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Met hod of production of a film BACKGROUND OF THE
| NVENTI ON The present invention relates to the
wonoetwaticen of a film starting froman initiabkPCnaBm®ne003071
including a step of inplanting atom c species through

one of its faces in order to formwthin a buried

i npl anted zone at a determ ned depth, the filmto be
produced t hen bei ng bounded by the inplanted face of
the wafer and by this inplanted zone. This techni que

i s especially eryéthpecof goductibhnd soflin sai d film by
carrying out, after said inplantation, the foll ow ng
steps (illustrated by figures 1A and 1B): - the wafer

10 B/choROBNDOF THE INRIENTEN face to a receiving
substrate 20; and - energy (typically thermal and/or
gpthee@r

medivgriresentdnvenion relates, oglyctign ela digm agtartingefrom an
I
inffal aies, o8 @R HBanfR Satdri, i cles BugiE ofSet s
fac@xiemrdélftoffommmﬂfm aklised irﬁplantmdtmnmaarasde&emded aepth, the
8 pegTPu Bk EH A b wier e e griltnied ik TS et and
bthh&&hipjlarﬁét&ﬁm ed on the per| phery (chanfers 11 and
substrate

that the b e n
20 This FRANGAR b Senonaieepreyes TRaJiNg o Padoims fy carrying

ou‘é Uéﬁéc%l@flmb%tdbﬁfne "chél@olfok}.ﬁﬁg% 'sfefﬁ%o(ﬁllds%%oegy FRubdieq A and
nfer 11. Thus, referring igures 1B and"1C, th

E’r)l I m 15 is not exactly taken of f fromthe entire
ol e 91 s8R ol eifea ek 4 B iE o g0
i nplaadt ed zone renains att ached to t he waf er 10, thus
A T I LR VRIS
15 YeterR @fef filhn1s hﬁ»‘o@afﬁé G F%rntéi:ﬂsz_%nénmh(tﬁla tfep fd oMo
15 is made of crystall eri al

known by the term Smart—Cu

The film 15 is then taken off from the wafer 10, to be transferred onto the
receiving substrate 20 (see figure 1B).

Referring to figures 1A and 1B, the faces of the wafer 10 are usually
chamfered on the periphery (chamfers 11 and 11"), so that the bonding of the
receiving substrate 20 to the wafer 10 takes place mainly only on the surface of
the wafer 10 that is not located on the chamfer 11. (

Thus, referring to figures 1B and 1C, the film 15 is not exactly taken off
from the entire surface of the wafer 10, since, after taking-off, the chamfered
portion of the film initially bounded by the implanted zone remains attached to
the wafer -10, thus forming a ring 14 that surrounds a hollow volume
corresponding approximately to the volume of the film 15 taken off.

In the particular case in which the film 15 is made of crystalline material,

strains (starting from the zones 13a and 13b) can then propagate throughout



10

15

20

25

30

strains (starting fromthe zones 13a and 13b) can then

propagate throughoutthe film 15 and t hus have maj or
wdeb@tericeus consequences. Furthernore, the reteTABG6/003071

substrate 20 may itself have a peripheral chanfer, not

necessarily identical to the. chanfer 11 of the wafer

10, which may therefore be offset relative to the

chanfer 11 so that there is irregul ar detachnent of

the film15 along the edges. The latter effect is also
th@fifke N bUdeud ald hajcrdeldtbidust dbnhsegnsthdeg. f orces at the

bondlng interface are of course weaker along the edges

t hawrihgrpaee, cbat egrivingr sLbsirateh0 fmayn itssift gden aofperipheral

REFRE S Sobas Ui B e ioer PO A o

therefdrai Qeeoffseipoaiivei o dbeuakarnier U1 260 4hetl 20687 isaride§udar

st e R 19 GoRuBe Rl 20 T Conslsts, prior to

t akthadatéif effédt ig Qllsbldagetﬁthatedaﬁemelf@cismaamd lPoridim@ itces at

t he erl chapf ered zones n formng jn their
thg BERAng IBEEFCP o3 AbCoHSE KFAAker BNGHBE R4DES 1 (y ihe Sentra
pdam,ght h. This height h may therefore be chosen to be

eater than the inplant depth hi formed in the wafer
oTihérf" lrhdSpigken if Brerefars hgs getherTiHegvlap edaes @ngointernal
de*e')ctéﬁrgg Eaggore separated fromthe bottom of the step
) h reforefromthe peri pheral zone of the
wa Y =0-|- REOBARI to (h - hi). The film 15

PoRISToAIE IPLERL 59 FARTAR T ADBLIPIA e o

200510238908 tfer sohwng this eakirigpoff pootdersitis Hiystatedliy fighires JA &n2C.
surf.ace suitahl e for, good bon e receiv
it SARRSRE pEoh o8 Talnarrh 1o TPuRTY i Svase 10T SSrip! teive fhe
peihﬁhe\%l thamfdrak Qanég dnd W foraing iNAvdinGesaiatstép ALthertRickness
bl ens al ong the edges. The film 15 taken off is

Of%)hﬁﬁé’afﬁf 19avited hgight Pt y. The receiving substrate 20 and
thenfd hBighP Ry NAMRYSE BE HRBERTHN §fkater than the implant

depth h1 formed in the wafer 10 for the purpose of taking-off. The implanted

zone 12 is therefore separated from the bottom of the step 11, and therefore
frbm the peripheral zone of the wafer 10, by a distance equal to (h - h1). The
film 15 bounded by the implanted zone 12 and the implanted face therefore no
longer includes chamfered peripheral zones, its free face then consisting solely
of a plane surface suitable for good bonding to the receiving substrate 20.

Referring to figure 2B, this entire film 15 is then taken off, without having
said fracture problems along the edges.

The film 15 taken off is thus of better quality.

The receiving substrate 20 and the film 15 may however be contaminated
by the wafer 10 around its peripheral portions (i.e. on the step 11). This is
because the step 11 has also undergone implantation and therefore includes an

implanted zone 12' that weakens the superjacent portion. Furthermore, particles
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by the wafer 10 around its peripheral portions (i.e
on the step 11). This is because the step 11 has al so
wanaergoee | npl antation and therefore incl udespamiB2006/003071

i npl anted zone 12' that weakens the superjacent

portion. Furthernore, partigles- Zmay becone detacheg
fromthis fragile portion when the inplanted zone 12

i's subjected to external stresses, such as in a heat
treatnment carried out in order to detach the film 15,

mayldJetcbafteedqztacmect from thivefraginperibAatiesr ﬁh@ lm;ﬂldﬁtécﬁzéﬁ@' 12" is

[gcel l%bstrat 0. This particl
L@%%?‘Sﬁ] %ﬂa'pﬁ 5568%n 3§ B B@am%‘tﬂm garrigdrquign order
tot dead m*d Al a?and &l%b%ﬁuéegwﬁg?ﬁtgﬁﬂtgﬁﬁ% fint418%hd the
film which agai n be taken o :
reE%'Ht”Qnﬁ%&f"ﬁEﬂwszy be worse if the same wafer 10 is

usethid arigy oRlarHERSS Blotforh kD08l bRt ALLEN g he

same step 11 then un oln
"rﬁ?(ﬂ@num'atmaimn&ndeebr@ttotremm olesn filrh, Wh[q;htwutl hgaRfvY &iken
e proposed, on the basis of docunent US 6 596 610, to

subj ect the wafer 10' (as shown in figure 2C) after

t ala'hmemﬁthnﬂmatmntlhay Ihsalwcﬂrﬁéﬁfcthe sealeanbfenl1 038 4684 for several
t reat in order to help in the

Sul%g?er%nﬁ}\gefalta n{gffg% r%’ﬁg?tfﬂrﬁg ¢ ﬁpﬁ%’ﬁ‘@eét%n@s then wiesgoing an

ltenatineofiipplzAtsRnk RadWekefreafhentslovever, the
a recl aim ngpo&%atl on proposed Elbny US 6 596 610 rennins

comph BASIOROSeS. Po thebasis of dacwebrtdd$ 66596 610, to
f
e el
meghaniesk eneior Qbemmal I‘mn‘qmgaivéainmnt SUMIBRO bEp'IEm'lEhe removal
f the inv tlonls us ,
of H\%\je%}%% ﬁN g%ﬁ%}aﬁ#c‘f%ﬁ#\% fsgra%tﬂ & 1o fruset é\%\%"’aﬁfem
f i Howeyeqf tr@omblamvmg @Ipbramnqpmipbéald ayd Uses 506 84D Aemains

oo idE53 Al 3 BhpPLL TR St ien OBl etV

treptrognidadsitdiso bé Irspested bhéécH fakf@offgai n provi de ot her
f”rﬁ'é W th mni numrisk

present invention proposes to solve these problems.
SUMMARY OF THE INVENTION

One objective of the invention is thus to take off a film from a wafer in such

a way that the film is of good crystalline quality and has regular borders, with
minimal contamination.

Another objective is to find a means for reclaiming the wafer that has
provided the film, so that it can again provide other films with minimum risk of
contamination.

According to a first aspect, the invention proposes a method of producing
a film intended for applications in electronics, optics or optronics starting from
an initial wafer, which includes a step of implanting atomic species through one
of the faces of the initial wafer, which method comprises the following stages:

(a) formation of a step of determined height around the periphery of the
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contam nation. According to a first aspect, the
i nvention proposes a nethod of producing a film

wono@ndedsf or applications in electronics, optPCEIB1006/003071

Optronics starting froman initial wafer, which
includes a step of inplant4rg atonm c species through
one of the faces of the initial wafer, which method
conprises the followi ng stages: (a) formation of a
step of determ ned height around the periphery of the-
A\/\at/eﬁer, mwleemaaanhlbhh&slsrrdsthe ovafehet thef step dieifghless ttiegn the

bel n ss, t han t hi kness of the rest of the
?@?krtﬁsét E?ﬁanﬂh Elst ep agai nst t he

I(mwmrafadn@ﬁ dﬁfsai@ts%ﬁ §g§ﬂﬁQh@ﬁnpléﬁ‘ﬁbrﬁ &atbiRl ekt &y of

at'om c species through that face of the wafer having

Q) Iawpéarsa’ﬂorsgf alomie spesien throudhdhahiesa of dreowater having said
det d,
onea o Ry PRI 2815t L LR RARE iR R
saigfilnd beingt Mermméé,, orbgmet sidej byptheritnpthritech tace @f ther wafer and,
eat,ur es. hod_of producing a filmare the
on {hglc?tﬁw ﬁae by E\ea{g‘g’? Od%% udes the bonding of a film
t Dthes fdztliestcf thig nmtlﬁiﬁfoﬂmoiﬂlm'mg 8 &ird arditiel fallowiag:er ,

thefllmhawn a smaller area than the substrate so .
t§hage @rfﬁ%'”f’ﬁ%g@ @ﬁn%%ﬁ figB AR @csubskpte igraspen te fam said

mntnb?%ﬁ‘er?@ﬁé |fl’11n%$ ”!ﬁﬁa i@§ tHad s %Uﬁﬁrété‘ (sg; ffat, once

bet ween the fil strate; - stage
the$ehmay@ebeeruebrmdm\/asal@fstmtlerataleast qartly gletarpir@daby the

f d I
aiftghbAiEafta belfielf W LAY b8 SBOEFUELTL "0 T her mor e
- !st@d;mdai)lsintaluti?% gﬁﬁﬁ@mﬁ\{abb; hagerid ???11 gr@igggmvls@méc&@pm@

