VO 2004/ 064132 PCT/ FR2003/ 003590 1 Met hod of producing a conpl ex structure
by assenbling stressed structures Technical field 5 The invention rel ates
to a method of producing a conplex structure by assenbling two basic

m croel ectronic structures. The structures nay be m croel ectronic,

m cr ot echnopRgbha@doeafnot echnol ogi cal or nanoelectronic.I{ﬂgFﬁgﬁﬁﬁﬁBgﬂﬁse
conplex structures, and in 10 particul ar those obtained by assenbli ng
structures of different materials, is ircreasingly widespread in

m croel ectronics, for highly diverse reasons. For exanple, these conplex
structures, al ngwn .as h%tenostructur S, reduce costs by a %yding t he
use of costly Y £5r PEBCHCARG & SPMECHA Sarhicdddt Ssubs 2149 t he case
of an SO (silicon on insul at ogkreghsdr ateudtareaxanpl e,

t hey al so
facilitate isolating conponents from each other, thereby increasing the
integration density, limting conponent consunption, increasing speed, etc.
20 Description of tRechniocalaftield be advant ageous, these conpl ex structures
must ?e conpat i bl epy subj £eh, f%HUPQEaEBQ'HkFaé'%%ﬁg&&?£%tﬂﬁodﬁEgﬁgaQ9
technol ogy steps of mcroelectroni ¢S, for exanple ondi hg, “heat fréatnent,
| i t hogr aphyconppirg,s tinysl tamteat byn a25exird 1aygi ttaxd abagn owrhi.c e, e arpsin iof
these stepsspeaeesrtal e Jrﬁége &E‘?ﬁ‘géxﬁréé‘. tepper atyr e. HH@%A@&&%PC,
substrate, which changes honpgeneous W th tenperature, heterostructures
are sensitMerpechandesicaly ehpaprieghacleggesilaldryy nanae 3o arieri al s

constituting them haye difterent coafddciensiek thermlexpansion. ithe
change of tenperature can generate_  high_internal stresses within the

het er 68t r ucPBFELIBEL alise thPRE mRPEAILRIS ¢ dng &S HRrart | B Sidd- Yietperad ur e.

If the stressgsrang togabkghalthey ¢an dan®gesoingYen desdsHyréd® 35n

conpl ex structure. The conventj onal, solution to avoidin
P mlcroelectrongcs, gor‘%ug'ly élverse reasons. For example,

these complex structures, also known as heterostructures,

reduce costs by avoiding the use of costly solid (for
15 example silicon carbide) substrates. In the case of an SOI
(silicon on insulator) substrate, for example, they also
facilitate isolating components from each other, thereby
increasing the integration density, limiting component
consumption, increasing speed, etc.
20 Description of the prior art

To be advantageous, these complex structures must
be compatible, subject to minor modifications, with the
standard technology steps of microelectronics, for example
bonding, heat treatment, lithography, doping, implantation

25 and epitaxial growth. Now, most of these steps necessitate
large changes in temperature.

Unlike a solid substrate, which changes
homogeneously  with temperature, heterostructures are
gsengitive to changes in temperature, especially if the

30 materials constltuting them have different coefficients of
thermal expansion. The change of temperature can generate
high internal stresses within the heterostructure because
the materials change differently with temperature. If the
stresses are too high, they can damage or even destroy the

35 complex structure. The conventional sgolution to avoiding



WO 2004/ 064132 PCT/ FR2003/ 003590 2 such problens is to limt tenperature
changes to noderate |evels conpatible with the existing structure. There
therefore remai ns the probl em of producing a conplex structure reliably and
reproduci bly by assenbling 5 two different nmaterials so that the structure

is able, W wWioaboadedks2 to withstand technol ogy steps at hWEPNER20038B& At Ur €S
or of longer duration than those to which the art is currently limted.

Anot her nmajor problemin mcroelectronics is that 10 of being able to
produce good quality epitaxially grown naterial of a given kind on another

material . | i t ohl.em lies in the possible difference between
the latti cgu%gr r]rfet% zg%’énsofffhggt a&%r%t etre;§n esr,aril?léeg %ﬁ%ﬁgg? ttﬁe?ﬂos%%sattreate
and that tolbeedromnmepitiblicakliyh Fbe exdsplieg istrlEtSirs-8Geo-2 is to be
grown epitaxially op,sili ¢l lehe el aldi 68 o dt}ﬂé e%?&ﬁfeﬁeb‘f’%%g%e%ﬁ%?t%
materials is so large that it 1s not possible to grow an Sio. 0.2 layer
of nore thafCEPLlEEW SmEret cangst okl viniens! t1gkedssilpbf oby tafsqnEylamy

rel axeg andi{;or ng; AEEREOUS @Sl OGaLd 088 thalr arg very guhar Myl 41p crystal
quality. It is_ known in the art that curving a structure nodifies its

lattice par4iBPeEt HoheYer, tPt Withotand miedflarel 9ouppirart Hw BB oi t

this fact teecppeddedreapiraxall W Naofati @ gHahi EMoBec&usehiwH ol
nodi fyi ng 25 the epitaxi ahygﬁowt_h ant, how can it be possible to produce
a

pl
an epitaxi affy §rfofHTEEBS MR -a matched lattice paraneter froma
gi ven unsui t abl e subfbthte, raidr hemolsasmt AnS - Bedl @yvethbatesr atelyhand

reprodyci bl y?2 Summary the invention 30 The invention.addresses the two
pr obl stéFe}ejﬁg GFE%SOV 2 PEe Sﬁos%%o% %Fﬁ&%yofewgaﬁé??@ya Eonpt ex
structure bwabeirngilngfi at givent adihdanct assdhisr ngtardsgectln e lcienrectd ng
faces of t“thm%fbﬁﬁéﬁcﬁﬁEgsiﬂh%he pogsible difference between the
lattice parameters of the two materialsg, i.e. that of the
substrate and that to be grown epitaxially. For example, if
15 Sip.eGeg.z is to be grown epitaxially on silicon, the lattice
difference between these two materials is so large that it
ig not possible to grow an 8Sig sGeg.; layer of more than a
few hundred angstrom units thickness before the laver
relaxes and forms numerous diglocations that are very
20 harmful to crystal quality.

It is known in the art that curving a sgtructure
modifies its lattice parameter. However, it 1s not
immediately apparent how to exploit this fact to produce
epitaxial growth of high quality because, without modifying

25 the epitaxial growth plant, how can it be possible to
produce an epitaxially grown substrate with a matched
lattice parameter from a given unsuitable substrate, and
how can this be achieved accurately and reproducibly?

Surmary of the invention

30 The invention addresses the two problems stated
hereinabove.

It proposes a method of producing a complex
structure by bringing into contact and assembling
regpective connecting faces of two basic structures. The

35 method is characterized in that, before bringing them into



35 nmethod is characterized in that, before bringing theminto WD 2004/ 064132
PCT/ FR2003/ 003590 3 contact, a tangential stress state difference is
created between the two faces to be assenbled, this difference being
selected to obtain within the assenbled structure a predeterm ned stress
state under wigb g@a/0sandd tions relative 5 to the assenbl y prorrER2003®3590hus
the invention teaches the deliberate gegeration of stresses in an assenbl ed
conpl ex structure, for exanple to enablé it thereafter to conpensate
stresses generated during subsequent technol ogy steps, and in 10 particul ar
steps necesshfaLLpg tae"}?%s&ﬂ&ﬁaﬁhaé’cgﬁe%stQtéteSLﬁisﬁ%ieéHJé’ aut hord zes,
reliable and reproduci bl'e “technol ogy steps involving greater tenperature

di f f er encesbebyesn |Yigertvgur 4eF6a than bsef opeembilefds tehbe motfdendnme
prestressinget Ry k3 2QIRT Ot rystyie hetween SUccessiMel shers HubyRieald y at
room tenperature) in fact has no significant drawback. Mreover, the

i nventi on pPBAUEESTRANGG SFEFSTFs Steie axMAET gFbWER SOPFETE NS e Forif of a
stressed coapl exe shkigbuecsuiiabbasfor a given material to be grown 20
epitaxially. Because of the internal stresses generated. within this
structure during assehbly, “hRd nﬁpgenﬁéPPich&%FFe§urf§@? stﬁ%%%é&ﬁrqqﬁa
surface | at yererapavanetfers cods Hes cont 0l | ek ancle@t ebypMekh stadaeviee, ot her
t han the ot er ortign f the gfnplex truc%gre. Thus 25 ep%;axial rowt h of
good qual i t {°Ean BEPSHt &ih&d Ui hgt t hFEST ST 685 el c SPPEX"SF UG i s
to be notedgthatrated aduentigr elsultidderent teomhekdgyt hetpaper lbyndD. FEei | oo,

. On K.mg%ggg' ¥V g& Y’ngf . g_ qlu. g? " siqgfo
0 1 :
bondeg 30 ers};tLl pr ocee%?%gs egf%"st lejca%gt 9 r]{:%qknﬁa ?‘Igﬁgle séllrgr%%é?%m on 1§
sem conduct srb@afieenbondi ngiustbehees t ecedliedlcand aagpl | cErimdic Nole
92-7, The E|gchQ¢REN CRlap0Ci &F¥1k&¥P2)reRAGE 23RpRPLORSe S & fltdnd Of

gener at | ng 1 nt ernal "Stresses ,
or of longer duration than before.
It is to be noted that prestressing the
15 heterostructure between successive steps (typically at room
temperature} in fact has no significant drawback.
Moreover, the invention produces an autonomousg
epitaxial growth support in the form of a stressed complex

structure suitable for a given material to be grown

20 epitaxially. Because of the internal stresses generated
within this structure during assenmbly, and more
particularly gurface stresses, the gsurface lattice

parameter can be controlled accurately with no device other

than the other portion of the complex structure. Thus

25 epitaxial growth of good quality can be obtained using this
stressed complex structure.

Tt 1s to be noted that, in an entirely different

context, the paper by D. Feiljoo, I. Ong, K. Mitani,

W. S. Yang, S. Yu and U. M. Gdsele, "Prestressing of bonded

30 wafers", Proceedings of the 1st international symposium on

semiconductor wafer  bonding, scilence technology and

applications, Vol. 92-7, The Electrochemical Society (1992)

page 230, proposes a method of generating internal stresses

within a complex structure, but this is not to address

35 either of the two problems as stated, but rather with a



withim a conplex structure, but this is not to address 35 either of the two
probl ens as stated, but rather with a WO 2004/ 064132 PCT/ FR2003/ 003590 4
view to inproving the nmechanical stability of the structure. To this end,
two structures, in this instance two silicon wafers, are bonded by

mol ecul ar as@30(woedIder the 5 standard conditions. The FOOIPR2003:006500 ur e
formed in this way is then stressed by C|Zirvi ng it by applying a pointer to
the center of the structure, which is fixXed at its periphery. By curving
the structure sufficiently, the bonding interface yields: the two wafers

separate angiape 1Q, thep rgbopded dymedpatgly;wiih té’teaﬂkel"!b%}” vgur g dhat

has been achieved. This separation/rebondi ng process nay carried out
several tin8§rugbpéRdi ng on the bonding energy at the interface and the

force applied by neass tofi ot hena potpbesrrbenrhe aut herssreheasecthewiress
caused by the_15 gm nter, the cgjrrpl ex_structure relaxes and stabilizes at a
e

radius of cBrvafOfe "Ph&r Sdepferrd LB ehatY oBPaPRBdc Lt 2PRESIOPMAISE L He S ast

separ ati on/ gehandirag ceinditg GENPl EXe sbipChur esstiyassed byrhbe pai nirers
| nternal stresses gge t her ef or.e generat,ed within th cggl ex structure. 20
6€u REr ?ﬁﬁ

However, th&%#bdie FERESRERT Rer CHEY PP e 2R & FEHEEtS nd t hese
stresses i ntheconpherrst piict the taraddress pwolilcdns iaf tfemeel ataur e ehavi or

or to adjus : i cepar ter., over, the inter . str S er at ed
within 25 ﬁglg#rg%%furg?’ar ggﬁgtl ngas'v:% Irhy a&jtt’féltcé:b & us’ﬁu%ﬁ(%ee ng%y}e e
t echni que bkeadsedt Hey carf@atepereleds : ohhehéwoelvatfames vabpesatef anlde astaasti c

def or gt | Ontﬁ@féf PL X dele ﬁﬁ:gé’&ﬂ‘i@uﬁngi’cﬂe cnRON NG Pfégb{re'v%%]%v%{ s 8s
the authors 1 ndicate, the above nmethod cannot be used for nolecul ar Bondi ng
at too 30 hPgRlrarh@mee¥ydsi MEELs uRGPATrSLdlpdFwdionidems PHecassenddEd ©g wo

structures dorpokdsendr ale&cand, timdde ROIMEInd Sonl eHRY &bnEikRy Nerddigyy ange
of elastic deformation of the ]
at the 1interface and the force applied by means of the
pointer. When the authors release the stressgs caused by the
15 pointer, the complex sgtructure relaxes and stabilizes at a
radius of curvature that depends on that obtained at the
time of the last separation/rebonding of the complex
structure stressed by the pointer. Internal stresses are
therefore generated within the complex structure.
20 However, the above document neither describes nor
suggests generating these stresses in a complex structure
to address problems of temperature behavior or to adjust a
lattice parameter.
Moreover, the internal stresses generated within
25 the sgtructure are not easily adjustable using the above
technique because they are dependent on the relative values
of the elastic deformation energy of the structure and the
bonding energy. Moreover, as the authors indicate, the
above method cannot be used for molecular bonding at too
30 high an energy since, under such conditions, the assembled
two structures do not separate and, 1f the pointer is
removed within the range of elastic deformation of the
structure, the latter reverts to its initial state at the
time of molecular bonding. The structure therefore has no

