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1 Method for transferring a thin layer by proton
exchange In the field of mcroel ectronic conponents (in
t he broadest neaning of 5 the term in particular
including the formati on of m cro-nechanical, mcro-
acoust i ¢, M8theH forQRtristeting 8ttein.laye? BP REBA %)(chetrl@@ i nvention
relates to the transfer of a thin layer by proton
exchange, froma starting substrate to anot her
substrate, which can be either an internedi ate substrate
(the thin layer is intended to be joined subsequently to
yet émdhdieldsaiisicragiegironic eompergnts inshedreadest (ageindhein
e u of
fY ekl bR LAt BRI nd e hRhducr BEikfineSarfdf SRFo
and ustes Inrm:roedptlpalo btoemommodmenmjl mem\ﬁamtmg relaieske gvntransfer

L a8 By R R Tl Sl BEFg b Enorte

Mbt‘sﬁr@tﬁl &Mlc}h camh @i Eitleandin |ﬁfbrr8edmtbh$ubsu“a@ (therthm layer is
ti in bstr at by r din n of g
ieaaCR o4 BF joBehs FTRREURH 40k e, St 8F e
hydeegenthd@in uper @ncHios intedral gais thl@BSbster Satltl@enend of the
bonmbardnent results in a concentration of these ions in

dabiipdion srefbediinAuestignlen depth within the substrate
under the 20 bombardnent surface; a second substrate is
typi caIIy oi ned to the flrst substrate al ong t he

iecaftthe @t anch tqa Iguehlem &9, olved can have been

for m%&{geweouﬁWn &m@khbés b&ngm.d.ﬁg ftr'&ﬁsffe\r [$ta BURShYR! the

typically by nolecular bondi ng as_a variant, it can be

froetn@d avet tolyy then ngaied of b§m@éﬁr Gbnt"" Shast ReeoMe oharlisaBl e
H(Qmeth&hﬁgeé Q}Wlﬂ?ﬂlarﬁggdrpfn g%ubstrate by bombarding

ani caT chem cal conditions are applied to the
amecpfothgz fagescof, saicklipgfratatueincaditaty. @ Hex ofpydrean. piium

t
o Ba PP SRS B R TRRLA pePhaR ot aRa! Giuho
song acea anode Iohated oalc enpivan i @epthz omié)in vihe hsubstpiec under thee
bo?rtlb mtenf &Hgé& gug Jon@t §ub§tltég 9&891 nédq%] e %rst
repe as s artin stra rest of the
?Aiubafraieeateng |tbe1¢nbnﬁ:ualn@meait eurfafet éhlsmnétau{@ﬁtr@tﬁ ednehayd n

R el ol S @ oY B ey Py Sl ARG
paclecalat avordidsr inbed ivaridoic uitents S forfme874ir6@&ly (dBr uslid

dmtgénsrdment suzrfgce ?or ex r%rpleetby de?msntzon then thermal and/or

mechanical-chemical conditions are applied to the assembly which, taking into
account the implantation conditions and subsequent treatments, cause
separation of the thin layer (situated between the bombardment surface and
the concentration zone) with respect to the rest of the first substrate; the
method can then be repeated, taking as starting substrate, the rest of the
aforementioned substrate, after separation of the thin layer (a plurality of thin
layers can thus be formed in the thickness of the same substrate). This
method is in particular described in documents US - 5 374 564 (Bruel) and US
-6 020 252 (Aspar et al.).
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Several variants have subsequently been proposed,

consi sting for exanple of inplanting, by bonbardnent,

i ons which by thensel ves do™not form gas nol ecul es, but
whi ch can pronote the formation of gas nol ecules from

el e”%%@érapfvatrlgﬁtsf eS8 &%%b[léﬁtﬁ/ bekn M\@posé’cp036ﬂfs1§iﬁwé5 for

(Tauzin)). Mor eover, use of other techniques fo

iepramotu of ﬁgplraam t@ul@ﬁmaér%n%n@nswm'@h é»/otﬁemselves do not
rf’é)r@rt1 Igta?rmaé Y e?Lg YHibs:aR, rc})‘r?xﬁteb@]%nfoﬁﬁé(ﬁo%agfegas ﬁwo‘ié@u(bs

hus transterred ser es In practice as a suppor
ffmm eleEndTofithe fiestssb¢indte (TeV e t %W/émﬁﬂl&(l‘f@umbham cal
m cro-acoustic

Tt PR o R eI BB P fodye RE TRV

Snidnsivn ot high- tenmeratanetdmﬂmcm thae bielin renhnay@ed obt ai ned by
such a tranpsfer, has mmcrocr stal li

el ectY iG] ay%éﬁg%t&%ns?eréei SENGSo b RELe a? ?ssu Sreder

infBRIchApontat (mikrecRRBOAL] ﬁfk&ooﬁedﬁmploantratrceacomﬁc boivdd-ng
and of separatjon are conpati blrghgngﬁ) the s

es of, .. .
fopfinalt gten SFIONALY EBMSENERR'Y of kR ¢ &eB%faféa'? o7 sqid gin
&t Shitat itay Bhporthe g end aiim 9k bhesRdygers aOfrarfléier has
formation are carried out prior to separation.

patimusn| Bycrogrystalinge ndpelf ‘P%‘/‘ PRkt ePllles Pfoz?ﬁﬁéasnoit tso
eﬁ&%ggercﬁﬁﬁ(ﬁ{a‘?\t ttﬁé'fpﬁ\rea&h‘ér@tlérm Bf nﬂb@ﬁtatlgﬁr of BY¥ANRY &Rl of

e order of 400C, or even |ower, to manage to
iSeDRERIQD care heompastvie W‘ihoth?h%a@%%@érﬁ‘?rﬁbﬁ“ioﬁr\ofl t&ﬁe@m@q'}%t&

%’\‘t‘éﬁé?& & l% g?lgl%adﬂ))n%lg hRint Ex'y@r |\ Y& celihiptofl fhek® s@é‘ges of

transferre ractice, bonding of the future thin
Ifavy\@atlomoatm@amdsg%tspﬂglt to tsepafstion. in pegiouprpd is generally

tcro?ig‘?ﬂ%ﬁe%i‘; a slrQB’IQ' UES th h@)&@?—:g Eéﬁg\hnﬁé?ﬁ%rat%'ré hefeshBids, for

conso nol ecul ar bondi ng wt desti nation
saxlampneaofethemrdérmf 408ep osi evemgowet, lindKo fmanageRatntiogiuge the

{I(())fq n%?? nﬂ%{ n@%@ﬁgﬁbg@g Vﬁxceﬁ&@@lg\é%r radx eetpérb‘ager
ttaathnsl tqut&s traﬁsfep‘edshapranlree Sshomling oh K@qflﬂm@rmtaﬂﬂeto the
di t ' ' :

S EURRR TR B T P Rl B Hadlreorents, g
wmdeﬁlldmngamlamIM| bbodisg thegltr_asiedeﬁenahm:hamstrate_, oor for
L obb 2 PEIRE RS o LB Db LR b ol FBHc5 o
tlhﬂpmmeﬁy eanhibval redgt, Wmcﬁwhmagiesrebhw atdfalab@bﬂoetebquhee of

|l antin q%J:QEmant Unl ess%rn'ﬁl anters that are ver

£ UPMReRion RENEBPE AR e LERGT B kPe PESIIEAS T {he
RXIBABLAIME digsSof hethint Bge0deth Mlayaunddr @il eonditiirs,
expl ains why it is advantageous for on skilled in

tdRrage th@dne%waégw%'reaﬁm?'r%{ﬂe%?sPﬁ@ﬁﬁwaﬁ%\éerat hi's
di spesabraci, amybp Havfed BYN®E anfpRint@ion is limited to layer

thicknesses equivalent to the depth attainable by the implanting equipment.
Unless implanters that are very powerful and therefore very expensive are
used, this maximum thickness is of the order of a micrometre.