S e | -
Wafseea@ﬁ T8 dRieings I erel HaR e asip 1ora SHRAER: | on,
SRR Prth IR AR of RIHBAING B Bfe Gopr ot ect i ve | ayer

extendi'ng over at |east sald ep and an operation to
— rtherivelanhderthioequains thefheaighd ofithet tepiovéessayer whi ch
- 35l (S SEE BhiGeBt 8 yhyRBbRab ke S fibeR"
fornzatiac of da erbteditive nayaf extaadingvevdri an ledst agad (dp and an
opegatlo% toyremove those portions of the protective layer which are not located
on the step is optionally carried out by anisotropic etching or by pohshmg,
— according to a second embodiment of the invention, stage (b) displays
during stage (c), by masking the step during the implantation;
— stage (c) is carried out in such a way that the implanted zone is a zone of
weakness, in which the method furthermore includes the following stages:
— areceiving substrate is bonded to the implanted face of the wafer; and then
— energy is supplied so as to detach the film from the wafer in the zone of
weakness;
— the method furthermore includes, one or more times, the following

successive stages:
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during stage (c), by masking the step during the

inplantation; - stage (c) is carried out in such a way
woOhed7/0ie3i npl anted zone is a zone of weaknessPCTmB2006/003071

whi ch the nmethod furthernore includes the foll ow ng

stages: - a receiving subsigate is bonded to the

i npl anted face of the wafer; and then - energy is

supplied so as to detach the filmfromthe wafer in

the zone of weakness; - the nethod furthernore

—i riviplenéstiono g abmrs@ebuegemroadhetﬁélde@azﬁh%rﬁugﬁﬁ% UF the

npl ant ati on of atom c species throu

Pf&%‘f’gé 3’#@@0 3919 e afzonRefpyeakness that|defises asnew fifrorbmlow

tha deedthniint WBAkA®SHdt hat defines a new fil m bel ow the
det achment surface; and - bonding of a receiving

—s (osdingtaf a recelving smiistmtestd theraplafitetdiacevaf e wafer.
Ac t, the i ventlon r oposes

% # pI‘BO\%I %Sf% (g"ﬁlsipf%ﬁf heemtes 9%rprg39§$ &t i rfer For
prowdlageatfnmnlm@)de@pfdrcapmibaﬁbﬁsr ﬁnlefe%tro%bcﬁﬁhééﬂoﬂ" roﬁlcs

E‘E’{e zo% Vi n% a smal l er mean thickness t
wilEly InBice & PeRheTak zaneipviSR EMeIh meaR tieknase dhars thearsst

ofttnefwamaa 088 taFIQHBant B | _Re f

foim ho Step | s o et 89 éyrtgtfghpu ve%%pgfé?ur}d the

peé'PE%‘W elothsy Wta&trt wheseigtthp srtemrrﬁ l@@ﬁi@gi Wlﬁnleaptcﬁelcwet layer in

Or?énfgméﬁ?fggﬁgl'gﬁszeﬁ ﬂgﬂﬂ%?@éﬁﬂ'&@%d\é@ﬁﬁmﬂﬁﬁﬁ%€ e%raé\d wherein
the wafeshesechurias impfantedl gonmde of anor phous naterial; -

thg)t d.%g@%@/&ﬁq%epggrl ses silicon oxide, silicon

according to a first

- eﬂtﬁo;nintmmt/e layee isvmbee of amsRstousfmBtelikl: crystal Iine

according to_a second enbodi nent, the
- \'}Bfeeﬁ“of%*'&e &yieh GempEses ﬁlh@QW@d%@mogtmmgen!asa or BRSG;

— Cé&@dr@i’n? e a”ﬁFs@ rd@bSdinment, hﬁg"‘@/%gér l‘%oﬁ%é'gfgfs 39’&& 40BNk e

substra buffer structur
mafefial; ci ently thick to be able to detach therefroma

fb&éﬂr&%g%agt se%&w(jr gr‘nboglment, the wafer is a composite structure

consisting mainly of crystalline materials;
— the wafer comprises a support substrate, a buffer structure and an upper
layer sufficiently thick to be able to detach therefrom a film by Smart-Cut®, the
upper layer optionally comprising Si1xGey - and
Si1yGey, with x differing from y, x and y being between 0 and 1, respectively;r
— the height of the step is equal to or greater than the thickness of the upper
layer.

BRIEF DESCRIPTION OF THE DRAWINGS“

Other features, objects and advantages of the invention will become more

clearly apparent from the description below, illustrated by the following figures:
Figures 1A to 1C show various stages of a first known method for lifting off
a film;



upper |l ayer optionally conprising Si-i-xGx and Sii
-yCGey, with x differing fromy, x and y bei ng between
wO 2007D11763r espect i vel y; - the height of the stepTilB2006/003071
equal to or greater than the thickness of the upper
| ayer. BRI EF DESCRI PTI ON OF THE DRAW NGS O her

f , | s and. advant ages of the inventign w.l .

L ERHES 2, B4 ShBn AR BR5S7 BT ardertnd sbBVR e Bida b ifting

off dfilnew, illustrated by the follow ng figures: Figures .
1A to 1C show various stages of a first known nethod

f Gigures t3Ado oiff sRoM Vaiiriy stages2af ronmmtheth@l lifting efisa film

: nd known nethod of lifting off a film
acc@fo'g'gf@st?\%ﬁ\{%rﬁ@ ’show vari ous stages of a nethod of
| Fidureg 49f ind 4B Showwdworstaggs irotHehdrinavientdfenprdtédivedayer

4A and 4B show two stages in the formation of a
accaliGio thednYeifiN; according to the invention; Figure 5

i ) L otr N Foi .
8 SR U R NN o BT SRy over
the tigmess ®f #hplamted Mmatstialyaf er that can undergo several

successjve filmtaking-off operations according to the,
i#ma%&fﬁowsgar@rsfr Bhdhal Sak oifderan several sibgRssive film

Taka] j ikant aki ng- of f operati ons
tak'ﬁ@?ﬁ%ﬁ%@?t coiREIsthe v "PTION OF THE

PRigREEREEh &kBalsedetovafer thaktam uaderget sevkrak sucadiseiye film
t k.to hhe i nvention i.s 3 filmtaking-off method using the
akiRg-off ongeiqns arerdiaede Mo YR echni ques. The

| DESTERIFTION OFePHEPREFERREBEMBODIMENTEpar at i on of
t he donor water, 1ntended tTor the taking-o f operati on

t ke preferregdemethod 2ecasdingda bise tyentioy js a didakngiofignethod

s s BB SRt o o4 %0 o 1o

The invention relates in particular to the preparation of the donor wafer,

intended for the taking-off operation that will be carried out subsequently,
implementing the following stages:

(a) the wafer is routed so as to form a step around the periphery of the
wafer, the mean thickness of the wafer on the step being less than
the mean thickness of the rest of the wafer;

(b) a protective layer is formed on the step so as to protect the latter
from being implanted with atomic species; and

(c) atomic VSpecies are implanted through that face of the wafer which
has been routed, so as to form therein a buried zone of weakness.

Advantageously, these stages are implemented so that the height of the
step is greater than the depth of implantation.

Thus, the peripheral Azone of the wéfer will not impair the quality of the
subsequent taking-off when a receiving substrate will be bonded onto the
implanted face of the wafer and then the bonds in the implanted zone will be
broken.

Moreover, the presence of the protective layer guarantees that the
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waf er, the nean thickness of the wafer on the step

being | ess than the nean thickness of the rest of the
woeabero1716b) a protective layer is formed on t heCSHBmIE®3071

as to protect the latter frombeing inplanted wth

atoni ¢ species; and (c) atopic species are inplanted

through that face of the wafer which has been routed,

so as to formtherein a buried zone of weakness.

Advant ageously, these stages are inplenented so that
perméIermlp@rﬁomfofﬁﬂi@m@famre prateeRtigaifiathd |hﬁ>lé#ﬁ8¥|&1 gf atomnic

ant ation. t he peripheral zone of the wa
SRﬁnFqS HB‘E’”Q SiAde ((Bhéhléﬁjé‘l‘ﬁ"}/g éﬁbWﬂ#%‘uU@@lQlﬂ@Eﬂ %aSIZr gnd/or
onde
lnfpﬁk\rllﬁ@tr@c(ﬁuéﬁfﬁéftﬁersﬁlt%@édﬂ g%mq‘ gﬁ)@rgﬁ%hé( e

onto the | anted face o en the
borkdgures rr@) shmsihamt the \zarmsvaftagesoef brrokthod aduoetingtto the

in\% |oHrf8|5| ifn@fa r?qro%%ﬁﬁ{i%l\éﬁ%%%@r guar ant ees t hat

eper| ions° o are protected
ag éi" hﬁstwafﬁe 30nmaamy,atand namianadgﬁm'JGIyS Reabess @8réritd or more

t.hus k| n uent recl ai m ng easi er
crgét%ﬂ ‘ngrtr%r%@lsrlfﬁ ﬁéeaﬂﬁ?q(ﬁ'&?%dﬁnﬁ REalSubsequent
taﬁ‘hegwafér speisatrage( 8§ bufit FhkiteRal3Hr ti§ a?":coﬂﬁ%@ feN€tructure
ous_ stages of a nethod according to the invention

Co]nglls{mg Pt 2 SYCEHSPIR G lavers.r om an initi al waf er 30. This
Waﬁ\@bon%iﬂuﬁ% i h‘lrstaBQngWﬁaQr?é)‘éﬂ %r’ 3BOMRILRIES %f i}%gﬁffered

nore crystalline materials, such as sem con
peﬁ‘ﬁh%ﬁai apree Yaﬁw@swefi apovey Gieerethat sbdh wafee B0 dypicallyi tsas

« GRS A4 ORI o5 UFFR B e

layers. According to a
the periphesy ohthehwafees@dAgerdiph éo tiis ﬁlenembaémﬁbrﬁ Cthéi‘v&éier 30is

o B Gher R OB TP s B Sl S o
theannehimn shape around t he perl phery of the wafer 30.

P REESAR o i oo WS Bt 55 o o pomires
pefipharal asne@n8fHasaGhdErdbR at fedsd OnbMMEiPRiking-off operation
consistent with that discussed above and illustrated by figures 1A and 1B.
According to this second embodiment, the wafer 30 therefore includes a
peripheral ring 14 that surrounds a hollow volume approximately identical to the
volume of the previously lifted-off film.

According to a third embodiment of the invention, the wafer 30 has
undergone beforehand a taking-off operation according to the invention and has
thus already been routed according to the invention. Thus, the initial wafer 30
already includes a peripheral step.