35 curvature and therefore no internal stresses. Now, 1t 1is



structure, the latter reverts to its initial state at the tinme of nolecul ar
bondi ng. The structure therefore has no 35 curvature and therefore no
internal stresses. Now, it is WD 2004/064132 PCT/ FR2003/ 003590 5 often
technol ogically beneficial to have a high bonding energy, for exanple to
ensur e goodveoRog/eed13nd a bonding interface of good quabdTHR200B20038@Nni que
described in the above docunent can 5 undoubtedly be used to generate
stresses in a conplex structure, but thi's idea is not associated with
either of the two technical problens cited above. It is therefore only a
post eri of I Lfiler NEcaRONEoHPCHTED! WILANG DE, Seen thyybave aaahoghasambsh the
invention. In any event, 10 uncontrol edﬁseparatlon[rebondlng makes_t he
proposed t 88RAPYue T feEumRle otadjetstire t99ad afebifihYt 8% @ RIMUEIUr es
assenbl ed Wit driricked thepdiangeneangi es. The nethod of the invention does

not have these Ilimtations: the stress state generated within the conpl ex
15 structure dependS™6n &t gererateadi ddeddttieAPPY e MOSARFask
struct Gre behdoeasseRbl pe Whieh Stds eseferie seerds@esbeiad) ustahhslaery
accurately. The nethod.i t.herefgre reliably and accurately reproducible
Bnd. adi Ui SUFECTHRG bt ng T or CREhABwebtt | Fa BRLAEES: FaCPUrEISE 7B not

limted eithé&e sincedachniowalnmephodl éhe cammdExabstreuctlr e idoeshawtfareed to

be separate t i al.stress._djf ce bet n_t. f aces 0

bonded of t%gly]v\% tfgés]slgtgé}?tosﬁljlct%kﬁaés %1% éﬁégﬁt gﬁggﬂﬂ\éﬁﬁ Thi %ctr %’a esde%ri/ Pg

def ormi ng (kaivel y shabogtas|ywiddch ohesai thednstounct urles befgre @ssenbly. A
sinpl & pand gagytechnigue EQ%r%E@SE%'eE@n&%SSSeﬁakést O CHEVE $A8SEseq
structures. In_a preferred enbodinent, the two structures are “curved so
that the twhbcFREdsiueo Belfisserdl edicar edipespecifvel§y cdhtavel HhHCednviex.

They may be s¢omRlteiRAl Ay 3019 eMeh rneshedd wWwinasRhedioali £&oncave and

spherical — convex. The method of the invention does not have these
limitations: the stress state generated within the complex

15 gtructure depends on stresses generated independently in
each basic structure before assembly, which stresses are
seen to be adjustable very accurately. The method is
therefore reliably and accurately reproducible and
adjustable. The bonding forces between the basic structures

20 are not limited either, since in our method the complex
structure does not need to be separated.

The tangential stress difference between the faces
to be bonded of the two basic structures may advantageously
be created by deforming (mainly elastically) each of sgaid

25 structures before assembly. A simple and easy technigue for
generating stresses 1s to curve these structures.

In a preferred embodiment, the two structures are
curved so that the two faces to be assembled are
respectively concave and convex. They may be complementary

30 or even respectively spherical concave and spherical
convex.

For example, the structures may be curved to
generate stresses by applying localized and/or distributed
mechanical forces to the structures to be deformed.

35 In a preferred embodiment, a pressure difference



For exanple, the structures may be curved to generate stresses by applying
| ocal i zed and/or distributed mnmechanical forces to the structures to be
defornmed. 35 In a preferred enbodi nent, a pressure difference WO 2004/ 064132
PCT/ FR2003/ 003590 6 may be created between the two faces of the structure
to be curveD 20iaceaerns for producing this pressure di f fROBEFR200320035900r
obtaining a basic structure having a facg to be assenbled include
aspirating said structure onto a concave 5 preformof suitable profile
selected as a function of that to be inparted to the face to be assenbl ed

and on whi cha{,hge SLEHGLUr 8cieels L ocalky ahdds ferdRhelthu8als Mibe
advant ageously be provided to i nprove the seal between the structure and

the prefor nFUA¥prr atiish BEaBEi Bt roEPHRELDE TRiE aPEgFFEy enel BT e

mentioned, the stduicbBtginhesyi RY bhocal It ralctidr® PRET PRSI B Ofade S€al be
bordering the cavbté.. The curved basic structure naé be obt ai ned Q%%
def or mi ng t RESEBGVEYs G e RSN YhoS ThrpP ERBAERFG Opier &r N GhE® of
whi ch bs copea¥Yerandft ke iatdidre afronhi ch $8ledbedonyey, fuinich iphofdil eshat
selected as_a gunction o% %ﬁa% o .be

a

t nparted to e face,tQ be .ass | ed.
h thi o caskd PHISTPARESH Shanhe < ofey Dot Gipath o CHE. STbRgra o h
recei ves thetbasiturst r octstrse tlodedelyy t het st L ist upercpheed,. &wed s henaot her
pr ef orm has i refo d ta he
D her basi o"ay PSP tEs s Beatn sl S b Ase S st DaE v aTh &t o the
required peSEFRFEUTANCHIEr thst i bRefermo apppiramthaniofal sebdces-ructure
si mul ggneoushy t @ hath (of ﬂ£¥3éﬁé&c$érﬁénE@o?%d@s%%%bEQQucéﬁié(¥e§%ﬁﬂ?|e by

deform ng the two structures between two preforns with profiles selected as
a function &PCRR¥ed ol tHePRAPRICEY ©8 théFdcdPrEHaGRIIENIBLIYt is

preferable if: - neehani gatvEQrcessare 3pphé€drio QA Obe MBI Hinesd0 Kpe
substrates géfggggggoftﬁérnégégén(g%¥ﬂ$¥ur%9 8Lt%eggldtwo complementary
preforms, one of which i1s concave and the other of which is
15 convex, with profiles selected as a function of that to be
imparted to the face to be assembled. In this case,
agspiration channels may be provided on the preform which
receives the basic structure to keep the structure curved,
once the other preform has been removed. This other preform
20 may advantageously be the other basic structure to be
assembled, which has already been curved to the required
profile.
Another option 1s to apply mechanical forces
simultaneously to both of the structures to be assembled,
25 for example by deforming the two structures between two
preforms with profiles selected as a function of those to
be imparted to the faces to be assembled.
It is preferable if:
- mechanical forces are applied to one or more of
30 the substrates by meansgs of a preform consisting of a mold,
- this preform consists of a porous mold, and
- mechanical forces are applied to the substrates
with the aid of at least one deformable preform.
The two structures are preferably assembled by

35 molecular bonding, achieving high adhesion forces and an



- this preformconsists of a porous nold, and - nechanical forces are
applied to the substrates wth the aid of at | east one deformable preform
The two structures are preferably assenbl ed by 35 nol ecul ar bondi ng,

achi eving hi gh adhesion forces and an WD 2004/ 064132 PCT/ FR2003/ 003590 7
interface oWw@aoeh/adadd ty, either directly (for exanpl e BCT/HFR26052003590
processi ng, UV/ ozone processing or bondi in a vacuum or in an assisted
manner (for exanple by heat treatnent). In this case, before or after
creating the 5 stress state difference between the two faces to be

assenbl ed, sakdfraces A gddealeshio,fagilihtat ei%é%qggq%r hongdid. Her

exanpl e, the_treatnent may consist in nechanical, and/or chem cal polishing,
chenical trBaBREARt , PTOVEEFORE  t r'Eaf HeRRS MEOIITHERT vEL oROBEERENGID pf asna

10 treat nenacotmanneal ing iz hydeegend AeSOREENY(AD- Oth@knief BYT teat
features of  the |n\lj/;§nt| on, t%u ch may V\/nerg agpl i cabl e be conbined: - the
substrates aFE3ETELNBI-ed By drrecfastnt aRE T BhePsuPfa&E of “5EC1BHst “ohe of
t he subistrateschei ngtadapt ed £ fErdrmaapr eyenieal r fhoomthed ngrddappeth bebaveen

t he assenbl ed . surfaces,_ .- | east_one_of  the suhstr.at.es . s pi.erced -
hat "subst r SPETLlSher GRT hiTA T ceRtor r et R Bt e 1S HOICTRE AT os

i ncl udes at boedsng.20 fone dezdmehd, chahrel tiestthesgi ngmay t henedge ofinhe
substrate, - tr r I RANS fLow -
assenbl y ism(?g?%nggggut acﬁﬁ%ﬁt glr%%gggtggr géj%il)%%er ?SQ%ﬁg%fcﬁgorﬁ%%rr%Fé?%%Ur e, -
t he subst r at@dograchesredthpntont B¢E wirhahbaved lprefor@singhd -olawma

prefonme ar @ Aeaked ! 0 espediMeifhf erRMoqdenper at ures.

According to other preferred features of the
invention, which may where applicable be combined:
- the substrates are assembled by direct contact,
the surface of at least one of the substrates being adapted
15 to prevent air from being trapped between the assembled
surfaces,
- at least one of the substrates is pierced,
- that substrate is pierced at its center,
- at least one of the substrates includes at least
20 one dead-end channel discharging at the edge of the
substrate,
- the substrates are assembled by means of a flow
layer,
- assembly is carried out at a temperature higher
25 than room temperature,
- the substrates are heated by contact with heated
preforms, and
- the preforms are heated to respective different
temperatures.
30 The method of the invention may include
supplementary steps.
Thus it may further include a technoleogy step
inciuding a change of temperature. 1In this case, the
tangential stress state difference between the two faces to

35 be assembled 1s selected so that, during this technology



30 The method of the invention may include supplenentary steps. Thus it may
further include a technology step including a change of tenperature. In
this case, the tangential stress state difference between the two faces to
35 be assenbled is selected so that, during this technol ogy WO 2004/ 064132
PCT/ FR2003/ #002804/063132 ep, the stresses within the assen¥Een/FR2003003590 r each
or advantageously remain below a predeteym ned stress |evel. For a heat
treatment step, for exanple, the level of stresses not to be exceeded is
selected to ensure that the 5 structure is nechanically strong, for exanple

at the heat gt eatt@rawtsﬂﬂg%%@w{@mﬁhehg%@ggm%fleah%erm\eeaw@%@afhe&flal ly
further inclu after _assenbling the two basic structures, a step

t hi nni ng on@dﬁﬁnﬁﬁ@%% SEeR Y BEL1OY pr cetie@e BeFRLASHO SFnafs I%e‘t'?ﬂrs

case, the tangenki ahegtr e@xseﬁr@é@tdlgﬁaj encer bekweend hecthwo faces terbe
assenbl ed ma% be sel ected tﬁ? n%;()ose gi.ven itress | evel w thi rht he
resul ting t/iTSSFSSH 2Ofhdt S F ‘F?r‘?@%daa@aﬁte GEGGS) oA 1" ahBt her

basic s5str ucgttmuedmytecrmtxh@ghamwuyo sasserh| Eora éangedei ak hethess
state dlfferenc 8%[ en the two faces to be assenbled, that difference

bei ng sel ecté HRGEHYT St he new assenbl ed structure a predet erni ned

stress state under ThkeveneTlondi tdafonsheel atvert tont heyassanbllyycohdrthens.

The net hod %361%%%3' 'é%tfe;if thel rhﬁ:{r}f' R0 epLt gé%lcz%t%ec"a{r%[sﬁp@d%égg an

epi taxial ly grown fi on an éexternal "face e Cco
structure. 1Plife thiigngers i ape stﬂfe§§e§t6atte\7€d| $feeeneess Sch@ﬂ}”O@@lC@CtEedtl'SUl

that, jat theiapl taxy &erpes é”%hé@!ﬁn%éh%&%' ft@:“e%&f%staﬁ:e Rieselected

lattice paraneter that is advantageous| y 25 conpatible with epitaxial growth
of the requPréderst driial tWOTrf@Cf%cet%n RhiaEHs e sshitaxy Prs sted S5d-ast f eet ed

i's advant agepusley & beviace @fes tihivae T iinarobt aimed-dy, 1 Aii 1ein ar stk essed
conpl ex Stru%Fu%:JgPtgjned bya §gﬁggééggsly assempbled to another basic
structure by c¢reating, prior to assembly, a tangential
15 stress state difference between the two faces to be
assembled, that difference being selected to obtain within
the new assgembled structure a predetermined stress state
under given conditions relative to the assembly conditions.