This explains why it is advantageous for a person skilled in the art to
have several transfer techniques at his disposal, so as to have a choice for a

particular case.
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particul ar case. 3 The invention thus ains to propose a
new technique for thin |layer,transfer, suitable for at

| east some of the materials Used in mcroel ectronic and
simlar applications and for thicknesses that can exceed
the qrr@ernv@ﬁu&h tm§@qn§ttaepr6§sy@raalnew FARRLE e®r tﬁ.anayer
exanpl e), which conbines, in 5 application tinmes and

| teansifey, W'tabéﬁaioééb@ﬁbﬁ sqnﬂejo%ﬁmtemlé Uapd i Misdeiegtiogic and

e [ r
CopHAC PP RbBhe S RATIRUGCURECIHRY LETRAERAES FRY of o
neheaméical %averaél edicioomtespr peraxaewlaf  wheht Fombinesy efn
easonabl r e ven

T PR IER" SE 68k ot JePREGEPEY Meaarbler il  BebEPR
I ;apeuctfancmt@ ngiderdte mr&u@%ma&emtwﬁs antl icohiraifadodeseat ation,

er al roton _exchan .
ot b 25 AR L 53, P et e S e B s PaT T fhnentin
aayet, all bt @agbnabié ces. face of said substrate, so as to
replace lithium 15 ions with protons, in a proportion
bet ween 10% and 80% to a depth el, - a stage of reverse

pr ot qre ¥ phidRASF thetimpaiticial d substrate and a second
el ectrolyte, through said free face, so as to replace, to

a séBBnAvRIENhPrapesehiac Matod ders tr?ﬂ%fﬁ"ﬂﬁ*eafﬁhl"bt'ayééﬁf%n 4,

%tahlﬁésshb@t'ré@%ﬁ‘ afﬁmturﬁfbatsgg rrPJt@rqé]ncsorM\ﬂ)r‘i%g l'ithiumions, so
as to leave an internedi ate | ayer between the depth el

and- 26:tagreofqupton eEhprgabeiiecnisaies drserata ang aélr%hedﬁ%rotyr%t
V\ﬁﬁl@h '1§%Qlﬁp9{r§& d 2 Grd fé%et&%a|§5@&%a% &y aten r%&@ﬂﬁﬁﬂm

he depth e2 ining a thin layer between said free
flaa%wath@rcnth@s nmaecmmﬁwam éeﬂw@rm% apd $D%géo aideptiedal
treat LRFT der [ S r
causihg sap o RS brolt BlerERRE baRRRNSH URIHELand o
swanatalemtromeaglerougb rsa@rfrerfgiang sthasito tepaceelvar aetama dﬁpth
t N | C f (¢
a{f*/vhr&hqs léas%éeth?%fﬁ]&eﬂrsf fa ?\ é1 a? Ir:q%?afn?&stt gro(g{ﬂ%,ﬁprz)x ange
i lghivuer Ionknsxwas fereae, an mterimmcsapedasferdoeftwedardtfm‘ depie el and

d i i d 9

SPB SIS e2 i vubE Fep RS bR PR W s hosattg MR B
fslagmakpmgonmoﬁgugeiebe idepthi db@Eininy atlon layex bbavege sasd free

n.in sulphuric acid and it is stated
afﬁg? agﬁ?h %ﬁeég\ré%f?é F"’Wgat ment is necessary to enable the

pr ot @nstaye dfethelmal sedtiiedt eatried out under conditions suitable for

causing weakening of the intermediate layer, and
- a separation stage, for bringing about the separation of the thin layer with

respect to the rest of the substrate at the level of the intermediate layer.

Proton exchange is well known per se, in the specific field of the
production of waveguides. Thus, document US - 4 948 407 proposed in 1990
the application of proton exchange for making waveguides in LiINbOs3; proton
exchange is achieved by immersion in sulphuric acid and it is stated that an
annealing treatment is necessary to enable the protons to reach a sufficient

depth to ensure effective wave-guiding.
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depth to ensure effective wave-guiding. 4 The docunent
"Structural and opti cal proplfrti es of anneal ed proton
exchanged wavegui des in Li TaG3" by Ahlfeldt,

Webj orn, Thomas and Teat, in Journal of Applied Physics

(1 SBh: O%H%%?gbtruyﬁhal ZZd NohticS p‘P(Ppemé]s‘LQ} é‘rﬂ?e@lé?jf pNRYn-

1995, proposes characteri zation

chehapgest Weve@sdest invgvaeld L Torkes” my Ahlﬂ%\m VhSQhJ@mnéf@ows and
0 - I the

PLEhal, SSGRANGEnopikY By BB ElssPOoR 8L 08, 27g 40, gp

edddi7ad 4viongoft hidadi f119969np@p|oae$ hehanactegiagi®or not efheacaptice!

i ndex.in.Li NbO3 and ,i rec ntI docunent

SR yrh R BB D in R R ol BEEL o B ha

USodelG‘oELBEed&meb; th@kem@:twetlmmmeférropbbtml md&matsas sgd for
s of on exc e with, a al.i ng over ral
aérglng \%&{?F%Ce IQQﬁﬁq%cregse g‘U [iaF \f@e Xlni’lt and in

rL'm@(age (Li NbG3, conmonly abbrevi at ed to LNO or of

I ithiumtantal ate (Li Ta03, conmmon é abbreviated to LTO

s Mosg &zranly-afiocusiest i - A092/G35858 aapsedpasdib2qisee also
%@ﬂie@n@s d ;@ 320852 40Kirt Tntégrbféd?’ th;guaéwcés% hﬁ@ans of

annealed in air, for exanp e at 300C for 1 h.
Hyaiosgeshepet Afitheannagling H’é%ﬁ@t‘i@b?%%s tBVewamorffqz@@@'q Mo

té%sh%@ er hthh@ﬁ %a‘i@m@f&@% ‘{:Bﬁ'm'rdnly} %Bb:‘éfwatt&? to TN 8 of

form ng, fromthe surface, 'a surface ayer of thi ckness

githiper tartlater téFaOopf Cqmm@nhzoalpwwatﬁﬁhéq iLiT)eis, pl@é@@nﬂu 3y

%e& ﬁ% @Pé h§|g<x<ggg}n b%ﬁé&g%% iagat i g%d_'?%pr ot on g%%
dhemangealed it a!on‘at eyarfigelaowed” Gjordnmetis mgirogericattained in
][tlﬁé %Le%‘?rp@'feoﬁw%ﬂ &rﬁ&%@”&ﬁ thd) E‘foadri?\lc?Sﬁ&‘ {ﬁaelg&ggtgg r% @Fto*a e

wavegul rcular In
CRESIQW ﬁmrmgglfrom echaiage, d ourfing laper afdiiclnesdes! (on tHei cMUéB

k r,0 . v

2 oo Bl SR SO SRR RIRE Do RARRY S Gpo i S A
];B"qasppi Lﬂl&@l&dg&#%@ﬂjgﬂﬂbos with t®<v<e&¢%cifhde oorilﬁlriammh)&%promm
" Faﬁri ceatol a‘p (2 teri zgf f R;%\\;ersse P %too N
ERChalige D%B?"f‘ PTG G¥i ATe§ 2 ne- ﬁé‘ ufh 5006% LTERPIGR
Niagsbatse Gegrstpabsdseldyin Dondieer lof Wa\f@ntd@s GugsoticuRar irsithe

