a (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT COOPERATI ON

TREATY (PCT) (19) World Intellectual Property Organization nn 1 Il pry nn
pp pp International Bureau (10) | nt ernational publication nunber (43)

I nter 85 2
Al (SQ?)t tﬁ gbﬁ?ﬂ%@%@?‘éﬁ@? assi F%gt%?’ %?f l(k%%(?'? ﬁ?@‘éﬁ%ﬁ@e 4{‘0@6%?)
SANT AR el Intdifbc @ PR5Pd fry DBganBatiddOLL 21/ 2% ey 21/ 18, 21/762, 21/58 Grande Arnee,
BY 237, F-75822 Paaégs Cedex 17 (FR). ‘MH‘}\‘; nt er nat i onal appl i cati on nunber:

PCT/ FR2003/ 0U38Y0™ 8Y5*"Desi gnat ed st ¢ IMBIE tckondlll}llﬂllllMﬂﬁﬂlﬂllﬂ‘llﬂﬂllﬂIHNIHIIINIIMNIIIlemIIIIIIIHILEII

AZ, BA, BB, BG BR, BY, BZ, CA CH, O" l‘r" S | nt er nati onal
f| I I(i@? Inﬂ%ﬁtm&% u@g&%{ (23(\)/103H(R 04H62 lu"" CZ DE (]]]K)InlB‘vlatl@Zl puIB[i};auEEnunEBGr
(25) Languzédelyéﬂmf(?? (?7r¥@04) French LG LKB(EJIEL | s LT L&g’Q%W‘S@EZA@T I\/K
p“?él b a{% @&an SE SG, SK SLc74)Sl¥e r-l;gnt J;M SINI Eﬁul 1, Ifen Utfé« la
L 0%%\)5; Qﬁl’ Lﬁ/Z Z\)15 D4 303 Det acfﬁi lhd0 F%?t%%d% bRkl 17 )
02/ 15,552 09 Decenber 2002 09 12.2002) FR Desi gnat ed st
( r ‘%ﬁl) Qﬁl@:lnluonﬁabﬁi@amt:ﬁ%er( BWec&HR 200583566 (Si-)sDeSWtecMzat@?nangkal ﬁZ,AGTZL AMQIT, AU,
ZW, (71) Applicant (for all designated Stahess 85c8pBYUS) cA fCul @$icaICR, CU,
pat(nmtlnténﬁ%on%hn@aate :KGp4 BeZemtr00R4.17.3003TV) , €O ISSARL AT, B, B BNERGFEGB, GD, GE,
ATOM QUE [FR/ FR]; European patent (AT, BE, BG3HGCHN,HRYHU, X, DEIS, IPKSE, K& KPES, K7,
31/33 Langegethe filig: Feder ati on, F- 75752 HRarti s CedeXKLIR, (ER)T, LEILV, FARMDGERG, MR, MN,
HU IE IT, LU M NL, PT, RO SE SI, SK TRWV, MEAREL, NbaOeki, OVBI;, PBPL, RTRRO, RU,
CG(26CLanguhge opybliGition: (72) | nventors; Famch GQ EOASD.NE, SGMK, SINEY, TSNM, TID, TRTIE) TZ, UA,
(75 | nvent ors/ Applicants (US onl y) FOURNEL, UEARAEKVRYDI YSRedM TER/ FR] ; 9,
0p Dytasrelatingsto the pBigHBO Mo r ans Wth International Search Report
I\/[RI CEAS-SPuber t  PERPORper 208 (0913200Y  FERr nif), Dﬁﬂgs%%izﬁat%if %‘f"”@' (BW, GH,
MONTMAYEUL, Philippe [FR FR]; For an expl anat £ % ‘éﬁ@é
Z,DF, DK EFE, ES,

t he71ptAlpplicand_Offdrs Simeditiglaed CPWeeaw;cceﬁzl DESK: 19
¢ ng %}\E SL
TI”Y e

abbr eiGMMISSA RIA R Acl' ERERGIFSATOMEQUD [FRIER] expl @ “t

Codes 3883 raldblad¥déationo 85752 Bdris Chiex 1H@&§). nni ng
PCT Gazette. (54) Title: METHOD OF PRODUCI NG

ASSRNBRVeNOrsSRESSED STRUCTURES (54) Titre DE DE "REALI SATI ON DUNE
STRECTuRE e CEAPliEXE #Ahwszslzm IDEFsv Mfﬁ;&; CONTRAI NTES (57) Abstract:
Thes | AVEM oh f“@}eatdéss 1{66 otPiars SFRduc- | wigh i GonmRLIS i Ep&E] ect roni ¢
S@ICMR C ]% @%ﬂ du Fournet F-38120

i Saint-Egreve ( Philippe [FR/FR];

For an explanation of the two-letter codes and the other
abbreviations, reference is made to the explanations
("Guidance Notes on Codes and Abbreviations") at the
beginning of each regular edition of the PCT Gagzette.

Lotissement Le Chateau, CIDEX 19 A, F-38190 Bernin (FR).

(54) Title: METHOD OF PRODUCING A COMPLEX STRUCTURE BY ASSEMBLING STRESSED STRUCTURES
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(57) Abstract: The invention relates to a method of produc-
ing a complex microelectronic structure, in which two basic
microelectronic structures {1, 3) are assembled at the two re-
spective connecting faces (3) thereof. The invention is char--

[I- acterised in that, before assembly, a difference is created in
the tangential stress state between the two faces to be as-
sembled, said difference being selected such as to produce
a pre-determined stress state within the assembled structare

3 under given conditions in relation to the assembly conditions.
F—

(57) Abrégé : Procédé de réalisation d'une structure micro-
/\1 électronique complexe selon lequel on assemble deux struc-
tures mmicroélectroniques élémentaires (1,3) par deux faces
respectives de liaison (3), caractérisé en ce que, avan! assem-
N 2 blage, on crée une différence d’état de contraintes tangen-
ticlles entre les deux faces & assembler, cette différence étant
/ choisie en sorte d’obtenir au sein de la structure assemblée
un état de contraintes prédéterminé dans des conditions don-
nées par rapport aux conditions d’assemblage.
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m croel ectronic structures (1, 3) are assenbled at the two re- spective
connecting faces (3) thereof. 'The invention is char 4 acteri sod in that,
before assenbly, a difference is created in the tangential stress state
between the two faces to be as- senbled, said difference being selected such
as to produgg 2hafegrdet ermned stress state within the p@qﬁrﬁgog%gs@ycture
under given conditions in relation to the assenbly conditions. 3 (57)
Abregc : Procede de realisation d une sttucture m cro- dlectronlque conpl cxe
sel on I equel on assenbl e deux struc- \D tures mcrodl cctroniques
diemental res (deBlof%e Jsuxalaces Lespegiiyes deLhpLogy (3ly gReag!eri se en
contraintes tangen- C belles ensteebpsddeuxut auessa assenbl er, cette
di ffrence etant choisie on sorte d obtenir an sein de |la structure assenbles
0 5 un Etat do contraintes grdgdternind dans des conditions don- odes par
rapport aux conditiPerhrieaschiebde. WD 2004/ 064132 PCT/ FR2003/ 003590 1
Met hods of  produci ngrige COARLEX i Shr Ltféwr?esbytassaermémgd %tfr ?%éiw%ur es
Technical field 5 The invention relates_to a nethod of ucin | ex
structure b?O%E%%ﬁbﬁFﬁ§CF%6ebé§fcaﬁFQWQ%FégtFﬁﬁiéba%%?uEﬂGF@§le?ﬁéonlc
structures gﬁi{u@@uﬁ@s§r oelagd r orﬁ@rucﬂnxeésnt eelRol oglecal mibanel eehrehegi cal or
nanoel ectronic. e]g ﬁgOf tTese cong itruct$res and é 10 Qarticular
t hose obt ai Iﬂéﬂr%e‘é RenBY NG’ st raReh %EHB CIYFP+ePENPEHREEPFAFSR1Fs
i ncreasi ngly w despriead ufe nbér oeheckr oricemldor ditgdyurtkyer sendeasans.
For exanpl hes o] ex structure | so_kno as het rostructure
reducgecost%aﬁél%%g?dl2gh?ﬁe us%go NEFst ¥ s%??ﬁm%% 19157 e%gﬁpPgeélllgon
carbi de) suBsffarest | matertabe, of ian S@ﬁcnﬁadung@W'onw1m9@DMam® in
substrate, gérséfgp£§on£9§y 2bs0 ikaeh] idiale-d S0 alLog: CORpPNentihcom each
ot her, there increasing the integrafti ensity, limting conponent
Consunptlonth?ﬁ@r@Q@PA@XSﬁﬁéwCQﬂﬁﬁsr 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, 1limiting 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
sensitive to changes in temperature, especially if the

30 materials constituting 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 solution to avoiding



20 Description of the prior art To be advantageous, these conplex structures
nmust be conpatible, subject to mnor nodifications, with the standard

t echnol ogy steps of mcroelectronics, for exanple bonding, heat treatnent,

| i t hography, doping, inplantation 25 and epitaxial growth. Now, nost of

t hese steps we2es5F0d4a82 | arge changes in tenperature. UpdReER03A0B5H0
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are sensitive to changes in tenperature,” especially if the 30 materials
constituting them have different coeffl cients of thermal expansion. The
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reproduci bl structure

assenpl ifferent materials so that th
is able, wi gﬂ%’[‘)“rtl sElSh‘o WltPhSWélFlg SERBANOFBEY e ted¥ aFtRPghett t Tat ur es
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produce goodduali V&St aY: dify Grown material of a given kind on anot her
material. In th| S casn@thetrhenqo;rcubl prpbiles iim tthiec possebteodi€$ eriencehdiet ween
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andthat to be gro |taX|aII anpl e isto
grown epi t axidieaniadn ofi la cgvent H@ndatqn @aotdid aradiryd Pet igerh e st 3awo

materials isy30 %Efeﬁ'nha}lést ihS MY pessiBhe (o oA Shacheen Ziayer
of nore than a ew hundred angstrom units thickness before the | ayer

rel axes and eSS S BBTBRE YIS BEathendindtetelakty 1-e- that of the

substrate and that to be grown epitaxially. For example, if
15 Sig.sGeg.2, 1s to be grown epitaxially on silicon, the lattice

difference between these two materials is so large that it

is not possible to grow an Sig.gGeg.; layer of more than a

few hundred angstrom units thickness before the layer

relaxes and forms numerous dislocations that are very
20 harmful to crystal quality.