The method may egqually further include an epitaxy

20 gtep for producing an epitaxially grown film of a material
on an external face of the complex structure. The
tangential stregss state difference 1s then selected so
that, at the epitaxy temperature, that external face has a
preselected lattice parameter that 1is advantageously

25 compatible with epitaxial growth of the required material.

The face on which the epitaxy is to be effected is
advantageously the face of a thin fiim obtained by thinning
a stressed complex structure obtained by assembling two
stressed basic structures (see above). A practically flat

30 epitaxy substrate i1s then obtained.

The epitaxy substrate may be produced in a more
complex manner enabling it to be obtained from a given
material having a lattice parameter very different from
that of the starting material.

35 For example, the method may further include the



stressed basic structures (see above). A practically flat 30 epitaxy
substrate is then obtained. The epitaxy substrate may be produced in a nore
conpl ex manner enabling it to be obtained froma given naterial having a

| attice paraneter very different from that of the starting material. 35 For
exanpl e, thavoebooedray further include the WO 2004/ 064132CPEFR26KEZ0EE39003590
9 following steps: - assenbling the co ex structure including the
epitaxially grown filmonto another "basic" structure via two respective
connecting faces by creating a tangential 5 stress state difference between
these two newifagesd e s.assenbled prior to assenbly, - thinning the
conplex structure to expose _a face. of the epitaxially grow thin film and
- epitaxially grow ng3®SWinder FAP FPERESEx oS FUE f a8e Lot itRe EREn

film The tangentiiallist resswst atendidifey eacsrhet weenstibe dJumaimavwd ages to
be assenbled is selected so that the lattice paraneter of the epitaxially
grown thin %% FSSPCORbERT SIERATH Ehi LaXPal kG OB REbIRENE nEIRHEELFFal . 15
The abdve neithedaraytatsaysfbereheeabedwasy ethigedtwboneht dares did f beent
(i ncreasing ()Srseq[l%%r eqasi ng)_ Itaot ta{ ce Parameter. O her aspects and advant ages
of the invertion Wil = becone apspsar &ntY ‘on r eadi ng the follow ng detailed 20
descri ption of particullamngmgodiimentempiexi ded-unytwgy b moemolsienid | hgce

fe_xarrpl e. _'I'h%fdg.ﬁgi -lit%?{irae_@‘l g#ﬂq“”{ h&i@p@le%g’egag&am ngs, in which: -
igure 1 is a diagramof one non-limting enbodi nent of the nethod of the
invention, 25 - figur&iragdaddd grshowndid e mavelysabfonsthesskngsedsi c
structyyy es tq e asselied,, -£ifigures SA and 5B show two exanpl es of

The tangential stress state difference between the
two new faces to be assembled is selected so that the
lattice parameter of the epitaxially grown thin film is
compatible with epitaxial growth of the new material.

15 The above method may always be iterated as regquired
to obtain a different (increasing or decreasing) lattice
parameter.

Other aspects and advantages of the invention will
become apparent on reading the following detailed

20 degcription of particular embodiments provided by way of
non-limiting example. The description refers to the
appended drawings, in which:

- figure 1 1s a diagram of one non-limiting
embodiment of the method of the invention,

25 - figures 2, 3 and 4 show different ways of
stressing basic structures to be assembled,

- figures 54 and 5B show two examples of
conditioning a basic structure Lo prevent tCrapping air
bubbles during assembly,

30 - figures 6A, 6B, 6C and 6D show one method of
stregsing a thin film by thinning stressed complex
structures,

- figures 7A and 7B are diagrams of the evolution
with temperature of the stresses at the two surfaces of a

35 silicon substrate within a complex structure obtained by



conditioning a basic structure to prevent trapping air bubbles during
assenbly, 30 - figures 6A, 6B, 6C and 6D show one nethod of stressing a
thin filmby thinning stressed conplex structures, - figures 7A and 7B are
di agranms of the evolution wth tenperature of the stresses at the two
surfaces of VO 28&B/664ll32zon substrate within a conpl ex struRCTFR200V@3680 by
WO 2004/ 064132 PCT/ FR2003/ 003590 10 assepgbling silica and silicon
substrates, with or without prestressing, - figures 8A and 8B are di agrans
of the evolution of the stresses with tenperature at the bonding interface
5 of a thinagislkh®annlayerl ffs a:6QMRLEEX St Ui €-oBE &l Nedchy o:Sidicemsilica
assenbly, with or w thout prestressing, - figures 9A to 9F show the

producti on EFSSNTSEF ¥y substrate of given lattice parameter, and - figure
10 isI addijagr ammati ¢ \f:cigwr%@dmtm@ ?B arcl0dpadramé def Cﬂl{j@ﬁéx&allﬁ’@i@ﬁ ms.h
Detaile escription of enbodi.nents of the invention Curved bonding In the
figures to Vi ctﬂqﬁ het¥of fowi gt estc‘?th%?t]ﬁa&‘r’r%SaF e%b?s b et c%f?‘?e]ég?ﬁ? ar or
equi valsent pdr tes @rien sdentod | avbdy dheasapepreference nundbersta Alsd, bt o
clarify the.fi; es, 1L var| jt are not_.represent.e : consi st ent
scale. Fi gur%(%lf%%%]o%élt&%% r?%’nse%%%yt’i (r?lvg&glnﬁg‘rdiwrrletn OLgff e%ﬁeeétrgeoésloln htion. A
first basic structurefigiugegef 8Bnmetdoby%Fasphowt i ngei tpoodechidénr seiprafiorm 2
of speci fi € 3haRs, Eolbs APl ofi iRNaH Al L PLAUR ShAPGpopiration 1s
effected by nmeans of aspiration clhanne s 5 opening onto the surface of the
preform Seals 6 at —t Régp&ri piterys ot dhegpreRdk AT 25 1sHppdr tsate i raf 2

structiyre lpangd eFsuic® AmRiAsSYre rddiff erence i s obtained between the two
faces of that

Detailed description of embodiments of the
invention

Curved bonding

In the figures to which the following description
15 refers, identical, similar or eguivalent parts are
identified by the same reference numbers. Also, to clarify
the figures, the wvarious items are not represented to a
consistent scale.
Figure 1 shows one non-limiting embodiment of the
20 invention. A first basic structure 1 is deformed by
aspirating it onto a first preform 2 of specific shape, for
example of spherical concave shape. Aspiration is effected
by means of aspiration channels b5 opening onto the surface
of the preform. Seals 6 at the periphery of the preform
25 support the first structure 1 and ensure a pressure
difference ig obtained between the two faces of that
structure. Because of this pressure difference, the
structure is deformed to espouse the shape of the first
preform 2. Because of this deformation, stresses familiar
30 to and gquantifiable by the person skilled in the art are
generated within the first structure 1 and in particular at
its exposed face (here its upper face).
A second structure 3 is then offered up facing the
exposed face of the first structure 1. A second preform 4

35 with a suitable shape that is advantagecusly complementary



structure. Because of this pressure difference, the structure is deforned
t'o espouse the shape of the first preform 2. Because of this deformation,
stresses famliar 30 to and quantifiable by the person skilled in the art
are generated within the first structure 1 and in particular at its
exposed facWd d@est® upper face). A second structure 3PCT/FREOIGDSIM0ed up
facing the exposed face of the first styucture 1. A second preform4 35
with a suitable shape that is advantageously conpl enmentary WO 2004/ 064132
PCT/ FR2003/ 003590 11 to the shape of the first preform2, for exanple of

spherical cepvexhshapgpd s J¥f ovided st osdef grarthg SﬁconfjorSté}é&%ﬁM@ oF
bet ween t he second f #Brn14 and the first  structure The arrow
e

r epr esent ed*PREF1 Gt e CP PO O I3RS Slﬁm§¥ﬂﬁﬂq%%tFBnQﬁfQ%ﬂcEgetéﬁﬁq%%t t he

def or mat i onspraopehre Durbagwkha dehor mRidem phefsegond shauctm e fS_rISS:
progre55|vel de orneﬂ qaggntact with the first, structure. 1 until.
et

espouses |t§ §hapereT fHCESY t 5SBECEEREREI et %$$@ebéeﬁyFF§§ﬁ@§S 10 in
a nmanngr fanhélapplmcahEOpebsoﬁoskebled efifthe ahe ﬁefo&maMhenb@ndmng~by

nnlepular ? an Ef;d mgggle?ﬁrlor t SthSSIﬂg th %&. strucgures

bonding is faces eor et de ® nﬁiex St ruct ure
is then obtBI@@ue$@1wabyb¢eﬁheme@5qmunﬂﬂﬁqpuﬁwimm shee$sedtststuctaies

havi ng at tgeuﬁﬁlfs§€”2£ ngége§t§ gﬂggg tangential stress difference that
n

is inposed e respective or mat | of the two structures prior to
bondi ng. The persoﬁf%%lFW@dﬁa¢qam¢%fbek@§ﬁ§mhiﬁqch@?#ﬂgth@enzﬁr@@ﬂéﬁhat|on

i nposged on 1ﬁea5hﬁﬁﬁkﬁHe§aﬁ£PP£§t%bytﬂﬂatﬁ@rs§ﬁr§§§lh%ﬁeh§10@&@'Q%Q iy t he
structure and in particul ar hose aobt ai ned on the faces to_be assenbl ed. He

therefore RAdM&S PHP%@H By gp&re&& ot AT of LPRe EABBES BE 10ke tO
prefornms 2 apdedsihgWwhe twposeracpleekSevbangant ial tolhess r2e tdid ference

bet ween thetﬁgot&gcggcég ggiggiggpled bef ore
A complex structure 1g then obtained formed by the
15 asgembly of two stressed structures having at their
assembled faces a known tangential stress difference that
is imposed by the respective deformation of the two
structures prior to bonding.

The person skilled in the art knows how to link the
20 deformation imposed on the structures accurately to the
stress levels obtained in the structure and in particular
those obtained on the faces to be assembled. He therefore
knows, through an appropriate choice of the ghapes of the
praeforms 2 and 4, how to impose a precise tangential stress
25 difference between the two faces tTo be assembled before
bonding and thus to impose stresses throughout the complex
structure once assembled. The preforms may be rigid porous

or non-poroug molds, for example, or deformable membranes.
As shown in figure 2, a wvariant of the method
30 replaces the first preform 2 with a hollow device 7 having
a central cavity 8. The periphery of the first structure 1
then rests on this device with geals 9 sandwiched between
them. Aspiration channels 10 reduce the pressure inside the
cavity. Adjusting the pressure difference between the two

35 faces of the first structure 1 deforms the first structure



bondi ng and thus to inpose stresses throughout the conplex structure once
assenbl ed. The preforns may be rigid porous or non-porous nolds, for
exanpl e, or deformabl e nenbranes. As shown in figure 2, a variant of the

met hod 30 replaces the first preform2 with a hollow device 7 having a
central cawoOw0e4/06Ma2 peri phery of the first structure 1IPCT/IFR200%60359®N this
device with seals 9 sandw ched between hem Aspiration channels 10 reduce
the pressure inside the cavity. Adjusting the pressure difference between
the two 35 faces of the first structure 1 deforns the first structure WO

2004/ 064132 P&;ﬂg Q034003390 iAok @ 2 Mtéﬁc’aﬁla i c CURVAL U &, FQfy exanpl e,

for a vacuum in e caV| ty of approximtely O. bar, "t he ot her face of the

structure %g?aééa-ﬁd PP RARDSPHe 436 Q)f?e%skiﬂ“’er Bhe qeflpett fare oP L 3the i s

obt ai ned |@ttrhu%tﬁﬁ%e Obe@n§t arus.igjcsﬂse‘ii 20Qomﬂéiilﬁ6@§1€ér§¢| | gecwaier, 758 pm

t hi ck usin%(?%seal tlggrrmdla The .first structurelcan h?$

assenbl ed f lt‘?t?tgé)é’on‘ﬂ r it ure 'F"ﬁl]f“ﬁ MEnfete expF&i fdd & aPbveEfigure 3

shows Sanot X0 wat ichirdmantsc hs Toinshist Bafar Ieodﬁfnon:mmg thae reecongest rocture 3

bet ween t proprj.ate reforns o sh pe, .Qne 12 oncave
gﬁh%P d. et & (%he %érsgp g%HF g dé: é@ %_Cb

and the 1) cohvex.  The'Tonv spi Fation
channel s lasfsemiieditrg the segomt structwre 3 in nthn@smamm aémglalned

def ormati on,and renoval of the concave 15 preform 12. The second structure 3
may then be assenbled to the first structure 1, which itself has already
been deformed, by Fienrdieng3 wistirwicheand dhet y@f&@ﬂﬁésw]@lclﬁorcon@ﬂm’qﬂ ein

Anot hey VaHe@Hxnﬁ%@"m@ﬂxés ste%ntﬂl\os%bﬁufér%myé%eell?y 2R ecuhagy P%_‘Qéng at

room tenperature and w thout 20 stress. The assenbl ed structure T1s
def or med b&RREEFTS \RF cEABPLHBARRRYY noid®e AFQRE Ver) fVlOﬁ@BtVﬁata%chh%f t he

structures dehrastened tonene. ofrddhecpalds (fosrexamle Byovasey akien), the
assenbl ed structure is se arft e? fromthe _nolecul ar bon nsgC ar ea bé/ gny
neans knowﬁ%ﬂ&ﬁﬁﬁ}%ﬁ; s 14 for holding the secon ructur

in position after deformation and removal of the concave
15 preform 12. The second structure 3 may then be assembled to
the first structure 1, which itself has already been
deformed, by bonding with the aid of an adhesive, for
example. Another variant assembles the two basic structures
by molecular bhonding at room temperature and without
20 stress. The assembled structure 1is then deformed between
two complementary molds. After verifying that each of the
structures 1g fastened to one of the meoldg (for example by
aspiration), the assembled structure i1s separated from the
molecular bonding area by any means known to the person
25 skilled in the art. This vields two stressed basic
structures that may thereafter be asgembled in accordance
with the invention. This wvariant has the advantage of
preserving the surface state of the faces to be assembled,
for example enabling assembly of the two stressed basic
30 structures by further molecular bonding.