According to a fourth embodiment of the invention, the wafer 30 consists
of a hybrid substrate formed from a support substrate, onto which a film has
been transferred during a prior operation. The wafer 30 consists of an SOI
(Silicon On Insulator) wafer for example, or else an SSO| (Strained Silicon On
Insulator) or SiGeOl (SiGe On Insulator) wafer. Since in this case the wafer 30
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According to a second enbodi nent, the wafer 30
i ncl udes a chanfered peripheral zone and has under gone

wabtod7@astezone thin-filmtaking-off operati on ceasilB10e6003071

with that discussed above and illustrated by figures
1A and 1B. According to thigs. second enbodi nent, the
waf er 30 therefore includes a peripheral ring 14 that
surrounds a hol |l ow vol une approxi mately identical to
the volune of the previously lifted-off film '

haddmendiroguéed By filhh trdnsiehodl srpNdIreidytdi@sts @Vcﬁmdl 188, peripBery
fer 30 has undergone beforehand a taking-off
of \@@% Méfelo FoREsRRNING I et NRaRSEECgING AR ehadrinythe transfer

op@tdtRAIHRRKR " Py eﬁ%ﬁgﬁﬁgdhﬁgbé %uﬁ%ﬁen‘t NYSd e i@”nec-gggacrry to

the initial wafer 3 i ncl'udes 'a perip
cagy eyt aseuinaippeyation an g rtyne @frﬂ:ub@trﬂ’mtoooﬂ'he h@der may refer

to WBUERENREE 1SRRI BF it BBRIB Koo ke o VRRE A e
thdeaw it waichfieispeodubedi ng a prior operatl on. The wafer

ox BRETENG o 1B10c 34, Teaskqiting: Pihzcoler 1400 5oaiod ot over a
widths @ndtzodgpthth. St GeA (Si Ge On Insul ator) wafer. Since

in_this case the wafer 30has been géﬁgduced by film
t r ARS8 freKting, is capieq) puaiysusti at waw thatntnet steppet tfprefgrmed

coR$istsbrs Wl@él w&PS L@ W&%tlé@pg&?eﬂﬂfﬁhFaﬁb%méﬁﬁrmtfﬁlcg 1

ring zone urln% e transfer
of tha wsfemay andta berizertali walkRdb cepiignally lvingh parsdislatoytheofront

GEL B BB PO BPGRE L0084\ TlB o oo
51%hd0gidfrol of the ktap Hétlsalaldsak:\qtagao@mg;hbbém ’ccgI yeeeqdal to or
| ed.
ot Efve s W B e Eoehetd) 280 of Bl ¥ B ot tragptve
fouraermb@d;lm@nts @hﬁf isa&o Wagltthe IchafleraactRipding o chitsddi rﬁﬁlﬁﬂ N0the
rmlg%}c%géd[ g,rg\ g(lrllgp%g%\%\%t¢1gagté;5,]\g}:¢grgl%gs%}3%m@diment 3 or 4).

FoPesanpleatiawRel paaghe lé'qﬁél tbqa fenﬁmfmrﬁ@t%rg ace Of |t he
waf er 30 and a horizont'al wall 31b optionally in

paf B® reytindds cagried @ dn sa@bawem thehthevgandh osmate be’that is
reﬁvﬁ\ﬁ&%c%‘@lllér% r§9rﬁ|sa§%a'§érbtrifﬂt &f % GLi g tﬁ@‘ﬁ%pﬂji ?ﬁrlmgg?\?athsx e

vant ageously
sukgrmiently cerried out (as ilustrated m figure 3C). The routing depth h may

thus be chosen to range between about 1000 A and several hundred pm. The
thickness of this step must be greater than the thickness removed (typically
from 1000 to 2000 A), in order typically to correspond to one or more
thicknesses of lifted-off film and of material removed during the reclaiming
operation (a few um), within, of course, the limits set by the thickness of the
wafer (several hundred pm).

Thus, if the wafer 30 is essentially circular, the hollow volume obtained
after the routing is then an annular cylinder with an outside diameter equal to
the diameter of the wafer 30, an inside diameter extending right up to said
vertical wall 31a and a height equal to h.
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greater than the wdth of the peripheral zone of the
wafer 30 in one of the above four enbodi nents (that is
woaoway7tskhe chanfer according to enbodi nent 1, PCIAEB20061G3071
according to enbodinment 2 and the step according to
enbodi ment 3 or 4). For exapple, the width I may be
equal to a fewmllineters. The routing is carried out
in such a way that the depth of material h that is
renoved therefromis greater than or equal to the

defhb tef:hmgué@@hﬂdlém er&mbsfegﬁﬁ@tdrd s%é{a'nﬁsnwfﬁe éa’ﬁe as

illustr in figure 3 he routing depth
thesq, deger é%rﬂQ%m?%g[éSl?@QQé/Qﬂ 3801t @onmnamf Which is
r k A S
e o h STl oo R iRee, Mo B Il
maafagicab MEghminy or phemroabetchmgl m‘aﬂhleypetrrp)hem rzeapafdhé avafer
one or nore thicknesses of lifted-off filmand of
material renoved during the reclaimng operation (a
f eRefaning ¢ fipure, 3Bfa eewmjeetagélecba:rmdgsmsmb nﬁ%ritlbﬁ consists
t.hi ckness o eral hundred nm i f

i VRSl P SlsctéS dBleneh 4 Y (RISl (Shan At on the

hovizditaewalb Bab g darf sep drideals®ehithe wal é’fbﬁrw@{‘ aaﬂ&ﬂéhér thick
| inder with an outside di aneter equal

eneﬁ%@e drotget thee supjpesntIeortion 38ren e dnahetaélpnesubeaqluergly
caFrI&lthut L(Qs'ilﬁ!ls Qte‘él IHngUPeC?‘bg/WHoté%ét algyeramgf Lt beeSH)@Ided

he tec ques “enpl oyed" for |s rou
0n§b@é’§ﬁﬁ>ﬂl well 331bhe osdardo psotedios Fotheaxpdshesltd an dmuemntthat

o B PORMALEART0. OBl o5 1l AT

operatibodis meummesalalsmachirieungubnumeﬁh@abw@ﬁaﬂihenﬂwdﬂérlal is
Referring

ghgy Bhud .
mpBGoRE RO, . AR Bbut Aol R 050 nas | B eraveoh the

'phemmemrsmdshefrmlem\@g a protective layer 36 on the step

and in gartlcul ar on the horlzontal wal | 31b of
sal sP@ﬁe(’é‘H 2¥86 SBnMmepebodirpduced) figm ey biweepi anaterial

caééﬂlé |(9f ‘ﬂﬂﬁlﬁl%‘ tHi® fl BﬁCThﬂié“% ﬁ%mr%?ﬁ{‘én %%&t;ﬂ&%hé’é“e may

| antati on subsequent carrie
be. ICh‘a%Qf‘r»atSé@hl asf sijoere @@)ie zsl@abt edrconenlta@er(sm%)alm

(pfﬁ%g?&é@ftﬂeﬁ@% 434 E%&S?E gﬁﬂéhé{@hpgln&%e aﬂe?shaﬁﬂe tfickness of
the protective layer is therefore matched to the material chosen, so as to exhibit
sufficient stopping power to the implanted ions.
A general method for producing this protective layer is illustrated by figures
4A and 4B and comprises the following stages:
~ formation of a layer 36' made of protective material on the wafer 30
(figure 4A); and
— optional removal of those portions of the layer 36' which are not
located on the step 31, so as to keep thereon only a protective layer
36 of thickness ens on the step 31 (figure 4B).

Referring to figure 4A, the first stage consists in forming a layer 36' of
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is not perfectly parallel to this wall 3la. Such an
“inclined" inplantation operation is sometimes also
woanorietieeut when the crystalline material is popiBzD@H3071
wi t hout an anorphous protective |layer, so as to _
prevent the phenonenon of_cﬂﬁnneling. This protective
| ayer 36 may be produced fromany type of nateri al
capable of fulfilling this function. Thus, a materi al
i n an anor phous phase nay be chosen, such as silicon

ictige (1St thid | , i 53 ing o i
prosediige ("Git€RAI on tHd wamn 30 hd & (eaﬁ ?go'rl‘\%%%% gprﬁg’gri\ ltriuglg}eess Eh1

Orég ﬁ%ﬁ?ﬂ(ﬁ%ﬁ%% ittg? l a%s%)q,oe{ ﬁgap_rtbicmﬁtssmz loaytbe hosizontal wall
316 e Sy BREMRSTeAntARKABLES, &) tr}%g\?{rﬁcgalivfpgll £t aihe step

exhibit sufficient stopping power _ (
3fons. A general nethod for producing this protective

LSl d fi A4A and 4B.and

contestolavblss T Bl ined Y. BateaioHaeasTi sncken thpemal

oxgBitionraaethodls.pr ot ect i ve materi al onlth? }/\ﬁfer 30 o
' : d - ' ~renoval o ose por

o e EclibiieSEmblnFEs G enaeiing dae daven et be o fhe
LRGV@s (Lowveegsurbercimieal Wapd ab 'it?b‘?%' a,ygé%/% {ﬁlasm a

thickne eh3 on the step 3 1 (figure 4B). Referring
Er{r@nf'?%uéée@ﬁa' t Y@Pari Pepositiagk afoatiest techniguies mohdha CVD

y : [ material on the wafer 30, the
(Chémgal g’gPOIﬁg\E}’;F%@)%geh t hi ckness ehi on the front

:c g en iBe layas 3Rakanad®of SiQmwiican bedepesitedby XD, H&sosition
o Sermantngtt g O o B8Pl T2 o goins
withhexygenaged/sr rmpn@,ealbpi;r)et:]ied) layztgfgdo%r b?tﬁm?gﬁg@nor using
N e L

L POpioialigy dipesitsu meayChseT giled Vap Ghe Ds&‘-t_@,ts!léyé?n)ss', P§1@4D as

sma-_ Enhanced Chem cal Vapor Deposition) or other
ph{)@éﬁ&lﬁ&é‘@ @ﬁrq(%ﬂr@ fe(m\n@@] ENG yelvggo or bepusand phpsphorus,
andl Yisrefore forming a BPSG layer 36'.

When the protective layer 36' is made of SizsNg or SiiNyH,, it may be
deposited using SiCl;Hz and NH; (in LPCVD) or SiH, and NH3 (in PECVD).

Using LPCVD techniques typically results in the formation of a layer 36'
having a substantially constant thickness (i.e. ey, enz and e, are approximately
equal) over the entire exposed surfaces. Thus, the layer will be formed
substantially uniformly on the front face 1, the rear face 2 and on the step 31 of
the wafer 30,

Using PECVD techniques typically results in the formation of a layer 36'
that does not have a substantially constant thickness, the deposition mainly
taking place on the faces directly exposed (the front face 1, the rear face 2 and
the horizontal wall 31b of the step 31) and to a lesser extent on the sidewall (the
vertical wall 31a of the step 31).