It 1s known 1in the art that curving a structure
modifies its lattice parameter. However, it 1is 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?

Summary of the invention

30 The invention addresses the two problems stated
hereinabove.

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

35 method is characterized in that, before bringing them into



20 harnful to crystal quality. It is known in the art that curving a
structure nodifies its lattice paraneter. However, it is not immediately
apparent how to exploit this fact to produce epitaxial growh of high

qual ity because, w thout nodifying 25 the epitaxial gromh plant, how can it
be possi bl ewo 20@pr@sduze an epitaxially grown substrate WRAT/BR2EBM085H0

| attice paraneter froma given unsuitabl § substrate, and how can this be
achi eved accurately and reproduci bly? Summary of the invention 30 The

i nvention addresses the two problens stated hereinabove. It proposes a
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conpl ex structure, or exanpl e 0 enable it thereafter to conpensate
stresses gererabédodurigssubsegsent teechnoteagyledepsypard istrl®tpard.i cul ar
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prest n@ssi ngathe cularhel e£9st icidy s RAIMREN LeHpeeSS Ve SEERSELYPItaald y at
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: t he
i nventi on pPERFEEYeRN 1 ut ondWBRRT 129 t axitAl 1GRdw h sePPort TPAKRIFGIR of a
stressed compkexolsbiuctHss Sihtabytnd ofraageyen chdkebical-ot QlilFE e s

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 autonomous
epitaxial growth support in the form of a stressed complex

structure suitable for a gilven material to be grown

20 epitaxially. Because of the internal stresses generated
within this structure during assembly, and more
particularly surface stresses, the surface 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.

It is to be noted that, in an entirely different

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

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

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

semiconductor wafer bonding, science 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



20 epitaxially. Because of the internal stresses generated wthin this
structure during assenbly, and nore particularly surface stresses, the
surface lattice paraneter can be controlled accurately with no device other
than the other portion of the conplex structure. Thus 25 epitaxial growh of
good qual i t W@ 2004064633t ai ned using this stressed conpl eRCIVFR2NOZOO3SNt i s
to be noted that, in an entirely differept context, the paper by D. Feij oo,
. Ohg, K Mtani, W S. Yang, S. Yu and U M GCosele, "Prestressing of
bonded 30 wafers", Proceedings of the 1st international synposium on

sen conduct gf eaf &fo bonghbAgvisgi ence t esdriohogyadnd stapplliieat i ons, Yok

92-7, The El ectrochem cal Society (1992) page 230, proposes a nethod of
generating PhterhdfSstresses within a conplex structure, but this is not to
address 35 either ofotheibwerns obtwenssasustatred, but thatdheinstdhca Woo

2004/ 064132 PCTLER2003L003590.. 4,084 18, |0p1 Ovi g 0, DESAAN 88 SLARI 11ty

of the struc tures, Tnt |ns ance
silicoh waf etgndaré u@memwsnom&m aempdbesistrugtgee tfrrnsl siandiid

condi tions. Iphe; EOHHEﬁXsEEI’eHEEHr S%/f 9{1%%5” Ehb§ ‘A’E 15&11%;“%” Slihessed by

curving it bg appl ying a pointer the Center he structure, which is
fixed at it&hepeFPpheFy. OBy éDEV|ﬁ@rpﬁéu§?vchbﬁéhsuﬂﬁlciéﬁ?ﬁy atthe 1tondi ng

interface Ypékﬂﬁheﬂ)e t wo w/@ﬁ@{f§n§ep@hatese@dc@ﬁgeloshlﬂ@ac&%afanged the
i mredi ately new curvature that has been achieved. This

separatlon/?@BéﬁHgndn6FGé€§§ ARSI | CERP T YOO U e FersiPIT HeR, 2BEpER& ng on

t he bonodi ngtbaﬁr gyeboaaeﬁhammcﬁréta@]@ antch henhkomesy aﬂpfvaetdnby geans hefk t he

poi nter. £n the(ggthor ﬁlease the 3 res§5g ugg he 15 pomteke t he
at

conpl ex stru%?ﬁr {1t aBPPRTESSE ng d?r%ﬁ?%ﬁtd?%yt
depends on tharleﬁtauneSQMErBﬂetumaaa(ﬂendnﬂimgtosepheabpndﬂngb@mmn%y(ﬁ

the compl ex, . Stiliet yheosthessedhby chie RAIA eLpohaLerna) HELERSESr 2k
t herefore generated mnt% he conp%ex struct are.

pointer. When the authors release the stress caused by the

15 pointer, the complex structure 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 structure are not easily adjustable using the above

technique because they are dependent on the relative wvalues

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, i1f 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



20 However, the above document neither describes nor suggests generating
these stresses in a conplex structure to address problens of tenperature
behavior or to adjust a lattice parameter. Mreover, the internal stresses
generated within 25 the structure are not easily adjustable using the above
techni que b&@re@/GME32 are dependent on the rel ative val PEI/FR2003/083390ast i c
deformation energy of the structure and the bonding energy. Moreover, as
the authors indicate, the above nethod cannot be used for nol ecul ar bondi ng
at too 30 high an energy since, under such conditions, the assenbled two

structures detbat sepaiclsyareh 1y Jdie fQiiRtier tbs hdwiowedn Wk higdridieg ange
of elastic deformation of th structure, the§iatter reverta toits .initial
f

state at thERSEPe JPTNOTERTRE bOnGPAGIeTHEOS rifktIFE-Y ndhet 6r WA 35
curvat ure andtehénekboné poodntiemnadltystresses. Now, it is WO 2004/ 064132
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energy, for exanple Po ensure good So |&? y and a ond?ng Irntertrace of good
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associated wth either of the two tecﬁnlqa pro(fens cited above. It is
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anal ogi es Wohhyt he domentin. dih@h&eVatve 18o8RReRLT RELBE be seen to
separation/ rebondi ng nakes the proposed technique difficult to adjust. It
is also |inPe¥8 t ARRLPUERUr ey dSsenblBd WitHER Gt ed Bondi Y en&VGies. The

met hod oof t hecobnventiied dogspaphthamMertbesginyi mhakéons:tide FPrpssst ate
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i ndependent I CPRIE4EN BASTE B Fucttr e BetdFe absentfy, 2 ch Sirestedare
seen to be atrustables wesymbiedr atiehy 1iThieedebooding ecrfeeefesr.e reliably and
accurately reproducifle and,,adiystabl e, Tae hondi fg.Lorgss pelyeen dhe

basi c structures
limitations: the stress state generated within the complex

15 structure depends on stresses generated independently in
each basic structure before assembly, which stresses are
seen to be adjustable wvery accurately. The method 1is
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 said

25 structures before assembly. A simple and easy technique 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 resgpectively 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



20 are not limted either, since in our nethod the conplex structure does
not need to be separated. The tangential stress difference between the faces
to be bonded of the two basic structures nay advantageously be created by
deformng (mainly elastically) each of said 25 structures before assenbly. A
si npl e and Was30M@dshIi2que for generating stresses is toPCH/RR2005/083590
structures. In a preferred enbodinent, the two structures are curved so
that the two faces to be assenbled are respectively concave and convex.
They may be conpl enmentary 30 or even respectively spherical concave and
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suitabl e p;g%iﬂa& §ﬁ£§f£§g_ @ﬁ @REU?QEEOEO%J QéL-emb?eBeFinﬁp%t &lita the face
to be assenbl ed and on ich the structure rests locally at its periphery.
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structure agg iheafeshorin pospirbativen of sl Sitd uctdir 49 HatReadnCavnkty may
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bordering tHeFRALE§. 2lrhetREr Wt ¢ SSPUCAH OBt bes DSt arheyChyre

def ornong t hecabaveast tyciare eioneen havo: Comgd enené agyrupeeter mestang of
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preform has een remnovea. I's ot her prerorm .
preforms, one of which is 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,
aspiration 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 is 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 means 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



20 may advant ageously be the other basic structure to be assenbled, which
has al ready been curved to the required profile. Another option is to apply
mechani cal forces sinmultaneously to both of the structures to be assenbl ed,
25 for exanple by deform ng the two structures between two prefornms with
profiles seMo@Red/®d1R function of those to be inpartedPCI/FR20840390t 0 be
assenbled. It is preferable if: - nmechanhcal forces are applied to one or
nore of 30 the substrates by nmeans of a preformconsisting of a nold, -
this preformconsists of a porous nold, and - nechanical forces are applied
to the substnhatesace bl hedighafitat, | easieongi deforyabEerpeebapme e two

structures are preferably asse 35 nol ecul_ ar bon achi eving high
hosi on { oPLES R E RICTEF S00n/ OBN LA ECTPERBS0S 608508 Dot ar et & good
guaﬁfls? e?vhenum?remtle(fan.eaaﬂp$9e@y1nqﬂn£mﬂa (Eoaceszamgle L Y o e 900
processi 10, SLehPREnOg | iR NAULEL.Q) . AR Syt gd MBSl L] G XA © BY

heat treatnen this case,” beforé or er Creati ng ess state
di fferénce bérﬂEén shetEmodﬂééegengebebeaygénblé@e saive f desssaréctrémted to

facilitate gubsggyent s%%ld'f"é&eézoéréex@ﬁ@é@edt% Eé@%&%@%e”@&b%%‘&%ﬂe%t in

mechani cal and/or cheém cal polishing, chem cal treatment, / ozone
treat ment, RPEdéﬁéacUEﬂ¥|cﬁﬁ%ﬁ&%@ng)thﬁla§#§a?m?qqedﬁﬁéntcoﬁﬁlﬁﬁneﬁﬁrm)|n

hydrogen. AgeendhRgallo a{-ﬂdT/er peabRirgd fratiwespf &B&nltaye&tﬁeﬁ&méﬂﬂ ch may
wher e appllcable be conbined: - the substrates are assenbl.ed by dlrect

contact, tH&/ QﬁPpﬁcetB?aEWePEastRB%e bFedhel Cibst¥ht EEBENY ad&PeEF 15 to

prevenn a|rtkéaﬂmbﬁtngokraaaedlba@w&anhyﬁeogsaenbled surfaces, - at |east

one of the substrates |s jerce t hat substra erced at. it

center, - at | east gne ogg?ﬁe substrgies |n6?€d%s(§t f%Q£ % 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 ailr 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
laver,
- assembly 1is 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 technology step
including a change of temperature. 1In this case, the
tangential stress state difference between the two faces to