More generally, the assembly of the two basic
structures can therefore be effected by molecular adhesion,
by bonding by means of an adhesive, or by bonding by means
of a bedding laver.

35 An adhesion laver may be used between the preform



25 skilled in the art. This yields two stressed basic structures that may

thereafter be assenbled in accordance wth the invention. This variant has
t he advantage of preserving the surface state of the faces to be assenbl ed,
for exanple enabling assenbly of the two stressed basic 30 structures by

further nolwouwbed/odnneli ng. More generally, the assenbly pETiFR200003ZEE! C
structures can therefore be effected by%gnlecular adhesi on, by bondi ng by
means of an adhesive, or by bondi ng by an of a bedding layer. 35 An
adhesion | ayer may be used between the preform W 2004/ 064132

PCT/ FR2003/.003599,¢ 1%t%@ gﬂ% Sth Ucb%r ed&@o?ﬁeﬂe‘c 8%”‘9%18&%89%5385 apl.c or

magneti c forces may be used to fol d”the pretorm an curve asi c
structure mMeEwiiact foraea fam Hee vgedanto bhédn the fPyaferd, ak £he 5

structures . and 3406 plaged face 4 o dace-w t hout bonding themand are
def ormed si nul t aneousl y bet ween a concave reform 15 and a convex preform

16 with conpl enent d#y & shdpeser| ¥aiigite 4shAENadfonsiErow the HiresslPe
forces to dremapplded t agauseatbepdetarmaticen. toTh@éé/\Qﬂﬁﬁlﬂél@tE upssdang 10

t hen deformed conjqi ntl f air remainin tween the two
ot or on Tt otk ek debo i b o DR EEn | Bt iRrarel mi
evacuat ed Qméfdmcauge aﬁdth@ darees appiicac b@ndwmghbycmﬂm@méﬁtaﬁghesi on
t hen t akes I ace. uct ures ar % er abl‘%/#l ane, initi aJC and

s
of constant™ th ¢ ness qur% %eéé?t EREES fatPr THE ST rict tres “fa
al so have di¢f fagdnitecgeunetaises e tcieaﬁd:ngmamlcmt Hehe etmcxeseltsltuate:)resmre

exanplge no hat. t essi ng
of (roHT f erer%tﬂrgo arrpi I tudlejgﬁ o;tﬁﬁ%&“ rfrae eyrgggén%l brquﬁ)# %%ﬁt he
second strdturevgd pérgeftormsd Hatorehrheheedyyerd sﬂun@a@uéeﬂeﬁrﬁj Phen
preform 4, amiafedubphe MBY Pi1m is evacuated and, because of the

forces applied, bonding by molecular adhesion then takesg
place.

15 The two structures are preferably plane initially
and of constant thickness. It is nevertheless c¢lear that
the structures may also have different geometries initially
(in the relaxed state), for example non-plane dJgeometries,
so that they may be subjected to prestressing of different

20 amplitudes at the time of assembly.

Air bubbles

When the second structure 3 is deformed between the

first structure 1 and the preform 4, an air bubble may be

trapped between the two structures and impede bonding by

25 molecular adhesion. To evacuate this air bubble, 1t 1is

advantageoug to pilerce one or beth of the structures to be

agcgembled at their center 17, as shown in figure 5a, for

example by laser drilling or deep etching of the structure.

Aspiration means may advantageously be provided to

30 facilitate evacuation of the air bubble through the
resulting hole.

An alternative 1s to provide on one or both

gstructures one or more evacuation channels 18 on the face

to be assembled and discharging at the edge of the wafer,

35 as shown in figure 5B. For example, these channels may have



trapped between the two structures and i npede bondi ng by 25 nol ecul ar
adhesion. To evacuate this air bubble, it is advantageous to pierce one or
both of the structures to be assenbled at their center 17, as shown in
figure 5A, for exanple by laser drilling or deep etching of the structure.
Aspi r at i on wieaned/e@indvant ageously be provided to 30 fapCTFRa0E3/€B820at i on
of the air bubble through the resulting,hole. An alternative is to provide
on one or both structures one or nore evacuation channels 18 on the face
to be assenbl ed and di scharging at the edge of the wafer, 35 as shown in
figure 5B. dhelr@Xam &r these Lhanngl s nRahave: W 2004/ §6413%3epth of
PCT/ FR2003/ 003590 _ 14 dlnen5|ons of the order of a wdth of 100 i ym and a
depth of 5 P &itf bee pPEAGEEE LYY Hetisuarati LhGGPEFRP AN Rt chif Flying

t echni ques te@g&h @iqu@teisog nﬁ@;ﬂﬁr@@_ﬂiﬁﬂ adﬁé&mltsage@@m% badv@mwg@@@sggr beff
aspirating _the air via.the ot her tion e to effect
t he defornﬁF]Bﬁd%%Q FhéSFd Jﬁﬁ% egnﬁﬂr UHQ?ﬁggﬁﬁ%r to

m ni m5ze the voIuﬂﬁomhetrammd@nmmayzﬁdfnngﬁfﬂé&@ ﬁﬁﬁfﬂ@ﬁ&mmatimn amawback

of HECESSI% |rg% mhHEard rvacuuns to egs%%% deforngtloQ i nimize
depressurlza I on o SEFGEL ¢ BT 17 %nn er opF ons, % hér'a nmay al so

be nentlonéﬁetWE&umﬂ|©ﬁ(ﬂﬂﬁ@ﬁe@ ﬁnrplaﬂlh@omghlaﬂuspametho@tIEMQ waé er
peri phery Vi t c al has, re
B 09 LIAANGE LG, callial narsa- NasdRsl, Den &g?n%@

general ly, any net t enables r1nitiation o
bet ween th§3nﬂ§Mﬁﬁwmﬁ&b@ﬁﬁﬂiqaﬂﬂﬁlzﬁikﬁﬂnQﬁ Wﬁﬁcﬁtﬁ&ﬁ#ﬂ@ﬁ%pagates t owar d

the adges. For examplegq <§t§é£9%thbEEereﬂﬁ@ré”n&§3'§§58fkﬁ#rm@ﬁHI§nQ§t“een
the two structures could pe introduced before bonding to achieve this.

Defi ni ti on t&Et AR IS RINFEE 2D ThePhRFhBEs ragdadi FEACRE6y @ HrRf ¥ E=PHr oduce
a conpl ex pelripteure NG assemei hdgrhwe BASEC Lokl Uehes alha hed Ob€en
bondi ng, I[EpO%Je%g %dotraén eerllfelraélllsi;,r easnsy C%rllégl% nn?a?y Obe used that enables
initiation of bonding between the two structures at their
15 center which then propagates toward the edges. For example,
a slight difference in radius of curvature between the two
structures could be introduced before bonding to achieve
this.

Definition of the structure

20 The methods described above therefore produce a
complex sgtructure by assembling two basic structures and,
before bonding, imposing a tangential stress difference on
the faces to be assembled.

The expression "basic structure to be asgsembled”

25 means a thicker or thinner substrate, of simple or
composite form {(formed of a stack of different lavyers of
cne or more thicker or thinner materials), processed or
not. The materials concerned are all the semiconductors,

such as in particular silicon, germanium, their alloys

30 Sii1-x3e,, indium phosphide (InP), gallium arsenide (Gals),
lithium niocbate, silicon carbide (8iC), gallium nitride
(GaN), sapphire, superconductors such as compounds of the

YbaCu®, NbN, or BiSrCaCuC type, for example, or insulators
such as, 1in particular, fused silica, quartz, glasses with

35 different compositions, MgO, all metals such as in



the faces to be assenbl ed. The expression "basic structure to be assenbl ed”
25 means a thicker or thinner substrate, of sinple or conposite form
(formed of a stack of different |layers of one or nore thicker or thinner
materials) , processed or not. The materials concerned are all the

sem conductwis200404¢4182as in particular silicon, gernmani uPCTYFR2003@0%399s 30
Si| _xGex, indium phosphide (InP), galli m arseni de (GAs), lithium niobate,
silicon carbide (SiC), galliumnitride Lﬁ(GaN) , sapphire, superconductors
such as conpounds of the YbaCuO NbN, or Bi SrCacuO type, for exanple, or

insul ators L SHCN-@Fari PuPRLELEUl @k Eusgd shl ) ¢a pquartz, glasses with 35
di fferent c%rrposi ti%]?]s, O all rr%?a?s suc% as }Hrr% WO 2004/ 064132
PCT/ FR2003/ 003590 Bﬂ!é&)ﬁ@iﬁjlmei@m@%ten, copper or alum num Renoval of

preforms After bondifigbypéhei i@t HodeRE LBenbAVERt LeB, 1hieheiohs eRiained,
by inposing. a tangential stress difference 5 be{ween the faces of the two

structures to BETRIEEMI elY AL RITELRd FcohPresnEt flctireedh WRitdRTERSe

stressgs atbatleePothés raceskpawthahan therdorcess t bat bdehasardltie tawo
initial structures.(nechani cal pressure ,or aspiration b nmeans of a.vacuum
HE2seo bF RiGh b a3

are removed® "UpoRCEh& FB &35 b UEhBT S0 Tkt ¥ fdtes S SCRESc oAbl
structure, pdenstressesknavwt hi Whichat tis¢ r doturee eviodve delfutrmad atlpar thweul ar

manner th | S: kno t e person, skilled in the ar ot her i ngs,
This Cevol e rnci 8 o M br ERErR T iR S ke 1 b cheosttiSh d
vari ous natleeam$sodonst vbatiing each vemdSetlhe upwol | hhei alelstaamct afeshand t he

stresgpdi fferenee At e bQﬂ‘?i NG,d ntc%ffe%c ifzﬂf@'tmefi qyre %x%@%\@% the
COfT'p|eX struptu_re obt al ned after asse Ing a .|rst strupture 1 an a
second struUétbrEL 2603t FRHECBITYaEVeRVRhet8lE henf iy SPaBk k glét /¥ e MY

defornmed byh@: sphekheah €ONEA¥EpREEHAT BkaNdbhensetand rst M delbkLe oher
things, thisg evolution ig a function of the natures and the
thicknesses of the various materials constituting each of
15 the two initial structures and the stress difference at the
bonding interface.
Thinning
Figure 6A shows the complex structure obtained
after assembling a firgt structure 1 and a second structure
20 3 in the gituation where the first structure 1 is deformed
by a spherical concave preform and the second structure 3
is deformed by a spherical convex preform. In this case,
the assembled face of the first structure 1 is spherical
concave and 1s therefore in compression. The assembled face
25 of the second structure 3 1is spherical convex and 1is
therefore in tension. The arrows in figure 6A represent the
tangential internal stresges within the complex structure
at the level of the assembled faces.
If one of the structures 1 or 3 ig thinned, the
30 internal stresses within the complex structure evolve
again, in a predictable manner that 1is familiar to the
person gkilled in the art. If the first structure 1 1is
thinned, for example, the second structure 3 tends to
relax, i.e. to resume its flatness, being less and less