va Sanseveri no Sci ence .For VoI.
Aot ‘RS 6Ydla StoreDanaor By o dlEs it & Ry oS
rmrsakb [Fe@lofsV, wbm@e QdceavarenGonslizobticbagsatoby Journal of
[ sjng._the substrate in _30 a h in lithium
(the 6@5‘8& pgiety, enm 12n@PLit g&ﬁlg{lf ?1 SSéS% with respect to
LiNbOgs, or "Fabrication and Characterization of Reverse Proton Exchange
Optical Waveguides in Neodymium Doped Lithium Niobate Crystals" by
Domenech, Lifante, Cusso, Parisi, Cino, Riva Sanseverino, in Materials
Science Forum, Vol. 480-481, pp. 429-436, in 2005. By way of example, this
reverse proton exchange treatment is obtained by immersing the substrate in
a solution rich in lithium (for example: NaNO;, KNO; and LiNOj; at
concentration 10:10:1) heated at 330°C for some hours. This stage permits
diffusion of Li ions into the substrate H,Li1-xTaOs; or HyLi1-xNbO3; and
substitution of Li ions for H ions from the surface, in order to reform a thin

surface layer of LiTaO3 or LINbO3 of thickness €2 < e1 (e2 is of the order of a
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concentration 10:10: 1) heated at 330C for sonme hours.
This stage permts diffusi of Li ions into the
substrate H'Li 1-xTaG3 or H. Li 1-xNoGB and substitution of
Li ions for Hions fromthe surface, in order to reforma
trhichm@t%f a6e HavexTh, 'tygﬁggth‘éﬁ HelritB OB cafedt lﬁlétﬁllé&@%ﬁ &4 <
(e2 |s of the order of a 5 m cronetre)
Hﬁ_l 1-xTa®3 layer is then buried, |ocat ed betvveen el and
g t o) I r
Pr oﬁg‘% R)rlég%ﬂaeﬁ ré Qrﬁégﬁ {TPIQ (Kfrt]ezwea{at“g&P??t oﬁg rold?
Exaihange”) oy Aﬂﬁj(fcum énnealed ﬁrotpmc&m‘han@e '&rariddhg eevarsapintett

s RhT AL S e Rl H by Proba ErehangRody |

\t/:w?rrpm skould i peheotat that the tdmyeraf pastneadxchgnge eat nemtprise,

en t t t me

AR ERentese TSR Bpheie Feargt Hirs ThLErambtnd chRiRer

?L@zmreat Mbﬁbrdd@o@@bfdt@rdemﬁan‘gfet(bbrh@amgng,th@Sut&Btﬁa&r ivahtthe
ere na

_be, before the 10 stage of erse proto
eeéeﬁgﬂxge%sacamﬂe RET With hgating: aén%é%”"i”ﬁg%fefeegiaﬁfgﬁ before the
PAsS ) reSalRp| RBBRAL bthahhe, &herheaktabk estt aealing ARSEment,
Thus, it had already been found that treatnments of proton

W%@Wﬂe?tméhﬁﬁbﬁm%geé¥“%rﬁér%eI | ent opti cal
Pr opefifises hblairehby Bbémcmr@hﬁbﬁr@étmehté & prodnadiicAb @c&@n

have. 15 However, 1t had been understood that t

tlektrmdyastage pt mQ)rﬁ?XC%‘i@tf‘haﬁfé'éa'( arapeetesothat é\?’@k’%‘e)“oééiﬂ ar
qltﬁ,g”p@nféqétglcéﬁ%\,ﬁg the field of transfer of thin
a

layers, 1n particular with substrates constituted by the
af or diewevesnédhadratogrhesins undersined BeérihSotasiniaat oft Reoton

hbfi &Flec‘i’ rQE\S’ 190) EXHE I LEURER ;r@@uedf?&& %ﬁ%&h%g gfr

e Zo sald exchange occurs
bteem !ayécmnd nammar wilbsedgtratesnehstited bhiethaeforaneetioaed
I?'ggr%% this degradation to be mnimzed (see the
orenenti oned docunent US - 2002/ 035856), and said
t r eatltrdvatd tasn donmeqt:lemhw appgeatidedobipretecesghirgge | gauses

]; e;c%%d aifoppr oﬁe z%ﬁl i gv id at;!i‘%xé‘ﬁé °<2ch#§“ u?g htala Isc?ﬁgen

g &% an e Caled radation o
Zfoned ithat al ewsdeqmertt lmncsdeeateha@gml treatmheht amablednhsgldegradaabn
this effect c& 3 be, ut i
§§

riacte Finfes Geaine adhaentred Refid RN Sesbab Py ant "
r €@ ireathaent @fdsaphs¥guerie ragarddd havecessary.

In fact, a person skilled in the art, on finding that a stage of proton
exchange caused degradation of the zone involved in this exchange, could
not imagine that this effect could be utilized in a transfer technique. In fact, if
he assumed that the thermal treatment for repair was effective, he would have
to conclude that that there would not be any residual weakening in the zone
affected and that, conversely, the application of an additional treatment
(reverse proton exchange) would not enable recovery of a crystal quality that
is sufficient for the applications envisaged; conversely, if he assumed that the
repair was very imperfect, he could only conclude that the application of a

supplementary treatment of reverse proton exchange could not repair the
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to conclude that that there would not be any residual
weakening in the zone affe%t ed and that, conversely, the
application of an additional treatnent 30 (reverse proton
exchange) woul d not enabl e recovery of a crystal quality
t&é@raddtr%n %ﬂH‘é ﬁbt%'ﬂx%l ihQhe tzBﬁe éﬁ@&té& BbiroRstheNMEasAsRMDS direct
conversely, he assuned that the repair was very
mm’@ﬂf%@hanQﬁea@bw tedraaimeniefiravryse Reaton REChapeBi cat i on of
REVe r c
I A N e B
tdoenangs, asdcéx:aemcbmm obyamthkatet ribatapplicaton ofi legerse pottnon
exchange, and b t, of crevers t :
EPENE 1 BRmN ekt BRTER e AT b RGNS
tLIND fhrogxaniday with goomrpmstullsgremndlqmitm il\d}ilad)\earoapplication of
tantal ate, the applicati Jiever r ot on
e st bl SERendndPL e ST BERBRE EPigmp el e
el dépROeE IR bbreveranploen wkdnbngedaing performed at a

crystallo r h|c quality. Moreover lication of e
S1oTEh QR 185 sy ' BB XHar GG sl e

FHL@%QQteeX%a%Gﬁ ahderdbf fs@bsﬁaﬁnéie%hﬁer(nﬁ@e betvgs Qhe zone
reverse proton exchange bei n%n per f or med at a smaller

desffRcienaby taifbes chdbe dfeaé’r“@f‘ obREqtan garhpReR €8datheofens n
LRl KM Flife f\&@fre%{br#@gﬁﬁ@%nsé%ﬁéﬁggﬁ induedggkeni ng,

bet ween t zone unaffected by either the treatnents
of priduen ltemrﬁ@@dartaatt fifee z@rﬁ@ dapblycedertey Badhe oProfdie

t S.
08 RO U L VISR, b fen i

drastarmyes tmﬁsata)bé%lﬁdé%badh@ﬁ?chﬁlm@fr yefdasthiengyrdinpis, yet is
g%);b aqjegcftrcgrﬂntwh% gl b Yne &, stjré g?sé SHeakndtOjst E@ftﬂmently

ned by the techni que o state synthesis, yet
i gezepar atoeqbefmmmzetm?eatroesmndér tsmallaar ubenditiars leppkedz dore the