When the layer 36' is formed by thermal oxidation of the exposed surfaces
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When the layer 36' is made of SIQ2, it can be
deposited by Si G2 deposition or it can be formed by
worenTd10f63t et r aet hoxysi | ane (TECS), optional | yrPcomkioneeh3o71
wi t h oxygen and/or ozone, applied to a surface
containing silicon, or usify-silane and Q2 (al so
called HTO, in LPCVD or in PECVD. Optionally, dopants
may be added to the SiQ2 |ayer 36', such as
phosphorus, and therefore formng a PSG | ayer 36', or

of ther wafea8d, fhiess phust trefarslinchrleafiRon d‘r%fnlﬁ’tﬁé@ e@s@P@?f‘?lzable

e e Ry 138 B Tt itasb ! e arsTe i e Afferent
oxidzedNhiBkiédsek BEVED froht 1%'05'41 ﬂﬂ?re'él’r"?’aq(e' farﬁ’@a{"me s:lcﬁ(é\/%ﬁ Jpe

CVD t echni ques typi cal results 1 n the tormat
Ox'gai'%ﬁ/ gates @elr}ga%ne@dgng gbé%/%@rleaﬂaltlyn obtha arystal hattiks easthe

and ev are approximtely equal) over
Sufécg%éﬁﬂyroglcg%%sed surfaces. Thus, the layer will be

f of e thysuBe'traay flmuyyna;ludé araokting of tdsﬁnf cﬁrr;f]myménfa@@ ltslfgay be
on the step 3 1 of the wafer
co@%tél?%&g{?gctﬁ F}rﬁﬁﬁques typically results in the
f oTlmset, ition entiredayenyd@ nidy b forhed @§IhaRhal xRN, by material

tant,j all nstant .t hi ckness. the deposition
e Oh B PP RUORRd by a aaLdencstion: |1 Begosiccase Hin

oxiflation Tpfn@fl o 1de[5d§ﬁloh eﬁfayf fAC ?ac@ l?é‘%n@gﬁ &prfb,z W a[%urﬁ@é of

31b of the ste | esser tent on
impipyagdie q%’@’ﬁ)é Ogﬂ’\etlﬂ@éﬁacwlih the avafer 3€het heshediy possise to

f
forrh M padiition Jayck Sor 16 {18 Lot i Mind ¥y BbrkAyrilioh oo
by thecsuhseqsent dapesition aonfohdhe parpioky wm@l@Flmm%y%r dating
the f tion of a |l ayer
rerr%/ FB%QQIQ %tF@ﬁg gﬁ?edﬁj%epec’&q?waé}l??resses on %/he front
f do@ny, case,etorfelah ité @uﬂe&diﬂd»ld} m?é hﬁc@ﬁdﬁwﬁihle [%rbf&gvne ga er
ent on e orientati
36 BfUAE & 2 il Bl ToRE e Fraaben (4 th laer 65yt be
greihae thaN ethe %axﬂ”f’m‘{n fpieﬂ@trbb(oﬁ W'tHé’%ﬁs %’c@t ﬂhggwﬁﬁerraf%ln the
be conpletely forme erefrom

enehi Bncse dHandes 15ey DeesonTR o thab e a dsfive fayend® with
a tAgkEERS ONR, PSR &Y §idlater (R, being the depth associated with the

peak of the Gaussian distribution of the implant and AR, being the standard
deviation of this distribution - see figure 5 as illustration) is sufficient to fulfill its
protection function. This is because the Applicant has estimated that such a
thickness is sufficient for the formation of a protective layer 36 that is sufficiently
protecting.

It is possible to minimize the material to be deposited, and therefore the
cost of the operation, by thus adjusting the thickness of the layer 36".

Optionally, a removal step may be provided, for removing those portions of
the layer 36' present on the front face 1, and not located on the step 31, so as
to keep only a protective layer 36 of thickness ens on the step 31, as illustrated
in figure 4B. '
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deposition or by oxidation followed by materi al

deposition. In the |ast case, thin oxidation prior to
wdeprgiiticen may in fact be envisaged for the prCpPEB®0©03071

inmproving the quality of the interface with the wafer

30, it then being possibleigo forma passivation

| ayer, or for the purpose of limting any

contanmi nati on caused by the subsequent deposition, or

for the purpose of formng a stop |layer during renoval

by Thies, dloe filne thetalil be takfent dfe(ohene Fidhe faceadies expdbedBhd the
tection role, the thickness o

ste?) 'Br‘%{))tggtjqd\féoméhfe?”%@alﬂﬁmﬂﬂ@ %N%ttpnsl f| naI ly forned

f r Bon m@pu@bﬁatamuﬁﬁ% hst @kﬁﬁﬁlqaﬁ the THoH groﬁfﬂe wafer
han_t he maxi num penetration of I ons |no

30 l'i%yeli’“i’ gichegy eithas isqteanisally e apisotopicalyn ded exampleay masma

th hi ck
RIEQR%BQW@%H IE@(t,hl Péﬂ&&&{ﬁ%eeb&ﬂé(ré t?%@ (\é\d‘@pm@aaé ' thl%
beipg téh Pf&f@l‘rpédacmﬁqudaeAr(Emj&mlcaetmum fsi particaaripfsuttéisie in the

n tandard devi atjion of this
cagq B PENNG 10F 21 Hericbied ST, B ithigRpesicen: =1 (for
exam;blélhyl means of anLfHG\}’D itéchnijued) e8inte thd W’U%h'l%‘ﬁ theTQ’deﬁ i f

bec th { ted that
ey FRAEL o Pt SBicEly chaliper Dianoanel sawmiy fiale therefore
preerableCfdrV©m| y efie Hubbhatialys lérlgfefltﬁéﬁnﬁqley )@ﬁ%t bBGth of

ra?ir sible to mnimze thé materi al
pe ﬁS@PP e iRy inta dhematesial. h@wa:@mseqﬂemtrrempew&a thicknbys

typlcBIs oﬁQéMﬁée'nVQ1 the 1. fﬂéh‘f kg %éﬁet@fméraﬂ lrr?é’a% qtﬁgff the protective

Optionally, a renova
layeredtbon fip $tapSd iporeseorest. of t he | ayer 36 present on

e el BB Bl S5 Behl 348 ot

locasad tanethst efep33 1 maysalsblincdudat atdiehst i G, %é&tﬁ@%hshi’ﬂ@
the front face 1)

suchy a SR i S63"s TeindyRa) wefe smRbrieRca Sublacent

siliconiztefauendn theptramtadd Pand bphi oﬁahl'y%nché P@é&ac?ﬁd using a
e

first techniq the front face 1l of th er 30 may
be‘\”&f'l%!&r ; é?éimuqss@r femmnialthy ripteskve davespie #iatydo hot

reqifs XMV oPmBledaMhafldisd E@Qﬁ{gl dI ?HugthP%m%I& lF]Hle

ani sotropi c_etching techni que sed
natyreqidhe paderiale velvgdeso au@mwmme oxudamm nfythieswafer 30 may

alloRAhkistap 34 Ity bE WeleBl &y oRidi without oxidizing the front face 1 (of

the film to be taken off). This is the case for example when the wafer 30

consists of a hybrid substrate formed from a Ge layer (which does not oxidize,
or the oxide of which is not stable) on an Si substrate (which itself oxidizes), the
step 31 being made of Si and the front face 1 made of Ge. |
Example 1: formation of the protective layer 36:
— LPCVD deposition of a thin SiO, layer;

— anisotropic etching, such as RIE etching, in order to remove the

protective material present on the front face 1.
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case in which the layer 36' is deposited uniformy
with a thickness bhi > 1 (for exanple by neans of an

waR@D1twahni que). Since the width | of the stepTiiB2008/003071 ,

the order of 1 mm (typically between 0.5 mmand 3 M),
it is therefore preferableigor QM to be substantially
| arger than the maxi num depth of penetration of the
ions into the material. The subsequent renoval of a
t hi ckness typically of between bhi and 1.3bhi (a
saE ieel: jormativeeofshé bastedtive |pfept3eet i ve | ayer 36 on
t he st i's preserved. The techni ques enpl oyed for
r eNDVi Fﬁfgcgfl?o%%%?qn 8hSi@# of [RisNaapetionaly n@lceu@d:ehye@l thin
thePal BRidaticR §tﬁ|cﬂﬁé’ AbPR t art

s %@Aﬁ%eﬁseﬁ ado%@ﬁ 0 \Mﬁrg (exmpy, be

sel ective polishing, suc
chseng emed)mﬁblsfl@@ﬂhe ythickaessa of ubg dawﬂ 36' ltiie O;DDSSIbIe to

i P Bl e B 5256 oopBliear B dhetstcre dfercg affbe
OP@rab@chandve | ayer 36 that do not require the renoval of
t I d Th f I f
he TIPS e Aae e S iarBRleY Bosandu, at deassitho
fromeadQH Qﬁl d?ﬁeﬂ fe rebes 180 1By orldigw 1) gf%t e tﬁelﬂ; ci\%r Qe

sel ecti vel y oxi di zed wi thout oxidizin
subja Maieriali | mto be taken off) This is the case for

X f a hybrid
S BEMSle 1 finialien WA paAODRNSE 07 a Tybrid

oxi di zegrmsl okidatiox bfitheofafah8®larids not st abl e) on an Si

substr i.ch itsel f oxi , the step 3 1 bein

mde SPEPRTHRG ob ' fesnt et i oS remaiaine S0,
and S@Nﬁtayeﬂs@lfectﬁ\h#y OVEIRE bUMBcRYe4tedr. - LPCVD

03|t| of th|n S|02 Iayer - ani sotropic
et ----- ale I3 l'delr to renove the

pr otﬁ%%éfé?erﬁ‘ﬁi ﬁi’rin% lOlﬁ’ fﬁgzﬁpg thrr'} [\l i SF% ESisNglayer of

fOF Mat 1 on e pro
betWE@WBb@ébésﬁmd ehouif 5Gharoroete BNﬂmcImeBs osa@lasytopsrotet &tk

wal%}s’gg fr%E‘lo{/ﬁetJb%'iémfrnggig tﬁg{% OBlé)aEIK ?égé or éﬁgg foglgxatlon ;* DRP

adj usuepgsmdneoﬂhsem@f the layer 36" it is
posmﬁl m-hi m ze the anpunt of material to be
depos H'&eﬁ‘lﬁ‘@r[@t‘w@" aheUtEH Cagnd afeout 1100°C, so as to

make the PSG or BPSG flow. The effective thickness ens on the step 31
therefore increases, and then depends on thicknesses en, and e, initially

formed on kthe step, on the thickness en of the material on the front face 1, on
the annealing temperature and on the concentration of P and optionally the
concentration of B; and »

— CMP polishing on at least the front face 1 in order to remove the SiO,

or SisNy4 layer selectively over the subjacent material.

In all cases, the steps of forming and of removing the layer 36' are carried
out in such a way that the thickness en3 of the remaining protective layer 36 on ﬁ



10

15

20

25

30

operation; and - CWP (Chem cal - Mechani cal
Pl anari zation) polishing on at least the front face 1

wonowriden3t o renove the SiO2 or Si 3N4 | ayer sebPetiiB2oeé/§03071

over the subjacent material. Exanple 3: formation of
the protective layer 36: -44bermal oxidation of the
waf er 30; and - CMP polishing on at |east the front
face 1 in order to renove the SiQ2 and Si 3N4 | ayer
sel ectively over the subjacent material. Exanple 4:

thef stemSilois stfaighte epoodte clor e | AYRFiaB & que%g&{ efoeBthé’ét the

sul o g2 n8la Sind X Pabiaer Botae opiepdngimed with slomic
spédies kNBesypesGsarbfor Qréﬂeﬁ’ﬁlg%r 3 Fsl@ r@lr:%fgo fromthe

cont am nants t hat acconpan formation; -
depB4: tfPh ARlantatien cﬁnem:sraof betm@emﬁo kaknaed 210 Kegt syveean

k
R B0 TatoaHlch IAG) dRBe B8 AT | 19 ERG 2.
1% Her éf/@me amStha;sremctlaadb)telneﬂ \mepﬁmmsl;rmsst%% @Lﬁ%ﬁé‘aﬁ&s‘rhan
f the ste
ab&ﬂ n@%@s\/@ﬁ#’%&@%é fﬁ‘ﬁ%@ nﬂ Nt he frgnt face 1, on
t hlanalnnefafelrmr@g tcemrgehrreaBBr eh@:mhfe?nsa hﬁ}ll@dﬁéCB QrderﬁltldoWbrme
ion o X
nayjng P 1R o A el GoriaRcs A enttespapaing t ihparbthat wias not
route@ UM péripherdlodiorPi38NE tha¥84r E@rItISHt\?JZYﬁlsyde?éﬁﬁl?éJ‘%s the
cent material. In all cases
Paiﬁa@?ewﬁm H@”W@aﬁ‘&@lbﬁ%eﬂhaﬁ@m&‘rrl ed out in such
a Ty dehﬁﬁeﬁah%oﬁf&'n%@%ﬁh@?fﬁf&f ?3 I’dé r§|pdﬂiecgeﬁjo% the

rotective layer 36 onthe
profesitive Haveredtefroal any implestation, oftaiomcmspectleé ieroa gl j the Grint

f f f
fach ¥ oS UBFe RN TS, o 1b1E: BB 33D 0t 108 2R Shis mgpserved
frompr amamweageriog dud itd rthe ddoh maplaihtatioh uliké @ the conr(/(eerq}mnal

h L tation energies of between 20 keV and 210
tec 'ﬁg %% atom c species (hydrogen and/or helium dose of

beRetering ko figde 3¢/ &Btomi tplantation step is carried out through the
front face 1 of the wafer 30 so as to create an implanted zone 32 at a depth e,
advantageously determined as being less than or equal to the height h of the
step 31.