35 stressed by the thinned first structure 1. This 1is



.is defornmed by a spherical convex preform In this case, the assenbled face
of the first structure 1 is spherical concave and is therefore in
conpression. The assenbl ed face 25 of the second structure 3 is spherical
convex and is therefore in tension. The arrows in figure 6A represent the
tangenti al wot2n#aé4132resses within the conpl ex struct urPCTHR20®009e! of
the assenbled faces. If one of the strugtures 1 or 3 is thinned, the 30
internal stresses within the conplex stfucture evolve again, in a

predi ctabl e manner that is famliar to the person skilled in the art. If

the first Y LihSa thiRped.odf o exauPkerekiesSeapndh St LUCLUEEd tends
to relax, i.e. toresune its_flatness, being less and | ess 35 stressed by

the thi nnedd5% sPLsthgctifend TREYCFETRAD 3200408493 BINPCTPYRIONFOD3850 16

reflected ighed K&IULAE ONahN ihke cSldeesisest 98 thecassemyednd agssehpt ba
second str ture?g enerating, by virtue of _the bonding, an increase in

the stress ehbFad ¥ he- fﬂF%ttE%?ﬂéFﬁréfi cPREERPARAI ng i s

contimued Surttitli | thbe ffixst stiuetuire 111 S sr edbgeded 0 t t Ai neHid mfll’mhere is
obt ai ned, ﬁ%shomn in f| ure 6B, a se ond struc ure 3 t?ﬁt is virtual
i

flat, practitaiy e B "&Fess %ﬁ%enﬁ?ed t945%th fl?n183F99§d from
the first strmudture 3 wildn n1Wm\cir‘¢1mally1t églmal, spressesadle JfG:ereeI ati vely

honbgeneou res e f e
structure l%Q%jsor eg{}ﬁ nénglggé}ﬂg]lh%)és%cgu%rﬁg{ a%eirgb%%lg%‘?re?ﬁkggm éﬁge Igrlaat ed
as nany UaﬁﬁﬂQEuE%ce%sawytbénobmmkvhigth@n 3ﬁ¢@§§&htfﬁ¢f%ﬁs¢$lnafﬁlm
Accondj ngl Yoe18f@ntd NG Hd ﬁEb%ﬁ Q@'@hoé@ ?éé@ﬂkeattﬂﬁe

structure obtal ned cons |n f| n1der|ve fromthe first
structure PSEHUEE dfaqeheofs oﬁ%ﬂf@%@l{ﬁel@elf%r%s%]éh%%@gmh anot her

structure 19 afterrstregsiRgabottheStipstar 8 chblie vdy uekurie-«&id@i akng t he
thin filmis advantageously curved so that 20 the thin filmis even nore

Conpressedmﬁﬁ%HQQ% d?ﬁgnepgﬁsary to obtain a given stress within a
thin film. Accordingly, starting from the preceding

15 example, for example, the structure obtained (consisting of
the thin f£ilm derived from the first structure 1 bonded to
the second structure 3) is assembled with another structure
19 after stressing Dboth structures. The structure
containing the thin film is advantageously curved so that

20 the thin film is even more compressed before bonding, for
example by virtue of curvature applied by means of a
concave preform, as shown in figure 6C. The structure 19 is
stressed by a convex preform sgo that 1ts face to be
assembled to the free face of the thin film 1 is expanded.

25 This is followed by thinning ({(or even eliminating) the
second structure 3, for example by mechanical means. As
previously explained, the structure 19 relaxes
progressively and there is finally obtained a thin film
derived from the first structure 1 within which the

30 internal stresses have been further increased, which is
transferred onto a relaxed structure 19, as shown in figure
6D.

This method therefore produces a thin film, for
example of silicon, stressed in tension or in compression

35 to a regulred stress level. Thegse stressed film have



exanple by virtue of curvature applied by neans of a concave preform as
shown in figure 6C. The structure 19 is stressed by a convex preform so
that its face to be assenbled to the free face of the thin film1is
expanded. 25 This is followed by thinning (or even elimnating) the second
structure 3YOf2004/e6d@pl e by mechani cal neans. As previ oRETFR2003/00330@, t he
structure 19 rel axes progressively and,there is finally obtained a thin
film derived fromthe first structure 1 within which the 30 internal
stresses have been further increased, which is transferred onto a rel axed
structure 19p18% SNOMy | N ﬁq&%oeqléct%n%c@et had, t pgr-eferg prodycespa thin
film for exanple of _silicaon, stressed in_tension or in corrpressmn 35 to
a required f§ter]g£sol fovBAOhThEE8UNERELSEd f VAT RavEaVD! 2064/ beYg3ohigher

PCT/ FR200313:339Q .17 applications in mcroelectronics, in particular in the
field of high freq CI es ere carriers have higher nobili These

conpl ex stressed st (?teurcecﬁnvfw?;]reé’{t%’f]ﬁ?l%ﬁe%ysgrugtggﬁﬁd%r@ ttrﬂ]rﬂﬁ/% ¥t Rod
used i m creeldentd Otrh;(rmlrajldméh]EOdcomaBeinStrrt’iliﬁ:tdﬂ’lfécﬂﬁdbnifcmecmﬂatyebe
returnedto @rlflat tatgurb %Sil‘l iHEglt onto,a sup orIt1 thet%iretof
mechani cal po HYSHT Nt ng, Yor exarple. a ?r%%ﬂﬁar}ﬂ ojf e?erostruc ure 10 It
has been esttalild shgd ¢hairating ihporareit &0 sepporol athe Eheol titimen of t he
stresses w e urg, when b various materials that

consti tut erﬁ&%avﬁdﬁﬁ%ﬁ‘:ﬁ#@o %I Cl ent]’l;s?of t hermal expansi on, because
this difference is 53 fz fyNRture in the event of a
| arge ¢ enper ature ghanggs wlgh é§t%¥1§ﬁeﬂecﬁ§a§@rﬁtt 01§0'1%@Jdr(i%ﬁrﬁ: bepdi ng,
for exanple, or to effect technal ogy steps for the fabrication_ .

m croel ect IFFEVonpdisnt s VORI or “feat thEeat fERESSCFor ‘é’kéh‘bpe) a

heterostructure when the wvarious materials that constitute

it have different coefficients of thermal expansion,
because this difference is liable to damage the

15 heterostructure in the event of a large temperature change,
such as may be necegsary to consolidate bonding, for
example, or to effect technology steps for the fabrication
of microelectronic components (epitaxy or heat treatment,
for example).

20 Consider, for example, a heterostructure formed of
a laver of silicon (typically 750 um thick) bonded to a
fused gilica substrate (typically of the order of 1200 um
thick) by bonding by  molecular adhesion without
prestressing. Figure 7A showg the evolution of the stresses

25 on the two faces of the silicon, i.e. the assembled face
and the exposed face, as a function of the temperature
during heat treatment, for example. Since =ilicon has a
coefficient of thermal expansion higher than fused silica,
when the temperature rises expansion of the assembled face

30 of the silicon 1s impeded by the fused silica, which
expands less than silicon. This face 1s therefore stressged
in compression, causing expansion of its exposed face
because of the stiffness of the silicon. If this evolution
is not controlled, it can generate internal stresses within

35 the structure that can damage or even destroy it.



20 Consider, for exanple, a heterostructure formed of a layer of silicon
(typically 750 pmthick) bonded to a fused silica substrate (typically of
the order of 1200 pm thick) by bonding by nol ecul ar adhesi on w t hout
prestressing. Figure 7A shows the evolution of the stresses 25 on the two
faces of thwosidosmem3szi . e. the assenbled face and the eppasErkoba®essoas a
function of the tenperature during heat ;4 reatnent, for exanple. Since
silicon has a coefficient of thernal expan5|on hlgher than fused silica,
when the tenperature rises expansion of the assenbled face 30 of the silicon

I's inpeded by the fysed siliga, scéht expandse! 53,1t haa”héék ¢0R, HAks face

is therefore stressed 1in conpressio causi hg expansion of its exposed face
because of ¥#EPeEFErRsstofhehersier (an 404°G hi sommoution sisepees of

controlled thé GAN-geperape MpheLRadl HILS8eP W Lhhd 238:41He8t FHekULE t hat
can damage or even,destroy it. WD 2004/064132 PCI/ FR2003/ 003590 18 Thus in

the presenttafpl ECORoPNE REREVEASR RS Tl dthf eoBfeF h&ColEer 26F 400C,
conpr essi omista BssesSaoficd h@xpcbﬁl@:ﬂ @acéoo MPa are obtained at the assenbl ed
face of the silic and expansi on sses of the or

ar q? 60 MPa _are .5
obtained at its exposed Face -Fhi's® IO BF° The" st eESERCHPERTS 1S
terrperaturepeia:sfeqmeljecféryiiml i ao tandndqqaaﬁtfflabmbe by t hepepsazon

skilled in descrlbe in,the,f Wi do n

particul ar: é% ]aTlé nenkt%le arEth oclSArﬁle%l J%b %1@%) %glér%etfféiogﬁ&%
Fei j oo, I, @@memtw lranparwcﬁslarYaﬁg T8mo¥heanhkd, UJ. I\/DpGoséloe Ahye CAuan
Feng and Hopggshh Llhue ’dﬁﬁpéndplﬂys raffdd, 1983, pag 8%4 ; | zed

formula for curvaturé ra s and l'ayer stressés cause rrra strain in
sem conduct 69wl i1 dperand r Uet of- es@OSQ'be ﬁ%%@@ﬁ%ﬁﬁ@u Wﬁ@l dandusivng

continuous g{@stic thgory pmghanigealical qulgat i opsgd f gihe naabhekbalisar e
considered to be i sotropic and the coeffici ents of'QI t hermal expansion are

consi der ed 1o Be 2 ohSE aftitHFEH et AP cabfe lP¥Rgersitifeses caused by

thermal strain in semiconductor multilayer structures". To
i5 a first approximation, usging continuous elastic theory
mechanical calculations, if the materials are considered to
be isotropic and the coefficients of thermal expansion are
considered to be constant over the applicable temperature
range, the evolution of the stresses 1is approximately
20 linear with temperature, as shown in figures 7A and 7TB.
More complex calculations (for example finite element
calculations) may be used to refine these results.
It is therefore possible, by means of an inverse
calculation, to define what stresses are necessary within
25 the complex structure at room temperature to remain within
an acceptable range of stresses over the range of
temperature of usge of that gtructure (up to The heat
treatment temperature, for example). By an appropriate
choice of the process of assembly under stress, it is also
30 possible to minimize and even to eliminate stresses within
a composite structure at a given temperature, for example
the heat treatment temperature. Figure 7B shows this in the
context of the present example.
The next step 1s one of asgembly in accordance with

35 the invention by curving the fused silica and silicon



range, the evolution of the stresses is approximately 20 linear with
tenperature, as shown in figures 7A and 7B. Mre conplex cal culations (for
exanple finite element calculations) nmay be used to refine these results.
It is therefore possible, by neans of an inverse calculation, to define

what stresse® as@y/osacssary within 25 the conpl ex strucCtpBFRR003ADIFI0
tenperature to remain within an acceptap{ range of stresses over the range
of tenperature of use of that structure fup to the heat treatnent
tenperature, for exanple). By an appropriate choice of the process of

assenbl y unQ@EuéE{lgééi rﬁ%iéé Qés%oi%ti‘i’l%ss@é EQ.M Ridnige an eﬁ%ﬁ%d: D

elimnate stresses w “a conpositeTstructure at a grven fenpérature, for
exanpl e thehReatliceat ieima epeiensien Fgur exZBpdhowsnviixg iamd Hdat

context of the presenisgaxanple..Thenext §hepc%12pj?é'§s§?5nals§f$@l Yertdhple

accordance with 35 the invention by cdrving t used silica and silicon WO

2004/ 064132CPETFAERP003L£06355011d190st Ajic Qo8 bsEirer attyidtsonditify, rashiel Fide to

be assenbl edeobrobBeueklireOnaBeLRG iUl GRSiiOR Lol §xarmH R Lo ex), ad t hat
of the fused,silica_being in conpression (for exanple cqgncave). After
bondi ng, at StedRPRemFecdt ure, PRhelFesart i AGIS hetaitvst r €t GrEVRESSFartd cul ar

internal preppiessfacell) tthes s | {£0ed ayeled 8iRgr theulfdicednthardadints of
curvature OEB Sjg‘ﬁmx' mately 1.18 m (after.rel easl ngiét he forces necessary to
r

i npose the RYRY . Chhe SE YRSt s s e PRPENI REBRETSEF PP c ol BrE setliftt ed
so that theyitanpansatesstreted abl toktl@He ccafpresstioewid et 2f] tde

sol octd toChEl FCALE THE <11 ocees hi thin ARG TS T1 borr sPPuSHET S Gl
sel ect ed hewhehr edterenémpenpenat uresethi sTiheat mbyeatventbe neyleetrecessary
R A T
stresses w EBlLacsethilredt | prieatment temperature. This heat treatment
may be necessary to reinforce the bonding of the fused
15 gilica/silicon, for example.
Tt has been shown that it is also possible to
control the evolution of the stresses within a thin film in
the event of evolution of the temperature  of a
heterostructure formed of that thin film bonded to a thick
20 substrate of a different material. In this case, only the
thin film is stressed, the substrate remaining virtually
relaxed, because of its size, and stressing the thin film.
Consider, for example, a thin film of silicon
{(typically 0.4 pm thick) on a fused silica substrate
25 1200 pm thick. Figure 8A shows the evolution of the
gtresses within the silicon film. Starting from a
heterostructure obtained by bonding without prestressing,
the silicon f£ilm 1is progressively compressed as the
temperature rises. In this way, for a 0.4 um thick £ilm of
30 silicon assembled on a 1200 pym thick fused silica
substrate, at a temperature of 600°C, compression stresses
are obtained within the thin film of the order of 500 MPa,
which may approach or even exceed the fixed limit stress.
The methed of the invention may be used to