B i S o PRKERGeh @ AP RS RPAY B P

ar condi separation
Iiayeornmdﬁrnemthe conventi onal cond|t| ons of weakeni ng by

i on honbard 20 The inventi e
t he ?@"&C 'RY ngfo He> aYor lgrsr%ﬁrf) [ oﬁ‘gotgg%o n%ﬁ];ésé?% eﬁi%n%é’d’n
td‘c&ﬁxmeﬂmunwt.s thésmjdcnh@mtﬂadmg\mrmwé)%mmbatwdee thevovo

RBER dhroaote ghae BT uskina RyaThard Bhafo i Py b B

seKeeange,valy tHay affactedoductbeseely headarbnifsthess tmatrz@ne) isfa
ui te foartl cul ar inter ee the .i nvent,i on t E?]n

wh
P il BoabeUeh driGey Worteg PRl el ERond addRt

thereof, during the stage of separation.

It should be emphasized that the thermal weakening treatment only has
a true effect of weakening of the intermediate zone because the hydrogen that
was introduced into it during proton exchange remained confined there after
reverse proton exchange. In the absence of said reverse proton exchange,
the hydrogen would participate in phenomena such as hydrogen diffusion,
substitution of lithium by hydrogen, etc., which would lead to distribution of the
hydrogen and hence minimization of the consequences of its presence.
However, it was found that, owing to said confinement, the thermal treatment

following reverse proton exchange leads the hydrogen ions to regroup to form
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It should be enphasized that the thermal weakening
treatnent only has a true fect of weakening of the
i nternedi ate zone because the hydrogen that was
introduced into it during proton exchange renai ned

%gé%f ﬂn@%ufe@eérﬁi fehetavitlcRY 8ha endHcat Qi@ hadk@ningtot b’@rmlt

sence of said reverse proton exchange, 30 the hy ydrogen
m@adatparby teqhmiceies nsiptlan smaheses ugabla Wiy dio gamart Cut ™
V\h 'ﬂ‘ﬁ%ﬁ substitution of lithium by hydrogen, etc.

uld lead to distribution of the hydrogen and’

hencd his enptaizavhpthefhermel iceatgegtidat tdlows the stage o6 eaveese
Howeve found t g n
B sty Bat mbted BP0t v BaS FE L iR Rents
Ireadantelrneednyndrdmgemehbnﬁ t Q0O2HBORO (o U6r %718@355 which
\l;%g( g}ﬁ ﬁs a d then cavities, and hence sufficient

R %rmt separation by techniques simlar to
thOSGFHéSﬁlbbﬁhOM rdlateBeto’ Grarunéat of Mhin tageln@bogy. sibstste
expl ai ns vvh)( t he t her mal treat[@nt that follows. the s

dronsiilitads @t leashpgeioits BRe $RAgES HYs AU SRERPHY Se 't B%’?‘CU'F‘E

GRNLkRASE &0its Neaits! eRkAEM S nigeeemendetintdlatd 0 gommichUshe
2002/ 035856 (or US - 6 185 355), which have healing

deelnigees THePralweneXchangel strest 16 faverss ahderalgpdy hP‘ﬁe”
| tﬂxﬁfuﬁhfy lﬁvrﬁs%g§ﬂégs(k rc@h e £ONRE dlpdtrad catlstilu@Rpby BAANitHikH-

free Surface, by hi um conmpounds, in particular 10 its
d@@S@ésﬂ@iﬁ”@lt er @laBlSS'bStéﬁ‘I@ lof wéich ailvp stEaes layet isipageefesaid

ALt §| ave ?ﬁt 83\4%23@&@695%@%@?&%@@ arg'léﬁc%aﬁ?rthe

reverse, t hor oughlg I nvesti gat ed
dthitkbessa of obdid suraner dayerk oRYtart lthaen- 9s®a|raaﬂerl@'ﬁ| Gan be
b t |, or by a substrate of which only a surface
I@é@?or{ggj S%rr'%h%s f said material since the depths of the
s{la@ﬁ§e@%kphtbttmntr@xdtt®@ng@emnéeI ess than the 15 thickness

! Lr?ﬂ‘i 91 SK! ﬁcé ||ﬂ"?\¥%rt)nam%f}%g(4éé gg“) um lblafﬁlfiumi: er Ih%foggﬂ

salrmut-ts)§3@4 LihurcChlkidi@ziniuM B2Phatei t hium thal liumtartrate

- Li (N2H5) SO4: i thium hydrazini um sul phate 20
Preferably, the substrate is nonocrystalline, with an

or i errrafdraly, phef eubdtrate pésr pewdooystatinep Witle fneerisotiefiate
5re¥e¢gb|§/ugg}pre%tdlecu Vth!to hthe free surface of the substrate (which
corresponds to the crystallographic notation (001)).

According to preferred characteristics of the invention, optionally
combined:

- the intermediate layer has a thickness of at least one micrometre;
advantageously, the depth el is at least equal to 5 micrometres and the
second depth e2 is at least equal to 3 micrometres, the intermediate layer
having a thickness of at least 2 micrometres; this gives considerable latitude
for selecting the thicknesses of the intermediate layer and the thin layer,

- the starting substrate is monocrystalline, which promotes the
penetration of the protons, provided the orientation of the microstructure is

properly selected,
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corresponds to the crystall ographic notation (001)).
According to preferred characteristics of the invention,
optionally 25 conmbined: - the internediate |ayer has a
t hi ckness of at |east one mcronetre; advantageously,

the depbhri@l dicttdlytd e@satn %%abathocémm;%gn@érrz@fc abid m
second depth e2 is at |east equal m cromnetres,

ihydeaswiadiata, én whigdrthe ReRstiRge i intne ﬁﬁ‘é@f aimafropeHsio @Oh at
eﬁ%@?@&fﬁ? h%étWhl §n PHES W?’»’SG% abl& L a{rséﬁ’r%t 30sf Qfead

cknesses of the internediate | ayer an
tmeveidwssmtabwympamculhené,lmcasmq Ighibstaxides, | s

or ot ot “Brop et g R b ahinG o FRAE &R BlrtE

ispdiup ap@ pbiassieheiatvedch te subbhetefls rrsmeesleeidbr altlytee‘rons Octitn

Ci ris be aci.d e
TR e riRers bateeR e B Sl S B TS
3Meady bean Wenpatéed wmek@@w@enh@ao@rap@u.ﬁ&oc such a
treatnment has al ready roved suita articular in
L he. 4B cson HedmahaeainG Selpianeotignn B iaubis) GoI s
& XRALRY S Q8 LA ridNGutdatTh XEMp EraBire St tivee®f300F € hindNBs0°E0™Ir WM
and potassiumin which the substrate is imrersed for a

ttine bEPRANOO SR and 38R Hiis gffeenpriisidairllepdialisefiepgnding
3ather sHCRisRed foeﬁﬁorﬁaﬁtterhﬁéaﬁjré fise %ﬁt@%@ce@@@ﬁmﬂ@' |

tested in the case of i um conpounds, - the optional

st age bordinestagegis weriged in Hee §@a§@ off Whigh gseish syhsdiedm is
t t C
h gﬁggf&%ﬂgsd fnfh %@,@r 'ug% QdorRt s L%F]sttr%f@?ﬁé\;éu‘fh%le@@ Weg o 30

or a et ween O. and 30h; this offers
cowsrdercitha smm @@tagﬁepﬁeﬁdﬁ ngcemarwwvé@hethedh@ Ryehesgs to

as‘ﬁ?fg:gerﬁ Ih‘?&%&é‘t u pﬁ) éalllgeae\%ralt MibbRRERd [ agi %leyﬁbléea?% be

ng stage i1s he course of whic
srumwlateei |Wsthobbrajelalrrtgr sabsiraté); nad\ay@gepgsla deisont@ge of

v .t ' Spl
SR 200 3, chipl el B Pt R SR b
ssmmnglsemstrathl a:kzhetss seccbryblsola$trqle seliehalb anbondlngtteefmlquq 0