35 be assembled is selected so that, during this technology



20 one dead-end channel discharging at the edge of the substrate, - the
substrates are assenbled by neans of a flow |ayer, - assenbly is carried
out at a tenperature higher 25 than roomtenperature, - the substrates are
heated by contact with heated preforns, and - the preforns are heated to

respective tenperatures. 30 The nethod of the

i'ncl ude g%i%ﬁ%ﬁ%iF% steps. Thus it may further includgbiﬁﬁgkh%@?%gy step
including a change of tenperature. In thBs 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/ 003590 8 step, the
stresses withER t RBSaSSEREFEE ¥Hthdturd s artrihleddy ahtagepast §2FBnAIn

bel ow a pr egdetervhgesusiyesemaevelbel &or aaﬁi@aretterm&mtstsf@@s fletre@xanpl e,
the level o streﬁﬁ%gingt t be exc eded s sel ect nsure t at %he 5

structure is°hecha BRQE 1 5FBxanpPe &% %eat E?r&ﬁi
t enper at ur estfaesast hod ab bhke axveentddon sreyelegiadd yt 6 uenbere thatudhe after

assenbli ng asi.c_st o] hi 0 o]

St ucttr os Toopr BB s PRt Tr R s 5abe B angent Tal TSt ess
state d|ffetEﬁ@ﬁmeBEtueamerheurao faces to be assenbl ed may be selected to
I npose a given stregse n{%)\\é%é’lo\@i tgEn e nesubiiing txﬁéﬂ? fddugi1fheythha,film

i's advant ageousl asse to anot asl C structure q\% creati ng, prior
to assenbl yingly@agedfrar §§S§f“bé§§gsttéltee NG feaeie es bey e% hedt w6SPaces

to be assegbl @ﬂanbhﬁb dinfdf efencgeHei pgosekectedrbe ol ghroamddi & thhe new
assen?bed S r cture Eredeternl ed stress state under glveg %gndltlons
t ﬁB‘ F§ o

relattVe to % - asBehBiLy CGRGiIt | CangetetHodS eSS gk REFRcl ude

an epitaxy between the two faces to be assembled may be selected to
impose a given stress level within the resulting thin film.

The thin film is advantageously assembled to another basic

structure by creating, 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 assembled structure a predetermined stress state

under given conditions relative to the assembly conditions.

The method may equally further include an epitaxy

20 step for producing an epitaxially grown film of a material
on an external face of the complex structure. The
tangential stress state difference i1s 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 film obtained by thinning
a stressed complex structure obtained by assembling two
stressed basic structures (see above). A practically flat

30 epitaxy substrate is 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



20 step for producing an epitaxially grown filmof a material on an
external face of the conplex structure. The tangential stress state
difference is then selected so that, at the epitaxy tenperature, that
external face has a preselected lattice paraneter that is advantageously 25
conpat i bl e WQ 20040688321 al growt h of the required materi aPCT/FRO03/86F96n
which the epitaxy is to be effected is agdvantageously the face of a thin
filmobtained by thinning a stressed conplex structure obtai ned by
assenbling two stressed basic structures (see above) . A practically flat
30 epitaxy subsbwahg &SepBen obtained. The epitaxy substrate may be produced
in a nore conplex manner egabllgg¥%t to Ee obtai ned from a given gg%erlal

having a lattice paranet erovery eF8RPLEFonT TRt UDE 1 HEMY n
mat eri al . 3&pFoaxeaabhypl growhe MiEihoontay ahotheer 'bediude $teuND1200441664132

PCT/ FR2003/ 093590, .2 cfiQld oifd SLERs: = Resalbl LG he complex shrygtur e
including the  epitaxially grown fi ont'o"anot her “basrc"” structure via
two reSpect$veessnasetengiffdceenne dretwéery bheaagempi alevs sacesstet dee

difference Qgggﬁgpeah§§§ogmponggégﬁ5§§ to be assenbled prior to assenbly, -
thinning the conplex Structure to expose a face of the epitaxially grown

thin film and - epfteRrianiyg gEbai PP ey sereetare ofot REROGHsedTaLe f ace

of the thinofitne dbectangenti ghoshr easnstatg, dihference between the two
new faces to be assenbled is ielected,so that the lattice paranmeter of the

epitaxially grown thi PPFFFRFSLY cCORPULTHI @ WRYhMBPREARIaPgrOft FFBPSERe new

nmaterial . lbadbeoabone orihodibmy always be iterated as required to obtain

advant ages of the i TOERERBACHII R BEEBE ASrert i Gaek ngorHEForow ng.

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

- figure 1 1is 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 5A and 5B show two examples of
conditioning a basic structure to prevent trapping air
bubbles during assembly,

30 - figures 6A, 6B, 6C and 6D show one method of
stressing 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



20 description of particular enbodi mrents provided by way of non-limting
exanpl e. The description refers to the appended draw ngs, in which: -
figure 1 is a diagramof one non-limting enbodinment of the nethod of the
invention, 25 - figures 2, 3 and 4 show different ways of stressing basic
structures twobkeosesnsd! ed, - figures 5A and 5B show t wo mXxXgPrRb6sS/09B590
conditioning a basic structure to pr eveg trapping air bubbles during
assenbly, 30 - figures 6A, 6B, 6C and 6 Show one nethod of stressi ng a
thin filmby thinni ng stressed conpl ex tructures - figures 7A and 7B are
di agrams of Lhe,eMaliliom; i t D bemmaralur & glo 4 stregees al Lhe tyg.
surfaces of Si 19 con su rate Wlthl n £ corpl ex struc al ned by
WO 2004/ 064 132sRPECESER2@03/ 003590 10 assenbling silica and SI I i con
substrates, with or wetihout o PIESLLE8S8RNGre Cljiagélfgﬁs8 aneg % Aagr ans
of the evoI ution of th stresses wth tenperature at the bon ng |nterface
5 of a thinodi |thkonstagepesf wathomsimoerstiurg ke bbeabeadipy Hitexbiesilica

assemblsy, W preid hout i P5esi£pssi BE, af b%ﬁ&%ﬂ&&%@%éﬂ%& qglction
of an epitaxy substrate of given |attice paraneter, figure 10 is a

di agr anmat i & WMIERN T e GF SRy 107 5A P%W%%W%%eé%% Det ai | ed

description of enbodi megiscaf bhe tbnventi gRofurvied b@f&ﬂﬁl@ti@nt her f igur es
to which the f.oll ow ng descri pté:Jdon 15 refers, identical, ilar or
i

equi val ent SRS & TSRS i9dd By The addn€ & SRS s. Also, to

clarify the fi gur es, filkareaniouss i d edbagremnat icepliesenheddor imn cohsd st ent
scal e'lOFi gur 1r o@%ef%rmabq_ne Iplrnélttl A enbodi nent of the
Detailed description of embodiments of the
invention

Curved bonding

In the figures to which the following description
15 refers, identical, similar or equivalent parts are
identified by the same reference numbers. Also, to clarify
the figures, the various 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 5 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 1s obtalned 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 quantifiable 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 advantageously complementary



20 invention. A first basic structure 1 is defornmed by aspirating it onto a
first preform2 of specific shape, for exanple of spherical concave shape.
Aspiration is effected by nmeans of aspiration channels 5 opening onto the
surface of the preform Seals 6 at the periphery of the preform 25 support
the first swa@eoowms4132and ensure a pressure difference PETARZI08003396t Wween
the two faces of that structure. Becau of this pressure difference, the
structure is defornmed to espouse the shape of the first preform 2. Because
of this deformation, stresses famliar 30 to and quantifiable by the person

skilled in the ght angpgenss ated Wietihish thecEbEgt Struedir xdbrdnid | B
particular at its exposed face (here its upper face A second structure 3

i s then of f EPBETHF adidy heShaRPosdd R Bied hbof idaftomt r fRpusecpnda

second prefgepudtudd Vi t bedwslint abhe shaped h@tefsrﬁdvzaneaqeoméyflrst

conpl enent ar\B/ WD 2004/.064132 PCT/ FR2003/ 00359% 11 %o t he i g’mEDOf the first

preform 2, FbFUEXHAHI & -of TR pREF PR Al SBSATER EHa Wirovi dEd™PE I dERST m t he

second5 struatuepplibetweanotthéoseeendopeéiferm 4handectthenkitrish pstopeat.ure 1.

