1 METHOD FOR | MPROVI NG THE QUALITY OF A TARN THI N
LAYER FIELD OF THE INVENTION 5 The invention rel ates
to a method of formng a dtructure conprising a |ayer
taken off froma sem -conductor material froma donor
wafer, the method conprising the follow ng successive
steps: (a) inplanting atomc species to forma
weaMRE®® ZoreMPROVENE TR WALTYE 0l A alkeN GinYR LAgERt h; 10
(b) bonding the donor water to a host wafer; (c) :
suppl ying energy so as to detach the |ayer taken off
fromthe donor wafer at the weakness zone; (d)
==l i : NBkap of f layer. 15 BACKGROUND OF THE
e of layer taking-off is called
9 Snane {iidnfiof relatts ® & nmtnod of fdrindea Skiutlued compribieg a
art. In particular, details may be found in man
layeq dakareffis fropha speN-soRduciakyhaiedal bl a stenpr waén the

r . .50 and 51 of the
mem\z/\(ﬁ%%émﬂbgE@Q%ﬁgﬁhgﬁﬁ%éf:%?s'{?egg%ﬁ&'o_gy: material tools
VL(§P ;mﬁ@nﬂﬁ@@ﬁﬂnﬁ%mcm, o RYmI@aEakhess eok®lin M donor
publi shed by "Kl uwer Academ c Publishers". Step (a)
may Wéferaatd gendepy sinple inplantation (for exanpl e

: f , - il ' f I

10 oyl BT Aho e 0i ARoGSRE D: L e ham cal

t yoesupplying cnertyedt gsltcrdstash itielaler faRBh dfFtiAIn &k der
energy. Step (b) of the bonding of the host wafer (of

wafef alethpayeakneage@anaff)  typical ly takes place on the
supface. of .t he do waf er havi ng under gone the
im%ﬁe{g}q tgﬁ?a[f)%f] éﬁ@fgr‘of a bondi ng | ayer nade of
dielectric material such as SiO2. 30 The bondi ng

technliﬁgues typically used by those skilled in the art
15 BACKGRQIMWD GF {Tind INNVGENTIRIN by ol ecul ar adhesi on. W can

SINE e, RETER HRRBG . O Gl 58 e Ryl o
thoseWkilleyl ihnbeBscireartcPah detalbingsy bd GURSIan mAyesbcaRtnts

Sons, Inc.) to
that have already been published, such as for example the extract on pages

50 and 51 of the work "Silicon on Insulator technology: material tools VLS,
20 second edition,” by Jeén-Pierre Colinge published by "Kluwer Academic
Publishers".

Step (a) may be carried out by simple implantation (for example of
hydrogen) or by co-implantation (for example hydrogen and helium) with
dosing of the chemical types to be implanted and suitable implantation
25  energy. | _
Step (b) of the bonding of the host wafer (of the layer taken-off)
typically takes place on the surface of the donor wafer having undergone the
implantation, by means of a bonding layer made of dielectric material such as
S0y, | |
30 The bonding techniques typically used by those skilied in the art
include initial bonding by molecular adhesion, We can refer to the documeant

"Semiconductor Wafer Bonding Science and Technology" (QY Teng and U.
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laygg,

»obtain nore information. In step (c), the energy is at
| east partially provided, typically in the form of
heat. It is therefore the thermal -budget (the
tenperature/ duration of tke 5 heat treatnent
conmbi nation) that needs to be considered to determ ne
the nrmoment when the layer to be detached will be

det duct
G8c iRy iy sEeRrtmhnRatgh oS, Magd abd ok dheo o
obtéif deSn®rmigfiendet ached Iayer bei ng made of
silicon), SiGed (in the case of the detached | ayer

bei lg sm(@)oﬁwegmemhﬁsmhlqastgarﬁailarr)mv'dsm typically netf@a‘gan

f th z Of f n tr
of ditcf5 PRI vk Wit F R % Rmpiaratspf Shrggip of the
he2® RyatipeAY cambmam&ﬁﬂ tr%t%edsawebe Qdristiersd ltb &fetérmine the
strained Si | ayer) (in the case of the

mef@eatwaen th'%?é’ﬁ" E’ebﬁhgeﬁ@ﬁﬁ@d ofill pedetashed) . 1t can be -
fos K Va2 8 SptAcodtonbh ol AT s el % foec

su&h rdsagie S@isstredtlirea(ith e caspiaf ithey detagiridalblénbeing made of
ructure on its surface, due especially to the fact