35 prestress the thin silicon £f£ilm prior to bonding so that



the event of evolution of the tenperature of a heterostructure formed of
that thin filmbonded to a thick 20 substrate of a different material. In
this case, only the thin filmis stressed, the substrate remaining
virtually relaxed, because of its size, and stressing the thin film

Consi der, foweexmameersza thin filmof silicon (typicallyp@TrRrIoosonssey on a
fused silica substrate 25 1200 pmthick., Figure 8A shows the evol ution of
the stresses within the silicon film Starting froma heterostructure
obt ai ned by bonding without prestressing, the silicon filmis progressively

compr essed agyther i AMELAt Wg risese It Woq 0L A0, Apipthbek I m

of 30 silicon asse ed on 0 pmt lica substrate, at a
t enper at ur e @)‘Pm]B@@@t%oW@ss@én agtly e%Eeéihear(éOW%ﬁé@ll’lwanS@dt Hev t fite fi 1 m

of the ordersofis00 Wia, oW ChoRRRRNRACR QL eveRpexcred thg, fixed ld mt
stress. The nethpd of the invention may be used to 35 prestress the thin

silicon fil PpFFopl ?otﬁoﬂﬁﬂﬁﬁuéowﬂﬁgﬂnvw32@@@%@644%Za¢€ﬁPF@@b@3ﬁﬁG§§§@S 20
the filmis §@fft§ée@11ycéﬁn§ipﬁed after bonding to conpensate sone or al
of the conpression caused b¥ the silica when the teggerature rises. In this

way it is possible t® FefefAWFEhi AfatRangECEFIEcEEpIREFe SO §8SEY %t o
the silicon fiédm th:léaﬁ:li’r%n(torti@XBOOfJCt hﬁtﬂfc&ﬁﬁnéxeéé&mhg et owfaity sautessheat

treatment at. 800 a limt stress t he
bUr poses of FRIS! eRBhpItd mat D0 WEROSRE  OFs BT ICIEILS (8] ERAnEFE, £
produce at rn@nstéﬁmenanurefba @xmmmhﬁs(ﬁocpmmdmmmeaofrapmraﬁm@@&ahwrb.25 m

in an sub hayi sugf hj ck=sjili.con and
in thef§tsedgs?%F@%E§u strg'e g%ﬂg% #f %§%?§%g§é¥gﬁé; iaé%e%bﬁ%ﬁ o% t e SO
substrat e aneubftrhesflgedngi bicabhar eurfespest Pvél ymi phtieksisdd icoor faxdanpl e

convex) and éx@dl%c‘%ﬁﬁ@ﬁﬁ%e‘?ﬁ éiﬁo&xéﬁﬂé‘érgﬁ?@c%&e)ﬂ{gﬂ ornd 0rhondi ng. Y ter
bondi ng and renoving the external stresses he co
assembléd of the SOI substrate and of the fused silica are

respectively in tension (for example convex) and in

15 compression (for example concave) prior to bonding. After
bonding and removing the external stregses, the complex
structure relaxes with a final radius of curvature of
approximately 1.25 m. The S0OI substrate is then thinned
until the thin film of silicon is exposed; the fused silica

20 = relaxes, increasing the tensgsion stress level in the thin
film of silicon. This tension subsequently compensates some
or all of the compression stresgses within the thin film
generated by increasing the temperature of the structure.
Thus the stress remains below the fixed gtress threshold. A

25 gimilar method could be used to increase the stress level
in the thin film of gilicon and thereby to okbtain a thin
film of stressed silicon.

Latiice parameter

Another important application of the stressed

30 assembly process ig adapting the lattice parameter of one
material to the lattice parameter of another material, for
example with a view to epitaxially growing the latter on

the former. The person skilled in the art knowsgs that
curving a substrate changes its lattice parameter,

35 especially at the surface. The method of the invention



structure relaxes with a final radius of curvature of approximately 1.25 m
The SO substrate is then thinned wuntil the thin filmof siliconis
exposed; the fused silica 20 rel axes, increasing the tension stress level in
the thin filmof silicon. This tension subsequently conpensates sone or
all of the ovopneseddas2 stresses within the thin film genecBFRIMB/003590

i ncreasing the tenperature of the struct he. Thus the stress renmai ns bel ow
the fixed stress threshold. A 25 simlar iethod could be used to increase
the stress level in the thin filmof silicon and thereby to obtaln athin

filmof st rgﬁ%go ehceld 1 gon, hald | cerpara te{hﬂm%@ereéé?ortba%a Ligation of

the stresse assenbly process 1s a ting the lattice paraneter of one
mat erial t o“WHi& O[UéttP@@dﬁagan@%lere}eifelé}h@{hé}e\fﬁ&%%rlt&l staessexahpl L WeEh a

view to epi tbaxiealdly grewing ithe tatieroen tdwe-dormpr. Hhgapansen skithed in
the art kno that curving a substrate chan es its lattice_paraneter, 35

especi al |y &t SFRESLE f abaCU%He MR WKL t hEORARHiBh WEPSBOREE64135°F

PCT/ FRZ003/ @832 e .21ppr edlees idClipetopt  sicd Use ridhat 18v€asSYy th@or to

mani pul ate, . _wt.hout needi ! n ex ernal device to stress it_after asserrbly
and is ther PO &89 v & Swid R rEHRRE Ve diim BT ¢ 3% BFCS

deposi ti on Echi rtehaerémré eaamllaetﬂaw sepecimageappsoprbdie sticess tlewel s

prior to % the Strl{%[ ure has A |ven Lyrvature at the surgéaceen and
therefore a ttlce pa FELer  SUFERRI%E ot t he pqtam a‘? t oW h Y

t enper at ur e coedKiing entt o faddeunta lamkpagosidn olighieningdrer rral expansi on

di ffergnces. 10 The v n_al O%J,‘E:?d t ! i :
assenbl ed on a substTIF%t g% '?)‘r%lt(:(\b?lle C‘%rllltsceérl%a strelfsacseZsa{l n t%g&%ﬂ?kyéﬁ:ﬁ%m
sel ect ed toagEsid eoront e Fybstreatatvitk tpar amtrenadt atesgng aky the

t enper at ur e cslik! ablixf Okl Be oM o6 abykaile ghpwncgpi taxidlly. The.pethod

of obtaining a 15 stressed thin filmhas been descri bed, herei nabove and may
barameter at the epltaxy temperature sguitable for the
material to be grown epitaxially. The method of obtaining a

15 stressed thin film has been described hereinabove and may
if necessary be iterated to obtain a given gtress level
within the thin film.

Phenomena of thermal expansion within the structure
are also taken into account if necessary.

20 Figures 9A to 9F show a practical implementation of
the above method. In figure 9A, an S0I substrate 20
consisting of a layer 22 of silicon on a substrate 20A
formed of a silicon substrate and a layer of oxide is
bonded under stress to a 400 nm oxidized gilicon substrate

25 21 formed of a layer 21A of silica on a layer 21B of
silicon, the face to be assembled of the S80I being in
tension and that of the oxidized silicon in compression.
After the forces necessary to obtain the curvatures have
been removed, the complex structure has a radius of

30 curvature of approximately 1 m. Then, ag shown in figure
9B, the substrate 20A 1is removed by mechanical-chemical
means. The oxide film of the substrate 20A, delimited by
the dashed line in figure %A, may remain or may be removed
if necessary. The sgilicon film 22 transferred in this way

35 onto the oxidized silicon 21 is then stressed in tension to



if necessary be iterated to obtain a given stress level wthin the thin
film Phenonena of thernmal expansion within the structure are also taken
into account if necessary. 20 Figures 9A to 9F show a practi cal

i npl ementation of the above nethod. In figure 9A, an SO substrate 20
consi sting 8¥02004961322 of silicon on a substrate 20A fRETER2003/@3590 i con
substrate and a | ayer of oxide is bonded,under stress to a 400 nm oxi di zed
silicon substrate 25 21 forned of a |ayer 21A of silica on a |layer 21B of
silicon, the face to be assenbled of the SO being in tension and that of

the oxi di zednSidyeayd Ny £PNPr 83Si0ro-AllAle the] O 8BS, NeRESS FHYn1i% ks ai n
the curvatures have been renpved, the conpl éx structure has a radi us of 30

curvat ure ofSHpFdx Tt YHIE ml%e%at’ékcghﬁﬁﬁamﬁtﬁifgl}ﬁe thep viae aig¥irat e
20A is renpvwedrbyimechari C@'Id}%'lenkﬁa|sdeﬁn§n Higuupd decf | Itmill@f Ihecice
substrate 20A, delimte t.he dashed line in. fig ulrée 9? #er’r%an or

be renmoved PPEeREEELs A O‘ﬁ‘“?]ed?iplolsd'(?ﬁoﬁ | T2 F&nstRt? ed A t ya%S
onto tBe oxisdiczed $iillincon221 nﬁlthen atregséﬁﬁlamﬂumensd:mémthZ@(M/ 06# 132
PCT/ FR2003/ 003590 2 erage | .ue_of _approxi mat 180Q a, .thus
fornmng a RER ST 3t%legé’tu ‘E’ Tt aa‘ijt‘fecetﬁar éﬁ’%t i lejsé/?rﬁer?r\l\?[gr?‘%éﬁbyno
appr oxi nat ellyt@it4% pAsamla@wm i mifkmngtrk. 90Nlth| sthastlmcmtmei@n abt ows

deposi tion t hi_n of fdl t i
concentrati g@iﬁ Eﬂ(am, ox|(‘J’fr(?aljtn\r%rlzl%gl g%af&e St \%’g tﬂo %Ss:% |r£&orﬁlsgﬁ%r%i\nn Iﬁ‘{%o
lattice par b@ette:rlafﬁaé:@:i C‘IﬁltW‘tlh ﬂoleucgnwmcemcrcam@mil@k gethamrlgmmaﬁ a

ger mapigum dlzfofo%%nq%y%fr p'ﬂ&% QU 11O, 0. %0 TRY %ltefe tal arahe cy%(
becom ng i nconpati bl é growmng a 10 200 nm |l ayer. The th| ness of t he

SiGe is ver ?‘nﬁoﬁﬂ@eﬁé’d{%ﬁalarml@]ﬂstﬁéry%t‘éffr?qugpptﬂy Toey dePegdodm THe BrGe

filmis notstsbkessiethebasansa et 9 dratildL @ Rafpmrieri d s-dagspacded. To
i ncrease the germanium concentration in the SiGe alloy,. instead of

deposi ting 3. 5@6S|GEO ﬁﬁgr§PF§g§@& germanium concentrdtion in the SiGe
alloy, instead of depositing 3.5% SiGe, the sgtressed

15 silicon film may be further stressed by effecting further
bonding under sgtress ag explained above.

Another option 1is to repeat the bonding process
under stress on the 3.5% SiGe. To this end, first of all,
the thin film 23 of 3.5% SiGe is transferred to a relaxed

20 support 24 using a standard microelectronics technigue {(for
example bonding followed by mechanical thinning). The new
structure shown in figure 9D comprising the transferred
thin film 23 of SiGe 1is then obtained and curved, for
example, and another structure 25, for example of silicon,

25 may then be curved before bonding the twe structures as
shown in figure 9E. The figure 9C structure may also be
bonded directly to this new structure 25 after curvature.
The stress levels are selected so that the thin $iGe film
23 expands. The support 24 onto which the thin SiCGe film 23

30 has been transferred is then removed, or in the case of
direct bonding the 1layers 21 and 22 are removed. This
further tensions the thin SiGe film 23, as shown in figure
9F. This increases 1its lattice parameter, which then
becomes compatible with an SiGe deposit 26 with a higher

35 concentration of germanium. This technique limits the



15 silicon filmmy be further stressed by effecting further bonding under
stress as expl ai ned above. Another option is to repeat the bondi ng process
under stress on the 3.5% SiGe. To this end, first of all, the thin film23
of 3.5% SiGe is transferred to a relaxed 20 support 24 using a standard

m cr oel ect r andegod/@eint que (for exanpl e bondi ng fol | owedpby/ri@ebHeG80
thinning). The new structure shown in f'gure 9D conprising the transferred

thin film23 of SiGe is then obtained and”curved, for exanple, and another
structure 25, for exanple of silicon, 25 may then be curved before bonding

the two str %l GLILES, AS ,[51%9 fifmf ggé@f%% %E%P&gurt%eg%tﬁtéégé#he S al SO

be bonded rectly to IS nem/s ructure curvature ress
| evel s are $dlGectiedimsoafhar bhadihon WBider f$tms23asgpdder THersuppotd 24

onto whi ch tfae fhid 3 Ge ifi L35 Q]Jlj"}? Hean ¢4 ansferred,d Sséﬁ@”lé@{'?c‘!@d or

in the case of direct "bondi ng the ayers 21 and 22 are renoved.
further tendeewdateE-thin SiGe film 23, as shown in figure 9F. ThIS

increases its latti egcRargiehers @/@kﬁﬂantlnﬁln cbesenes, c08Ratd ol @O‘%”hféf Si Ge
deposit 26 with a higher 35 concentration ger mani um Thi s techm

linmits the ROSWOE 065832 PEPLRR208S/ OG@B%“E 3 BYrekB8s #ROYHe W?Tlﬁﬁ@sed

for epitaxywitdi@ust regsesing the tdiGeridslsmaid efibBndichy wuler styesslare
| ower than ﬁgyld be necessary in the silicon filmto obtain the sane
lattice BYgiGe with a ger mani um concentration of 20% for
exanpl e, may easHyI-lbet bonadiimed by the above nethod, wthout [imting the

t hi ck s and with ood St e|t t bo in D verse
var|a2$§ of the forébg%ﬁ%eayg&régﬁ c%‘Fhe pregiyOl rﬁfebe E%“l%fe)d to enabl e

hot bonding of the Tdef pmeddrimst mdleat@asxadldlmrmbﬂ'adlqat ghondsngragt
advant ageoughy. be-ah, fdllf €58k hemReral ULes 8euthal thGt WBreforms may

advantageougly be at different temperatures so that the two
intermediate structures have a temperature difference at
15 the moment of assembly.