The arrow r resent cojnrn f.i ure éﬁ?{rrbolrzes 5 the applrcatron of forces to
n

effect the ‘F%Pﬁat pr%ﬁ PIMaBiPRng tHE def SFHELI o T e Eetond stuct ur e
3is progr pssgvelsyldeﬂyr aded comecontractoiiadt thiethi rke §ture¢;t wteructuomat i | it

espouses its ?Hgge %Sbgﬂsggcesﬁ %hgg assenbl ed having been treated 10 in
to t I

a manner fam i ar erson’s in the art to enable bonding by
mol ecul ar adhesi on, Ther tWanﬁﬂCEeSpr’F@r beo asstemégsichghaheng woestr fereates!

bonding is then %ﬁafr?r?éxedfé{‘HﬂhaEh%ot W d é:.ss&‘?' B¢hdeeaA GPNPLEXaSEr Yot ure
is then obtained forned by the 15 assenbly of two stressed_structures

havi ng at tRBRPlea®oBRBNEd acksler Wifowp agtedit i af 05t PEIEPUPT PELSKCE X hat
is inmposed bByrtBeingspaet ktwe defociatieen dbnthegt We thlehlElfHeRS ol ndlert O

bondi ng. The per:‘srgnfgléregl ((—:-:glrnrcrzltdhe art knows how to Iink the
A complex structure is then obtained formed by the
15 assembly of two stressed structures having at their
assembled faces a known tangential stress difference that
is 1imposed by the resgpective 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 shapes of the
preforms 2 and 4, how to impose a precise tangential stress
25 difference between the two faces to be assembled before
bonding and thus to impose stresses throughout the complex
structure once assembled. The preforms may be rigid porous

or non-porous molds, for example, or deformable membranes.
As shown 1in figure 2, a variant 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 seals 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



20 deformation i nposed on the structures accurately to the stress |levels
obtained in the structure and in particular those obtained on the faces to
be assenbled. He therefore knows, through an appropriate choice of the
shapes of the preforns 2 and 4, how to inpose a precise tangential stress
25 di f f er endeOle04@n32 he two faces to be assenbl ed bef oRCT/BR2D30§3290d t hus
to inpose stresses throughout the conplex, structure once assenbled. The
prefornms nmay be rigid porous or non-porous nolds, for exanple, or
def or mabl e nmenbranes. As shown in figure 2, a variant of the nethod 30

replaces the fdg 4 @aﬁt%mgr%hk}vath@lel O\Fdievé'ﬁnﬂl@an@ﬂ aav@@@hﬁralnﬁavi ty
8. The perlg%ery of. the first struct then rests on this device with

seal s 9 sandtiechey 1t Wde APRTREHIS é)tl on PefanidlSs ofdSre tHe Pessure
i nsi de the seavctyreAd)sindgg teh@o&l‘e@'issut@ disftirerseiee- ket V\pEsthEetV\Da’SS
faces of th flrs .Structure defor the first. structure WO 2004/064132
PCT/ FR2003/ %ﬁ§%§5 7 % o° d™Parti cotﬁ A VR UFES 5T ex@hpfe,® qﬂ‘acﬂdo acuum
in thé cavikily o ahpammtlermtﬂllwcmrﬂ&&m:: 1he thhlq‘:hcesmhgt lae sestlr uct ur e

bei ng exposegds t ndar Qr%ecr%% prﬁ§ ur@ rée d%g%gg&in@ 05 3 iﬁh%}(ai&ed in

the case of "a's tef siTreon wa using a
seal of 195ssemdiladeter thFh@@fQOmsit S§tm@éﬁtumee 31 mﬁhaw@mrmer asgerpingdl t o
the second gifugture 3 in the manner explained above. Figure 3 shows

anot her variant which consists in 10 deform ng the second structure 3

bet ween two appr opr Fag8Teprf 6PAWSofaRYHftenEAt arPCshBpeh ofieneigfScoitave

and the ot G@Eo&%&hgcom@xs&ﬁﬁdccﬁbéﬁk@!ﬂ Ome&vﬂié}Vl ged wig og?gsjﬁatfeatl on
channel s 14 for_ hol

the second structure 3 in position a
def or mat i onPaRd Orrg‘r?o\Paﬁg %‘Fm}?i%m%]%%@&e %gpﬁre 5 m &ﬁz Tﬂ8n§@¥8n&n§t @ ure 3
may then beoassenbled)t aorhe: fi mhte stowesur erikfoni cljsl tls-_edyffldaaa alirtgady
been defor medlrp:1 lbond| n wnth M1e al d ldan aq: esiyv €16 ﬁ ot )fl%”%lr%' 3
Anot her varia asserI’PbI stwo baS| c strucnt ress %e e ST EF B5Rai ng at
roon1tenper&ﬂn@psgthwmthﬁﬂﬁr 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 bonding at room temperature and without

20 stress. The assembled structure is then deformed between
two complementary molds. After verifying that each of the
structures is fastened to one of the molds (for example by
aspiration), the assembled structure is separated from the
molecular bonding area by any means known to the person

25 skilled in the art. This vyields two stressed basic
structures that may thereafter be assembled 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 layer.

35 An adhesion layer may be used between the preform



20 stress. The assenbled structure is then defornmed between two

conpl enentary nolds. After verifying that each of the structures is
fastened to one of the nolds (for exanple by aspiration), the assenbled
structure is separated fromthe nol ecul ar bonding area by any means known
to the pers®oO2@048064132ed in the art. This yields tw str ®CIAR2N3/003590
structures that may thereafter be assenbjed in accordance with the
invention. This variant has the advantage of preserving the surface state
of the faces to be assenbled, for exanple enabling assenbly of the two

stressed baghé 8ReSt&tehdfesebyrd urdderqdmi@edd arobondidedrIdHL igeneral |y,
t he assenbl of the t basi c uctur S ca Q{gg gore be effectﬁ tﬁ%

mol ecul ar a RESPEAC f\gffciﬁ?ndﬁnﬁ{j E8FVETFOHY BBAdi by
nmeans of acbedddnga}sayestrﬁEtAﬁeaﬁiheSbnnabayer may be used between the

pref orm WO 2004/ 064}32 PC‘tT/ 0103/ 00359? }Sand t he structu e % b%
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prefor b andsthectourwed basi 3 ﬁlram;blﬁcceedl nfzoat aot fabﬁ arlfctnloturtieﬂoammn@nt
shown in fi gHEﬁ 4a &heafé"ﬂde%%&r\[e‘éct E%ﬁﬁl%aﬁ@gu&gr &8 xﬁ&&q facededace

wi t hout bon % em and are orned si nul'taneo et ween a concave
preform 15 REdIarmonvex Fref ar nCLEVREKt hoEorpreneht arVyltl’s hagewlementtedire 4

the arrows shgwetherpresspne foraes do-ohe PR @Het 9r§§§ﬁ§et hedeforimt i on.
The two structures are 10 then deforned conj Olntﬁ%\?tt air remaining
at-Uie

bet ween t hBSt @BPstrtctar 68usentdet REtPEFGEed ¢ Sﬁéél%’éﬁs &5 eved,

the ailp fil enks eraeuatet ;o hechpsesofitihe off catesrapphihedg twmherwl by
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state), for sxamnl e nonpl ang JgeME! i 501 80u 08! JIRESTY PRefullgRled to

prestressing o
place.

15 The two structures are preferably plane initially
and of constant thickness. It is nevertheless clear that
the structures may also have different geometries initially
(in the relaxed state), for example non-plane geometries,
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, it is

advantageous to pierce one or both of the structures to be

assembled at their center 17, as shown in figure 52a, for

example by laser drilling or deep etching of the structure.

Aspiration means may advantageously Dbe provided to

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

An alternative 1is to provide on one or Dboth

structures 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



20 anplitudes at the tine of assenbly. Air bubbles Wen the second structure
3'is defornmed between the first structure 1 and the preform4, an air

bubbl e nay be trapped between the two structures and inpede bondi ng by 25
nmol ecul ar adhesi on. To evacuate this air bubble, it is advantageous to

pi erce one 8YORMA4H06d132 he structures to be assenbl ed at PROEFR2003/00859017, as
shown in figure 5A, for exanple by lasef,drilling or deep etching of the
structure. Aspiration neans nay advant ageousl y be provided to 30 facilitate
evacuation of the air bubble through the resulting hole. An alternative is

to provide @E‘Lm@ﬁglghsb@Ehth%t lblﬁ‘a%lﬂ%i gnau@rthrr@rfe l@‘OaC]EMﬁtairﬁT\ kgl ££18 on
the face be asse% d |s§ at thf e of . the fer, .35 as
Shown i n 11 JufE SBC Aof RXAMpFED )R EIRNO P80 £ B TR
PCTI FR20031®@35.9.62qué4; di mensi onsi e tiﬂeaﬁsdercdﬁlda whdtran0bgd Qs amek a
dept h of produce su I thogr ph chi ng

t echni ques. p;&é)&lrggg rn@ﬁ%r@gu g’ tt?i‘v Nis (%)ousfayrg p%ow 31 gefsor

aspi rabi ng the trappedther vpbaibhemhyl @s: th Addelkdr t@m iderf omenp tiert @ret f ect

ﬁnhﬁl Slnefzgr mtaheg\r) a\asrt}%e 0 trappgtd) air, oug%hhﬁl S Eagr?ﬁ tng awback

of necessit &beng’ MEre hafdé?razmﬁjimﬁlro gldeibitﬁatm@h%%/ has the

depressuri zgtboRaok 1He SITHEIURSint) AMBAY 1Ner ORELRREs {HET @Bl SO
be mentioned _that which caonsists in placing radial spacers at the wafer

periphery aR@fPERBFiAG Pﬁeﬁ‘leBﬁééspﬁézé‘éHPPalofart@é &S UsedFeSbonded. More
generall y, any met hmﬁloﬁgy d}.&aetsedpt:mahsenacm@% hait izatdonpef rendidied

bet ween t he h\/\% structures .at their 15 center iCh t hen prgp&gtat es toward
the edges. EGF‘eX: CongifGY T dRFTEHEACEATh T aGPESSEF & ween

the two st pectiphesycanidd MGMg)dﬂﬂ@ml detorehboadhngaioazehi des }iehains.
Definition %%nﬁgédsﬁgggtg%%erally, any method may be 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 structure 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 assembled”

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

such as 1in particular silicon, germanium, their alloys

30 Si; xGeyx, indium phosphide (InP), gallium arsenide (Galds),
lithium niobate, silicon carbide (SiC), gallium nitride
(GaN), sapphire, superconductors such as compounds of the

YbaCuO, NbN, or BiSrCaCuO type, for example, or insulators
such as, in particular, fused silica, quartz, glasses with