35@@5 saalfg%sﬁg/l ?/eer} Wl l%%%a ;?gwe\g Fohou%rggt e é’tgl Kol rﬁé’igﬁ%g % me

e of to’a secon
sﬂdws of mioeo@ea:tmm@esdvmite@edm;ty Isam!dnm@cblet heeading Inaepreceded

R TR TR A A GRS B o
rmgaat@b,ed for a great variety of materials in the
- the stage of thermal weakening treatment (for example carried out
during or after the optional bonding stage) is carried out for a time between 1
minute and 100 hours (typically between 0.5h and 2h) between temperatures
of 100°C and 500°C (typically between 200°C and 350 C), which proves to be
reasonably quick, without involving a in particular high temperature; according
to a first case, separation is then obtained by a thermal treatment continuing
the thermal weakening treatment; preferably, the thermal weakening
treatment and the stage of separation are obtained by a progressive
temperature rise, at a rate between 0.1°C/min and 5°C/min (preferably

between 1°C/min and 5°C/min), until the desired separation is achieved; as a



10

15

20

25

30

field of mcroel ectronics; advantageously, said nol ecul ar
bonding is preceded by a stage of deposition of at |east
one keying | ayer on one or other of the substrat es, -
the stage of thermal weakening treatnent (for exanple
%Fiéht’e?heo%ge%ﬁ ngénlaﬂQn W 0Bl b8 OREEABR 0T BNl Gt the
stage) is carried out for a tinme between 1 mnute and
10@| bbthesvdakepid alteyndsbiatedayer0. 5Sh and 2h) bet ween

t enper at ur es

f 1 and._5 YR ; t n
and 35%?%)9'3”\%33% S%B%K/%é'gﬂt'g (g%gn%éa@on§b"§at§ﬁi éé\ﬁ% mégﬂgut
itthadhehingndlor f pantéctahiarl kirgés bérprchmeang; bagodingi argl/on o

first , ti is, th bt ai b
e At A ShaBr e ERedPh di o Biste, AT W lne
RIppligdtRipl of, ulr i dnBesrmalcroveales nivigh meead osing tectthidues that

stage of separation are obtajned by a progressive

thaysergpdy Begn g@stesed I ?%Vénwﬁ(ﬂg@ﬁSfﬁf %Cgﬂ%fﬂlﬁs'and 5C/ mi n

(preferably between 1C/ mn and 5C mn), until the

desired separation_is achieved; as a 9 variant, the

st ag®eseripignofthe MVention: ai ned by the insertion of a

b ad@tgéctg,haqaré&\éﬁgti&f aﬁdﬂeadyosﬁdsg@@q)f i1AG R vEoAt Willl BaBime -

very generally, separation is obtained by application of

sappaegnidiom theelpllowing dasdripionobivenrasciaiivelptives pegdmyptive
; |} QhnasinRekehng and/ or shearing

%@%@h{rﬁ@ﬁoﬁgéﬂt?% 0 aa r@si’;l'(?e, and/ or by the

appl i cat Fonref! igla degramoade seciorahaiays of ansteringesgikstrate,

using te%gh%essuﬁ%g;oné1Q‘ffea?%éﬁ%&gﬁﬁ%%ﬁéﬁ&é,ﬁgltld.r\]/\ééd by

conventi onal trans techni ques. scription o

i nvent i oand€rlitgj eith.son theanigidt  giaphi eovargidiadieannalicady die
the invention, wil| c apparent fromthe foll ow ng
descri pt F%C,ené%%rﬁogémaéﬁ’l lustrative, non-limtative
exanpl e, FigefePlris agliagratrineatatdeatdred vivaod thigssubistratehaftsi the
Figure 1 is. a.diagrammtic section Vi ri
Subst r at @SR AL GE PR FOfnk et BT 4n M
exchange righoblpagdshywind Sceemetidalinthe wartdentration dfeprotioght |
a graph show ng di agrammati.cally the. congentrat.iqn.of
pr ot ong, TIEUEF guiecd S LT it qraoRa Ve SEERR P iB S dpe
t hi s subspunaterafthemd heakapphiteatrhan, afd a reverse proton
exchange treatnent, w §hovvi n

ent , th, the right,
schemati EAYY 4 ﬁeac%%m@@mrf’%{nci 8‘?&81“%?‘8{“’0%@?% bR 4rle?

separation of the thin layer, before final polishing.

Figures 1 to 4 represent an example of a method for transferring a thin
layer from a starting substrate 10 made of a lithium-based material.

This method comprises the following main stages:

- a stage of proton exchange between said substrate 10 and a first
electrolyte (not shown) which is acid, through a free face 11 of said substrate
so as to replace the lithium ions present in the substrate with protons, in a
proportion between 10% and 80%, to a depth e1; the profile of protons H*, or
of hydrogen ions, has a plateau starting from the free face 11 and then a
steady decrease to the minimum, within the rest of the substrate 10 - see

Figure 1,
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20 - Figure 3 is a diagrammatic sectional view of this
substrate in the course of 8 t hermal weakeni ng
treatnment, and - Figure 4 i 4% di agrammati c sectional
view of this substrate after separation of the thin

| ayer. ’antq%fti%% sftég%‘aeét) z!}g"e'taﬁrtf@ 19 roﬁ#o@é’Féaﬁra%gEﬁ’]eﬁt 6@95‘?&%@0

an exanplie o or"trans errlngat I n
fthaimpa)temarthamgawbhﬂfwwdetqohﬁdﬂ@kmSSa_lll tehtpm’ﬁ"tfas*et@ the

nc?)gﬁgordn%nts E)I'p e m%‘i aq oqot réu%%ﬁﬁtteh?o tr% ld%Yangnt%ﬁ' e initial

age o on €exc between
mj@aem(mml&ﬂ) ahmieta)ré arsﬁacellmlrnﬁhg/bbta(nw akingng frehifade

throuhafreefae 1, of. sajd,substrate as

5 i aleErs B U ohdBY eSSBS B BPUR

Rmb%ﬁﬁl%, 10 (late1I8® 1PAD p@l’stbe@ﬁ rhedifieeihd 69t centtaBiprofile i not
el; the profile of protons H, or of hydrogen

|%‘ﬁ§ed ﬁ%@e@abﬁvayéa'& 1%t i ng fromthe free face 11 and

then_ay sedeady r@l%%e,emohoeaﬂohgng@ B8N BhitihéubstB® BASta
of the substrate 10 - ure 1, 10 an opti onal

steqgBd @iecaﬁm%moﬁ@h@wnbﬁgfﬁea@%ﬁ%&ﬁ@éﬁ@%%ﬁo 8% (@ RPIaEn Y
$0 sbhaid BEB‘&WOQ’Q lésﬁ;aihel?ﬁaﬁ% flist fdé%ﬁfj el Oat Neyst t’a'hﬁgﬁeﬁﬁ of3 khe

reconbine with onponent s fhe material of
subonsavig) ians @fhéa'deﬁtl@mﬁﬁhf“t@ﬂmt) h@ 2fi toi lgpve @nelﬁterﬁmed'ate

