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WO 2005/ 043616 1 PCT/ FR2004/ 002781 5 Method for the
catastrophic transfer of a thin layer after
co-inplantation 10 Field of the invention The

invention relates to a nethod of transferring an
ultrathin filmis 15

ul t [ film(the termthin or

alsg% g@ﬁﬁ/§ﬁ3l tenperature bylthe method FETC@R2004/002781
implantation. It has applications in particular in the
fields of mcro-electronics, mcro-nechanics, optics
and integrated electronics. 20 State of the art As is
known, splitting a thin filmmy be achieved by

i mpl antation of chem cal species in a source

substrate, for exanple of silica, to induce the
formation 25 of a zone of defects at a particul ar

depth. These defects nmy be m cro-bubbl es and/ or

pl atel ets and/or mcro- cavities and/or dislocation

| odfat erother catassraphiine tdahetes, ofo@althyn laver

d|sgggéfngoigﬁgggxgggkghne qual ity of the materra
size 30 are strongly

dependent on the species inplanted (typically
hydrogen) as well as on the nature of the source
substrate. A heat-treatnent may then be applied to
enabl e the devel opnent of specific defects present in
the weakened zone, which enables splitting of the

t hi ron1th ource substrate to be achi eved
|aﬁgﬁ54'3€%%@&> 8 2 PCT/ FR2004/ 002781

principle by subjectlng the defects to pressure. This

has in partic d bed_in_the ocune t US-5
374 564 agg'dggg{o ren P%%%#%S EOsfiche 53 transferring
do@@rre%%t%fBHQZCfllzl"o'Z (theSptermi ndimayobe uia:ct&a,thln film is

geaa@@llm kunt het tosheatenbke tpby appl yil
exterE Force whi ch i nd u%@% %Fgg?ur%9|n t% 19ké%ed°f cor
zoABPa AR &ﬁqttFﬁg}F§5aéﬁpéﬁéétlons in particular in the

fields of micro- electronics, micro- mechanics, optics and

integrated electronics.

State of the art

As 1is known, splitting a thin film may be
achieved by implantation of chemical species in a source
substrate, for example of silica, to induce the formation
of a zone of defects at a particular depth. These defects
may be micro-bubbles and/or platelets and/or micro-
cavities and/or dislocaticn loops and/cr cther
crystalline defects, locally disrupting the crystalline
quality of the material; their nature, density and size
are strongly dependent on the species implanted
(typically hydrogen) as well as on the nature cf the
source substrate. A heat-treatment may then ke applied to
enable the development of specific defects present in the
weakened zone, which enables splitting of the thin film

from the source substrate to be achieved later, in
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of the thin film Wen the splitting is produced at

high 10 tenperature (typically near approxi mately

500C), anpbng the technol ogical problens encountered,

menti on should be nmade of the roughness of the

surface as well as the degradation of the film

t r alof é0Léd Cdwitilig t he thermal Splitting. THCS/FR2004/002781
renders the follow ng treatnent steps 15 nore

difficult (for exanple: the transferred fil mnust be

pol i shed nore, there is a risk of crystalline defects

bei pg. d ihg the fol t pen tc,).
FEL?%%&%%?&% kﬂyré?%rJﬁ%{ﬁ;{ﬁ%&ﬁ%&éé@g Fg é%esgure This has
supéﬁp@élrﬁill@mll@fr St ey igfedi 11 etleﬁtd@atlmenal Ep-5 374 564

20 apat *&%fvetﬁfﬂ}[ﬂé}lt%g'gﬁér%?b' %mc%nCQémEﬁEerdcﬁﬁﬁem US-6 020

presence of a field of very high stresses in
varfeds films in contact, during the heat treatnent,

due to the Qpﬁﬁ@ﬁ@ﬂ@emalyn ﬁ@emf@@ff:g@h%:ﬂaalgﬁ M@m@é to heat
expanS| Vi t t he vari qQus materi als ace

COntheEL™ehEe i) PREQYE hen 25 HGIZtN | GRZGE (Hich induces
het Brastuvet uneshief widakerizer madne sphiil i ol OEECURS 8k Achieved

te r rephigher than a critical tenperature. This
deg$§d2$¥o§hnﬂy?% ypically, be the breakage of one or
bot h subst réhes brbnght splottongact isandpoprdbeetlhe at  high

he ' t
|nté&€%%ga9%ﬁ%s véﬂpﬁéigggsgﬁgmhy§?$989iﬂ% ggs %%&i% among
achitey et ¢ABNSPPPEERAG PACHIGHET TEIMETAIR®. Gt i@y should be

aChh@cY@ Sicil tt‘h'engréilghf%@/stser@ﬁr %tﬂéresu'r$a¥:% "Rk a}{vell as the
the inplantation conditions. exanp

l e
exc FTHBRLOR (e FRBI adnt e §§é8|55§rﬁ§§1 VTihg the thermal
20057 DEAB8616g 3 PﬂiﬁFRZQﬁﬁﬁgQ27&be Iﬁ@ﬂ&@ﬁ@n@hetreatment steps
weakeni n anted zgone in which t
spI|?€|H%1a% Fust gﬁﬁergﬁﬁ 8CC&P§ 'ﬁﬂﬂf%&ﬁﬁﬁqrﬁﬂ%TnmUSt be
al pQIKEde[Iknshomeuetbat15|b theksaufr cergshstiidne defects

'SkﬁaW@GEV 18R§”ﬁﬁ%g%§% 0%01§guxq% gPeggﬁénts, etc. ).

i npl anted at 1 o
Furthermore, heterostructures {comprising a

superposition of substrates of different materials),
another technological problem encountered is the presence
of a field cf very high stresses in the various films in
contact, during the heat treatment, due toc the difference
in the coefficients of thermal expansivity of the various
materials placed 1in contact. This may induce the
degradation of the hetercstructures if the thermal
splitting occcurs at a temperature higher than a critical
temperature. This degradation may, typically, be the
breakage of one or both substrates brought into contact
and/or be the unbonding of the substrates at the bonding
interface.

This 1is the reason why it may be desired to
achieve the splitting at lower temperature.

One way to achieve splitting at low temperature
is to "play" with the implantaticn conditicns. For

example, an excess dose of the implanted species may
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H2/cnm2 ) , enables splitting by a nmechanical force

after performng the follow ng steps: treatnent, as

for the target substrate, by a plasma chem ca

activation; cleaning of RCAlL type, bonding at anbient
tenperature of 10 the source substrate onto the target

sub®iOr &106,5 /A 6 lehneal i ng at 200€ for 2 hour LCTHR2004/002781
mechani cal force wutilized came froma bl ade inserted

at the bonded interface to initiate the splitting.

Thi s approach, although reducing the roughness of 15

the.tr ferr rf.ace (by of the.,order of half with_ |
res6@8?%%§%b5ﬁ%%§#%%%éFJ§%I?ft?%@ %%Pg?Pgﬁg FRAE dPewhich the
pur eby ithéngala taddwittehguetr aglwesreo @otivat i on)

i nvol ves a p AP em cal t4.vatdon .
fol | owed byTéga H%:éiﬁnng,ggh?%h Ag?%Péprj%gn?h%wed that, if
si ghNEi U T &F awb&ck retem 1 20 aanvi hrelustorfi asipocan, ofa dose of

Vi eMy GRbgBRCOSINs MseoveLq L 1S 4 npert ant Le Qgt.%. 5 x 101
that, dug to the high dose of hydrogen inplanted, the
heatl24FBat hentthakiSs BBhHF R FURY ndt Mexdded cadoforce after

t heptefpefrahyr ethé Wi cdwier malepspl | ttbagmeayl d as for the
occgr ig mhi%y case the 25 aforenenti oned advanta%e , .
of rREIPEduAIBH | %bugﬁﬁesg o~ AH¥ t rGAEPeFfEg activation;

surtaeenwoygl @ indChle aghepevedndanst e cimbdaSmaemperature of
chem cal Lyat | 0 y l.eani.ng i

thugkgndfgggﬁéangBF53g$éiﬁ?gngnggéﬁegééﬁﬁanSH§F8F8te' and
i t sanp@et il cohsclddl i deracéorbnygst o The tectminguml force

30 desciibgd BYBENEELANEN 11 J& | nposd and 4t o, pot fhe bonded

that, in_fact, It is not solelﬁlthe tenperature o
tresthehf2GRi ER aPfEdedet hBe FREALTASAdI ti ons of

splitting ofhifeappirbathl mallﬂlbhbu@lhsckeddlﬁr%”ﬁé OPo@§hness of
' 5 concept

1oty AT o, s el o0, Lhe LIS s e

2005 943646 do PCIoRR200446082784p1iotihhe podvtsbas othat are

e ER, SPFLRY, U S AL REIL LN OB DY ves

SOstEg) . of plasma chemical activation followed by RCAL
cleaning, which may represent a significant drawback from
an industrial point of view (high cost).