35 different compositions, MgO, all metals such as 1in



20 The net hods descri bed above therefore produce a conplex structure by
assenbling two basic structures and, before bonding, inposing a tangenti al
stress difference on the faces to be assenbl ed. The expression "basic
structure to be assenbl ed® 25 neans a thicker or thinner substrate, of
sinple or ¥00RBVAE13IDrm (fornmed of a stack of differenPdTAHR2I3O03599ne or
more thicker or thinner materials), procgssed or not. The materials
concerned are all the sem conductors, such as in particular silicon,
germanium their alloys 30 Sil_xGex, indium phosphide (InP), gallium

ar seni de ( GaAsticuhbihicurygicehat eoppieki 6N aGamhinge.(Si ), gal liumnitride
(GaN), sapphire, supercon uc%ors uch as conpounds of the YbaCuO NbN, or
Bi Sr CaCuO type, for—@ﬂaﬁﬁge——eg—ﬁggﬁmitors such as, in particular, fused
silica, quartz, gIaA§ESrwbbhd35gdb§fehenmechmﬂosﬁtm@msldM@atudﬂ neiedes such

as in WO 2004/ 0(%1132 Pé:T/?) 003/ 003590 léaplartl cullar tun @Tfhfcec%peoer or

al uni num  R8novar® p’re s AP T &r o bdhdi ng ttlﬁ invent i on,

t here 5i s obtéaiveed, ttblye |frﬂm gt ath@ngecmtasarustuess dpf ber ascemd dgot ween
the faces OEtEQEs%\ﬁO é&ﬁ#fé%r%%rh%t%? ASBEThlady, at CUPLEX 211

structure in which I eSSses points are nown en the forces
t hat def or ne@inke tame kapPwhal WignuctbeesS qiRRshahhehl dafessiade Bheaspia ati on

by neans ofm@t\i@quL@Qr@é&f@m%ch%%atlhepf@é@@ﬁ@ Qfr tgg%ji_Qa%&ﬁrw
faces of the conplex structure, the stresses wthin_ that structure evolve,

but in a paPEPESI & nBnAECUYHataTe KRHWTeCo tHPDetrEsn X3493%RI Ph (1he art .

Among 10t her extBirigs, EBtesevebutiwa isompiaactdoruafutdie natar esrantkdde
t hi cknesses of . the t;itar ous materials constituti n each o£%15 the two initial

structures ¥n&PtRe StHessCHIFFRFENEY VS hebu'boﬁ iy PATEFFHCET THT™ng
Fi gure 6A shboas tibekaompnl &o shieupkusenokidilied 1anftténre assenrorgy atfharst

structure 1t%9gg%,s%%9gde%%&ﬂ%ﬁ%5eis 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 first structure 1 and a second structure
20 3 in the situation 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 is therefore in compression. The assembled face
25 of the second structure 3 is spherical convex and 1is
therefore in tension. The arrows in figure 6A represent the
tangential internal stresses within the complex structure
at the level of the assembled faces.
If one of the structures 1 or 3 is thinned, the
30 internal stresses within the complex structure evolve
again, in a predictable manner that is familiar to the
person skilled in the art. If the first structure 1 is
thinned, for example, the second structure 3 tends to
relax, i1.e. to resume its flatness, being less and less

35 stressed by the thinned first structure 1. This is



20 3 in the situation where the first structure 1 is deforned by a
spherical concave preformand the second structure 3 is deforned 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 f3@2@HE/wH132he second structure 3 is spherical PEAVIR2003/003599
therefore in tension. The arrows in figure 6A represent the tangential
internal stresses within the conplex structure at the |evel of the
assenbl ed faces. If one of the structures 1 or 3 is thinned, the 30

internal stgessestunt h’hn d Necgorpl & $hr ¥elUrsa U e oR0aha, ais@,e?ﬂbled
predi ct abl e _manner_t IS faH1 liar to the. person skill egol n the art
n

the first stfrGét®fe © ?Ssepﬁp etF T Y  atml ESPERE E4BE0N %t YuEbdPe oF tends
to relax, the. bb@drms_;urrmntméi@émssn Baieng dressandoh eshe 3o ssiciedsed by

the thi nned f| rSthfjt H{c ]th TQ s. WO ZOOﬁéog 132 .PCT/ FR2003/t0035 0 16
refl ected |n 5% e on lnrst ﬂ“éé%]ég (}ri t glslélr%lngd *§ al& o N
second5struchuié Fhgeferati mrriytwdet de of relecedndinga athlmcrfedge in
the stresseg,gn,t hgﬁgsgg%ggd fage OEEEQB fipst fggw%turg% - steb:' %ﬂ ng is

continued 5 until I'rst stfucture I's reduced™to at ere is
obt ai ned, astshe®nren ¥i ghre 6B Flseccendy strafet upéas:ttlﬁatllws ﬁ'ﬁﬂ@ ué?lfl y

flat, pr aCth@EE% fre8 9bsepbiessco.andcagsertbhad b 1dekhicR ol lcmedernigd from
the first structure 1 within which the internal stresses are 10 rel atively

honpgeneousS&ARECRIgRer 1t ha‘ﬁl‘%}hjése présknt tAe t henteigsehbl eBreagesof afise

structgre lrbehereethi ABMBEenkbukegHEr ﬁﬁ!gh’éﬂe tﬁaawhm%h%@e@@yltb%u tt]?lrefit ed
thin Ifrm

as nmany tines a cessary_to obta|na stress

Accordi ngl yRSSPRPE g AP ENERAr ECEUPRE 5 LoRERAFE, TFOPRdREmpl e, ¢ he
structure obtai ned f€onsicstiireg,of thé habbkrien rﬁedkmdjemayedaef rovetheedli st
structure 1 bond%%mte% a:[Shenes((:-:-econd st uctgre 3) IS assenb ed wnth ﬁnot her
structure T8"af tef st réssi ng Both stfuctures. °The structure” dontaini ng t he
thin filmishadvardtidgeoushgceudiedlgo t kaprting from the preceding

15 example, for example, the structure obtained (consisting of
the thin film derived from the first structure 1 bonded to
the second structure 3) is assembled with another structure
19 after stressing both 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 so that its face to be
assembled to the free face of the thin film 1 is expanded.

25 This 1is 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 required stress 1level. These stressed £film have



20 the thin filmis even nore conpressed before bonding, for 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 preformso that its
face to be assenbled to the free face of the thin film1l is expanded. 25
This is fol lwoedobyedidt nning (or even elimnating) the SECHFR2603700359 e 3,
for exanple by nechani cal neans. As pre?{' ously expl ained, the 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 '”Cra%i%%at%ng“ 1% hrapsteckedopnte,a kgl aﬁggt%ﬁyékurﬁq 1%nhaés
shown in figure  6D. This method therefore produces a thin film for

exanpl e of <iU5€bnCLst PégBed FRAAVBASEEA or VRATBoNPREEEFHR 13BVE 0 L FRRYUI r ed
stress | evelmoblihess . st ressed filmhave WO 2004/ 064132 PCT/ FR2003/ 003590 17
applications in mcropel ectronics, in particular in the d of high
frequenci es, where E CerTRAR Hi gf Se%ﬁﬁ?fQur?ﬁe?ﬁe %&r‘ﬁ lhg’esased
struct ures artemtdarrcﬂ”lexh:hmmg Sné;ttmwausledihnnnmigrmﬂlwﬁtmsﬁd:sl nand the
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pol i shi ng, fsmataahvl easn%ba@tlm@atmmon@b aahe‘?e@mrt ucttur 6he0 timbdasobeen

est abl i shed that, Jit. 1S JJPUH tQ A Ple the evolution of the stresses
within a heterostructtﬁjre V\helg{bihe var i ouqu"rraterl als that constitute it
have di fferent coef tiSiteni s &f Y Yetause this difference

is liahe to damage Itthehéé %e@f 0§§£&1§w§§eaﬂn dg event; Of japbataat to
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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 necessary 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 layer of silicon (typically 750 um thick) bonded to a
fused silica substrate (typically of the order of 1200 um
thick) by bonding by molecular adhesion without
prestressing. Figure 7A shows 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 silicon has a
coefficient of thermal expansion higher than fused silica,
when the temperature rises expansion of the assembled face

30 of the silicon 1is impeded by the fused silica, which
expands less than silicon. This face i1s therefore stressed
in compression, causing expansion of its exposed face
because of the stiffness of the silicon. If this evolution
is not controlled, i1t 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 bondi ng by nol ecul ar adhesi on w t hout
prestressing. Figure 7A shows the evolution of the stresses 25 on the two
faces of th&vQeRN4@4132 .e. the assenbled face and the eRSUZER2G03603598s a
function of the tenperature during heatigreatnent, for exanple. Since
silicon has a coefficient of thernmal expansion higher than fused silica,
when the tenperature rises expansion of the assenbled face 30 of the silicon

is inpeded by the fugsad S i phesbntexpangs d, esmor hanhskki conathhrs: face

is therefore stressed inc ression, _.c LNg expansion of its expos face
bocause of CREPEEPERTESS o it b 24P Fhi EoBOOEHREN St raes oF
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can damage %heeveri.destrac%yd it, V\02004£9 41 2 PCE'/ F%O%%?%OS%%OM 8a'lj'fhus in
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obtained at its exposed face. This evolution of the stresse
t enper at ur ePes fegédvectippiflanr | &0 t enshd Gyearitiiflicdtlee By t Hdpemsgipon

skilled in thejaely Lh isnhdeserd bedd njthegbobboweRy idockHENtSlibwing
particular: S. Tinoshenko, J.. Opt. Soc. Am 11 10 (192@ page 233 and D.
Feijoo, |, BREUTRNLR fdnParfitcglaryamy, TSMOBRenk® U -M péos%oé' - Grluan
]Ic:eng Ia,rtndf Horgodag) I-I_:iu‘:U_lJe];(2jg55s§)pIa.mi!:’hllys. Fe4( ), 1ﬁ830n@a9$.ga\4i't£iﬁmfr a}/qi.zeid o
ormula for_curvatur radl us n ayer tre es ause t r strain in
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conti nuous ehastic thepity HBReghanitéallral cl¥&ljonsmgef Ghe "wairenialiszat e
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consi dered to be constan e applica eratfure” range, tdhe

evol uti on ofthemmadt sdswds) i approgepatelgr multilayer structures". To
15 a first approximation, using 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 7B.
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 use of that structure (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 is one of assembly in accordance with

