadentdingntodpant end af eleig3d;to 7,

o beloc PancraR i i Qe ety A oo e
7 5 et enraral (11t ated Bt Revreb R Apiset Gioxice

step: layees donor substrate (51) is fornmed fromsilicon

covereq wnteblm litk ayeagzm %h&?froﬁi@éﬂamum ahe

‘|nterms | ate or me rom ger mani un -and

- 't he ~&hf eatR¥ig) aYeé;('é’S % '3‘}“1 fg’lrf@??lh‘g?i rISFIg "gal | i um
apsenide. 10 14. The production nethod according to

any one ofj,cl ai ng,e pr&ﬁlct?on m€EtR&d Q&Bﬁﬁﬁgzﬁﬂaﬂ)ﬂoﬂeh(ﬁ‘tolmms 1to 7,

during the Tabrl cat1on st donor substrate (1)

i s forhagcterzshin tah dugng the Pab%‘é‘“??lft@ ‘medi ate |ayer (2)
i s fornkdddnbpsabitrde (Inisfotnrddden( dappl)ire; and 15 - the

((egaf\bax | R inlcRYEfiatt %eﬂ ) £ 95:0R8 b MR Al didiETIANS; lahale
- the epitaxial layer (3) is formed from gallivm nitride (GaN).