(I%a)éérhﬁ?ﬁ)e be'i\n&g fR& e%@pfqgr%%%dl &Y elold 2xhp Qabto"’ﬁ' é‘te% st 1

free ace & 1M Crostructure of
|m|crora¢aﬂrey i earthi tbate isstitl Batighopraphgionex the proterns mmgta’c%d e

A ) QA b
10, AL PR BOL it B ARSI
sthalgey@fm%b?mlen pslaintﬁn@e &acehdngred thetinkeenediatedlagerbbiA asee
el e
3., DRG] LG TRl AR e
t han tdmeop‘tlbnsltbcd‘e!ptgﬁstege cﬁl‘rmgeyﬁsd:h sdidssbstedte |£Dj'0|rteldd)y said

n th ions of ne! I|th|u
HBELBY%R Y i st StastE 3 CERG Bl bha 8 df pistuse
aﬂdclelthmfﬁe)rthaxa'rm{mck@fes@és ¢tast ¢b) can cbeomsehe@,befdnelvdndcdm
Here IS Sti Itl ﬂﬁ hi gh proportion of the protons
tHE 745508859 the material during the stage of proton

eXCha@%tagbh@“ tﬂ@ﬂhiﬂl e@ataheht, daiged olibdufidn ot ayter tHE2Bonding
betvve?n said free f an

STad (WesTgl ek DaFon BC R HiegR e Ao BEI T STt ERETTTe
aff thd t&ANERNAL IRlk aDAOANA 1ons, - an optional bonding
St agef a gt%rg!sng s\gglarcart]loﬁ 6llrlw %rgel'qugtcra%tsg tljassedo(;nn’ﬁ'u gnﬂaﬁl}atlon in

Figure 3, separation of the thin layer (joined to the substrate 13, if the optional

bonding stage has taken place) with respect to the rest of the substrate - see

Figure 4; in fact separation can be obtained by thermal treatment (for example

by carrying out the weakening treatment in Figure 3) and/or by the application
of mechanical stresses (pulling, bending, etc.), for example by means of the

blade M in Figure 3 (as a variant, it can in particular be a fluid jet, for example
pneumatic, etc.).

The conditions of proton exchange can correspond in themselves to an
annealing treatment; in fact, the chemical part of this proton exchange

(contacting the substrate with the electrolyte, therefore elements that
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thin layer to a second substrate 13 (keying |ayers, not
shown (in practice nuch thipner than the thicknesses el
and e2) can be forned bef or éhand on 20 the faces in
question), - a stage of thermal treatnent, carried out

galégﬁer it ﬁ%ﬁeit g%%ﬁa‘égefegﬁ IHa%argd AE6 \(\Mﬁ‘%@ahr‘ig tiRkRSeptAsR) |

for causi ng weakenin of the
icahdrenz duptlemeatper aarzetahnan@pcor@n@tch@@tmr \SEigAa: g@@ pemigal
order to, ca [ i
FEE Pt PR BT REL R0 OB G B B ahiloaiRl, By AHES
Words f thidre @padmgeomeiydbngammeg hasatinakeiuphac ey afierh

r 0 f th trat
fRR g dfe B AE w BN gaTeR aRe e Rae Tadt RErverseD,
E}g@@ﬁl@%@yg%?rrylbng (f)]Ut the weakening treatnent in
ur e and/ or t.he ch I
st r edR RE(ipR th ﬁ@pz@@ﬁ@l@&g‘" g{%@ )p?aqeowl @%\?galge%e%%eg
qbaddienadindbadee Mih Mayer 9wRe a3 \&@Bas?loMahé adrhaintér ©&X of the
particular be a fluid jet, for exa mat i F
W skaied PtArepRItion o Wﬁaﬁ%ﬁia'ﬁ’g%f ‘éﬁ?@b %Waﬁ"ca 0
%%Wﬁ@élvrﬁécﬁa(?ué%m po%ﬂr@@bb%tb@&ﬂk@ﬂkkeé it fRelble td€emove
em cal part of this proton exchan (cont act i ng t he

shbse Dattt%swméﬁ tmmb“nrelay@f ﬂ%u&ytﬂ@antaﬁé%éq gy obfhenpelaientih
]éan t%a{léécﬁgpgtn%vd &oLehgs 8&%9:'?@@ eLriMBePe carried out wth

ere can e a sup Ienentary
annea(Dﬁ ogrsacsioges 0 any anrsepréte \)@pWQnWPet petickhaiie i the

Sfto?‘rggtlo a%nk?ﬁe ﬁ’?{a ?éci%horththé#h J@Ialygiq’ of SFTB?{)Q& Bf Sect@id QM‘@/Gr

ann eal ere 1 s a vantageous y an
aneetaeimcmg amda!at nepticald uetcngicorcoafroeentss abedeifethgcamebe

lg{jfértpésgetd e?‘g?%’h h@%'g%a@%tsr olyte, but before the stage of

ex In practice, the separation,
whi ¢ Healkesntipdnactatas tdiithidrheoweakiede dnbmyearticulpdatoeithium

CE DY R/ LeaL o 8o 38, sBErlE by aehl o eygeTRioe"
| @yelithiuvhizekalate. Thelgiventiee hianirelatesdp dliferaioemiosatis based on
e I RER e R R e e
amehiiRendingh t@tratd)eLigubEIS@Y (e‘tm@A hydmumm ssipthafedet@ new
appr G 1B bR  FRE far {Toc PRRIG T A ¢heropBy Fid FBAS
gtlrﬂ%%t?frégﬁlr@@gﬁﬁ:?ein%onhm@m iMthra kalyssqueof trahiment gpaetereé
proton exchange has already been mentioned, in the case of lithium niobate
or tantalate, essentially for making optical components, in particular
waveguides having optoelectronic properties.
In the case of lithium tantalate or niobate, the invention can be defined
by the following successive stages:
1. formation of an HxLi1-xTaO3 or HxLi1-xNbO3 layer with 10%<x<80%
from the surface to a depth e1, by proton exchange and annealing,
2. formation of an LiTaO3 or LiINbO3 layer from the surface to a depth
e2<e1, by reverse proton exchange,