35 the invention by curving the fused silica and silicon



20 linear with tenperature, as shown in figures 7A and 7B. Mre conpl ex
cal culations (for exanple finite elenent calculations) my be used to
refine these results. It is therefore possible, by neans of an inverse

cal culation, to define what stresses are necessary within 25 the conpl ex
structure atWwOa0M/e@Ip2rature to remain W thin an accept SBFR2003403590
stresses over the range of tenperature 9§ use of that structure (up to the
heat treatnent tenperature, for exanple?. By an appropriate choice of the
process of assenbly under stress, it is also 30 possible to mnimze and

even to eli Ecrale uHlaessesom thi f}borﬁﬂlﬁ’@’mol@liléefébéUGidNBe absgegbied of
tenperature, for . x%rgplﬁ? t he heat treat t te ture I%)@ure 7Otfh q:ows
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of evol utlon 0 e ténperature o ructure
fil mbondedmay abehindcessary to reinforce the bonding of the fused

15 silica/silicon, for example.
It 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 pym thick) on a fused silica substrate
25 1200 pm thick. Figure 8A shows the evolution of the
stresses within the silicon film. Starting from a
heterostructure obtained by bonding without prestressing,
the silicon film 1s progressively compressed as the
temperature rises. In this way, for a 0.4 um thick film of
30 silicon assembled on a 1200 pm 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 method of the invention may be used to

35 prestress the thin silicon film prior to bonding so that



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 Consider, for exanple, a thin filmof silicon
(typically 0.4 pmthick) on a fused silica substrate 25 1200 pmthick.
Fi.gure 8A shu@20041@6482| uti on of the stresses w thin the BCT/FRAMWI003590
Starting froma heterostructure obtainedyby bonding w thout prestressing,
the silicon filmis progressively conpressed as the tenperature rises. In
this way, for a 0.4 pmthick filmof 30 silicon assenbled on a 1200 pmthick

fused silicanesubstimatejsatsarteaperaiyr er@hs8806a COMMILSSIKIhSIILsSSEs are
obtained within the thin filmof the aorder of 500 MPa, which pay approach

or even exc&ETRFEFGKeBOTENT sttesS®E THeS nEPABISSE10Re FFNERHEI BY el be
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curvature of approximately 1.25 miin_an substrate having at t surface
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faces o be 5 agsghted rof chhga SHe SWEstiFb LN ©E1Fhe Dused shl bea a5e
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respectively 1in tension (for example convex) and in

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

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

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

Lattice parameter

Another important application of the stressed

30 assembly process 1is 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 knows that
curving a substrate changes its 1lattice parameter,

35 especially at the surface. The method of the invention



20 rel axes, increasing the tension stress level in the thin film of
silicon. This tension subsequently conpensates sone or all of the
conpression stresses within the thin film generated by increasing the
tenperature of the structure. Thus the stress remains below the fixed
stress thre3¥ohkoo4/0642® sim | ar nmet hod coul d be used to i PEIHFBER2008/003390r eSS
level in the thin filmof silicon and thereby to obtain a thin film of
stressed silicon. Lattice paraneter Another inportant application of the
stressed 30 assenbly process is adapting the lattice paraneter of one

materi al topthgukatt i £e pakaeet &f red canot i&%trraigr idlsy feb rxanRiigvd th a
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differences. 10 The invention can al so produce a stressed thln film
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i nto accounP3FMN&EEEss epitaxy’ temperature  sSult
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 stress 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 SOI substrate 20
consisting of a layer 22 of silicon on a substrate 202
formed of a silicon substrate and a layer of oxide is
bonded under stress to a 400 nm oxidized silicon substrate

25 21 formed of a layer 21A of silica on a layer 21B of
silicon, the face to be assembled of the SOI 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, as shown in figure
9B, the substrate 20A is removed by mechanical-chemical
means. The oxide film of the substrate 202, delimited by
the dashed line in figure 9A, may remain or may be removed
if necessary. The silicon film 22 transferred in this way

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



20 Figures 9A to 9F show a practical inplenentation of the above nethod. In
figure 9A, an SOT substrate 20 consisting of a |layer 22 of silicon on a
substrate 20A formed of a silicon 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 siliwe0 ooodehdeer 21B of silicon, the face to bepaTarRdvb®d035H0t he
SOT being in tension and that of the oxjgized silicon in conpression.

After the forces necessary to obtain the curvatures have been renoved, the
conpl ex structure has a radius of 30 curvature of approximately 1 m Then,

as shown ingfi gyeeaqeB. 4 S&PSBF@:@X;QQ‘tb?’Eyr RV ey twREhaps salngham cal
nmeans. The oxi de fl?ﬁlof the substrate 20A, delimted by _the dashed line in

figure 9A, PRY PERRSHTISFTHES - bétﬁe%@ﬁ&}CqfpsﬁﬁﬂsﬁsﬁylST%Ee%|Vﬁééﬁ f PVm 22
transferredappréRisaveyy3®.auo the exodhzeidh sEigeen 2k, sthhenisteessed in
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par aneter iSithen ¥armed by apptoxi At elgerthatd%m As cohewn tira thiiogur e o%C,

this lattice araneEei al Qus de o%|t|on ont t he. thn fil 22 f an 5 Si Ge

film23 with® %POElW%n|u¥1concen Fation of appf%xf%atgfy Sa%/6r€15}|ve to

t he siIiconlahdlmﬁthp@naméewylcm&sma@@@teﬂhnﬂsnﬁﬁam Mbmhanmnﬁummmenﬁratlon
of gernanky m&n § ﬁnaglgg}85£38ﬁeaﬁgfgkeekgso@r BU%r18§§%ga

tol erated out becom ng 1 nconpatible wt gro Iayey The
t hi ckness obet relsireseds WidioHonbgepwdng 1agdmops 1#8ﬂ@ﬂﬂqu@¥©wyngsavery

good. 1dhe Shee Bh'ﬂhyérno@heSEB§§§ﬁ€s996§U§ﬁe'E§GEaE%'Q%rQahéﬁ%b%heb%s
respected. To_increase the germani um concentration in the SiGe

oy,
i nstead of @BPosFEi AEYELEd Sad - Bhe S rrese dpod 5 ”%hl?.%bﬁefmﬂlné,s pet

further stressedsby Eé&@ﬁgéngtéunaheﬁcebpaeaﬂgtu@d@é sbegéat@a.eXplalned
above. Anot her optiﬁn IS to rep ﬁt t he bond |ngﬂgrocess under %gepn t he

3.5% Si Ge. To this ERdIRFFFRECoFRg| FErMPREUPHFREFFPIE2518F 30544

transferredalbon, reiagxedad of depositing 3.5% SiGe, the stressed
15 gsilicon film may be further stressed by effecting further
bonding under stress as 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 1is transferred to a relaxed

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

25 may then be curved before bonding the two 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 SiGe film
23 expands. The support 24 onto which the thin SiGe film 23

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

35 concentration of germanium. This technique limits the



20 support 24 using a standard m croel ectronics technique (for exanple
bondi ng foll owed by nechanical thinning). The new structure shown in figure
9D conprising the transferred thin film23 of Site is then obtained and
curved, for exanple, and another structure 25, for exanple of silicon, 25
may t hen be woneeslodagsor e bondi ng the two structures as PIDRR2003/003500r € 9E
The figure 9C structure may al so be bonged directly to this new structure
25 after curvature. The stress levels are selected so that the thin SiGe
film 23 expands. The support 24 onto which the thin SiGe film 23 30 has

been transferreddes thendenpyed. uoEqi Pothepsaafyof thdi IeGleRending dhe
| ayers 21 and 22 are renoved. This further tensions the thin Si G film 23,

as shown i nSEGSurfe IR Ly sbPREiBgs 88%ers TR 2 Par ARBEEr ChARI ¢FP4itbn

becomes conpat inklce sWatry am SiHee sdapesit 26 widd) bt ighah a3 aencetdiaid on of
germanium This technique limts the WD 2004/ 064132 PCT/ FR2003/ 003590 23

stresses i nPAE™AYSh-used for epitaxy: the stresses in the SiGe filmafter
bondi ng under stressiagee wpmbreihgermanﬂdm hﬁnnaafssatybmncﬁhe2e%licmﬂrfiI m

to obtain the _sa | at tice a Si Ge Wi er mgni um congen ration
of 20% foreﬁg@ggé’e,mﬁgy 8a§ P ob?alne%e%y ?% at OVE ﬁ%?%odnnﬁl ‘hout
l'imting thevitthiockn elsisnigrichanm theVEhycgoedscrcmsi adrltlhlonaggneﬂom dHots tioindi ng
10 Diverse ¥E%i§%ﬁ%i the foregoing are feasible. The preforms may be
heated to ena 0 onding of the deforned internediate structures. The

prefornms may advantia§ebemdinge at different tenperatures so that the two

internediate struct u;es have2ibemReLat uhe @b&%%%%%%ea%% £k difg Jioment - of
assenbly. Bonding the internediate structures at hig tenperature al so

provi des control ovéPet RESEREEENERY S s8¢ ﬁéﬁa&;@plw RPENF ©F i n
addition tothke de@nthell akheadmeachievedtihcoughst heTgantyedteehsefyation

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

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

20 of the intermediate structures.

For example, it 1is then possible 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
structures 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, yield 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, if 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



20 of the internediate structures. For exanple, it is then possible to
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 nter mredWare04/86418&t ur es consi sting of a 750 pm t hi ckPGI/FRZUNI/005%r 200
mmin diameter and a 1200 pmthick fusedygilica wafer 200 mmin dianeter.