The atomic species employed may be helium and/or hydrogen and/or
other types of ionized atomic species, having a dose of between 1 x 10'® at/cm?
and about 1 x 10" at/cm?.

The implantation energy is typically between 20 keV and 210 keV.

Optionally, an operation to remove (preferably selectively) the protective
layer 36 is carried out. It is preferable to remove this by etching, as a
mechanical removal operation could lead to partiéulate contamination
prejudicial to the quality of the bonding and of the structure to be formed. For
example, HF may be used for selectively etching an SiO, protective layer 36.

The film 35 to be taken off is then bounded by the implanted zone 32 and
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1 x 1017 at/cn2, an Siq 2 protective layer 36 with a
thi ckness eh3 of greater than about 2 mcrons may
wonowiwderesuf fi ci ent protection. Finally, referPCngB1006/003071
figure 3B, the wafer 30 includes a front portion 310

having the step 3 1 and a fsar portion 320
corresponding to the part that was not.routed..The
peripheral portion 38 of the rear portion 320 is
determ ned as the part |ying beyond the horizontal

bywhe frogtifacefl affiee watsp 3®1. This peripheral portion 3_8'of
otected by the protective

' f
| ayf RaBlepiEel e, 37 iisoirstides Br-omecihveeipees sathin vinich
thet boodeg betweznf theriinf 38 @nd Bk dubfadRf gbrti%Q-othhHSw %0 are
gﬁl n 320 of the wafer 30 1S preserved From

| ower po _ _ _
Weﬁ‘ﬁ?%@ﬁl@ "Yue to the ion inplantation, unli ke3| n

t hg; |24 i . e i Qur '

| nFIgRRY SRR SR B RECRI, Bohdtheg 4Bl 5 haded to
ther waler 3P @pdtstrastt fadeel.waf er 30 so as to create an

ach & RIEERYS 36 el dr Bon Uik TS Benesvengpiorno

theobondieg operatidniso ah¢o ahake ﬂwe%@%lir%&e@'ﬂ%r@)’l%r@ﬁﬁli@ggd of
r other types of ionize

- d/
oot ATVERE HRLaoMdiad iy ot Eibes abssble towagyet BRA
T e e
Ch%ﬁ'g?'a‘?‘? YAl plangligatian, eplishing.\eteel ect i vel y) #he "

; i i . er e
o P Eol e Ere e BNk af Phbndhd 3y ¥ Bifielorone
or bpr eiifases deubel bopded tso paute iimpraveetheoquality wAtthe bonding.
T ON R A s T L e L R
mategial sel et ithe|fjmeds ineg @ieS1ER iP redsapiddlly sisbR¥RY fdfh the

' o d by th
reer Mot AR AR TRl ot PinalSerdoan e tefesers er

ianplt el 2 '
0 nerer BB eAe 20, 600 R 9O

dur‘@ﬁﬁtﬁ?eﬁgg@\é\wegl?&ﬁ%bg Y igRYing at lgastame podionfehe protective
material 36' deposited on the front face 1 of the wafer 30 (see figure 4A).

A heat treatment suitable for increasing the bond strength may optionally
be carried out after the bonding, for example at a temperature of between about
200°C and about 350°C for a few hours.

The receiving substrate 40, in a first embodiment, has a bonding surface
whose area is greater than that of the front face 1 of the wafer 30. The film 35 to
be taken off then has an area less than the receiving substrate 40 onto which it
will be transferred.

In a second embodiment, the receiving substrate 40 has a bonding
surface whose area is substantially identical to that of the front face 1 of the
wafer 30 so that the combination of the receiving substrate 40 and the film 35 to
be taken off has no visible peripheral step. For this purpose, it is possible in
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weaker than el sewhere. Figure 3D shows a stage in
whi ch a receiving substrate 40 is bonded to the wafer

wOQowrm17t3 front face 1. It i s advantageous t oPOTEARANE003071

one or both surfaces to be bonded prior to the bonding
operation so as to make thege surfaces nore _
hydrophilic and of better quality for the bonding. For
exanple, it will be possible to carry out RCA

cl eaning, or plasma activation, or chem cal cleaning

pagigylad t@narrydxubemudable reafirey opéreﬂm @hiﬁ@%@Vll@@E%bsftrate 40

I
prifh BRHAR o sRB0SE BistkHing Walrea it o iy daroenthaor the
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it pagsikiedo zligyinate mnwmizmgny ayausiomyonhd (mom:e:ns&er@d Zd%eRon

ey B3 Plodeh NN BOEYSE B SalEl 2 TR R
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t e sopply of repieedyh SRy aPtthemal! Andsr ?r?écfh'aﬁfégp%e%/ Qhen
t he,, bandi ng, exanple at a tenperature o én :
all é@ﬁoﬂ@%@éﬁ% IngpEHeBMRC3? de be iretiemand shusTheables the
filmr 38 &) Né R@nsleb@brAIng tfOwaldd 3 diltb e R %&Mﬁaﬂg%%& ?Ot ad

baondi ng surface whose area I's grea
thereieyigttooseduce the streturb@ shean imfigurkidEn 35 to be taken

0 HENARG? IR 381E o2 <A o B TR e bl Beporite

layegmjgde 8é rinsulating met&ﬁal/mg pmhsea ateaNl ééhd hﬂﬁt Wafebtcao@d?l?wkgtthe
. i dentica

B SASAR S SHLY KL s Sutiton

inswaobsmatturey of the receivi ng substrate 40 and the film
eri pheral step. For

3%”50% L@kgﬁng fsi@gﬁﬁgg f(f)ftﬂvﬂlegér‘ glfsgﬁﬁf de iN erdet o elimingteoany
rou@wmstfﬁ@hethé QetadhBdRRIRE! F1theRiih ™S BREEL WA this surface
one ol#ﬁléhr c?ttjaellt;lo

Referring to figure 3F, the wafer 30' after taking-off compriseés a front
portion 310" amputated from the film 35 and a rear portion 320 entirely
preserved thanks to the presence of the protective layer 36 on the step 31.

The protective layer 36 may possibly then be removed, if this has not
already been done, for example by etching, optionally selective etching.

This wafer 30' may then be optionally reclaimed, so as to be used once
again as donor wafer for a new film taking-off.

For this purpose, the front face 1' is advantageously treated so as to
become a bonding surface of sufficient quality to ensure good bonding to

another receiving substrate.
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prior to bonding, or to choose a starting wafer 30
that is slightly larger than the receiving substrate

woQo@rd7te carry out the suitable routing in SBCIIB20W&E§03071
that in the end the front face 1 has an area
substantially identical toizbhat of the receiving
substrate 40. This second enbodi ment may be preferred,
as it makes it possible to elinmnate or nminimnze any
excl usion zone (nontransferred zone) on the fina

pr tfdhlettremmaht n@olves tiihe ue et clsgraical spatses! thy pH’r@ct]vfe layer
r f) ch?xcl usi on zone_woul d be generat ed
36 'ﬁ% %&rtosft’fo &€ FRATROTP a0 ﬁ&éh%wéfefrf%} @md i pesticular
thd  stopan "ebrtiebl Wiip31 £ 66k %bﬂﬂ)rﬁél%ﬂ@ﬁtgnﬂ@m i SRRl t%{qgﬁk

such as thermal and I cal nerg
The| Tatiat ab theo Reetestivet Rken 3 man hyszumehaeert foritaishpurkese.

Ca@é‘ghémé!'%é?r ﬁ‘)% Be télb%le{o dr%@é thg pk? tgé \?ea &Sr&%g qglt]]&ohas not

he waf er O ont recei ving'su
all’@wl@aﬁr@one} bpfordmlm@etohmgstructure 50 shown in figure

em conduct or
a2 et o T8 Bl st 29 b (e Berihichewady mpans o
an reptitexiablgrowth pnols dent heterdenrdabs! waf 83 t§0re@é‘|%tth§ hewly
substratfe 40, the structure 50 obtained is

IR ORI SRR e L REGe & Gt Supvaasent Bim faking-ofr. This
ep;@p@lrmmbpﬁdrmll§bterweéécw%y@ﬁoﬂs'h %t@ﬁlﬂé g@dache .

order to elimnate any rou nes romt
s d?fsaf@@“%ff’ret prefarable tothaye %Péemrﬁmfotaﬂtlse fayef 86emade obéin

ameﬂﬁugqﬁét’eMl s ?Ta?rtﬁé @Pg&@ t%k?éjéf%[cé onl)% Bg gﬁ\%f ht Bde 1" of

after taking-off conprlse por
theawaigr 206 carid- bet alse dn the $BpA1d Thusear thiochse nthd28totective

e of the
P8 SRS B8 R SRR By i
I dpenrfi rSBembpdpw&i; Meym’(mmtam foermafpair;]ng ﬂwetrhéx?t lﬁﬁtls
carﬁé gféﬁré;c?&tag%fﬂbé tr L or exa f D tf%%e?, Itlgg}prgtgctll\?enl%yery 36
hasaalteauyabéen foreka) Hie(ﬂf th%ols&ﬁ)t k8, Qﬁe&?ﬁﬂtémﬁg fﬁ?f{;dtlanéb? the

nor wafer for anewfllmtaklngo For
pro ﬁ%?@er fe front face 1' is advantageously treated

SQn &SfirktOparticular case, the new implantation is located at a depth greater
than the height h' of the step 31. Thus, after taking-off, a ring in accordance with
what is known from the prior art (see in particular figure 1C) is again obtained,
with the exception that the rear portion 320 of the wafer 30 in this case
remained intact.

In another particular case, the implant depth is less than the height h' of
the step 31 and the taking-off is then substantially in accordance with the
taking-off according to the invention with reference to figures 3B to 3F. In this
particular case, provision will thus be made to route down to a depth such that
there is a means of lifting off two films from the front part 310 of the wafer 30,
without encroaching on the rear portion 320 of the wafer 30.