Moreover, it 1s important to note that, due to
the high dose of hydrogen implanted, the heat treatment
after bonding must not exceed 300°C, the temperature at
which thermal splitting could occur, in which case the
aforementicned advantage of the reduction in roughness of
the transferred surface would not be achieved: a step of
plasma chemical activation, followed by RCAl cleaning is
thus indispensable for reinforcing the bonding before its
thermal consolidation accocrding to the technique
described by HENTTINNEN.

It is important to note that, in fact, it is not
solely the temperature of treatment which affects the
later conditions of splitting of the thin film, but also
the duraticn of that treatment, which has resulted in the
concept of thermal budget (see FR-2 767 416 - CEA}; as
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Thus, it has been found that, if the thermal 5 budget

is too low, the transfer of the thin filmis of poor

quality, whereas if it is too high, fracture nay

occur of one of the substrates in the case of a
heterostructure. It can thus be understood that in

primd @Easersxlexi sts a narrow o ndow for teeTFR2004/002781
operational paraneters, (related, naturally, to the
conditions, in particular the inplanted doses, the

nature of the materials, the tenperatures of

anneal i n etc. . _but thi.s narrowness constitutes a )
o ober s Brbvigdth s REGHSURERY, ToiRbuy 18R is for
Fur ekermpdree, ptdreidedhani cal topl | bfi Agyuofltlernt ircohstgps (see WO

of b@p@%%%%an_%Q%jgk”que bl ades onn1the edges of
the structure, as if to "cut it out" along the

weakened zoA&usyhelterhasadiest edepld t thag, i$f the thermal

somphLigges UsedooSinge theer ehan@fretne £ 00L(SUGh 38 By is of
bl ade) “is to 20 propagate the fracture wave from one
edgBORf tFeElitYuctiterass t hé ottheds THYE P& of fracture may

fragtune |Qﬂﬁs(ﬂﬂétf&ffCﬂﬂéwwéﬁbsﬂﬁéﬁééf,i?L E?%_ case of a
(0] e I n

future surface freed hy the splitting ,
fiIﬁF%§§°§t6Pﬁﬁﬁlﬁefegﬁ (G t rameF erPed 2BHEISPOfhethat  in
per pphecy pdk t hehéiraal qeostiet) a f onaexampl ewin@batedfor the
to I . bondi ng ener too | ow wit respect t.o the
res?pggg%ﬁgnﬁgter AT 1o (EReTREY oddEi B oyyr  to  the
topbgndétspaﬁb dmfnaﬂ;idulaneﬂﬁﬂeimplankeOfdosgs, the nature
Uni ber By fhewriheduenc rOughoesel of dhedllekiegs erc.),
ilmtransferred, in 0

of the thin ‘ particul ar due t .
t hePPFactihre Wave o¥8§isst eeCnweehahpeald yhegHis constraint for

irregghaeriby Bixbsoamrdt3enstarts, which then
neceSS|tate% trgatnents, 2005/ 043616 5 , ]
PCT/ FR2004/ OB378%TMELEN ast ol i SHAF Wi ch iPLidting often

howewpsists of introducing one or more blades from the edges
of the structure, as 1if to "cut it out" along the
weakened zone; the term 'assisted splitting' is sometimes
used, since the role of the tool (such as a blade) is to
propagate the fracture wave from o¢cne edge of the
structure to the other.

This type of fracture leads to the follewing
defects, at the future surface freed by the splitting of
the thin film:

- c¢rown defect (non-transferred zone, at the
periphery of the final product), for example
related to a local bonding energy tooc low with
respect to the rest of the interface, and to
the intreduction of tcols to start off the
transfer,

- lack of uniformity (low frequency roughness) of
the thickness of the thin film transferred, in
particular due to the fracture wave assisted
mechanically, thus irregular, by fits and

starts, which then necessitates treatments,
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general ly sought to avoid, - difficult industria

i npl ementati on, given the use of a tool which

acconpani es the propagation 5 of the fracture, which

implies an individual treatnment of each structure (or

wafer). Mst of these drawbacks are found in the case

of WheEPd/iG43alp of a thin filnbin a honogersBUSR2004/002781
substrate (with a single conponent nmaterial (SO, for
exanple). 10 The splitting of the thin |ayer is of

course al so deternined by the choice of the chem ca

speci es '”p|aQ&8ﬁ “ﬁnggghgﬁgbut 8 thal .5 nowever

hydrogen i s general | { her opti ons
have been prop®sedgraihy iguﬁhttt@uaaplﬁy i mpl ant i ng

hel i um Cbnb'n@IEPDcH§V %%%%SQ§1%QdQUQEléM@h€%{I§ﬁenﬁ ven the
chem cal species. Thus Agarwal (1998) [ 2] é

that the factVdt ?ﬁpﬁaﬁPPﬁgWBéfsﬁ REFCEGER 1&sd thel iRfippagation

enabl ed t he ZﬂftQh@ £ Aptanted dﬂﬁ&ﬂ@flhgﬂie%o @ﬁ 1nd1v1dual

reduced, apparentl ue t the different | es
by hydrogen and" ¥T gh%aﬁ§df5§%ﬁtPﬁ?e?SEt ¥
the Si-Si btnds hﬁbhﬁeiw ﬁh&wbanpbaa&aﬂﬂmundcnmreﬁéecase of

Si-Hd t [ nS|ty at el

type geggﬁt é?gezkﬁgﬂegor erriéaoPogogﬁnﬁﬁPs substrate
(ted Wé@M—Bd@fl@@tb @forqploglte@ltemat‘r.}qoa)al wisreastothetiamgle) .

whi ch does agt %Pﬁi%%%ﬁ?ﬁ%&lﬁhé tpa%gfects {Scourse also

apparition of ower sity of larger
gregﬁéﬁrﬂﬁaﬁdsodﬂhn1Bbﬁro%FWﬁﬁéiy)Of Théicheaghemical species
tre@mﬁ@ah@edenV|saged in that article are 450C for 20

mn or 750C_30 for .,20s, ich necessarily inmplies the
dr awbacks ﬁEnWPéné@ddﬁé$€q F RS St T t %YQEPQ?Plhé generally

hi ghmpienpedat uber Thiaehydopgepnbel hamecombieRat beBposed, in

A e R e W e

pressurizat@@MbQﬁathen may even be made of two different
chemical species.

Thus Agarwal et al. (19928) [2] found that the
fact of implanting both hydrogen and helium enabled the
total implanted dose of ions to be reduced, apparently
due to the different roles played by hyvdrogen and helium:
the hydrogen interacts with the Si-Si bonds broken by the
implantation, to create Si-H bonds, resulting in a high
density of platelet type defects of a size of the order
cof 3-10 nm (termed H-defects of platelet type), whereas
helium, which does not act chemically, leads to the
apparition of a lower density of larger defects (size
greater than 300 nm approximately). The heat treatments
envisaged in that article are 450°C for 20 min or 750°C
for 20s, which necessarily implies the drawbacks
mentioned above in relation to splitting at high
temperature.

This hydrogen-helium combination has alsc been
studied, in a more theoretical manner, by Cerofolini et
al. (2000) [3], who noted that pressurization of the
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WD 2005/ 043616 6 PCT/ FR2004/ 002781 defects was

greater with the inplantation of heliumthan wth

that of hydrogen, and that the heat treatnent could

have different effects according to the tenperature

chosen: anneallng bet ween 150C-250C | eads to a 5

redd& i 3P 43He hunber of Si-H Bonds, anneal§GRy FRR004/002781
the range 300C 450C | eads on the contrary to an

increase in that nunber, whereas annealing above 550C

tends instead to reduce that nunber again. However

t hatyedtetdtd Qﬁﬂ99§re99érd%Q%%etﬂkﬁcﬁﬁﬁﬁén@§€§&Hsb@n%el1um than
to. t manner of obtainin in

t heref rom as
of &&&@:ﬁﬁﬂqt?f( HdrBE?Pvcﬁﬁﬂ'qnﬁqeﬁ%@lgﬁafotﬁﬁétme“t could
st ahavef tdief Surdrace)efbicas nmadesatiengosto Tﬁ%eomﬁ%ﬂperature

f L t is to alleviate th

8escr$bg§yggobgn R%akb?% p FfwgﬁparﬁfﬂyﬂﬁgﬂﬁﬁVintFﬁﬁds to a
rel aedsicttéoa  iret hbd ofurfoeanséer Biinh dodrids) |ayeealing in the
lea@'ﬂgrﬁggdm@ 4%Q“Qh Q§§d§foﬁh€?éu££§%?agg EB an increase in

trans | ayer, not 1 nvo mechani ¢a
stré@@ésqqﬁhﬁﬁﬁa%ﬁerﬂﬁﬁeﬁﬁéﬁ§lhamlﬁ?QH@h5@®f¢etendeslnstead

i N eypansd @ 20neeefdifbent sqalim OthgheWOFdShdihearticle does
obj ec% of the invention is to obtain, for a noderafe

cosPOtt hAREFENEPHRChi GRL qERPFEYSieher ebyeRwbFeingat to  the

t hemsanert i o€ t betdsawbackshief ath@t bﬁeabﬁﬁﬁﬁ fuality (in
h|g erature and _those rel to th I zation