Bonding the intermediate gtructures at high
temperature also provides control over the internal
stresses of the complex structure, inh addition to the
control already achieved through the controlled deformation

20 of the intermediate structures.

For example, it is then posgsible to cancel the
internal stresses of a complex structure at a given
temperature by limiting the deformation of the intermediate
structures. For example, it is not wished to deform to a

25 radius of curvature of more than 1.4 m the two intermediate
gstructures consisting of a 750 um thick silicon wafer
200 mm in diameter and a 1200 um thick fused silica wafer
200 mm in diameter. These two intermediate structures,
deformed to a radius of curvature of approximately 1.4 m
30 prior to bonding, vield a complex structure in which the
internal stresses are eliminated at approximately 300°C if
bonding took place at 20°C. On the other hand, i1f the two
intermediate structures are bonded at 100°C, the internal
stresses of the complex structure are eliminated at 380°C,

35 and thus at a higher temperature without having to deform



irnternedi ate structures have a tenperature difference at 15 the nonent of
assenbly. Bonding the internediate structures at high tenperature also
provi des control over the internal stresses of the conplex structure, in
addition to the control already achieved through the controlled deformation
20 of the i N\YORABEDEIS2 structures. For exanple, it is thePCPFRIDGYGOIEH
cancel the internal stresses of a conplex structure at a given tenperature
by limting the deformation of the internediate structures. For exanple, it
is not wished to deformto a 25 radius of curvature of nore than 1.4 mthe
two i nt er mredivatt@ ers tohec tiwresneensits iftgaftaab0 um thick silicon wafer 200
mmin di aneter and 120 m thick fused silica wafer 200 mmin dianeter.
These two internedlgF ?& ures, deformed to a radius of curvature of
approximately 1.4 nmsaamennthattﬁﬂmmmgatyEeb@naaﬂwnﬁampeﬁauuﬁaanimayhich

t he intern?#ag;ﬁﬁﬁéga ane |én na%g%h vﬂpprgx n@%egxa%OOCIstr bonding took

pl ace at 20C. e other iAtEernediate st¥UCtUres are
bonded Sat  10@C€r achve dirygt erhriad fb@weésesrofﬂoﬁhéleenﬁl@( straioctalk esresses

gla:‘ glr rr:1a§/\nze)d2004/ 06413&;&%@? F%%%%%B%ggg% ?‘%ﬁrmﬁ tgm%% 2‘? %Ee%l?g%{{éaget °

structures. eXFesWs dfer A layer that flows at a certaln tenperature Tf may

be placed between the;two jinigrnedi at g SLELELUr 89 ring | RiRAUCIDY, thisf | ow
| ayer nodifies the internal stresses in the conplex Structure |f the heat

treat ment t&RFERAEUr £ORKEHs BY. W so% BEATD L8 sfr ST ur FREUaRRERI i ng,
for exanpl ecrfcdnrsii@dry , oBy anay200 ewxangiesk argeenl esqﬂcfawtsnhmtrla&e of

consi sting %% a 120 n1thicknfp ed S|I|ca substra @e of 22% nete% on
whi ch there % SRR kot P ERETE OR. bt (1) e For o
structure bwldaamﬂlofcth&ting' the complex structure by means of the
invention means that a heat treatment temperature Ttth of
800°C, for example, can be achieved without exceeding the
15 stregss level set to preserve good crystal gquality in the
silicon film (without prestressing the basic structures to
form the complex structure, a temperature of 800°C could
not be reached without degrading the silicon film). On the
other hand, if it is required to raise the heat treatment
© 20 temperature without modifying the deformation of the basic
structures used to obtain the complex structure, there isg
then the risk of exceeding the stress level that has been
set. If there 1s a layer that flows at TLf, with Tf equal to
8006¢°C, for example, as soon as the heat treatment
25 temperature exceeds Tf the £flow layver will flow, thereby
relieving some of the internal stresses. Heat treatment can
then be carried out at a temperature higher than Ttth
without exceeding the internal stress level that has been
set.
30 Working under pressure
The preforms may be molds, for example porous
molds.
If a pressure difference is used to deform the
basic structures or to retain the basic structures on the

35 preforms, it can be advantageous for one of the faces of



i nvention neans that a heat treatnent tenperature Ttth of 800C, for

exanpl e, can be achieved w thout exceeding the 15 stress level set to
preserve good crystal quality inthe silicon film(w thout prestressing the
basic structures to formthe conplex structure, a tenperature of 800C could
not be reacWi2aidt6dlaz degrading the silicon filn). On tRCT/BR26N3/003300, i f

it is required to raise the heat treatmept 20 tenperature w thout nodifying
the deformation of the basic structures used to obtain the conpl ex
structure, there is then the risk of exceeding the stress |evel that has

been set. thethgsgiés gctayeirddatedl oys afr Tha Wddbdir&qualndo &RRC, for
exanpl e, as soon as the heat treatnent 25 tenperature exceeds Tf the flow

| ayer will ?F%WPFﬁEF%bQIeFEPréw REVEBIBISPUEHY PnPéaFal rst

treat nent cabmotprerbe ezekkadcQUIFigtura tlm@%yr@thgﬁebft @a@mﬂlfeh an
wi t hout exceedin% t he %@ternal stress | evel th has set 30 Wor ki ng
i o G 76t o

under presstirée T8t ef 6r nEHa§-Be fol §&° fBFe Qgﬁﬁle A d$2SY a
pressube diiﬁeleﬁtﬁgisausﬁzfdnmahﬁenwmdﬁh&anhasBaAst@nctunes Grsiaatetcai n t he

basi c struc pr ef.or ns n be van r Qne of t he
faces of. 5@%53?8841§§ P F& 653f5%§%96%%5 %gbag%ggggructuregl oé%e at
a pressure oeheranhan aatdhosphericpyE=Esiace, hadvaﬁﬁagbeusgyt@ﬂ@ﬁé@ﬁ@ﬂe

hi gher than,at gospheri:¢, pressyre E& %% q_y@% ?@B@ &
encl osure 30 conta|n|n1‘€Vo prg?oﬁﬁs lé each 5 |ncFu§i g a deformabl e
menbr ane 31AYofoBbAe Asaﬁﬁatlon channels 33 and 34 open onto the surface of

thesejgmenbranes, apdeare;fepresented hererassbeipgidangentiale MWaic
aspiration or pressurization_ circuits are represented. by double lines. 10

The aspirat FbRUERRAREI s1hni AP&LA t HETRAERE StAGur 6819 n 3958 r Aef otifed
state; the agparetibhe channels may be limited by subjecting the

exposed face of the intermediate structure to a pressure
higher than atmospheric pressure (for example a pressure

15 inside the enclosure of 2 bar). Moreover, if the deformable
preform is deformed by a pressure difference, a greater
deformation can be achieved by increasing the pressure on

the exposed face of the basic structure. For example, the
preform 31 is at an internal pressure of 1.5 bar, the

20 channelg 33 are at a pressure of 0.3 bar, the preform 32 is
at an internal pressure of 2.5 bar, and the channels 34 are

at a presgure of 0.3 bar. The pressure of the enclosure

(2 bar) is between the pressures of the preformg 31 and 32.

The method of the invention may be implemented in

25 diverse atmospheres, controlled or not. In particular, it

may be implemented in a hydrogen atmosphere.



" aspicration channels may be limted by subjecting the exposed face of the

‘internediate structure to a pressure higher than atnospheric pressure (for

. exanpl e a pressure 15 inside the enclosure of 2 bar). Mreover, if the
-deformable preformis deformed by a pressure difference, a greater

def or mat i onyeaR4eNi eved by increasing the pressure ofctiHi@0fyePEsg face
of the basic structure. For exanple, the preform31l is at an interna

pressure of 1.5 bar, the 20 channels 332&re at a pressure of 0.3 bar, the
preform32 is at an internal pressure of 2.5 bar, and the channels 34 are
at a pressure of 0.3 bar. The pressure_of the enclosure (2 bar) is between
the pressures of the preforns 31 and 532183 et hod of the invention may be
i npl emrented in 25 1di veMestthaad rm‘SqiShﬁ:lSdi&:lr@rér@d)dr]_&ﬁeﬁrsﬂﬁhctlhflep@héifﬁﬁmar, it

may be inple d..in a hydroge aL mosp 200406413 PCT/F 003/ 003590
26 CLAI M5 line}?ﬁ?e(fthovae of o K%%t%n %ngnﬁgegwg\/\gﬁﬁjrﬁe re‘rln pettive
connecti ng ¥.acés dh‘9:tv®0ba§llc, sQButhfr)esa(:é oudght 3ints; cZﬁJ,taZﬂL: asd 25)

o UG RSORS00, P PARETH o E1APL L FES) o LS

bringing themin stress™s rénce inposed by
curvi ng eacteriffatthe awdaramind itk ustuees tdadfe adséhfbredces impamcedbpet ween

the two fa i al.forc h,of the
GeS-Fh fls 10%%%’ftf%‘ﬂer by 3PP ¥{ H9st 8@@?é§ tofRE §§Séﬁll%§§8 9

two structures, ence pelng se ected to obtain wt

assenbl ed tgakadireebveeRdENer MvitedfageesEOsbat @ssrudrleg Jan aeeihwrlgons

rel ative t addigwdssenblaseerdi tioonsack. Met otk aggey d*sBQubQu%le@' m t?sths
pr oduci ng aqlsfcﬁfg‘fpl ex struycture, characterized in that one of the

structQres Gried Bérdr eg%lferc'é’rq%gtﬁp W& ik cBhEN LR g u?%s?'a}erﬁﬂ it.

3. Method acoaiding t oaei thesdet@imide®@r glalems? ofapsodugideg a gouphex
structure, Cha‘ijgtgt eri ze in thaéott strenebslgtgéreddrfferences i S generated

by means quﬂ LIS re atlve e asse
2. Method according to claim 1 of producing a

complex structure, characterized in that one of the

15 structures is deformed before offering up the second
structure facing it.

3. Method according to either c¢laim 1 or claim 2
of producing a complex structure, characterized in that the
stress state differences is generated by means of stresses

20 generated independently in each basic structure.

4. Method accordihg to any one of claims 1 to 3 of
producing a complex structure, characterized in that the
two structures are curved so that the two faces to be
assembled are respectively concave and convex.

25 5. Method according to claim 4 of producing a
complex structure, characterized in that the two structures
are curved so that the two faces to be assembled are
complementary.

6. Method according to claim 5 of producing a

30 complex structure, characterized in that the two structures
are curved so that the two faces to be assembled are
respectively spherical concave and spherical convex.

7. Method according to any one of claims 1 toc 6 of
producing a complex structure, characterized in that the

35 mechanical forces applied to the basic structure result

AMENDED SHEET



.20 generated independently in each basic structure. 4. Method according to
any one of clainms 1 to 3 of producing a conplex structure, characterized in
that the two structures are curved so that the two faces to be assenbled

. ~are respectively concave and convex. 25 5. Method according to claim4 of

produci ng aw(rzepb@t3zst ructure, characterized in that thECIVER2008/003590es
are curved so that the two faces to be assenbled are conplenentary. 6.
Met hod according to claim5 of producing a 30 conplex structure,
characterized in that the two structures are curved so that the two faces

to be assenbtesk as€ of eapestisvahy AN GRlcLN0aVRANthsPhghi eabegoBYEX. 7.
Met hod accord|$g to any one of clains 1 to 6 of producing a conpl ex

structure, ¥HETatterFZ88ein that the 35 nechanical forces applied to the
basic structure resslt MANNDEDR SHERR AAD %%46641312 PCTdJFR%QQH&QEJ@QOa 27
creation of IBEE{ﬁessure differ encehbet wgen.thg gg £ 0 sai d structure
8. Method at® fg TORF M7 of “PFRGhEIAETE  ¢BrplER st H}?tupg

char act er i z&df f eréhad ﬂole&wmeezssthe tﬁfodiﬁeima;enoé bla"wveemmhetuttwo faceés of
the structure fosbe cynyed % %I %a%ecof“ cave fage to. b fé&”?' ed is

created by aspirating Said s ure on o a concave pre Sor i S havi n
sui tabl e pr@fqedveeg‘ebﬁc@@nla@tansﬂuﬁ@moatoﬁcthae totobe pnpaavedpuf@fphr@ face

to be asse@é@&?“&' on; W e ]E)ngli% é&i@@’c%&eageét %uhg%%hyo%t thb® co

peri phery . hod according to c roduci ng onpl ex structure,
charact eri 7@ iRPEKEECt He ptﬂé%sﬁﬁ@e drof fleg eﬁﬁéeﬁbﬂ@ée@nﬁéﬂ wehigkeshsf the

strucigre to-PecreHeVeLss0 18ah11{ HAS;ascpasaypet-ace to be assembled is 15
created by aspirating said structure into a Caﬁlﬁté%c the structure resting
a

locally at its peripher§eo#rd S&HT PR Hertitnge Vit§f producing a

complex structure, characterized in that the pressure
difference between the two faces of the structure to be
curved go that it has a concave face to be aggembled is

15 created by aspirating said structure into a cavity, the
structure resting locally at 1its periphery on a seal
bordering the cavity.