In a second embodiment, a further routing operation is carried out so as to
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beconme a bonding surface of sufficient quality to
ensure good bonding to another receiving substrate.|f
woOho@/ir@at nent i nvol ves the use of chem cal spetiB®)6/003071
the protective |ayer 36 may serve to protect the rear
portion 320 of the wafer 3Qg.and in particular the
step 3 1 (vertical wall 3la and horizontal wall 31b),
fromany chem cal attack. The nmaterial of the.
protective layer 36 may thus be chosen for this

mqraamthe h&@hteh' shthd step lsertathe regt aakeimpiandfigd e siiisce
er 36, if this has not already been

lPB? g" %r edah i the nexd helobhe therster A1 31'@)8 mstthod of
pré;iimn\gétﬁerwa?@r 8@oit RRMhOSH HBéé‘rlb%B%o% WP RstehncBNg f digpres

rowth on its front face treate soa

‘}é@&a {E‘éﬁ{aﬁg"%\m the iregs104 theserogesmios tm@@@t afl_(rl]rigaofft he
Py 05 & anft T BAPRIEBbIaL bacll' A RO b Oy i SSuelle e of

frogt sanne M@fetrr?& afhictehas aefperiahérl smprmwprocémé@ Rcording to

ve layer 36 made of an anorphous material so
thé)ﬁ%ﬁﬁ?le epi taxy takes place only on the front face 1

of Refegringatoefiguse's, tleateight ofethe Gte31 iethsd RBfer 31} IS-QE'JHﬁ that
ective |ayer 36 also fulf

the, faHAHET 570 of M Bifieeionis SErfistant ok B renmsaniply take oft
onel @Dﬁﬁjré s thePefrorh | Wito R WAL T8 Rute bBRvdLIPL {dnarbff

aring the next t aki ng- o IS carrie
t|r embedimans of thist stept3Tofa tauding rcmﬂratﬁ(m:es banrrbdenut

I e r
a"‘f‘*ﬁ?i@??'%t EEeABoREP BOLE U BF ShRETE Gorff o ver
SU'EﬁQﬁw&thve | ayer 36. In a first part| cul ar caset ht he

t. r.eat an
¢ neh, BBIEARRt e fLUETBRRS B B heipep HerngSoepcn
takingrdffig i n accor dance wth what is known fromb: he p:rjl or
. ' I £l 1 agai n obt ai ne
o LR B o el i
suasabsive 3lns weify Sapﬁdlﬁ%ﬁdeﬁ'ﬁiW@aHéht@ﬁtwhﬂ@ sﬁﬁ‘% ying the

articul ar case, the inplant depth is less t
do "bqf?r#i- of the step 3 1 and the taking-off is then

S Uhstiinbad, |fﬁe'h [3rc5'i&':~fé’c§?/%td eF GM@HQF&QF% lfét@ cﬂ{ |06 Ihg rear
porg%s gg%{fgﬁhé ?ya:fq:regé ne:/n%nlnl particular protects the subjacent portion 38
from successive atom implantations to which it would be subjected otherwise.
Thus, if this protective layer 36 were not present, the subjacent portion 38 would
become increasingly fragile as films are progressively taken off, to the point
where particles would be detached and contaminate the front portion 310, the
lifted-off film 50 and the receiving substrate 40.

Thus, for example the rear portion 320 of the wafer 30 may consist of a
silicon support substrate followed by a buffer structure made of SiGe having a
germanium concentration that progressively increases over the thickness until
reaching a concentration x (of between 0 and 1) on a determined surface. The

front portion 310 may in this case for example be made of an epitaxially grown
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particular case, provision will thus be nade to route
down to a depth such that there is a neans of |ifting

wohbortoresi | s fromthe front part 310 of the wataB208€003071

wi t hout encroaching on the rear portion 320 of the
wafer 30. In a second enboggoent, a further routing
operation is carried out so as toincrease the height
hlof the step so that the next atominplantation takes
pl ace at a depth of |ess than or equal to the next

S|1h<aeg imatefialt the cnepniBation X bEwhhh® duidtamtiafp dddritigal 88hat of
i’: (%r tah ff descri bed above with reference
th“t%‘afﬁfrt?uP%%S %‘;t("lgg %gu ﬁ%ogfbsﬁt@@cm hufter fayef. of the

pr pceseched eHBo‘élﬁé\ﬁtofttﬁg's'f% 8 fof fg ghﬂéJBeﬁ’leafr&’i’tgﬁgrtl&E?WO

rticular cases of filns being successiv

ha$ E@ﬁﬂ‘ rEded irsthgdear pation \ﬁﬁpctﬁ\lm&snta)qmm @%haﬁngtae?néller
g to
arch el B REr 5 1308 < lt® ahd BERIRE, i S50, pbesrs
thhgutsdcibetngatabshlgtdly dﬁ&cepeanyl dm cSa‘rQ/ m‘uﬁ t mf?mjlﬁdneﬁord@n
e o e or
opGlibh R heint SHAFIS sh8-<x18Fg STenZl 1o b3 GoPut el eriniant of
theemmsfe:akd fiitm fi 700 Arfom e&ampte embpénécsmr%oooﬁ\é Cdcf; :aﬂrﬁstgmﬁ‘@ layer
arried out a
ang Aot S0 A Ao SRS B0 Tha bRt pertian 340 o tous bptakamar
an e danéwwé%bh@npﬂa@mm tra%ﬂ@&!?rﬁ b & Ié’%rﬁg}?c

er. 30 i S Si recl ai ne &n each taki ng- of
\Aﬁ'(‘%a'@fﬁﬁ g @.eeoncg‘\f/fawpdm@ntanﬂ the e_sten 61,eﬂme bansling stagéemay

o T oD o P bo RN ey PRSP Gaihg PRt e or
bothhef thengkriareseto B8. bendedh eftreomafert @ prodncet is\/ﬂwdrﬁ}bﬁf’the
s SRR GO L o1 58! B 2 S N2 e T
exapaple i hynb@&inﬁg a@nfrentcpetion \3& Oz | dfmeﬁikbat$|Gé§ FeFerii Crar
exdghff el thrc e RS geSerhetnin 'FiY 0bAB00 dreoreeiset dvre for
refepem‘,e an pAfticort] GisPRERABOI ALY Sé%ﬂré@]c)édfﬂya&élc\ﬁlﬁoﬁaefﬂohgﬁg,
pr ssjvely taken of f, to the po

thaffs o B2y 86 Srbla CPrincley e FRic atple. oo drisRa A iiskhessstl
haveobéérPfordiddd oh Re front portion 310 (the relaxed SiGe layer) and an
oxide bonding layer, for example about 1500 A in thickness, will have been
formed on the rear portion 320 (for example made of bulk Si).

The bonding layer formed on the rear portion 320 may also act as a
protective layer 36 on the horizontal face 31a of the step 31.

After optional heat treatments, with a view to improving the crystalline
quality of the transferred film, this front portion 310 may be thickened up to
about 2 microns. After this deposition, a wafer 30 as shown in figure 6 is
therefore obtained (without having carried out a specific routing operation).

Optionally, routing may then be carried out, over a lateral distance (for
example of between about 1 mm and about 3 mm) so as to produce a sharp
contour on the step 31. A protective layer 36 according to the invention is then
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lifted-off film50 and the receiving substrate 40.
Thus, for exanple the rear portion 320 of the wafer 30
woaymersd st of a silicon support substrate foPComBEOEH03071
a buffer structure nmade of Si Ge having a gernmani um
concentration that progresggvely increases over the
t hi ckness until reaching a concentration x (of between
0 and 1) on a determ ned surface. The front portion
310 may in this case for exanple be made of an
forgpsid axi al |y grownSii -xGex material, the concentration

IS, subst enti caI to that of the
o ElonPEr sl @ el oithahas SHan oritachevas dufeigrtuch that
thdotrbﬁe ohiayie810 kan Brewae ndver & t L
e ure 6, then?rront po?ltl onqgéngﬁhtggfn edgﬁa i mg t% the

meeHgoQ g/g;h%fttt]eg}g nengssanyite royte ftbehueen gaclstaklrlgamﬁ ng a
S n'Fhé %n%@rﬁoﬁ '3@6 id %%851265 it A9 é%%?prfs?ng{)%fe&laate Vi8Vers

bondi n sai d st ears W t hout
of afissdina @[@I (ﬁé@,e&t&aﬁﬁc,t IﬁAds ﬁﬂeyamhtayars aitl s¢comdlahaterial 39a,

S T T TONT 2

ponttloalﬁﬁeofrﬂad Wafermand Befbré réoinge TSB! B .wilvbk fpo@brmg to2R
and about 1500 A of bond

ot paiff ST GoRFitiRg B ScresSiD ofg CeraiersdSimiian, ate, %o,

34é)ndrid alsudessdiornef @ésﬁdﬁnll{ﬂ gtralggélj h’ﬁ%tﬁf'{ﬁr?iy% lsgége'(gyg 39b,

f le S Cu
39 ?r%%g ﬁ%t %\Sle?grﬁt% ﬁeté?()r@![n Vi @@dbbrmidng areabgiwaey 0 and 1
resbé@tﬁ\}é%ﬁ thBSe flé?fé??tﬂe%b Qfovih R ﬁ%( ?%/ Ifr?ﬁf‘ihémgeﬁ' Sdrtion n 320,

I nsul ati ng materi al on~one o he' surfaces 't
inclydingaaySice truiéendayes378Gnor  bulls &l siisparh subsifate B?éa

S t uch as a wafe pf
t na G EY SEEe AR or B e diiNeg s S Geive taicho-
offspdsmay dll’rerfeﬂsﬂenmie:amrﬁed eiuﬁmd*mﬁiia(ﬁe)sh mxelayerng&t rso as to
e, described in FR 02/ 0860
theféé@%’r)%%P 5? e r']ehtg%rxl:s‘(% roP’V etpgrsgﬁ@é:enq Fraed Sulsy 'aW|(§99)
ontm@h@rec&@n@gulﬁ&raﬁ@duced by oxi de/ oxi de bondi ng, that
an oxi de Bondln ayer, for exanple about

1§quIA CHEIPIR R& Reswible ip| freat e shiuetHre spmptsing thenzeceiving
substrat af@ théNlifeof kiliss &6 |a%.xﬁd éb&‘?/el @r}fg g)o%&ﬂ&w 3 the Si,.

oxi de bondi ng | ayer, for exanp e about
G IRYSE e aS twaﬁlﬁsﬁalb@‘é Bl iGerBil-y&e-ohdnsudator pimmcttum

32@5 égoaﬂte %é@%eoélagﬁé,?@%gmdgmg r%ﬁaq} g%ol gé,/ in the

fornme e Fear porti
end to obtain a strained SiiGe,-on-insulator structure For this purpose,

selective etching between these two materials may be carried out.

As regards the remaining wafer 30, the taking-off surface may be
reclaimed so as to preserve at least a portion of the layer 34e into which the
atomic species were implanted, by means of a polishing or chemical etching
operation.