Bt S oPer A0 P elar i 10T T Sitfasothbee Fardegd) for a
to mﬁdadth|gnat treatnment for reducing roughness

after spliténg,Present tkﬂ@ng%nhgﬁzhﬂyeggi W 19110 te the

end the |nvent|on rOV|d€s a
cat a52YbphAKe ﬂ?ﬁﬁ§ﬂéﬁdoﬁb§Vﬁhln filmaccording to

which: - a I@@Héc%§#@§&lﬁﬁ$§l¥s pl{}?%)arl%esnt%nr%: ;rﬁélea es to a
1 rsS ose |

{4 RN MR RN N AR T

respecthhesa feacethé thatfseure€ substtabfsranded layer, and
not involving high mechanical stresses in case of
materials having high differences in expansion
coefficients. In other words, the cbject of the invention
is to obtain, for a moderate cost, thin films of high
quality, thereby aveiding at the same time the drawbacks
of a heat treatment at high temperature and those related
to the utilization of a tool for assisted splitting, and
those related to an additional treatment for reducing
roughness after splitting.

Presentation of the invention
Te that end the invention provides a method of
catastrophic transfer of a thin film according to which:
- a source substrate is prepared,
- a first species of ions or gas in a first dose is
implanted in that source substrate at a given depth
with respect to a face of that source substrate, and a

second species of ions or gas in a second dose, that
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35 second species of ions or gas in a second dose,

t hat WD 2005/ 043616 7 PCT/ FR2004/ 002781 first species

bei ng adapted to generate defects and the second

speci es being adapted to occupy those defects, - a

stiffener is applied in intimate contact with the

soude 2Hstlriated,6 5 - a heat treatnent is apfdedRaD04/002781
that source substrate, at a given tenperature for a

given tinme, so as to create, substantially at the

given depth, a buried weakened zone, without

initi afi{‘l Zegﬁe!{@é”ﬁé%ﬁg' b&%@gd e l;'%%gtr'%'t% 4B t0 ang the

- aloc anount ner t Rat
sour ceSesubdt Pateled 2eing propbkd tlﬁe0§§tl§§t toplsiec defects,

splittd n%thffe%etrh'ﬂsf'ajéﬂpldleéd m; ted; heteen tc%%tfa%%e with the

and the buried weakened | ayer, with respect to the
remai T ot SERECEdLPce substrate, that thin film

having gppesithieatmen® Sad daﬁ@@@edatfoaCﬁqﬂf wblieBet R&bstrate,
roughness is Less than a ven hr eshol d.

Cat asttophi cISBFIt ti HP ey el hH&rEeRs tiPmgSg @5 to
conpl etmw=ans, VHUhEﬂthI&EﬂﬁnEﬁﬂemhs spivehi ndepth, a buried

siml t ain I .hea r eat nment
S| Sfed Bt B0 2, BARLE 5oLl SELTERL Soniceins
mﬁthmﬂf ﬁherﬁﬂnmmﬁlkmfoIIOM/any ki nd of fracture wave

(i f_ther 0 nt gc
e e e e

ng
the sp4RIEHRLS i APerBace) ; PFﬁV§k?stﬁﬁ%scaY®S%¥ﬁEFlC splitting

wor ds,oft he repuht pﬂra 2 1Gat asdd ophire eiropagat | 0Ac8f and the
afra ture s to the co

2ssi 9 Gy 480t - stdbe RSP RT Dpagathent g inder of

t he fﬁﬂﬁiUSeurmaveubBtrmseundemﬁtoﬁdlhh&hjmt hsvihoey, opposite

necesqggy EQ?agﬁﬂ%% S%h%agkppgga&PhehOftﬁQeg}oé‘n%%s is less

advancing"a . repeating initia ener
pul sethAirs@ @ivdmpdrteghcldeature of the invention |s

that the fragt NEer¥BNE-I SspPLPPagRt 6t PVale thR MHQlE nere as

of the surface of the wave in
being a complete and virtually instantanecus splitting,

similar to that obtained by a simple heat treatment at
high temperature, but possibly induced by a tool without
it having to follow any kind of fracture wave (i1f there
is a tool, it comes at most into contact with the
substrate and the film, without following the splitting
interface}); this is thus, in other words, the result of a
catastrophic propagation of a fracture wave, which is to
say the contrary of an assisted splitting.

By self-supported propagation c¢f the fracture
wave, it is understcod that it is not necessary to assist
the propagation of the wave by advancing a tool or
repeating the initiation energy pulse. Also, an important
feature of the invention 1is that the fracture wave 1is
propagated over the whole of the surface of the wave in
less than 1 second, even of the order of one millisecond
(speeds greater than 100 m/s) for diameters up to 300 mm.

Cne possible origin of the self-supported (or
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| ess than 1 second, even of the order of one

mllisecond (speeds greater than 100 m's) for

di aneters up to 300 mm 35 One possible origin of the

sel f-supported (or WD 2005/ 043616 8 PCT/ FR2004/ 002781
catastrophic) fracture stens fromthe nature of the

bur W&d 2défedts36 Resear ch (on ger®ani um but &Pl 4iBRBI@ /002781
to silicon) has shown that under C-splitting

conditions the density of defects 5 (mcrocracks,

cavities, platelets, m crobubbles, rmacrobubbles,

et C.oh ta% tiHn 4,03 4,0 4035 pareSguan Sy mtq{é)n’néﬂ?fé of the

sizes are o the order of 7 to 8 square mcrons, and
in Wt eshpiefact s ReseHFR CHAr d6rBAREETe Dwanm@plicable to

t he sangacsenened Up shbuirhese def Gl ras C&slgﬁlﬁﬁtflcrﬁft ahditicons
of the total area of the wafer is estlnated to

from25 to 32% These values are similaf ?od?ﬂééey of defects
obt amAed cicfralches ,f r act¢u€i t Se ©pt ai npdaby1kher mal mEENSbubbles,

but different, fromthose obtajined t akenj
treafmen ?U?ﬁ’e*%ec8§§r?até§ a.%?%ted(ﬁgcﬁgnigapgg per square
fractoren, lﬁhéirceazee Dthepfeffleet srdercauSed are 8 square

nOtmgég H@edéﬁﬁ AJ@G@@%@&@&'QQ bhe SBE'C@H%racterlstlc

t he chentcal nature o) onds I'n Strate
al sBaprefot e thife  adEEUr raReedf the bmftéapportdeéects as a

fragtyrentave 20 phenoi@non 4N 9f heheWRhEsy QBEostimated to
aspect of the invention seens to consist in pronoting

t hePReake™ ng cohbi tions chEsSE, V?ﬁu?ﬁeﬁﬂxhaﬁaﬁélaﬁo to those
theobaedhwonﬁf olhai nﬁﬂac‘sﬁh?@e 1ea3@o%@in%(gerb@al thermal means,
ra re, out so far. 25 The.addjtio .
oaPhy e A SO {Bhse 200 o430 | onThgr  weakening
enetgyatmbne;ﬂhﬁnseeyessheatasemmsm$ﬂeﬁkmwemamncahefracture.

inplantation of two different species. One of the

i mpl ant ed species |ocalizes, depending on its 30
i NPPANCAITETE eneERGT (o oife PR WRUSIeSSpRFet e wekpluded by

this interpretation; in particular the chemical nature of
the bonds 1in the substrate may alsc promote the
occurrence of the self-supported fracture wave
phenomenon.

In other words, one aspect of the invention seems
to consist in promcting the weakening conditicns close,
in their nature, tco the conditions obtained in the case
of thermal fracture, without going so far.

The additional energy is then provided by localized
addition of energy.