3. intimate contact of the material with a stiffener (such as a second

substrate),
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15 nechani cal and/or optical, etc. mcroconponents, as
requi red, can be interposed_between these stages. The
invention relates to lithiunfconpounds, nore particularly
to lithium oxides. The rest of the description wll

exam4nﬂ,a&t&§er%§§1%s1€%l i itﬁ@H [n1n)& 8 HANGINHAY BRr buried

tant al ate nventi on a e| ates to ot her conpounds
kim\aelem)rem@nd |el2hbwthsmm>ha®0m| @’3@3&36@)@ t(eatmﬁnuﬁnd/or of a

en eI eni t
AR REG: TPLEe Mot oM S5: Trds RERenyl M Histrates
Se:cﬂmeaiwzngeImorﬁ@rﬂh@\Mhd/m $Hearipg erabdes, antver dEpdppdiasticaon
0 rot on chan t reat nbi '
G R e E R et ATl sab e BV SRR "
has &l r@agyal beg@ Hmemnt- bdDél©G,orll—ﬁ<Lt1hﬂ\lt§(a$eay@f l'ithium
ni obate 25 or tantal ate, essentially, for kilg\g . F%tl cal

conpérentries ofpRpKFatioa! e NKaIY G &S SAIRA he E8se

RLAELARGEHARE RHIRE fithRSn nibBatehe case of [ithium
tantal ate or niobate, the invention can be defined by

the foll owi ng successive stages: 1. formation of an

HxLi | or HxLil-xNoG3 | th 10%x<80% 30 f
ExXahddad 1 ayer w (9% 0 rom
the s'l]'r‘ﬁg@‘e—ro a depth el, by proton exchange and

anned snistraze of enonacrystaléfe hif aQSTwoB 891)|_PNBU%t'qrhSﬁé‘ffaF?%m
t,l;b% %V rttg ?‘r‘f% pto%r aax%z% Mia ARl an ké‘!’e foXEd %@n&ﬁ?[‘e@rby benzoic

contact of the nmateria
Sél(]ld flahelm @sumatasard g@ommilim Sillbmrogﬁrephowat% at f3r3Qc@ufpé

gﬁtfll% y %eVﬁWe %dkg(tl‘yO"nggPéO %ln'_ﬁlo'r&er)iy%%%#l W@EXLH -

tween et and pplication o
thmmmrntasartdjeora mrﬁuclmesdeleanhl fngmf theceumdqar OéxlzmpuTé) The

ad b
SERREan SR ruRhaE RS (hER AR HRRELE B R
tdeeKaJmﬂ/NGI&DBQnN630h thd masieupdomrrtiofs i ¢ O\Amsesctozrely for

f %é(%f bk)}f/[sss(%\aem glqa i—!@ﬁb{)‘%(ﬁgysgt é)?gtamed 108%83 %Ibogtf 2

appd ipeatungsr tfe Islﬁrﬁaden{vfemtal Dma@Beresmnbbretcbtbel o is of tthe
case f011‘ |tl t h| Jn tantal ate, and then lithium ni obate. 10
EXERpPe! 42O S ihst rat e of monocrystal line Li TaO8 with

(001)THY s @tratd Rhés wbicreesn inofroml fat®withes pgbasf @xds)un s
pcl)fatcr:\%?(néasns ?80 ?\lmgcéerpglsﬁde bg %r\]/%})é)}ali%r? dAbsXac nd {ofaCOCS substrate
intended to serve as a second substrate or stiffener is covered on its front
face with a layer of SiO, of thickness 400 nm, deposited by IBS (lon Beam
Sputtering). The two front faces of the LiTaO3 plates undergo conventional
stages of molecular bonding: cleaning known by the name "Caro" (solution:
97% H,S0, and 30% H,O, in a proportion of 2/1 or 3/1) followed by rinsing
with DIW (for "Deionized Water"), chemical mechanical polishing (using
conventional colloidal silica as abrasive), brushing of the plates in DIW, drying
by centrifugation, and intimate contact.
It is to be noted that intimate contact means that the plates are
approached by a local contact point, and a bonding wave is then propagated

over the whole of the surfaces to be bonded. -
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acid, lithium benzoate and amoni um di hydr ogen phosphate
at 330C for sone hours, th@g anneal ed at 370C for 30 mn
in order to obtain the HxLil~15 xTa03 phase over a

t hi ckness >5pm fromthe surface of the LTO The reaction

of reaverss RLALAR QP%Chﬂﬂﬂﬁoh@ed@nmé@bma@%dﬁ@blohsWﬁ@ tvo
bath at 330C of KNO3/ NaNQO3/ Li in the nol ar

d?%ﬁ@fjtﬁu@ﬁ%a@ﬁ Bre ther sghjeded yeaythefrpal weakasing regiiest SR
%ﬁ%aﬁ‘lf’crroc%f\utl'éé Ll it cﬁ@aotlésseﬁ@&ﬂn bt ddpdel QF@]%_GIHXLH-

out m under the surface the Li Ta03
oJraﬂ&tz@m pbrtheosutHstraée difatt s olp und@egonef thepARE oitege. obhe

ltggrrﬁ’ﬁq éartl%%ﬁt c':g‘nstlgg ?Jf oYe Qa&?&i 6%ﬁﬁﬁr9(géntf GCE i fBm
yer of chro ness eposi ted by
eatabienaﬂe'rrm@ratmesmmnwm%am tsonpstataresat wmtﬂehialrmﬂertqf astive

S a strate o |ff h Ve j

B SR SRR R Ehagh LSl e P YRR Fgblone
?Brpﬂ%’trtx?tduré))obt:ﬁ&% ?ﬁ@r Bwﬂ‘fezasSasltfbmm gl)ixLaﬂxé aOBo2f pront
aces of t Li Ta Cco i onal stages
df‘T 2?“ Bgﬂ(ﬁ‘iﬁh/ @ Zfﬁ%m L&??taf?e nane " Ca?o"
(sol utHequm Q?‘%)H%S@éc@lweB@%éRQﬁnd)xfédaa;p@hwmbzﬁlirmsbhahical 1
or 3/1) followed nsing with DIW(for [

[ d
Rtiaping (Ot TREHANS LSBT B FGUpeS i Eroness ' 15-
CﬁU‘Nr%n{S)} ens. ael i.tﬂjdfi?fb c}"dtélhé@ls'iﬁ aHiaRAY Rlere&tingsBt BEvViOés

the plates in DIW dry %é\ y centrifugation, and
| chrasteregesmenengss %é‘eﬁwéad?rﬁﬁw?%ﬁ MREI8Y)cont act

meansrat &hﬁe RLBLESe REE theHPRERAGH athdW ctid BERIMERIH 6rcd

poi nt, and ondi ng wave is then propagated over the
V\‘lhtﬂléy@f aptheo9nr f aces to be bonded. 13 The two surfaces
are then bonded by nol ecul ar adhesi on. The two bonded
substrates are then subjected to a thermal weakening
treatbpamplesy as to formmcrocavities or mcrocracks

ext engdig pgstfaﬁatol?qn&% stzﬂfmé DR Wit ()éﬁggénérqgﬁorpfr Jg’%ges

substra under gone t st age
tthmrmto mewaMs)wp@psd o af e@ctremecamhéed bwp?yg@réreﬁt@mt
L I t
DRHEST L Gor AR ) ahTREA 3 458, ¢ Rrlats HEREE Bge s
t@akesd pluagea mutéanadctanm of AINOBE3T Evebl. B - MN;OWM b-maiOB-

R sgfoy@?nsr “ Sognm

Sl 02 mu‘rmdllayer'FMn %Ulb%d%d;abdxﬂ ZToeb trbnl_uridexilfaso@rface of
La'FaO£ a1yhe con%e%trr]ae’c%nrﬁr;?ls 0 th &% rcT>]f ?8 atomic h;;’;ml cal

The substrate is then covered on its front face with a layer of platinum, of
thickness 100 nm, deposited by evaporation. An Si substrate is covered with a
layer of thermal SiO, of thickness 400 nm. The two plates are bonded by
molecular adhesion and are then subjected to a thermal treatment of 250°C-
1 h, so as to form microcavities or microcracks extending at the level of the
HxLi1-xNbO3 zone of the substrate that has only undergone the APE stage.
Fracture at the level of the zone with the microcavities is then caused by the
insertion of a blade at the bonding interface. The structure obtained after
transfer is as follows: HxLi1-xNbO3 1 ym./ LiTaO3 2 ym / Pt 100nm / SiO;
400 nm / Si substrate. The HxLi1-xNbO3 surface layer is then removed by
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polishing (CWP); the Li Ta03 | ayer transferred is reduced
in thickness to 15- 20 nm by, CMP. The structure obtai ned
is in particular interesti né for devices such as
ferroelectric nmenories (FRAM ferric random access
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- depending on the conditions of the two treatments of direct and then
reverse proton exchange, the thickness of the weakening layer can easily be
controlled, and can be greater than with implantation by bombardment,