As an alternative, the entire remainder of the layer 34e is removed by
carrying out selective etching between Si1«GEx and the subjacent SitGey
(layer 39d).
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protective layer 36 on the horizontal face 3la of the
step 31. After optional heat treatnents, with a view

woaoi7pryi ng the crystalline quality of the PCT/IB2006/003071

transferred film this front portion 310 nmay be

thi ckened up to about 2 niggyons. After this

deposition, a wafer 30 as shown in figure 6 is

t herefore obtai ned (wi thout having carried out a

specific routing operation). Optionally, routing may

t hitrshoaldche okt endt, th@\{:ﬁéte@tl\}eala?élab(idrh§§/ %%e ot the rear

et ween about mm and about rms) Sso as to

HP@%O&@Q@E Qranslin @aftl@tﬁ@r Hecien 31, (Vﬁrtpﬁbwektﬁﬂaeand

hoh@drﬂél %ﬁana@qeydrreﬁq téhchhﬁ?érﬁ?éggtdtt%'&k' %L\t el 'E“Eﬂgglg for

Figure 7 illustrates a wa een ro
prqﬁr@rngﬁuﬁ:éuegﬁppé@mﬁ Mdpain nan@:lﬁarchﬂclmsem on 310 can

PL\%RHS d}%‘?ﬂ&f@rlhg %é %c@ﬁ t Akl @gee fgg?(%%f%or dh}}%JIlu?{rated in

figlet iveein ohasén take rguaf fo. O §d51 ¢hdt lﬂwtstraﬂéti I,Gol Gayeds Hayers

tely layers of a
398 T 3nkir 2 08} SlrmodARy Rl Bgs Jnc | ayer s of
a Metogeharaligrthalin@don %Qﬁbt liged tS?&%t tﬁ@@)(ambiégsrﬁentloned

being initially formed by epitaxy Starting fromt
aboweyr Iy BRRticHiarDe Wafer B0 hdIot NeaeRFapbr pioke eﬁdjbvmgprotectlve

lay&P 88 fointed'bh 'thé’%téb%?' *B'u?eh% Y&aﬁY ft){}:%n&f @@%&8@ féﬂ:gble

consi sting o sticcessi on . of
of puptectipg dhe sbeé)31afm@namtamsém on of eI astically

391(;@“,'§? atﬁg?éld& \b f ersx\gﬂ%r# ?/]P/&I biegt a%(ﬁ?f amgy%&‘%ggwed

on Ghaustepl31 esdng timplEniationh&his maslenmybthuegaegd@%ghed so as to

itaxiglly fromthe rea ort,io 2 i nclu
pe@RER e batdail S lereh tprroun O ia o6 Weaknahs. 32
bersaaah i ronf faichet sﬂmeewgfev Goldﬁéﬂ t@nér@t/émﬂ&né fonPFRRANGNEe
ccessive t ngoff t herefore be carried out

Ste\RA "thi His,mask maycps, o 'e(vgﬁédthstbeampiaﬁt%@w level with the

‘waftrepapeat dieintdraeeffE ey t h the subj acent strained Sii

-yGey | ayer &39e onto the receiving substrate 40. It
wi In a speend glerns. vew@%th@d of peoteeting thensteptduangr within the

corﬁ@ﬁ%'ﬁh?l? ?.’h %&ggh%ﬁs Q?sgélgf%lisog\?ﬁvi aﬂr‘ tbté%rchet scan one or

[Tfted-0 a portron o
more wafis Momgymredsterramed qnaﬂbisansmdathass peadedernéd path is

deteﬁ”ﬁﬁ\)é/ %'o' that/ ﬁ%yIOqu réa%% n?y fie o r{tlfgéeu!i of each wafer 30 and do
not reach the step 31. Suitable means for controlling the ion beam and/or the
moving support for the wafer(s) 30 may thus predefine the path of the ions on
each wafer 30. Thus, the scanning may be automatically controlled, for example
by predetermining the path using an automation computer program.

Of course, a person skilled in the art will thus understand that this
invention is not limited to the case of SiGe and strained Si, but may be applied
to any crystalline or noncrystalline material, in which a taking-off or an atom

implantation according to the invention may be carried out. In particular,

~ crystalline materials may be chosen that belong to the family of 11.VI or L.V



As an alternative, the entire Sii_xCGe remainder is

renoved so as in the end to obtain a strained Si
wopamyHomw3i nsul at or structure. For this purposeCcT/i1B2006/003071

sel ective etching between these two naterials may be

carried out. As regards theorenaining wafer 30, the

taki ng-of f surface may be reclalned SO as to preserve

at least a portion of the layer 34e into which the

atoni ¢ species were inplanted, by means of a polishing

alloys caneiforc dbped GhategialRP8hdbt tRatefisisathat! ihQLAA %éfson With a
remal nder of the |ayer 34e is renove y

Coeﬁ?'?tlﬁ%ﬁ’@ r@@ﬂ'“gﬁo&ﬁb%@ﬁ&ﬁh@l%@%\een Sii - XGEX and
the subjacent Sii -yCGey (layer 39d).1t should be noted
that the protective layer 36 may al so protect the rear
portion 320 of the plate 30, and in particular the
step 3 1 (vertical wall 31la and horizontal wall 31b),
fromsuch chem cal attack. A material suitable for
produci ng such a stop layer may in particular be
chosen. In one particular case according to the
proposed nethod illustrated in figure 7, y is chosen
to be equal to O so that the strained Sii -yCey | ayers
(layers 39a, 39b, 39c, 39d, 39e) are nade of
elastically strained Si. Mre generally, the invention
is not limted to just the exanples nentioned above -
in particular, the wafer 30 is not necessarily
protected by a protective layer 36 forned on the step
3 1 - but extends to any type of protection capabl e of
protecting the step 3 1 frominplantation. Thus, in a
first alternative nethod of protection, a mask may be
provided on the step 3 1 during inplantation. This
mask may thus be designed so as to permt only the
passage of ions intended to formthe zone of weakness
32 beneath the front face 1 of the wafer 30 and to
prevent ions fromreaching the step 3 1. This mask may
be | ocated level with the inplanter or level with the
wafer 30, or at an internediate level. In a second
alternative nethod of protecting the step 3 1, and
within the
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saﬂefflﬁrﬂglﬁﬁ deftpinfiel, 8k %HQ @|dé"'

context in which an inplantation systemall ow ng an
ion beamto scan one or nore wafers 30 along a

wonedaierns ned path is used, this predetern negCpaBivoe/e03071

determ ned so that the ions reach only the front face
1 of each wafer 30 and do reach the step 31.

Sui tabl e neans for control ng the i on beam and/or the
nmovi ng support for the wafer(s) 30 may thus predefine
the path of the ions on each wafer 30. Thus, the
scanni ng may be aut omat i g control led, for exanple
by predeterm ning the péQ%QUSTng an autonmation
comput er program O course a person skilled in the

P v arebod it PRSI S b ROl o PHSRSERS flBkgrics

opies Wb‘)@@hb@ ShANing rfjesh adnl IlrﬁiﬁaIOWafwnWhydt #ldudes a step of

materi a in V\,hlchatakln off

implastiag afanda sResirsdiliiguel one 9fn ? s Hg]yth%e'ng'é‘ll rWefgr

%ﬁécterllibq‘zlﬂrtﬁ%tctrlé "Meth&d M&hﬁh&éé‘lﬁeﬁ’@ﬁcﬁ%h@%ﬁag@gb’ be

osen t
xa)lfomanatuonysafam@tem oﬂdgt&nmmdehe@hts aﬁ@\\d?dothm?%ﬁ’h%s()f the

Sl B Ry PeSUEF s L PG b

a f mesanithickmebscfftios r@[bpfiheaﬂafens in el ectronics,

OBl eedon 3 seRCER agbBht ARl cif%hc?rh%'ssé’%eésand
t(By Ph@Antanen of atohdic kpeeiss airotifiie tha ifsdeabf l‘hafvmfer having said
characterized in that the netho

f ol PloRi £Q a8t fre: ar igyp! ?@Pﬁ&?[‘%ﬁ‘gafde raIaeS 'a?p'ant depth;

%%/ﬂﬁé iAp1ahteddhcd betheaiger and,
mean t hi ckness of er at the step being |ess

Ont‘th@nthﬁlﬁ§ld@eémthmln&nlﬁ§§§Z@ﬂet he rest of the wafer; (b)

protection of said step against the inplantation of
atom c species; and (c) inplantation of atom c species

thr ou?g'ne filmapradactorfettind amtlaimein thg psecading daim, slzh%rgm

s8] Rl AU B, ASHEERACH 538) Biom e

initeP hWaére dhd ditm Helvirighe snadlier aaeal tham theheulstie soi thet, dznce
the |

thgpa; WP DRODnRSTHIae HIhGER dF Y (RS G ARRTpage BY the

difBFdned as afdendiReeh i i and tHendubBtratesubstrate in order
to formsaid

2. Thef|I uctlon t hod

3. The film production method as claimed in either of the preceding

claims, wherein stage (a) includes the removal of material from a peripheral
surface of the wafer down to a determined removal depth so as to form said

step.

4.  The film production method as claimed in one of the preceding claims,

wherein stage (a) furthermore includes a thickening of the step.

5.  The film production method as claimed in one of the preceding claims,
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initial wafer, the filmhaving a smaller area than the
substrate so that, once these have been bonded, said
werep/oizéat | east partly determ ned by the di f PeraBmes/003071
in area between the filmand the substrate. 3. The
film production nethod as,glainmed in either of the
precedi ng cl ains, wherein“stage (a) includes the
renmoval of nmaterial froma peripheral surface of the
waf er down to a determ ned renoval depth so as to form
s 4 i b | aimed in
whERIA 478 Flteit i g B B GO HIQHDIITY 280 oy °
furthernore includes a thickening of the step. 5. The

fil ti th .3 i t he. ,

Br co daeaaraRaRERBoR Seriaog) el g PrecBingaeims
wHeRsin higé Olfferdiad peviiuel wenl bfectéd tolhdilrhithiingotichperatam,

nmet hod as clained in gne of the, precedi ng clains,
theneaTen hareeradieuinghAsTi G BRITPIBE e T8l F5og (@)
in%&ﬁ@ﬁ%é?riegfé?%vaqgﬁlﬁé g, the wafer therefore having

n a peripheral zone, wherein stage (a)
i ncludes the prior renmoval of this ring. 7. The film

r od i [ i f ot i 018

0 ai o TATE 0 Re B8 g ARDrR o hE pRieatid géims,
wHeeéinghe beight &f thiectemisathosen es beingTatmut it Imicianoeiuveteon

net hod as clained in one of the preceding clains,

wherein stage (b) is inplenented by formng a

rsﬁ ot fewTeI fil@ ;brgwacticﬂxmeﬂdidr@ @aia’reldaih dr?asfttheﬁ'rei:%ﬁr@claims,

The fil m productjon nethod as cl ai dn the ecedi n
wharainstagm &)dp Wk@eﬂt%{ Ex??f%nql ay%gF‘%CEV? [RYST Pg{%‘?@w‘g over
at st Bggsigse (b) on portions of the wafer that are not

' ocated on the step. 10. The fil m production nethod as
clainmed in the preceding claim wherein stage (b) is

igr:rglt glszeml@d?rjoﬂu M mBtHMRYast dainddnR thé breRamy Ghint, Mherein

ayer fornmed is on average substanti al I%/
the gratbctive layergs dauseformbd duting stage (b 0B apdioneef Hin walesthat

areEbb Bealf L IE T on of the fmpl antation: and of &
dept h corresponding to about five
10. The film production method as claimed in the preceding claim, wherein
stage (b) is implemented in such a way that the thickness of the protective
layer formed is on average substantially equal to or greater than the sum of
said implantation depth, which is that associated with the peak of the Gaussian
distribution of the implantation, and of a depth corresponding to about five

times the standard deviation of this distribution.
11. The film production method as claimed in either of the two preceding
claims, which further includes an operation to remove those portions of the -

protective layer which are not located on the step.