More precisely, the 1invention 15 based on the
implantation of two different species. One of the
implanted species localizes, depending on its
implantation energy, the zcne in which splitting will
later occur by the formation of specific defects, the
other corresponds to a type of atoms trapped in that zone
which will promote the extension of the specific defects
designated previously, apparently: by increasing the

weakening of the implanted =zone at relatively low
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| ater occur by the formation of specific defects, the

ot her corresponds to a type of atons trapped in that

zone which will pronpote the extension of the specific
defects designated previously, apparently: by

i ncreasi ng the 35 weakening of the inplanted zone at

rel @0 OOy /1063 OMB 2005/ 043616 9 PCT/ FR2004/ OCZTEEFR2004/002781
tenperature by preventing, in the case of the

i npl antation of a silicon substrate by hydrogen, the

Si-H dissociation (thereby pronoting the H defects of

Pl abehet,LRe) apg Pubtiognibase defpctsipndercoce o tne

pressu eat nen erature 1s .
adva?mpégecb@ztllybn Grfos%nssblqsnt@u}mbn@te blienhgdfreges,ofthe Si-H

pl aEl.eL gbcﬁ)ﬁ%@.on\m Lsite A;P‘&?ﬁé&%ﬁﬂ%%ﬂ@ hh%@f@t:ts of platelet

splitting his tenper e sufficiently | ow

not tV8edeRsFaPe THiigH thedfamiedactst resivss RipyHere

substrate shadl hdie spHEEReAD TWh§ld@it@ANdLOr advantageously
pos;kble target substrate conprlse terials_hav

Vor $hEFRer8Rt toeffi ChERTSTH! Clekpsaicghs | bLj Sarelet cype
thi gickasen t hatvetvee ﬁEhhddcu&ga mrelehath 10f b@&ﬂ&&&mg This

hancHa0C L6 0 ord 1 1 R L T8« het haPuap PRTERETe hish
casmeohahydaégemthe$swﬂ100} thpleaubﬂunﬂﬁe khous dwothd source
S”‘EEEFEQa‘tQat nﬂ%?rdé”g;és%{ﬁ‘fe L ﬂo%%ﬁ%rate comprise

co-rnp antlng aseous Speci es, su
andmhéﬁraﬁﬂsandHﬂﬂuﬂﬁﬂwnﬂqEVmea%bﬁfﬁge@he ZQoeffIClentS of

Stryg aﬁglah | owy t egper@t U%ﬁl@beﬂ'@é(\éérli‘etﬁfa@em@t h\%‘%%%d is a
thres of 400C, or _even bel ow 3000), has bee

obs@?@@@ t h&tf, |Er§“§5ﬁﬁlaﬂﬂ%F%ﬁh&ﬁls?Eg ﬁamﬁﬁla¥h%ely low
natuempetatheesglnd thinghd:s €hangedp® weaJeeraxrtgld hehe escape of

i RO 2% GOMBr at [ pufEry EREFmalo Spt feCTAgGEn-heliun oo

regamﬁlesSabﬁohhe annealing tinme (no spllttlng

obser ved af&gefgéh &g tﬁ”"§¥%§§§£§§nrast Saccordﬁfg to the

tenperature I ned ove) Ittt
occynge@‘amgtr@phucc@urs;plmtﬂsn@rpt@o gaseous species, such as

hydrogen and helium, and by thermally weakening the
structure at low temperature (below the aforementioned
threshcld of 400°C, or even below 300°C), it has been
cbserved that, 1in a completely surprising manner, the
nature of the splitting 1s changed; weakening the
implanted zone is achieved to a very high degree without
generating purely thermal splitting, regardless of the
annealing time (no splitting observed after 24h of
annealing at the low temperature defined above), by
contrast, splitting occurs catastrophically, by simple
provision of energy localized in time and in space ({such
as a mechanical shock at the weakened interface, for
example}. It would thus appear that the concept of
thermal budget set out in the aforementioned document FR
- 2 7€7 416 1is not appropriate in the case of co-
implantation with a heat treatment at low temperature in

the conditions stated earlier.
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provi sion of energy localized in tine and in space

(such 30 as a nechani cal shock at the weakened

interface, for exanple). It would thus appear that

the concept of thermal budget set out in the

af orenmenti oned docunment FR - 2 767 416 is not

appmroprioate tasalle case of co- ildpl antati on WQTYFR2004/002781
heat treatnment at |ow tenperature in 35 the

conditions stated earlier. W 2005/043616 10

PCT/ FR2004/ 002781 The consequences of this are

significant;,, the operational w_ndow of

the ... .
pr e- weakeni nge gﬁﬁlgglqur?élcﬁseﬁﬁ/msthelrﬁ Aged T et
| onger exi ststifeor ogerst comsl deriabdow ofdSethhea pre-weakening

raxi mim S bound, fory the dal i on oLtbak e ¥RBKEN N9 1onger

anneal i ng; this is ent | avor abl .
i ndustrializaté®hsb? (he het hedronFhdreapd ynoflfgeger a maximum

assi sted splitgdngysicice the LAASILPPREC f4ACT W yeakening
enabl es the fracture wave 10 to be propagated
i nst ant aneous| 3PP WY hoGth 15 t 3S arf S ts deaprekde to the

entire sectionfudheiawbigtiohtof StROtmBeEggsary for

any bl ade whaf,soever to penetrate bet n the . . .
Substrate AndRH (I drel EREE] R CAhFanSPIitting since the
consi derabl y I&=tiawprovesi ¢ herd opotrogyneblehetkrar facesure wave
thus freed (thus,wt r qughnes nd _ayQi ds .

JE H Egbééﬁ%ﬁeg n?QStgg%?ﬁe?FFn¥ and without

crown defects, mhich éentite t
usabl e, includiitg iandpetapher pyvetrhdheactntofrenosection of the

| onger having fordntroduce; @ togl ig é‘éé@aﬁg .f%&”aglng blade
to the industrialization of the net%od. T i nvent or
do not yet havdalsegvekplandtgsistatior PekvgeRevihe substrate

kinetics. G vemdhahe atud@t€stnah thelmpmeMi&f th@siderably
heat 25 treatnent, the source sybstrate is._placed in

intimte contERBFBaitds adERR W Ya §tfi f +8Fer Syrfaces thus

t ar get freed {(thus with lower roughness), and avoids
crown defects, which makes the entire thin film
usable, including its periphery; the fact of no
longer having to introduce a tool 1is also
favorable to the industrialization of the
method.

The inventors do not yet have clear explanaticns
for this new kinetics.

Given that, at latest at the moment of the heat
treatment, the source substrate 1is placed in intimate
contact by said face with a stiffener or target
substrate, the heat treatment contributes to improving
the bonding energy between those substrates.

The localized provision of energy is preferably
appliied in the form of a shock or pulse. It may
advantagecusly Dbe applied by a tool imparted with
movement that is brief and of small amplitude.

It is advantageously applied in the immediate
proximity of the buried layer, limited only to a part of

the latter, preferably to a peripheral portion of the
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substrate, the heat treatnment contributes to inproving

t he bondi ng energy between those substrates. The

| ocal i zed provision of energy is preferably 30

applied in the formof a shock or pulse. It may

advant ageously be applied by a tool inparted with
mov8e Bt A 3 dori ef and of sddl |l anplitudeCTNAFRZD04/002781
advant ageously applied in the imediate proximty of

the buried layer, limted only to a part of 35 the

|atter, preferably to a peripheral portion of the WO
20054043616 11 PCT/ FR2004/002781 latter. This

provision may in particular be constituted by a

| ocal i zed tﬁgﬁﬁalplfﬁ‘()wm@nm@ﬁoﬁ@x@ﬁﬁltécaldﬁllri gde byporgtituted
lasgl pUls)aofzdy BRcexher pabfiance (falr eXamRbeei Bpplied by
the imedi ate proximty of the weakened | ayer, at an .
edgé %ﬁsﬁ%ePPiﬁ?érﬁrI?ﬁfé@tﬁ%ﬁ%ﬁ%@%dfﬁrﬁe (for example in
co- tApl antaliier ofp hydragen oﬁn&@%éyﬁéh@qtmg\ﬁéew 6@ an edge
subs%rghe LN %he conditions of the invention have

| eaft 6"Eat8SEFSPhic splitting, that 10 is to say to

conpl et e andnvifetual ltestastianttaneocs-igpl éht & 0gonwolth hydregen

ac [ nd. p ar opagation of = the fracture.
mavgﬁgiﬁggﬁgygdgﬁﬁkﬁgtﬁ% I%%ﬁ %ﬁﬁékﬁg?ﬁ row “IDca P§é610“5 of
pr oVigi omveintarar ghavehilaed ntpacetesitaophidd t$heitting, that

advapt age ofsAvoi ding-sprfiace undly aty ops, 1 hat 184 Qntancous
15 sax,av0|d|n | arge variations in surface roughness
1

: g | .
af t 8P 1FF&BBur e/ Thh Gonpail b SRYOW t FI5t ot @B3Fveropagation of
splthéi igacuee twid) sinihadt £t ast ROPREC neld td NP very low

' ' | |ishi f.t ds. It th
o T EEET RO B Rl Y AT RgpetRiT) 20 Shem th ARGAqular had

t o teéi advanmethod fguarantiesl ngidfawe noughnessofisy t bRet is to
to Litting.at 1.0 e i t hout | asma

0,58 L0 L TR AL Bt Aoy LB B artes
al | bvastfifeei ént | yosphidsbondiinid beregeassouecesplitting. Due

subgirakeand tanget sulsiddlprdue 1o weakobondiNGies  1ess
polishing afterwards.