- These two internediate structures, deforned to a radius of curvature of
approximately 1.4 m 30 prior to bonding, yield a conplex structure in which

the internahrstiesses are ehiddiraled atuapexi mtely 300C if bondi ng t ook
pl ace at 20C. On th%}ot hﬁ_qu. hand, if the two internediate structures are

bonded at 100C, the ifterfi¥f* stresses of the conplex structure are
elimnated at 380C, A33 agrd tdlus: aflawdi ghea tempedat weeparihaitte MaVintgy t o
def orm WO 2%%2{ %ﬂ%ggdPCklﬁlf:RZOOSI OQ 890 tW204 furEher he. inter rredéta&

e
een Intermedlat St T .
structures. ayer er that fl ows at a cer Fal n ?errper ature I:? may

be pl aded bénkeedudiac whintereredlayer snodtfiees theb initarpduci sigredress f | ow
layer nodifies &fie iaiernalgs ﬁg??&?%hif‘ the eomR! efStupeiune.dlete, heat

treatnment tenperature  exceeds IS mnimzes stresses during anneal i ng,
for exanpl €xcesdsi dér, by way of exanple, a conplex structure 10

consisting of a 120@nkism thi gk fused siticaesubgtiratg ofLn2QR MMM angter on
which there is a 0.45).m,th|ck filmof silicon. Creating the conpl ex
structure bFEXRERAS of CAHELAGTw eRY | WAYMOINSSIHIR 1@ hBaC oM P& meT iR T Y P at ur e
Ttth afo 80QGnsfiest iexanpte.a capobepachirevad wikbauts iexiceeds0BstRardd &t ress
evel ot Lot sseraeA0Rd, chretal Gl 0t o o4 cop, LLkm Gyt o
t enper at ur e <dfl I3GHC countdtingt e r eampedxwidthouttwdegr bgi mgede sifl i tdon
film. On the,Qfeh NAts 1 Enbt LS 8 LG {04 B8nbAGREAL 3! neAt
800°C, for example, can be achieved without exceeding the
15 stress level set to preserve good crystal quality 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 is
then the risk of exceeding the stress level that has been
set. If there is a layer that flows at Tf, with Tf equal to
800°C, for example, as soon as the heat treatment
25 temperature exceeds Tf the flow layer 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 1is 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



20 tenperature without nodifying the deformation of the basic structures
used to obtain the conplex structure, there is then the risk of exceeding
the stress level that has been set. If there is a layer that flows at Tf,
with Tf equal to 800C, for exanple, as soon as the heat treatment 25

t enper at ur e woC®O496diB2t he flow [ ayer will flow, thereby peeiFRRUOINDISTITE Of
the internal stresses. Heat treatnent cag. then be carried out at a
tenperature higher than Ttth w thout exceedl ng the internal stress |evel
that has been set. 30 Working under pressure The preforns may be nolds, for
exanpl e porQls, Midle IR e bher gnce soused.to dgiEm the,y, basi o
structures or to retain the basic structures on the 5 preforns, it can be
advant ageous? FRAISIHRT If RIRS TS QQVWWWRZDW@F@M@@%@WH%
the basic stiuddpras- 10 Hecsdude Presgure Qbhghowaa%y ararg;osmaé;t&n;m@s&we
advant ageously a pressure higher, than atnos ressure. ure 10 shows
by way of eﬁ'ﬁ%ﬂl UWE et S Hotdnt @i é\%”bg me2 %4 a 322%Rch 5
i ncl udimg a ideflardrahy) e anreabrangaBlA Qﬁez%ﬁané\smjrpat ioan 3ghannxé§iﬁ£tmd 34
open onto th surf.ace ?{ t hese _penbranes, g rere ient ed ger as_being
tangenti al . Hehi rati o dr presSBFIzZalPSq citFéui (a1 ept %%Ie by
doubl e | i nesnenitfxakies ,aspndatar(m chanaskstadi teaden &bebedsioc tahgemtiaes in
their defor Sé%fra%??naro%ag%{ d 4161 ASPI S t!g??cti*i%@“%rse %pgséwéaed by
subj ecting the éxposed Tace of He 1t er ne ructure to pr essure

hi gher than kit mbxsphles ilciggrsessure (for exanple a pressure 15 inside the

encl osyge of 2 bar) .mreqw l’raltflotnhe detoneabl e mBEﬁEQEH‘ i scdeforprd; by a
pressure difference, a greater  deformation can be achieved by increasing

the pressur &loHcCiieexposed iakle deitanehsi TLaEP uct the. Foraexahpl B2t he
preform 31 ig@ilratddt eF NPT LS E e 1. BiRafedt N8y 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, 1f 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 1is at an internal pressure of 1.5 bar, the

20 channels 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 pressure of 0.3 bar. The pressure of the enclosure

(2 bar) is between the pressures of the preforms 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.



20 channels 33 are 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
preforms 31 and 32. The nethod of the invention may be inplenented in 25

di.ver se at mnyg@heogesa1sontroll ed or not. I n particul ar, itpCTER2003/003590
i npl emented in a hydrogen at nosphere. 004/ 064132 PCT/ FR2003/ 003590 26

CLAIMS 1. Method of producing a conplex tructure wherein respective
connecting faces of two basic structures (1, 3; 1, 3, 19; 20, 21, 23, 25
are brought into contact and 5 assenbl ed Iﬁgaracterlzed in that, before
bringing theminto contact, a tang ent ress state dlfference is created
bet ween the two facés tMe§€0§s§§nﬁF@@ucﬂﬁﬂsad@ﬁﬂéﬂéﬁtétﬂﬂﬂﬁﬂf%ﬁﬂhﬁﬁ%%ﬂto

obtain “ﬂthk@sb@%t@%%ﬁ%QM%%dﬂﬂﬂgﬂﬂHéé@-oneﬂstgéﬁhBe@t§hE%%§e%tQUE wnder
given conditions relative 10 to_ the agsenbly condj ti ons od

accordi ng td-clai m2iof2Gr oddei mPa 2eonpgtek ?FPH@PGréIHEhaFQEF@FFzéH“1n

t hat n{) |r5edt a@g@;@hibaleai Eb&ﬁ&&cﬁ:’fa&h&dﬂi flfnfertejmh bﬁﬁmb drhiendimyy faces i[rﬁtcbe
asse ed I s Inpose y.curvin of the_t Si 15 structure

Sevontl od. | SOBRRSS B EE e R e B bRt e A Dok STt ur e,
char act eri zéeegtweenhathéhecwtonwo fatcrget uo ee apesenbled, sothhat dinfef dnendeaces

to be assemblafiAre JERPCLVELY opnsag and conkex.n20.4. Nethad aceor ding

toclaim3 o Jﬁc i Ng conp Fex structure cterizedin tha
structures pa]egled;@we@es?o Sttlmssz hetatwe fades tovba @%@nﬂl@@sar@latlve

conpl gment ary, +pe g%%@g%l§cg%&@lqgogg claim4 of producing a 25 conpl ex
structure, characterized in that the two structures are curved so that the

two faces to be assénbl Etetélpél @6@9@@#P9e19®s;ﬂ‘ﬂéﬂ%all cOfic WECFMILBPhet i cal
convex. 6. MtRQdxacserdbbgrt) adWaoier&fi£ddi Mk 3thatd Bhe tangential

stress state difference between the two faces to be
assembled is imposed by curving each of the two basic

15 structures to be assembled.

3. Method according to claim 2 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.

20 4. Method according to claim 3 of producing a
complex structure, characterized in that the two structures
are curved so that the two faces to be assembled are
complementary.

5. Method according to claim 4 of producing a

25 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.

6. Method according to any one of claims 3 to 5 of
producing a complex structure, characterized in that the

30 curvature of the two structures 1is created by applying
mechanical forces to each of the two structures.

7. Method according to claim 6 of producing a
complex structure, characterized in that the mechanical
forces applied to the basic structure result from the

35 creation of a pressure difference between the two faces of



produci ng a conpl ex structure, characterized in that the 30 curvature of
the two structures is created by applying mechanical forces to each of the
two structures. 7. Method according to claim®6 of producing a conplex
structure, characterized in that the mechanical forces applied to the basic
st.oructure rewa 200inedm3bhe 35 creation of a pressure diffepenmr20e3d/emso t he
two faces of WD 2004/064132 27 PCT/ FR200§/7003590 said structure. 8. Method
according to claim7 of producing a conplex structure, characterized in
that the pressure difference between the two faces of the structure to be 5
curved so that;dtshas.@,concave face to be assenbled is created by
aspirating said structure onto a concave preform having a suitable profile
sel ected as a function dfethed PSCcHEIFparPedctdifhe’ f &fe PECPECATSendI ed

and 03_ whi cfbdrﬁe;eﬁt? rgt%:ﬁw@éf@,jst Sch@eadbtor pded t Sirli)er{t]ﬁ)éﬁl@rﬁthéo Sredbthed
according to,claim?7 of producing a conplex stryctyre, characterized in
That the’pr CLStTe ST 1 BPEREE hatime i Ona 4065 1 Abod 16 ERBCGEYLE e BB be
curved %0 t hairvdéd has aheancawvehbace t ooheaassdnialeettd Sbecraagiabl®a is
aspirating said structure into.a cavity, the 15 structure resting locally at
15 por i phery GG a0 S H i G T HO EaUI 5 400 Bt ROt ASSOF VRGP 8 el i m
6 of producilmy ing conpliselste ustaf ele chaleactedi zeda i fundaton hef nebhtnteal
forces appligd aSakheqr esuldn ol del OLml L LOC, SEEUCH ULBG20DGINEAN tne
conpl ementary first and second preforns, one ol ich 1s concave and the

ot her of whitH Y- WwonVess twi teraplofat estsaperirems: a function of that to
be inppsted to the Jaceidinhe agserdlied, 13. Mihed acear dppgdueiehai g, 10
of producing a 25 conplex structure, characterized in that the first

preform is GHPHX t RFEHcave stTRRIT e 158Pe Wsehbrbd BRat RESSSYFfeady
been curved dof tde-rsed eptedepnofide. t#3d. Mridwdoacawiddi sgrtietalal malOper

claim 11 of _produclng 3, qonpl ex structure, characterized i that the;

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

10. Method according to claim 6 of producing a
complex structure, characterized in that the mechanical
forces applied are the result of deforming the structure

20 between complementary first and second preforms, one of
which is concave and the other of which 1is convex, with
profiles selected as a function of that to be imparted to
the face to be assembled.