- it is true that the two successive modifications of composition and
microstructure within the future thin layer may make molecular bonding more
difficult than with implantation by bombardment, but it appeared that the
knowledge of a person skilled in the art regarding molecular bonding would

nevertheless enable him to obtain molecular bonding of good quality
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- forman internediate | ayer of required thickness: the
finer this thickness 10 for,.exanple, the | ower the
roughness after separation, = control the concentration
of protons introduced to obtain a variable ease of
separation: for exanple, if the concentration is higher,
separation can be obtained with a |ower thernal budget.
It will be appreciated thQﬂ;,&Mﬁl ative to a transfer
techni
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erthe ess enab |mto obtal n nol ecul ar
bmmefrngﬁg{iheguedneﬂjaﬂellayerland CLAIMS 1. Method for

t > f £ i ng.. d
e
ttettheeafstsxatf@ Suh)btraheaetteh@tedeaoffthe gtterneddege tapleyt e which is
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r epl ac i am-i he su
paggrdrdsi athidkebseenatl€dét and miBnettcd a depth eI - a st age

of r %Y?\ﬁes'tﬁog%g}:oorgm%xto QAT b%arac Qng’ea in tﬁupt%t r(?‘etp(:f‘h %qdls At

least equal to 5 micrometres and the second depth €2 is at least equal to 3
micrometres, the intermediate layer having a thickness of at least 2
micrometres.

4. Method according to any one of claims 1 to 3, characterized in that the
starting substrate is monocrystalline.

5. Method according to any one of claims 1 to 4, characterized in that the
starting substrate is made, at least near its free surface, of lithium tantalate or
of lithium niobate.

6. Method according to claim 5, characterized in that the first electrolyte
is an acid bath comprising benzoic acid or a hydrosulphate, in which the
substrate is immersed for a time from 1 h to 30 h at a temperature between
220°C and 350°C.
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10 second electrolyte, through said free face, so as to
replace, to a second depth 2 less than the first depth
el, at least alnost all of tﬁe protons with [ithium
ions, so as to leave an internedi ate | ayer between the

dept h’s 2bthad th@8rditd to \MHiGhs tdretiginfibe chhidcterizBE iRr@hORR
i ncorporated during the stage of pr oton exchange, the

or@fstpﬁd eeehiaing tath kontaner metyiee wisffltkiems sediuahd
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ment carried out under conditions suitable for
vaia(temmg@twl’w)atweem gediGaeed Bayér., and - a separation

st age fl\%th&oagﬁéorulgméqg %?\9 n%rbf alrtnlgel ttohJi rl:haﬁé’ec‘?%rg\ggltin (%?attahe

respect e Substrate at t
i stdge nefd eabhexlingy &r .ca2®d2 .oulebhfode aibeorstligagot oeedrae nprbton

characteri,zed in that the in hasa

HbAREAET S PebliEs vl oA RRE o bl R ARE Bivesn.g

t®@5 el Aid3@h. character| zed in that the depth eI |s at

| east u m cronetres .and the second depth e2 is

o | 0, 3B, ey 10 AT s s e Bt T
n% SabBicknassgRf idthd easbte of whichTsai GUBLHAS .is Honded

Met hod according to any one of clains 1 to 3,

chiataid tip fayehtq %S?%‘&d SELFPé 8t arting substrate is

noNoGiiy Mathbd NfecortindVkd NsinAOC Ahdiddeeriz8d aRYythanendfstadeabis
1 to 4, characterized in that the starting substrate is

rRasindafo [eaegondeaibstiele cPEWIises Maeculat bpiding aptween the
tégﬁlﬁb%t.x@st%te 38 196 sbEddY dmshipbate. 6. Method according

aimb, characterized in that the first electrolyte
i s arl Tadfethedscedingr iostiatN H&n £bp@cksized dp that the molecular

rredﬂﬁ”gﬁé}%&{ded' %’@L&SE bD8ep Rt 5 t8ed st JnBNRS la & o

at a tenperature between and
3FECr dtber of theveulbabiktesscording to claim5 or claim 6

char 3ot fidirGflaldrdilio bRE AELR R AGbIO, ¥harbriBed f that
Hd v pREgrE TGP

containing a m Xtur thium |um
gbemeunﬁ hharmﬁlwéaheh@gstlmsmeat & Gagri¢dmet @ea tfroe batwearre1

BRSSPI A BT Tpa08E Wi
ctearpaciterdsZean i1 00T daB004 ( prsefaglelycbjbtvaafmewo ﬂgands3w6r)| ed
out, 1%?fl\?etﬁoé ha(:(‘:cg’rtdﬁ71 etOOfCIalr%VH S&\apac%r?zed in that separation is
obtained during the thermal weakening treatment or by a thermal treatment
continuing the thermal weakening treatment.

14. Method according to claim 13, characterized in that the thermal
weakening treatment and the stage of separation are obtained by a
progressive temperature rise, at a rate between 0.1°C/min and 5°C/min
(preferably between 1°C/min and 5°C/min).

15. Method according to claim 12, characterized in that the stage of
separation is obtained by the insertion of a blade at the level of the weakened
intermediate layer.

16. Method according to any one of claims 1 to 12, characterized in that

separation is obtained by application of a mechanical stress of detachment, by



exchange, at a tenperature between 300C and 380C for a
time between 0.5 h and 30 q. 9. Method according to any
one of clainms 1 to 8, charac?erized in that a 10 bonding
stage is envisaged, in the course of which said substrate
| sulitRndegdior B¥ngiah arididMshaiRly hd/er 59CRABUNSAHISH oAt blade,
Met hod according to claim9, characterized in that the

" A %fthe@@ﬁmﬁ%@n%u&r%@mg AfypistvERveSconpri ses

nol ecul ar bondi ng between the starting substrate and
this second substrate. 15 11. Method according to claim
10, characterized in that the nolecular bonding is
preceded by a stage of deposition of at |east one keying
| ayer on one or other of the substrates. 12. Method
according to any one of clainms 1 to 11, characterized in
that the stage of thermal weakening treatnent is carried
out for a time between 1 20 minute and 100 hours,
(preferably between 0.5h and 2h) between tenperatures
from 100 at 500 (preferably between 200C and 350'C) 13.
Met hod according to claim 12, characterized in that
separation is obtained during the thermal weakeni ng
treatnment or by a thermal treatnent continuing the

t hermal weakening treatnment. 25 14. Method according to
claim 13, characterized in that the thermal weakening
treatment and the stage of separation are obtained by a
progressive tenperature rise, at a rate between 0.1 Cmn
and 5 mn (preferably between 1 Cmn and 5C nmn). 15.
Met hod according to claim 12, characterized in that the
stage of 30 separation is obtained by the insertion of a
bl ade at the |level of the weakened internediate |ayer.
16. Method according to any one of clainms 1 to 12,
characterized in that separation is obtained by
application of a mechanical stress of detachnment, by 17
pul I'i ng and/ or bendi ng and/or shearing and/or by the
insertion of a blade, and/or by the application of

ul trasound or of m crowaves.