It is worth stressing that it could apparently
seem difficult to define a method guaranteeing low
roughness further to splitting at low temperature without
plasma activation, since a low temperature would not seem
to allow sufficiently solid bonding between source
substrate and target substrate due to a weak bonding
interface. Naturally, the method a&according toc the
invention may without detriment utilize a plasma
activation of at least one of the surfaces to be placed
in contact, but in contrast tc the technique described by
HENTTINEN, that activation is not indispensable,

Preferentially, the implantation of the species
creating defects which promote splitting is made after
the implantation of the second species which is made so
as to localize that second species in the zcone of the
defects created by the first species.

Advantageously, 1in the <case of silicon, that
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25 interface. Naturally, the nmethod according to the

i nvention may wthout detrinent utilize a plasm

activation of at |east one of the surfaces to be

placed in contact, but in contrast to the technique

descri bed by HENTTINEN, that activation is not

i ndivgperisabl ®: 3806 Preferentially,2the inplantatTopRp604/002781
the species creating defects which pronote splitting

is made after the inplantation of the second species

which is made so as to | ocal i ze that second species

int on e etedb e firs +
specfirlgrssZt gp%é\l/%lgta eo i‘ggurﬁ] ? g%g%gfy sﬂi%gﬁ, form of H
t hati NG ZOOBM@ﬂ@@16l&2 P@FAERZGG4IO®27&Iadﬁ3Ed concentraticn
speqnt%ﬁp v 8gen Aor 8Laeabl o | Ofi/Eh2), it peing
I s |n”p ant e stan ar concentratl oh
(tyﬁ%@lh%ﬁ%f e ohgslrogfena Pelwibdi6 HecnR)ghitebéiagency in

recaldeed itrhat Jydiagemeexhi-Binks anhi ghngffi cieney 'Qhé second
creating a weakened zone. At that |ayer, the Second

speCPES ef BFEBEY 2RV UM L DI ngled Ndol BRef &Rihsof atoms
grgmm&@gém[NtmTtﬁrbgﬁtéorﬁm%(1Edﬁﬁi€$bMBaBin&%e weakening
efects, .is inplanted at .a relatiye

ey BRERRy” o vHE S aine oF To1 6o aF e Yor oF FiaRelofrpically
He/ oer)thel@Jern athel B6ukeécmlibstr at ef hasl iéereended

to a targewh%%bsﬁﬁét%o e eéfgg{rg{et%%éﬂes%ﬁel honded to a

treatment at | ow atur i's never
suf fB&gerst &@Sdmaaim @t@&@&tfﬂdl@ﬁ bhet heabomeﬁqment at low

'nt%6ﬁ§%%§ku&% th@ﬁl&Her@tQ@§69£héP§S§e fEi%#ﬁ“'to obtain
species diff use into_the 15 defects create

hyd#8§&n. S%é raX| nfaFn v@%&emwln&ot épﬁéafétceﬁﬂatls that the
rel atblfr(@ yoklowm@?pgé@wﬁe E@B.burﬁs sgsdf%iégl rtgllfﬂlib@ into the
mad nultra-fin is o ery lo

rougﬁgsgg (of T ThESDr det %F‘ne ‘% |ﬁ¥‘{el aff‘%}éllm‘t‘ﬂ} afpakening
ext ebhalinkdr cet 20 e rxaella:’aivelljwfelencetemp‘elmas:ure enables

et badi Wi b (£SBECh L Lhe Lechn que deser b %lch is of

I nen I'S not necessary O carry
exc@§§Ydd§@g§QﬁghQQ§s (cf the order of a few nm initiated

by an external force.

The radical difference in this method, with
respect to the technique described by Henttinen, is that
it is not necessary to carry out excess dosage of the
hydrogen which can greatly damage the implanted zone. The
effect of the co-implantation makes it possible to
achieve the maximum weakening of that =zcone at the
temperature sufficient for sclidity of the bonding
interfaces without involving additional processes (plasma
chemical activation and RCAl). Furthermore, the invention
leads to better roughness of the transferred film in
comparison with that obtained by thermal splitting.

Advantageously, the second species (for example
helium} 1s implanted at the same level as the first
(hydrogen) but as a variant it may be implanted at a
greater offset depth (for example) in the source

substrate to reduce the zone degraded by the
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hydr ogen whi ch can greatly danmage the inplanted zone.

The effect of the co-inplantation nakes it possible

to 25 achi eve the maxi num weakeni ng of that zone at

the tenperature sufficient for solidity of the

bonding interfaces w thout involving additiona

pr oties K€% S(/pldeatee chem cal actiiwati on and R@AL)/FR2004/002781
Furthernore, the invention |eads to better roughness

of the transferred filmin 30 conparison with that

obt ai ned by thermal splitting. Advantageously, the

second,speci.es (f exanple . heliu I s_1nplanted_ at —

e BRHETEaVar s TRES T PRLEet( Yl el Vbl a8 ger Ty distines
var ifaptn ithemyf ibst,npfant etkaatplae pneat eteefdésetindephb scurce
fo i, the: so 35.s r.ate edu e

onc BEGranen by URE 00 2005/ Oiaatery ™ tiat “EVERali®pare of
PCTE ER2 0027 @02 73 1P ligmplegint 2¢ @he s Thiss ofdeed| drel thay defects

be ghealhyedst irct ¢ nePithe il pdior. exanpl e much
deeper in the source substrate. Inthis case, it
appears thatPa sd@qtpart T8¢ t K€ 48EGRd HatInt egenables  a

specerpeiratui-apped 20y *the cd&iects t b nedwyar ed on

its inplantatiagn h. In fact, the co-inplantatign .
enabl es a ?5%%3F§?EV€ 3P62@ﬁ539?tﬁﬁhfﬁig%% %ﬁoggn? material
Pretbrabhy, thfrsource sridsta@atdudtsond a nmatretri al insulators,

ChoﬁSHoE%ggrgﬁqkh%ondégﬁg%§¥$9gl&9§gla&Prqmnog§H$ﬁ%.itThus it

noNnocrys I'ne, pol ycrystafl'ine or andr phous.
mayngE BRosbrskrorhndre Wenisgondugtdest¢as (BY (a particularly

parftevbathye alblaghieve gxanpl e;bgnsi bi,gon jqut rh§ymaxlso be

al so be germaniumor Si-Ge alloys, in particular). At

| ea$ErPANE RIS OEaSe CBhe 2l éRYEr atilir 8361 LiktidR L) 15

treat ment istadvwanitagequsini£heses, i nHheteapeea2d@e of heat

00, prsLeratly L. LR L an0e S00C 3500 Lo Barle s so0ec-

of 4@0t©, 5plrefres)abl yThin saliec er suprst BA0ECHBY0ECS0 ber aexample

cErhor SOTHMGLALIRLAT| A1 gl Wb (AR LIS PTG "Srce: o

chosehef Porhours) . The source substrate may also be a semi-
conductor material of III-V type (for example As Ga or
InP) or of an insulating material preferably chosen from
the group comprising LiNbO3 and Li TaO03.

The heat treatment may alsc have a profile
adapted to reduce the time of that treatment, as is for
example disclosed in Eurcopean patent application No, 02-
293049 filed on December 10, 2002.

In fact, the temperature range depends
principally on the nature of the species implanted and on
the nature o©¢f the material constituting the source
substrate.

The target substrate or stiffener is
advantageously chosen in the form of an amorphous
material, preferably in the form of fused silica.
However, it may also be a monocrystalline or
polycrystalline material, of silicon or sapphire, in

particular.
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the group conprising Li NbG3 and Li Ta03. The heat

treatnment may al so have a profile adapted to reduce

the tine of that treatnent, as is for exanple

di scl osed in European patent application No. 02- 25

293049 filed on Decenber 10, 2002. In fact, the

t enier &A0Wrse’ rddfgled depends  prindidpal |y on t heeOTatfiRa04 /002781
of the species inplanted and on the nature of the

material constituting the source substrate. 30 The

target substrate or stiffener is advantageously

chosen in the formof an anorphous material,

preferably in the formof fused silica. However, it

may al so beGenexadc destcalilptie®mor  pol ycrystal | i ne

material, ok:sidic pphife, 4 rti-C C s -
VO 2005/ 04361814 ggc@r?{%ﬁ%o%%ﬁgf%“éﬁ’&% F’E u%}%_ tnvention
des®iilpt i9g1PeM el reRatlires cdd@vddariarfesi vfieme given by way
i nvemt i Qibn Wi drhi @ppear ifroprtheibal | quidyy desesiPhedN, to  the
given by way . 5 of non-limting.illustration wth

r ef BFERPE Y 1 AX4CHPhany iy Y awi ng i n whi ch:

Figure 1 isea BHagramlofia soudtegsafsts@ta ¢witsy substrate
i mpl antati on, du@ ure; 2 'g,n Eﬂ,lcact)er view of it after

putting in 107N | et e ¢Ont act 1?'oondi ng) with a

target substrdteirand iFiguiet8risiawvbéwlsf aiftter putting in
during Spl'tt'ﬂ@tﬁﬁiﬁzuﬁgbgt%bkn]d éN&PQ%TrOWf%me a target

source substrate. thus shows a Substrate 1,
for exanpl e ofSUWS&IatTomHdvant ageously oxi di zed on

its surfacesd,pihiite 3bekng subleciedi 4 0a@Ping splitting of a

i npl antation treat t, represented by the arrows 2,
for exanple byt}b’d?rglr rW%TFﬂi%ﬁ%‘“o’?heg%%%’é% substrate.

speci es. Thisgumpl antatisosHawolavessb st rac gi venrdepeRample of
silicon advantageously oxidized on its surface 4, while
being subjected tc an implantation treatment, represented
by the arrows 2, for example by bombardment with ions or
gaseous species.