11. Method according to claim 10 of producing a

25 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 claim 10 or claim 11 of
producing a complex structure, characterized in that the

30 second preform has aspiration channels for keeping the
structure curved, once the first preform has been removed.

13. Method according to claim 6 of producing a
complex structure, characterized in that the mechanical
forces are applied simultaneously to the two structures to

35 be assembled by deforming the two structures between two



30 second preform has aspiration channels for keeping the structure curved,
once the first preform has been renoved. 13. Method according to claimé6 of
producing a conplex structure, characterized in that the nechanical forces
are applied sinultaneously to the two structures to 35 be assenbled b

y
deformng t t tures between two WO 2004/ 064132 P 90
28 prefor m“&&’%@é{aﬁ‘%ﬁ | es sel ected as a function of thoégf@g@ié@g%@rted
to the faces to be assenbled. 14. Met hod2&ccording to any one of clainms 6 to
13 of producing a conplex structure, characterized in that 5 nechanical
forces are applied tg at, | east one of the substrates by neans of a preform
consi sting &ft e oMY, PAEL NI BRT 0T FGETD F o nfURCoFOpr oHURAFE ato
conpl ex strusd Uingahed acd efha ethddls thatbsad sk m consi sts of a porous

nmol d. 10 16. Met hod accordi 0 an ne of claims 6 tq 13 .of producjng a
conmpl ex structure, T a@feet:}?ofioa(ﬁ'fylf 9 Wecha¥i ear P%r (?gsaléfise é'ap’f)(Pi %g to
t he substrates wrbhutheg aid cefinpdited eastuonerdef artadd et qur £fe@d minl7chaket hod

according tao one -of cl aj s to 13 -15.of _ producin conpl ex st ture,
char act%ri zénaeaclr}ynarphca%ltﬁceor Vo sffreuc??l?%%egr etcf?lsséejtrrblleegisny fol ecu ar’EH(g
bondi ng. 18.suVs thoak e doy dierns coTlaiprdZoot qprosiist o ot conpd st st ruct ur e,

characterized in thatst h%ée%iggggoggiﬁ?e assephl gd gy e?fr ‘i&to%ﬂléi%g a

facilitate bonding. 20 19. according to any one of clfains 1 to 18 of
produci ng a UM% strikttuies . chahaicaereresedn 1hatthake sabdt raresonre

assenbl ed by-fidests contagtsrde myrdace of at least one of these
substrates being adapted to prevent ajr frombeing trapped between the

assenbt®d surfaces. 85 20 WD REREOIRE ngCt BR¥I 81 PF SFlPrsuki vy &°
conpl ex strugt upeodelanact £r iczegbligx t Batuatulkeastcionead®ferihed subst tnkes i s

D rced, 21Dl poceLdlng, Lo ol gin 20101 ProfieLIB. e afQIP P L e
aid of at least one deformable preform.

17. Method according to any one of claims 1 to 13

15 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
be assembled are treated to facilitate bonding.

20 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
air from being trapped between the assembled surfaces.

25 20. Method according to claim 19 of producing a
complex structure, characterized in that at least one of
the substrates is pilerced.

21. Method according to claim 20 of producing a
complex structure, characterized in that said substrate is

30 plierced 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
discharging at the edge of the substrate.

35 23. Method according to any one of claims 1 to 16



30 pierced at its center. 22. Method according to claim21 of producing a
conpl ex structure, characterized in that at |east one of the substrates

i ncl udes at | east one dead-end channel discharging at the edge of the
substrate. 35 23. Method according to any one of clains 1 to 16 WO

2004/ 064132 WOob8e)32 003590 29 of produci ng a conpl ex BCTAR2U603003590
characterized in that the substrates ar§9assenbl ed by neans of a flow

| ayer. 24. Method according to any one of "clains 1 to 23 of producing a
conpl ex structure, characterized in that 5 assenbly is carried out at a
tenperature hd roo e 5. di ng claLm 24
of produci ngﬁa%%d% ex sa?rél;%?%féép %ﬁ%%%%re%i z%%%%ggﬁgfg? eilgu%%‘%? a%lg% are
heat ed by cofitegliraftesh Heatatb Prefet ey MRS, over holowckayding to cl ai m 25
of producing a conpleX Sididdr&cohdrastesi 389 bhet Rat dhey ef orgszare
heated to respective different tenperatures. 27. Method according to any one
of claims 1% PEOWFIPLoduciTRLL ConpFERCERFiect FRATIHFEETRT | 28d FRCtEhat
the 15 net hpskdnsthefsi aakudes autecinod ogympbepcunel udighgra whangeo6h
tenperature,_ the tangential stress state difference between the two faces
to be assenbtBPHA MY ©sel ected so that, during this step, the stresses
within the assenbl exb st Mettho®e aencardibgl aw acpaédetr nofiedrsidesisig 28
threshold. 2 tho rdin o _claim27.0f producin

Structur e, CRAPSETer Zad s W her FHE FebHAst oy ot epere SnESrRL L tren:
step. 29. Mtdrwtkdduoratinipdo aryh dmeatofd gpradéherist o 28 25 of producing a
compl exg structure,  GhAr agi£edabBotAdhgt & PELEQM Jair Lhek il des, qaf ter
assenbling the two basic structures, a Step of thinning oné of these two
structures QSUDrGHUESETACERTA, f chiyracherigsgeritti aFhatr &6 nafOTNR f fBEence

bet ween the gard@ces toshe- aseend! efR8i N0 emperatures.

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

of producing a complex structure, characterized in that the
15 method further includes a technology step including a

change of temperature, the tangential stress state

difference between the two faces to be assembled being

selected so that, during this step, the stresses within the

assembled structure remain below a predetermined stress
20 threshold.

28. Method according to claim 27 of producing a
complex structure, characterized 1in that the technology
step is a heat treatment step.

29. Method according to any one of claims 1 to 28

25 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 structures
to produce a thin film, the tangential stress state
difference between the two faces to be assembled being

30 selected to 1impose a given stress level within the
resulting thin film.

30. Method according to claim 29 of producing a
complex structure, characterized in that the thin film is
assembled to another basic structure by creating, prior to

35 assembly, a tangential stress state difference between the



30 selected to inpose a given stress level within the resulting thin film
30. Method according to claim?29 of producing a conplex structure,
characterized in that the thin filmis assenbled to another basic structure
by creating, prior to 35 assenbly, a tangential stress state difference

bet ween t he WO 2008064682132 PCT/ FR2003/ 003590 30 two faceBCT/ARR80HNSE9D| ed,
that difference being selected to obtaiggwithin the new assenbled structure
a predeterm ned stress state under given conditions relative to the
assenbly conditions. 5 31. Method according to any one of clainms 1 to 30 of

produci ng a &Pk eXesSt EHCHH exsShasaed er tBed bA riFBaknthe bdmihose fad tber
i ncludes an epitaxy step far producsgng an epitaxi aJBhé grown fil m%23) of a
material on %h e¥AdR  #EEEGf t hESconPFEx sEFEERErEY t hetTYRGeREi al @
stress st at erididierentested sy seheet eddse gHaten atortdier epid axglative

tenperature th%} exter r})allé/ fc%cned. as a lattice paraneter conpatible with

epi t axi al g,rtoovw O THeE™r quiTe mterial. 32. Method accor di ng to claim31

of producing a conpllex Meatictduras;catdiracteri aed pnet bdt dllee mst rluctar 20 on

15 which epi ' | t ' L0 fi i ' i nni ng
said struct u(%%)%ﬁdtcglrélg}sgggdng {/ﬁjiég Ell\FfzrtLﬁcoE aé(;'coéﬂl n%g%r e%) &ﬁgf%%/n glli]é or
claim 32 omgitsglicfagthctonpicdxdstsr et uPR L takar sttt | Fed Pradhing han

met hod furthgy; dnelddgs Lhsholdiaw N Hf eps: 20nsc &ssembbhng d hex corph ex
structure including the "epitaxially grown film (23) onto another structure

(25) via reSectIVetkdnfeRPiRYy FaEBSTHY Ser RS FRREetHifgert 2SS st Fake
state i f f erencRhetaeencthege tawo tewd aces tarke, asgenbled préwicdey
assenbly, 25 - thinning the conplex structure to expose a.face of the
opi taxi 2l |y QPO THTE A | PRPC23T CGHIPL dpitaxPaP| yF grokiitG oa PRAFTBLET | al
(26) on the ceaxposied d aciectofedieatidin Jrdwinh tde tleangedsdu atedtmessr 54t e
difference between %@Q Method according to claim 31 of producing a
complex structure, characterized in that the structure on

15 which epitaxy 1is to be effected is a thin film (22)
obtained by thinning said structure after assembly.

33. Method according to either claim 31 or claim
32 of producing a complex structure, characterized in that
the method further includes the followipg steps:

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

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

- epitaxially growing a new material (26) on the
exposed face of the thin film,
the tangential stress state difference between the

30 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.

34. Method according to any one of claims 1 to 33,

35 characterized in that it 1is carried out 1n a controlled



30 two new faces to be assenbl ed being selected so that the lattice
paranmeter of the epitaxially grown thin film(23) 1is conpatible with
epitaxial gromh of the new material (26) to be grown epitaxially. 34.
Met hod according to any one of clains 1 to 33, 35 characterized in that it

is carried ﬁg%zd'ﬂl%)%‘tﬁ%nt roll ed WO 2004/ 064132 PCT/ FWOOS?@Q@?%%/%SS%
} tho 0 .

at nosphere. according to any one of clains 1
characterized in that it is carried out 31n a hydrogen atnosphere.

atmosphere.
35. Method according to any one of claims 1 to 33,
characterized in that it is carried out 1in a hydrogen

atmosphere.