10. Method according to claim 6 of producing a
complex structure, characterized in that the mechanical

20 forces applied are the result of deforming the structure
between complementary first and second preforms, one of
which is concave and the other of which is convex, with
profiles selected as a function of that to be imparted to
the face to be assembled.

25 11. Method according to claim 10 of preducing a
complex structure, characterized in that the first preform
is one of the concave structures to be assembled that has
already been curved to the selected profile.

12. Method according to c¢laim 10 or claim 11 of

30 producing a complex structure, characterized in that the
second preform has aspiration channels for keeping the
structure curved, once the first preform has been removed.

13. Method according to any one of claims 1 to 6
of producing a complex structure, characterized in that the

35 mechanical forces are applied simultanecusly to the two
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10. Method according to claim6 of producing a conplex structure,
characterized in that the nechanical 20 forces applied are the result of
deform ng the structure between conplenentary first and second preforns, one

.- of which is concave and the other of which is convex, with profiles

sel ect ed adv@20ed96413an of that to be inparted to the faeeTFR2bES/@SSENDI ed.
25 11. Method according to claim10 of ppoducing a conplex structure,
characterized in that the first preform is one of the concave structures to
be assenbl ed that has already been curved to the selected profile. 12.

Met hod accarghRGuir@sChd] Md Oz QLeth b A aEro301RHOUE NGA COMPLEXres
structure, characterized in that the second preform has aspiration channels

for keepi n§SEHE s Hfe e Oy 6V 1KL UM 55 ste it mhas BEsh-+@hoved.

13. Met hod o&ﬁ%@ﬂb@ieng_ot Q);a!lﬁp%h&&e@f ht@l ajgisés fhcﬁ—_% &o che? RY Db K A clorrpl ex

structure, character,ized in that the . 35 nechanica rces .are applie

si mul t aneously to the t%tﬁﬂ%ﬁﬁéﬁr%%%4%ﬁ1§% 5%?Fﬁﬁ2§0§$%0%§90 28

structur esoffo peodssendl ed bymgetar nd tugud berd Wo Staneitgeisred et weerhd wo

pr ef or s havicgl% profiles_selected as a function _ of .those to be %_rrpi%ted to
€ [

the faces 10 ba aSSenbl 84°S14. *Wet hP atTor dithg ¥ ARy 0nesf cPai ng 1 to 13
5 of produsiubgtaatcesplex meEmgctodr @ roledicant erdrzgids iimd hat a mechéni cal forces

are applied to at ast f trate ns_ pf f.ar
consisting of a m)hg 1#‘@%&%0& a%rc%#?d?n.&%t o(“slc%%ﬂng%% %f B_r%oo Ejl?ilg?naa
conpl ex st FOEPUEE, chalaties. zedharadiarigdd pref ditmt 106abhsigretefma

porody Mol gonkbocMethod aesordi R 1kp any one of clains 1 to 13 of producing
a conpl ex structure, characterized in that mechanical forces are applied to

the substrates witRh®theMeai@dopcaioncdast ghe2¥ef 8Rfmble Pref6r h 9% 4.
Met hod accerdi Bgod@cafy Gnecefpthkai BrdudOudsd, characterized in that

maechanical forces are applied to the substrates with the
aid of at least one deformable preform.

15 17. Method according to any one of c¢laims 1 to 13
of producing a complex structure, characterized in that the
two structures are assembled by molecular bonding.

18. Method according to claim 14 of producing a
complex structure, characterized in that the two faces to

20 be asgsembled are treated to facilitate bonding.

19. Method according to any one of claims 1 to 18
of producing a complex structure, characterized in that the
substrates are assembled by direct contact, the surface of
at least one of these substrates being adapted to prevent

25 air from being trapped between the assembled surfaces.

20. Method according to claim 19 of preoducing a
complex gtructure, characterized in that at least one of
the substrates is pierced.

21. Method according to claim 20 of producing a

30 complex structure, characterized in that said substrate is
pierced at its center.

22. Method according to claim 21 of producing a
complex structure, characterized in that at least one of
the substrates includes at least one dead-end channel

35 discharging at the edge of the substrate.
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_of producing a conplex structure, characterized in that the two structures
‘are assenbl ed by nol ecul ar bonding. 18. Method according to claim 14 of
producing a conplex structure, characterized in that the two faces to 20
*_be assenbled are treated to facilitate bonding. 19. Method according to any
one of cl aW® 2004064188 of produci ng a conpl ex struct ur e, PCHYER2GG30032%d i n
that the substrates are assenbled by digect contact, the surface of at

| east one of these substrates being adapted to prevent 25 air from being
trapped between the assenbl ed surfaces. 20. Method according to claim 19 of

producing a conpl g3 stfuehure o chaacierdzethy nohbabrak1heast 1ong ofg the
substrates is pierced. 21. Method according to claim?20 of producing a 30

conpl ex st PlicPUPENCEREr c COMPLEF ST Nt Sai Fratt i@ ed 1hitdidled Bt its

center. 22subethadeaceeedargeaidleldaibp 2kl POAUG NG a ayveanpl ex structure,
characterized in tggt a@ Iga t one aof, the substrates inﬁludes at. | east one
-di ¥Eh Péi

|
dead- end channel g &8¢ ey Bf the ShbStrars. TaveN SHEET
WO 2064064032 PCIAER2OO3/20036801 29 23rudbihed ateotditeg itaedanynoneg:of

claims 1 tqg_l f producin conplex stru re, characterized in_ that the
substratesggfgmgg¥e <§%E§g%§aﬁ%ggfﬁéé?I%%ﬁ$§§%F9r34ﬁlﬁé?ﬁoé%&ﬁuﬁ%ﬁ%g to
any one of telmemetliree 23 5 of producing a conplex structure, characterized

in that assenbly bs cayLi o] ; r hi,gh t
y b§ capLigd o al, 4 8MRe zé%%%ﬁ%rbg &t B?Bd&%ﬁpﬁpexa

tenperature. 25. Method according to claim?2 oducing a
struct ur e, CEHRE-§Et ECIFEEGUNS  t KRR TENE s5ilFad dres-hite thi TSR URE cofe act

W t h1heat edpi-@HOLYS c02@acVelNQE REGEILH RG-dfQ:elal M 25 of producing a
conpl ex structure, characterized in that the preforns are heated to

respective differeff-teffErafurdcording to claim 25 of producing a
complex structure, characterized in that the preforms are

heated to respective different temperatures.

27. Method according to any one of claims 1 to 26

15 of producing a complex structure, characterized in that the
method further includes a technology step including a
change of Temperature, the tangential stress state
difference between the ifwo faces to be assembled being
selected sgo that, during this step, the stresses within the

20 asgsembled structure remain below a predetermined stress
threshold.

28. Method according to claim 27 of producing a
complex structure, characterized in that the technology
step is a heat treatment step.

25 29. Method according to any one of claims 1 to 28
of producing a complex structure, characterized in that the
method further includes, after assembling the two basic
structures, a step of thinning one of these two sgstructures
to produce a thin film, the tangential stresgs state

30 difference between the two faces to be assembled being
selected to impose a given stregsg level within the
resulting thin film.

30. Method according to claim 29 of producing a
complex structure, characterized in that the thin film is

35 assembled to another basic structure by creating, prior to
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.27. Method according to any one of clainms 1 to 26 15 of producing a conpl ex
'structure, characterized in that the nethod further includes a technol ogy
step including a change of tenperature, the tangential stress state :

- difference between the two faces to be assenbled being selected so that,
during thi veeMoctiEe stresses within the 20 assenbl ed SPCTER20G3/003590 n

bel ow a predeterm ned stress threshold;,28. Method according to claim 27 of
producing a conplex structure, characterized in that the technology step
is a heat treatnment step. 25 29. Method according to any one of clains 1 to

28 of produGicnghid,, Copt &Xgsh# Vst Usereghakagter igetdddhatnd hfeedrethed

further includes, after assenbling the two basic structures, a step of
t hi nni ng onéoffitResetPwoSsHIRIU-RY: t opt ofadécgormien ¥54%H TRESEERYent i al
stress statm® 30thitkfier engethehweenhthe hwh fagesehplbe assephtedrbei ng

selected to i se a given stress, | evel ithin the resulting thin film 30.
Vot hod acc OGPy T8 CIo P o1 protbolRGCE ST SONET UG etelative
char act eri zed tihe tdratenttiley tdurmdifidand.s 35 assenbl ed to anot her basic

structure by creatisng i.Qr 1o . ANVENDED SHEET WO 20 64132
PCT/ FR2003/ 003590 > 0 agiseg%ﬁd;,acac I\%dr\lign&ttfs%l %Yr ess %ffgtczellagﬂsf elr erﬁoce3 %et ween
the two fadesncsluse rasse v, ext hetrut fifer e ndeabed ngr se¢@ctedchao oheai n

wi thin the S st r p m S S d gi ven
condi 1 ons " TalstT o T Bes  FEUIUMEE B P Oty b B RS A 0 %1
any one of SFlidians ol o Foowef fpdaduci g afcenplatestialceor @n ciafattati zed

in that t h%ad@et(ﬁ)d@ﬂ@r&&ﬁ;‘fléﬁcEHQG%téEe‘?pitth%xycaﬂgeéhﬁicHl PEOLUIE NG APe
epitaxially grown film(23) of a _material on an external 10 face of the
conpl ex stﬂj%fﬁrrénc’cehe bangent isalasttesks SPat &hadif f efencdWei ngP3EREEt ed SO

that, at thempidaXte, that external face has a lattice parameter
compatible with epltaxial growth of the required material.

32. Method according to c¢laim 31 of producing a

15 complex structure, characterized in that the structure on
which epitaxy is to be effected 1z a thin film (22)
obtained by thinning said structure after assembly.

33. Method according to either c¢laim 31 or claim
32 of producing a complex structure, characterized in that

20 the method further includes the following steps:

- assembling the complex structure including the
epitaxially grown film (23) onto another structure (25) via
respective connecting faces by creating, a tangential
stress state difference between these two new faces to be

25 assembled prior to assembly,

- thinning the complex structure to expoge a face
of the epitaxially grown thin film (23), and

- epitaxially growing a new material (26) on the
exposed face of the thin film,

30 the tangential stress state difference between the
two new faces to be assembled being selected so that the
lattice parameter of the epitaxially grown thin film (23)
is compatible with epitaxial growth of the new material
(26) to be grown epitaxially.

35 34. Method according to any one of claims 1 to 33,
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.tenperature, that external face has a lattice paraneter conpatible with
.épitaxial growth of the required material. 32. Method according to claim 31
-of producing a 15 conplex structure, characterized in that the structure on
"which epitaxy is to be effected is a thin film (22) obtained by thinning
sai d struct We2MH0e3assenbl y. 33. Method accordi ng to eiPTEFR2103/00330 or
claim 32 of producing a conplex structujg, characterized in that 20 the
nmet hod further includes the follow ng steps: - assenbling the conpl ex
structure including the epitaxially grown film (23) onto another structure
(25) via respestt¥eigennastifgatacges DY ALy, odtt aRgent icdntrlINess
state difference between these two new faces to be 25 assenbled prior to
assenmbly, -2HRPRRITGSt he conpl ex structure to expose a face of the
epitaxially grown thin firdohé@3rccandingepobt axivabhy gfowilagmd newonatieri al
(26) on the . ex d.face of the thin film_ 30 .the tangential stress state
di fference %% ﬁ£§§g¥ﬁéegtmﬁpnéﬁﬁ?hcég t%sbéxﬁggéﬁglg&tbe%ﬂg %e?%’ ¢ %o that
the latticetpaspheter of the epitaxially grown thin film(23) is
conpatible with epitaxial growth of the new material (26) to be grown
epitaxially. 35 34. Method according to any one of clainms 1 to 33, ANMENDED
SHEET { WD 2004064132 PCT/ FR2003/ 003590 31 <characterized in that it is
carried out in a controlled atnosphere. 35. Method according to any one of
claims 1 to 33, characterized in that it is carried out in a hydrogen 5
at nosphere. AMENDED SHEET
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