This implantation involves, at a given depth,
implantation of a first species which is adapted to
generate defects, for example hydrogen, preferably in the
form of H' ions, and implantation of a second species, for
example helium, adapted to occupy those defects. In the
case represented, both species are implanted at the same
depth, but in a variant form, the second species 1is
implanted at a depth different from the first, for
example at a greater depth.

Commencement 1is advantagecusly made by implanting
the first species, i.e. hydrogen, further to which the
helium may occupy the defects so created, as from its
implantation. However, the inverse order of the
implantations is pcssible, even if the two implantations
are not made at the same depth.

A buried zone 3 results from this, weakened by

the presence of defects, principally generated by the
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20 inplantation of a first species which is adapted to
generate defects, for exanple hydrogen, preferably in

the formof H+ ions, and inplantation of a second

species, for exanple helium adapted to occupy those

defects. In the case represented, both species are

i npMant2éd Sat0 43fel ssame 25 depth, 1But in a varipamt/HRAONQ4/002781
the second species is inplanted at a depth different
fromthe first, for exanple at a greater depth.

Commencenent is advantageously made by inplanting the

hel TiERRocbBEeibsf: (Y (EAIC M LT AARRLS S SRIER®, 89 second

hel i um'may occu the defects's6 € rom i
i wpﬁﬁﬁﬁaﬁﬁomﬂiﬂbWEmﬁﬁrlhqﬂE inverse order of the

| npl ant at i oRg el S,POSSIdh e, guens i &eihﬁlﬂé’o vi]lth’&n the source

| antations are not nmade at the same
bur PEAS?EAES3 redlTF § ridmnt hflslmv\éakéﬁeé l§y1b5353ttl¢e remainder

pr esenceh@t defects, i nehpal | yngener atedi Ry tcbﬁ \ftlﬂe source
2005/8 g 15 PCT/ FR2 04/002781 first species, '
t heSHBIEFBpfent® b Tani SRILREIEEcomf shBBi ed SHiM | fllm; this

conterbiiheerThe Meakenad one Sethed | 5t sounethsobkbeate for a
sou r a future thinfilmb5 and a

SubBEF ot BEPERERY G Br SR B he's SRS i o

remai ns of Fheuseuﬁbeysyb3$eate af terespinttngg tofe theurse of
thignfihm dhis o E%E”d%’uﬂgﬂéﬁ&e abl Sntt%h%%\ﬁe %ne  buried

source substrate or a newinp enentatron cycle
t he"p? beBAHr €°1F gir e12 Pdpresents atstépcguringinhe intimate

COourset 8kt MﬁMﬂl &hcbl?r@egeuhaﬁngubﬁéé@t 8f GOt/ NDsubstrate
zone,_ 3, |s | aced by its face 4,

the_buried gﬁf
i nt & i AYP&EE a4 THFE hing L €6Pﬂé§paﬁﬂqﬁP Fraceh@$e gfunction
targettbubsbfahestszEmprcalIy by direct nol ecul ar

bondi ng, whps ctlo |s t hat a Sti
heat treatﬁ%n tigﬁaapp ﬁsmhléﬂ]mf??I wpﬁgi fgttl, on

haﬁdﬁaeﬂableam&nﬂenﬂnﬁﬂ @évehepmeakenfnghﬁ wdwkening of the

burﬂ)@pié@yqra)%’r aﬁ,d QA d hgno';ttpl%r Q@ng \M}r%,a QHQQI ng bonding
step has taken place, enable consolidation of the bonds
between scurce substrate and target substrate.

More particularly, the temperature of this heat
treatment is chosen from the range of temperatures
suitable for developing the weakened zone, that is to say
the Si-H bonds in the present case.

This treatment is advantageously carried out at a
temperature chosen from the range 200°C-400°C, preferably
from the range 300°C-350°C, for a duration typically
chosen of a few hours, for example 2 hours. Thus, the
thermal budgets (temperature-duration pairs) are
industrially realistic.

In Figure 3 there 1s represented the step of
splitting of the thin film 2 from the remainder of the
source substrate, by means of the application of a local
provision of energy, preferably brief and of 1limited
amplitude, for example in the form cf a shock or pulse.

It is for example constituted khy a mechanical
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step has taken place, enable consolidation of the

bonds between source substrate and target substrate.

20 More particularly, the tenperature of this heat

treatnment is chosen fromthe range of tenperatures

suitabl e for devel opi ng the weakened zone, that is to

say W& R 0Si/-4 Polds i n the presdt case. Thi $CT/FR2004/002781
treatment is advantageously carried out at a 25

tenperature chosen fromthe range 200C- 400C,

preferably fromthe range 300C 350C, for a duration

typi I Jgﬂﬂﬁgﬁ exanpl e 2 hours.
Thugﬁ%%ﬁé t ernarg%ﬁ%é%fﬁ“??%%%ﬁ?ggﬁ%é-duration

pairs) are TheduSPril&liyor eaPistned 30s| icFi@ereoghic in  the
thekeniss represent esh thecstep, ofhesP! it hRImRL kRSt of a tool
thin film3 fromthe renai nder of the source

sub&t:PRCe tNEy “REHFISSF k& Tappl i cation of a I ocal
provi si on ofherengyalprieferiablon i einapgyof sl heirked imited to
anplltud%,ﬁ%pr example in.the formof a s %gkigrthe form of a

pul §ePad i ¢ oP UEX SHpI 8 YESNs tHiTEHEE

nmechemneal MDA 2005¢ OABE4BorIBi METLERA0AH RO 78dp 1 séd esg a tool
rep nt y rLow htting obtained is
catgggﬁoﬁﬁ?cgiﬁ£$ﬁ¥§ égnségih F?X?ﬁg%angcugaﬁgniléyé of that
i s hyrasdementkesieda ltaasir; dlwng t heawelakenédahgyethes nature,

Thi $ok0galaPnQVisi 05y 9fe epergy Ls her e Hd rf#é%?etgf ?he buried
part of the buried |ayer, represented In the formof a

cor KeRkePRECctI Gt F e SpIABTAGCPY SA Vs k! BpPl iied Byeaform of a
t oopulsychragmalhl @d?umar( Qo oXided] Q) varPeet bentfk method
t hat q§{ied weakened | ayer;_ but i be  of a?y , ,
ot hef s 6nVEG or extlipl S5 otl o ar aHidl LolEhethich s

pl afeeefl thg burlied caeakenedhlayespadtantageous! ythe buried

app%é fah Bt he, for miaf f [ 1. .angul ar

anp |$u%e. By RiFtue Iof&%ﬁyirr%?eh%&b%gf%nt léilrll r"l"veﬁtlf”&ﬁ,r) has a

t herpagenesst Re chinsidemmouli ciedss tifareedibly the conventional

cat 35t hopbhS, SRlikhiiRg it ke burhedn 15 weakensd Zongrovide a

(in practice substantially ?Ianar) has a
particular treatment "o the’ surfaces transferred nor
substantial ("coarse") polishing after splitting. It is
worth noting that, since splitting is catastrophic, there
is no real propagation in fits and starts of a fracture
wave liable to generate surface waves, and that, since
there 1is no movement of any tool aleong newly created

surfaces (or relative movement between the two parts on

each side cf the buried layer) there is no degradation of
the surfaces thus freed, which therefore have a very
smooth surface state, induced by the <catastrophic
splitting.