12. The film production method as claimed in the preceding claim, wherein
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times the standard deviation of this distribution. 11.
The film production nethod as clained in either of the
wouemmewadi ng cl ai ns, which further includes 2aT/1B2006/003071

operation to renove those portions of the protective

| ayer which are not Iocat%on the step. 12. The film
production nethod as clained in the preceding claim
whereinthis renoval stage is inplenmented by

ani sotropic etching. 13. The film production nmethod as

o ' val is carried
thoFslr% 'étﬁ?’&i?%gﬂ %rﬁent’eﬂfbyﬁn%ﬁ@%%ﬁﬁﬁﬁm producti on
rrethod as clainmed in one of clains 8 to 13, which

(B er ia A5 RPEGa oS oSrdBHSR BRARLT] offt Wifon,geic

reffovel iBicaltbd sut®yepalibhingeh@neaderdi ng cl ai ms, wherein
stage (b) is inplenmented in such a way that the
protective |ayer is a |ayer nmade of anorphous

r»m ertia ﬂrrilérodl]eﬁort heMd 86HBirhaMin&id 8fciafing Bab MBdwhith
the preceding claim wherein the protective |ayer

fuetbﬁlplnplydgs gister-efhremaving theinretestivenlpyer after stalis 0. BPSG
17. The film production nmethod as clainmed in one of
claims 1 to 7, wherein stage (b) is inplenmented during
stiageTlelilmbgradastiom metined a$ elpinded imone bkthermreeeding claims,

T Bab TP RS GEheR B RS L TR o E e e

laiyér raEéd obamapHodstmatbsal. npl ant ed zone is a zone of
weakness, wherein the nmethod furthernore includes the
foll owi ng stages: - a receiving substrate is bonded to

t’m? | i AR BrbdLBtéh Afetiditay\abRied MNHe PhstedingaBingYwhdiein

upplied so as to_detach the filmfromthe wafer in
thtarmot,;e@w@ lgyereairprises silioon oxkie. silicon pitige A3 G RT BESTHd
as clained in either of the two precedi'ngclai ns,
wherein the receiving substrate has al so under gone,
p’Hr or Thefilbpprtidugtionatedhachas claknetyingire efi glaimer 1 fo twihgrein

stage S(E)?gs? w‘u% eme%ﬁe@sdJr?lg h&XSe a(ciO %er'nggklﬁg rtﬁacﬁep during the

implantation.

18. The film production method as claimed in one of the preceding claims,
wherein stage (c) is implemented in such a way that the implanted zone is a
zone of weakness, wherein the method furthermore includes the following
stages:

— a receiving substrate is bonded to the implanted face of the wafer; and

then

— energy is supplied so as to detach the film from the wafer in the zone of

weakness.

19. The film production method as claimed in either of the two preceding
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substantially identical to that of the wafer. 20. The
filmproduction nethod as clained in either of clains

wa&o@rd7769, wherein, after detachment, stages eOY/IBW06/003071 .,

(c) are again carried out. 21. The film production

met hod as clained in eitlj%ﬁ_of clainms 18 and 19,
wherein said initial stepeight and said inpl ant
depth are chosen in such a way that, after detachnent
of the film there is a nmeans of formng a second film

i 1t at | . .G i £ t
oifibs B B HisRind pARGAEPAS ks LIS, pifr o banding.
maienelqamgtccﬁf similantathah@i stage ¢é), tSbeaSshOd}tﬁVGZQ borrgiagfsuriace

| ai d in either of clains 18
Sugﬁf@”ﬁ@y'aﬁntﬁ? M?ﬁ%ﬂﬁ ‘ardes one or nore times, the

foll ow ng successive stages: - inpl ant ation of atomc

species through the surface on which. the previous fil
wls d%@ﬁbaro%get%me@%%%%ﬁén sithgleaficiais 18 and 1

wHISEIhLAG GetagihdRYShgbe 1Hab I(bC?teﬁé sdainasdmensutsur f ace; -

a receiving substrate IS bonded to the inplanted face
of the wafer; and then - energy is supplied so as to

dgt ach, ﬂﬁ&éwdi}hﬁ&flﬂett wetermba it %ﬁn@@&’é‘cl@%s 18 and_19,

weakness roductlon as clainmed in
wttdtremmaademitmlgstep merghtvatmlr mld implat idepth are gin@q;em@q gtmh a

wih et st et SRS Ihy et i eh i B g dsiind
fllﬁnﬂlgy \A%g?ﬁﬂfa‘?zlbhedfyatdﬁﬁ@@bedeé ithrosightthe dnimhmémtcmm af a

er taken level with sajd ste S .o or
secend impigRt ¢erth Rssiham PE R 20 h}e Wﬁ@ﬁ\nﬁfggfgf%ﬁe%e? ‘evel
with the | ast detachnent surface. 24 The film

production nethod as clainmed in claim23, i\gln IQ %I
132 t i Be Sineprassiction mataod Ag CJPé'ES‘PHé“@Fth%% g, dS an

wljaxgit? lﬂﬂﬁte‘?m%saﬁﬁe ﬁp%‘?é‘ imds StheFofowiRy sh&%ssw@fét@gjes

ast o the successively detached
f41 mmamﬂaeme of stomicrepesienfhréuginihesusiace loarwhigh &re previous

fing a8 tahSd T gPD) ol R ko WaBee i 2CAAW ayer
beR&4t@Mthe @btdchment surface;

— a receiving substrate is bonded to the implanted face of the wafer; and
then

— energy is supplied so as to detach the film from the wafer in the zone of

weakness.

23. The film production method as claimed in the preceding claim, wherein
said initial step height and the depths of successive implantations are chosen
in such a way that, after detachment from the last of the successively detached
films, the mean thickness of the wafer taken level with said step is equal to or
less then the mean thickness of the wafer taken level with the last detachment

surface.
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step. 25. The film production nethod as clainmed in one
of clains 22 to 24, wherein a cleaning and/ or chem cal
webtadtingiedperation is carried out after detachremiBmbe/a03071
film in such a way that the quality of the detachnent
surface is sufficient to grry out a further bonding
operation to a receiving bstrate for a further film
taki-ng-off fromthe wafer. 26. The film production
method as clained in the preceding claim wherein
stage (b) is inplenmented by the formation of a
protective |layer on the step and wherein the
1240t etie filem payactiorsmelioo asagainhes! inf clpino2@cwihergint $ed initial |

st ep. m,t ents.used during the cleani
st ot B i dePae S CoRRYS T RN tagonS e, offed Sl
wal P e RichRhhreht atHel lastheFdhe @uw@smegc@@taameocfnmmhere

erein, after the protective |ayer has been forned,

Is eHecaps phjeraing @rgaiher layejr WRJ?HT@FIOFB @f ﬁmmﬁe%mes thfough
thé 6‘8 a@ﬂh?érit eﬂrfééee a aéPthTQéf‘s fHah'BrFHq%P&t theM&aH néaama@f the

one o wherei n the wafer
st@mrrprl ses an Sii-xGex |ayer on a substrate X bei ng
between 0 and ,1 , each filmbeing taken off fromthis
Sii -xGex layer. 29. The film production nethod as
@5ai ik ifitm gredodtionl mettodl8s tari@ied inheneioh daimswa? do 24,
nd then.an.el ast

Si| l I
WL Aegleantisy enyol ApEmE HoBlasranuot S SRS Bt after
deRedHR&Tt df 2fieh, In sucrbalwmsmbstwmquaity yf thef detaetheritranface
and the i Iantat|ontak|ng lace in the G?
s kuffelent Socamhaut # RS SAUENBORERTRG B e pdRPate for
a RPGePint takinBof fokthd vaf¥ier €i n the wafer conprises a

conposite structure on a support substrate, the
conposite structure being forned froman alternation

e, S the e ddd%@&? ug)d%@agmgead |h§h§[bF@de%ﬁ% Shiln, WHER¥in

I"ayers,
stagm@)asumalememied be tmﬁormabcm gf 2 pamtdo\‘e\@clayﬁarnm toet step and

BT 55l B0aL P B B sl P o

chingiEsl dyents used during the cleaning and/or chemical etching operation.

27. The film production method as claimed in the preceding claim,
wherein, after the protective layer has been formed, the epitaxial layer is grown

prior to the next implantation step.

28. The film production method as claimed in one of claims 18 to 27,
wherein the wafer comprises an Sis.xGex layer on a substrate, x being between

0 and 1, each film being taken off from this Sis..Gex layer.

29. The film. production method as claimed in one of claims 18 to 27,
wherein the wafer comprises an Si1xGey layer and then an elastically strained
Si1yGey layer on a substrate, x and y being between 0 and 1, y being
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at | east one selective etching operation is carried
out after taking-off, so as to at | east renove the

woenmindes of the Si-i -xGex layer. 32. A waf ePCTB2006/003071 .

providing a filmintended for applications in

el ectronics, optics or Optponics, which includes a
peri pheral zone having a Al | er mean thickness than
the rest of the wafer by about 1 micron or nore, so as
to forma step around the periphery of the wafer,

terized t ha
sufi BB FUEERly b Rdle FEFRARERRITOME D fe Shce.
layeei ng inplanted with atonmic species and in that the
waf er has a buried inplanted zone. 33. The wafer as
claimed in the preceding claim wherein the protective
@Y errhiSilfR B Rictienahelhed Sagrelaihedlin e off bRimefZd ta7,
claimed in either of the two preceding c
whergn Gt cpEnTEpera CTRASISTUEIS O SHRALL SRl the
COH‘*ptOHi[]éj% rubfe %I@D RifnedSfroméh ‘é{ﬁél‘i’xétléﬁ’ cﬁ'@lh {@éi( !a?el%nﬁnd

our rec cl al Ny, wherein the
elastidallyo$trainédk Smﬁmyajawrﬁe xrandsy i haing betwasn @m@ 1ay being

su§§tag{]%@n%lg%rgﬁgfr§£1 ! dngaC%ZIH‘FSD ?‘ltlnog"‘%glfn :@a%{ﬁ\ AREET Ge,

tridcturé co
layirystal line materials. 37. The wafer as clainmed in the
preceding claim wherein the wafer conprises a support
substrate, a buffer structure and an upper | ayer

st f iThiesTNnl prodilidtida ﬁ@thb@ aatdigimed in d‘teapdmtebmgejlmmTMerem

filmby Smart-Cut(r). 38., Th f d
ot st G0b g e RIS PRPFRIR S GRBER Tbpter SR plicd 8Fito

at] %‘F?‘emﬁé thy’rén'}%daerr o?‘ﬁ*necélff"@@xqayéf the preceding

arm erein e upper |ayer optionally conprises
S||-xGex and Sii -yGey > with x differing fromy, x

\;\%’d o rA %f&gfok?ﬁéﬁ@ﬁfhgo a9 ﬂwt%ﬁo%ﬁ%Ftdp\SﬁééﬁronQQn diB&ronics,

as Cla of the three preceding clains,
opiiee rozi aptrohies heihight mfudlelaea peephdral zeneahayipg ¢ Sealien @ean

thlcuness tlpn rr1]e| %(Sr%e the wa%el?%y%%ﬁ{ 1 lrffi}é(n%lh or more, so as to form a
step around the periphery of the wafer, characterized in that the step is coated
with a protective layer in order to protect the step from being implanted with

atomic species and in that the wafer has a buried implanted zone.

33. The wafer as claimed in the preceding claim, wherein the protective

layer is made of amorphous material.

34. The wafer as claimed in either of the two preceding claims, wherein

the protective layer comprises silicon oxide, silicon nitride, PSG or BPSG.

35. The wafer as claimed in one of the four preceding claims, wherein the

wafer is made of bulk crystalline material.
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36. The wafer as claimed in one of claims 32 to 34, wherein the wafer is a

composite structure consisting mainly of crystalline materials.

37. The wafer as claimed in the preceding claim, wherein the wafer
5 comprises a support substrate, a buffer structure and an upper layer sufficiently
thick to be able to detach therefrom a film by Smart-Cut®.

38. The wafer as claimed in the preceding claim, wherein the upper layer

comprises SijxGex.

10
39. The wafer as claimed in the preceding claim, wherein the upper layer
optionally comprises Si1xGex and Si1yGey, with X differing from y, x and y being
between 0 and 1, respectively. '
15 40. The wafer as claimed in one of the three preceding claims, wherein

the height of the step is equal to or greater than the thickness of the upper

layer.