The source substrate 1 may not only be of
silicon, but more generally of any appropriate known
material for example a IV or III-V semiconductor,
monocrystalline or polycrystalline or even amorphous.
Thus the source substrate may be:

¢ ancother semiconductor of column IV of the

periodic table of the elements, for example of
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roughness Ra considerably I ess than with the

conventional solutions, without it having been

necessary to provide a particular treatnent of the

surfaces transferred nor substantial ("coarse")

polishing after splitting. It is 20 worth noting that,

si n®® gPI0S04FPliss catastrophicl7there is n@QARHAR2004/002781
propagation in fits and starts of a fracture wave

|iable to generate surface waves, and that, since

there is no novenent of any tool along newly created

surfaces (or r§%§%éyﬁuﬂnvenent bet ween the two parts

on 25 each side of the buried layer) there is no

degradati on®of2 FRBLSGPAHEESTT fyredIIdhiVcpuch as AsGa or

therefore havergpyvery psppoth sy face state, induced

by the catastrophi¢ splitting._ The source substrate 1

may not onl ¥y of 1n881&tPreon, fHut RBFEPGBNerd | yRopbate  or
any appropri ateskinowt e matyere, al sfon exanphepa;l b:Or LiTa05, in
Ir-v sern'conductorC npnocrystal line or

poncrystaHirﬁf{ﬁle %Fannrphous. Thus the source

substrat e nipebdargamiothdrstsaticangucber odf xobildm b¥riety of

of eriodic tabl.e of l e - for. ex l e
of ﬁ\%%%ﬁ%é%%&%lé%? P%?/ Fm%%%%’&?g%%%éﬂ%gﬁ umagrga needs,
senfebREGYE6R13fineype PFI -V BUCHESS el | nFEoin example

par 5bgukahducaB rsNS WAt Axarfiile exaspl enof g Nt phatgmer materials
5 tantal ate type, such as Li NbO3 or L|Tad%, in
par 8P ciodr . tHhe SUG& SWBSEFate) meyr beVeR &owigeorphous (for

varegbyp0t wRbesi alrs, glaske chesepiaeeardi Ngth@s it may in
needs, . .nmonocrystal line or polycrystalline (for

exahpf 6118 §5n¥80nductors, for exanpl e from anong the

samre material @ aydtorl e soree subsiclat®) sspevene,

be amor phoug (f0rs, £XANNI & 1YRES c%]f a%cgé»?eroélass,
polynmers); thus it may in articul ar Dbe:
¢ a simple stiffening layer, for example of oxide

a few tens of nanometers thick, deposited by

any apprepriate known technique (this

admittedly no longer corrésponds te a bulk

target substrate c¢f the type represented in the
drawings).

It is worth noting that the target substrate may

be Jjust an intermediate substrate from which the thin

film is later transferred onto a final substrate.

Examples

According to a first embodiment of the invention,
a substrate of 51 (~700pm) comprising a layer of thermal
310, on the surface (for example 145nm) may be implanted
initially with helium atoms under implantation conditions
of 70kev-1 x 10'° He/cm?, and then be implanted with
hydrogen atoms under implantation conditions of 30kev-
4.25 x 10%® H/cme. This source substrate may next be
joined to a target substrate of Si (~700um) by direct
bonding. A heat treatment around 350°C induces the growth
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a crystalline naterial such as sapphire, 15 of fused

silica or of another glass, a sinple stiffening

| ayer, for exanple of oxide a fewtens of nanoneters

thi ck, deposited by any appropriate known techni que

(this admttedly no |l onger corresponds to a bulk 20

t ar &t 28054104 f the type repBesented in tHSE/FR2004/002781
drawings). It is worth noting that the target

substrate nay be just an internediate substrate from

which the thin filmis later transferred onto a fina

ubstr ; I di t ' enhodj nen
of the vmats one T i ret ThD9e! A L {30 PIROU B hyarogen
conpPPSPRGTATEerP®R Kt hdifal hebioR ontehe $urhacehe role of

(f ostexamplrepbdanmndmysbeahgpkanted 30 pilitdal | %ﬁv\'jﬂe?ects of
hel | m at g under 1 npl antation conditions of 70keV-

X 16%% ?é?gﬁﬁypﬁn@tt FPH A At e s uraydhbgen @ certain
at omsmender fonpl astahp De candi tHonss jof 30keVr 4528 rkely  the

101 LS urce substrate next be oi ned ,
to g"&“&‘?‘g@ m%ﬁlﬁstor%gtlensoefrtﬁortl—ﬁ Oﬁgﬁ%ﬁ?edibreeté%e%‘s the bonding
bondihhgr fACheat nt téet fenmtn arfoundsi850C | ndueesrbpRic splitting

h 2 43616 -1 781 of
g;3¥%ig¥£%fp%?ggé etggygggﬁﬁégﬁﬁggéégg£?h§ﬂﬂﬁﬁ?ﬁﬁﬁ¥lon leads
concenthst itdRpeaE Fhe the UMt §asmpley $heondle tdfe target

at oo d f opped thﬁéeakoﬁﬁﬂn%%%at%ﬁa'FH@'n%ﬁf¥a§§zgg£§nsferred

of | atel et type at thé applied tenperature. .
cer't "i‘%u%efffi fre Zr‘)]fl&?* SHPIEIDY holY s REOWiLEh T et ycroscopy) ,

t heof colmerenedsent fof4 5 n&er$®Oan@EFaoﬁbﬁdaEQﬁkﬁﬁenn$h?requency
cat a0t TRERE LR R T g P Re Tiocatt ORZOFFmesi i angst roms,
hy difshenaponpantisaeisen |@fds thao t herdnafsf esd of stii€ace are
thidhddddROfa Sy 01kt Nodar 0L 10 SUDSITALS: TN cpeined in
roughness of the surface transferre rreaswyecpat HI aﬂ'
frég’lf‘encyaﬁﬁy &tfoni B-iBpéankedr ostopyy, (32kev-5.5x10"H/cm?)
followed by a heat treatment at 500°C (roughness at low
frequency of the order of 26 angstroms and roughness at
high frequency of the order of 75 angstroms).
According to another embodiment of the invention,
a substrate of Si (approximately 300um) comprising a
layer of thermal Si0O; on the surface (for example Z200nm)
is implanted initially with helium atoms under
implantation conditions of 70keV-2x10'®He/cm?, and then
implanted with hydrogen atoms under the conditions of
30keV-3x10'®H/cm?. This source substrate is then joined to
a target substrate of fused silica (approximately 1000um)
by direct bonding. A heat treatment arcund 300°C induces
the growth of cavities of platelet type localized at the
hydrogen concentration peak, the implanted atoms of
helium trapped by the hydrogen defects favoring the
formation of a maximum of the defects of platelet type at
the applied temperature. After a certain time (3 hours
for example ), by means of a blade only scarcely inserted

between the bonding interfaces and imparted with a
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of the order of 45 to 50 angstrons, and at | ow

frequency (by profilonetric nmethod), of the order of

10 angstronms, and anor phousness of that transferred

surface are 15 substantially | ess than those which may

be obtained in the case of Hinplanted al one
(32keV2505%x1DABGHIcn?) fol l owedlBy a heat trearnewz0dy /002781
500C (roughness at |low frequency of the order of 26
angstrons and roughness at high frequency of the

order of 75 angstrons) 20 According to another

ehRdLIRAL O e T Vet i g R, SUbSILALE OISle coniceing ac

(appro%matelp conpr|S|ng ayer er
Si CRhenmihré mewrr foec - Hef dry eyt @Q@ﬁnh@ legdsnpbathed transfer

I ni g i-al W u Ande atd .
congrtl%%% é%'?gﬁeikgifi 16Fb/cn%heand Qﬁ& %ﬁ?lca substrate,
i nprakhed twi thE TRMREIRyenC At oME ARt ide cohdi Eidheof of the

30k§¥b§%r$Qé§FVCa8rlJEaS SPHERE SURSET 3@ drS 8k ture  after
joined to. a tar et substrate of fused silica

(apﬁPékFﬁéF@ly adpodhsehy Sdilicet BoRarRgtea hrging the thin
treat IRNbrarg@unsh 300E bﬂQUBeﬁd t h@gravw hu@itf,@yl tiesubstrate

| at el et p ocallz rog
conbRiRar it DEaR. s st o St o 8t ERel pmTrom it on
trapped bythae hylmlaum@)en dell‘r&l:tsrfcmgjmenﬁthe)f the surface

for@?%hg?eg eé'“%%égﬁg J EQeA?§Ie%&égggpg&ﬁHﬁ%ﬁér%%@%ometric

e app red tenperature ter a
hourethedr (efafplee opdely afedrfs gfgst atleabnlgw frequency and

scag el ynd nsardad 3 bepueengthecbonding el (a%Mency)  ana
and i mparted with a WD 2005/ 043616 1

PCTAREROBO2KBD2781 rdvemerf'3pul setl(@r?%fe%r%ﬁock)s,urface are
cat @shsopht €aspli tlddg Bhant rgwxi Auacaf dde b!édfcﬂg.ﬁ:nined in

proflle | eads the nsfer. of t t-hin ) .
Ot hE PRodd o1 ST r AHeRe WRaTr T gdagy Gpt) using
degthdatpnngoéseuvherm@bhﬁh&calsubﬁikfuﬁfngkﬂmammbdroat high

the ct I I n se C
%m%§£gﬁ%%?né¥0%g%%%g %P Hf%# régﬂgn%g one Hé éEder of
and%h@ﬁqﬂtmca@s sanglub%ttrétoef havingnasnd athethe order of 40
supghdiciahsthin filmpeeled fromit on the other

hand). The roughness of the surface
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10 transferred, neasured at | ow frequency by
profilonmetric nethod (of the order of 14 angstrons at
| ow frequency and of the order of 75 angstrons at
hi gh frequency) and anorphousfess of that transferred
surface are substantially |ess than those which may
be obtained in 15 the case of Hinplanted al one

(32keV-5. 5x1016H cn®) usi ng %{ Hﬁ !gr ogr essi ve

mechani cal splitting nethod tenperature

(roughnesqy. slethogbf taeguephiy tﬁa‘nsfér&)f@tﬂﬁ'iﬂm’ﬁ acéfrding to which :
angstrons and at | ow fétééiuency of the order of 40

angstromsy. 2GoEee sUbsteate i$ plenaretient tinen et al .
Appl i ed Physi, Cﬁrsi‘%@%@%ﬁﬁﬁ?%%%‘?'ga@ml@flrguﬂf?s%'s.llznplgﬁted in that

April 2000 ;
Aspluresl doibptrates diekt given depthnwith7eespietriter adfacz Mrtblat source
199 G FE. Cerofolini et al

sirales a8 @-eQ0NkISPRFIGS LPIRETLFAS N £05800MD dgge. that firs
%e%%% BQ gChaabMadlt :ﬁgﬁé‘?ﬁeoﬁe QSO Csetcbﬁﬁsf;;%mes being

a thin I m accor to whi c a source substra
|sadaptmhtoe«xk;c®yfthose detm:d:s es of ions or gas in a fi rst

dose is inplant in, that, source subs te a
depth with r @g?; ef 5 %pqllggén g;tmgtgtccg‘&%&&gth he sc%rce substrate,
substrate, a%dp] f&é’tﬂ?erﬁﬂ&%l e@ftoltﬂaﬁssﬁmwuwraae at a given

second dose Irst species being adapted
géempetaiudaefoasa givandime)sosas indreape ciubstdrdialy at éhmmved depth, a

| P REBRR e ) SABHL RPN St 2R o i i
treatment _i s ;apphiigsh tnddit ofSeHERS BUBBHicH %o @myaa part of the

gl ven tenperature for a given tinme, so as to create,
s Uwsiedntweslkepedt layes gof vigat dequrne aubﬁmtrae@o\/v@akérnearovoke the

¢ fepeaPhiC “Smplts S dstaireti  anuty' bt Sp i defimited
t BeBREYN I de Md tHEbuie WedkuRak &iRd, Jvﬁb(@és;fécttt@@ﬁe remainder

source substrate so as to provoke the
of the source substrate, that thin film having, opposite to said face, a face of

which the roughness is less than a given threshold.

2. Method according to claim 1, characterized in that a localized
amount of energy is applied in the form of a localized thermal provision.

3. Method according to claim 1, characterized in that a localized
amount of energy is applied in the form of a movement that is brief and of smaill
amplitude applied by means of a tool.

4. Method according to claim 1, characterized in that a localized
amount of energy is applied in the form of a shock in a peripheral zone of the
buried weakened zone.

5. Method according to any one of claims 1 to 4, characterized in that
the stiffener with which the source substrate is placed in intimate contact, at
latest at the moment of the heat treatment, is a target substrate, the heat
treatment contributing to improving the bonding energy between those

substrates.



catastrophic, conplete and instantaneous, splitting of
athinfilmdelimted between the face and the buried
weakened | ayer, with respect to the remainder of the

source substrate, that thin fipm having, opposite to

said face, a face of which the roughness is |ess than

a given threshold. 2. Method according to claim1,

characteri I n [

appl od | & gtk fboRind 38 AR 5. HRkAL Rz QUL Bt e target
S.SUUEtrh@dsaﬂmratnommosahaﬂeﬁ‘all characterized in that

RS o épgrgﬁggiogéléﬁb%p%ﬁgctéw n et the source
a%@bbﬁ%tebi}é df‘%gl@?n%fndq e g[ett1 ?bé\(ﬁ%tgq’éj %Ifb% to

char erlze oca |ze amount of
ener gy i s 8apdetred mocordding do nelaim &5, sbm:rlactermzad in that the target

eri pheral zone of the burle zone
P ELhBHSIeiE o & MEneeYARIIMeHY RV SVaeNemamTal.
charact er igz flefHd %@E?rdﬁ tétéléfrﬁr?rch‘éﬁatltéﬁibﬂhlﬁa%t the target

source substrate i s in 1ntimte contact
| sbstratet istdfisiliconent of the heat treatnent, is a

t ar get su trate e he t r eat nent contrlbut ng to, . ,
mproving 118 Betnad goctitang, Ottkenof AEIRS 116 0, hardcterized in
SYRSEiRR gzéfthéf deiaek %"c@FriEd”&Jttéttéfﬂtﬁét%ﬁhe second species.
charalcterlz in tltrtat thestarget substrate is of an P

amor phous 1rtafethad aczordiry kpanycrer of ¢iginn® 1cioal On &haracterized in

cthaChBor e sUPgERtee e PlaRaers TG} ascmely|cghosen from

setﬁ&&%c@@r%%m indulaorg! ﬁtoﬁbérys@dllﬂ{eﬂ@o%fdr%iﬂlhhé dr@torphous.

the target substrate is of a nonocrystadlline or

poI ycr yst dil M@hndtaqoomimg go alaithdd, abamaﬂ&:rr@ct o thadithe source

cterized i.n that et [
o PRBARTLBreAd e oot Soelst i KOS afHBRdVaralelnficters.
to 9, chanactvethegthdcdrdihgab diai aat lcﬁﬁra&er‘iiéd frl fHdt the source
species is carried out affer that of the second

speibplEste is madevirorbsilie@tor ding to any one of claims 1

10,10, SPERhSRRASEbAIRT b SRCH SRV ISh A ecteries

anfat frfelihabp iBatmBADe Yetalhedeat Qoﬂemetéttﬂéhtht%eﬁf in the range
anor phous. 12. Method according to claim 11,

c 80aet44Q° Qed in that the source substrate is prepared
(Aoa 8! b EROBEA FBTMS R B EPRBIAHAIRY A e e
t hexat@enti® performed at a temperature chosen in the range 300°C-350°C.

16. Method according to claim 14 or claim 13, characterized in that
the heat treatment is conducted for approximately 2 hours to 5 hours.

17. Method according to claim 11, characterized in that the source
substrate is prepared from a semiconductor material of type Ill-V.

18. Method according to claim 11, characterized in that the source
substrate is prepared from an insulator chosen from the group consisting of
LiNbO3; and LiTaOs.

19. Method according to any cne of claims 1 to 18, characterized in

that the first species is hydrogen.



substrate is made fromsilicon. 14. Method accordi ng

to any one of clains 1 to 13, characterized in that

the heat treatnment is perforned at a tenperature

chosen in the range 200C 400C2215. Method according

to claim 14, characterized in that the heat treatnent

is perforned at a tenperature chosen in the range

300C 350C, .16, Met.h r i 10 .46l al l.ai i
15, char a@Perfebir AECHEFY 1,20 1 HiadeRted iR fat the firs

c@neuiek s hi@fogepsfex tideel y 2 hours to 5 hours. 17.
Met hod accor di nt%pto claim1ll, characterized i.n

hat ,
the sourc@l. dMebodapecording &pHam £l Rhara ﬁf'é%(ﬁ]dﬂcwa}' the first
mat eri al. of - Mot o 20 claim
1f,peg'l‘?§r'%gpalnta|¥\gegddél:énd%{ﬁ%t% g%me s%ﬁ?gﬁggbsﬁgzgﬁé is o
prepar ed PpRomethod rebating tehogamef ofodainhe 1gioo2ih characterized in
consi sting of LiNbQ3 and Li TaO3. 19. Method according
t dhattpesecond speaiefds heliynig, characterized in that
the first s5peelpsl ' 2 i the second
accordi ng 2ts“"'(')?\g tﬁ??n%&E@ﬁgggg%ﬁf%delir‘%%kgg%tdhlg thiaEst
sppecks issnipfatitedeat atose dfytbe.order oMiamdd attederninigss than the
to claim?2Q, characterized in that the first species
i flasgpfdne ptSPesie§ose of the order of few 1016 H cn®.

22. Method according to any one of clains 1 to 21,
characterized in that the second species is helium
23. Method according to claim 22, characterized in
that the second species is inplanted at a dose of the
order of few 1016 He/cnR, less than the dose of the
first species.