S"'Fﬁai SiteOl i(ingthamegeiod thefigtached dryes dising Masieed SarmABIUM
sﬂ‘c@h %Pg?\o?ﬁ{) %gg%ﬂh?lﬂaké fzﬁfé? t%%né'rﬂ%ﬁ df sfiained

n 1 nsul ator s ruc

SIIldDa)J r%@&(lnctabl sasecsinthe takembifdapastompfising 20 relaxed SiGe
20 detached |ayer

lay@f@h@h@amey 3 stpiged iy l@ws.apr ée'gmﬂr?mé ﬁgg? of fhe detached

_ Iayr%z%gﬁm%é%lg%%émgh . the detached |ayer 1), such a

onn crystalline quality. It may be
obs dr emrd be haequemdly detseoleeid tHad yefter Idetachmestest the detached

defective -zone 1A, this def tlve zone 1A conpri Si ng,.
the lagtes iy havieh gUlR e E9Ug ﬁH itags, a5 Walkd lower quetity

crfs@élmes?ﬁmtq%e ofl€ft& CinkRe? ‘é%l%illga{d Xh@a%cﬁ that the

t hi ckness of around 150 nm for n atomc 1 nplantation
nmphntgt@n@'emﬁel%iﬂtammmaps have takeaniage bafos&famdmy

el S8 LA L, A RiookE GRS Rl LRkl 30
shéWﬁaélﬁgfammfanbéw dIrashal lRvehdsti watdrep®f &vered by the

necessary to rerove this defective zone 1A and thus
dembagéamré by meanst of paetecticallidsalating la&@ﬁé),lwslcbfhas;én
its seYT%(r:or%c?uc?or parts(le the ‘detached layer 1) such a reductlon in the
crystalline quality.

It may be observed that the detached layer 1 comprises a defective
zone 1A, this defective zone 1A comprising existing crystélline‘ defects and
surface roughness. | :

The defective zone 1A typically has a thickness of around 150 nm for

~ an atomic implantation of hydrogen.

Furthermore, the implantation step mayrhave caused a reduction in
the crystalline quality in the layer to be detached 1. .

Step (d) of the treatment ‘of the detached layer 1 is therefore
necessary to remove this defective zone 1A, and thus recuperate at least

' part of the sound zone 1B of the layer taken 1.
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damagipgrEwhigh %ﬂi b,@]thet gfﬁeai Raly poishingdrersiised

- For exanple, it is possible to use nmechanica
pol i shing or. chenmi cal nechanical polishing (CMP) to
elimnate the surface roughness, and/or sacrificial
oxi dation steps of the defective zone A By way of
illustration, such a four steps nethod is described in
the 5 docunent US2004/0053477, in which a strained

siIi onI ayer 'tS deta?)heg froma don srgstrat ical
TsPiRNEesiids ARSPRlT 1§ 4ygme aé]&"a?é%"é i &, Degpical-

mealfarn@alt b@nsnm# QUMY @5 dlimihar e fRifacay RiughiBgs,sbag/or
conpri se renoval of the part detached from

saCﬁ%JCIBUeDXIéatlwrayt@ps@ithee@eafgcwemner e poI i shing the

S th t f th S
o it Wy SE VGRlralina Sueh £ %] slbPE abiBe b AR ssERRT ik the
ddcﬁni@fttUSQDQJHOOQSm ahnwﬁicnaé |strdifeR smiesh rager RY8étached
uality of surface finish, wthout too

frcrm gaqdanrar gubgfate demugising @ SiGaHUTer dayard Sirp (mecensiats of

min g FBLiaRAGB, YU SRREL oy B webr EFESMREGs e

rehmeadl b the ﬂ)@@&:tetaxﬂrreﬂl ﬁbrrdﬂt@@hﬁ@muay@rqw emearef of arface
bondi ng i nterface 5 (bonding carried out in ste

pofishing| thgesifze tthen cﬂ@lﬁﬁt%falet@h!laﬁl qfgthef Skie wlkhdyeamyp te the
str%ﬂ{etéi &l fg?/ gsr%kb%?ivg g%&f}gb [baetn‘nﬂe ifit a{rﬁ&k&dg)e oﬁ ayﬁ rfﬁauy the

bon

desfred eayér wmlwah@@odmualh? &lsuﬁac@fntshemﬁthbut:tdﬂ kigh a risk of
created. For an nmentjon the casg of a HF
ul at or)

t i ;

3 " i for R ch Bt Shing Gl MRS 09 ey 3 ehain

cabes tepd e adlbdast \piastal dﬂta]fnmemtq:troblemsu of) thenbamding interface
Si./ Si Ge(d | st t il S‘ On

(o309 500790 OB R ' Bopdas Qisie PP IR (G rmay

in(/t;l Hﬁ:h}értdéugﬁ l%ﬁﬁﬁ’aqo@r%%e'é@ e%‘i‘ 'i BSﬁ’dl\ﬁ;% Ié)@fe\ﬁihlcﬁns to

_ ternative at cou e env to OVEr cone
say attecl thd Iaé’mr wierewd ddwbHes ttyothelsﬂlue ef theestalcmhﬂerrg*eated For

BRI oS REGEROT ILodth b Ack ieafigenCap By SS0b it

| Sllfc‘éntél'?Iﬁﬂﬁétot')hﬁﬁudtdre%?ﬁpn% si® %@u‘r%dﬂﬁ‘ﬁd@'ﬂﬂ@e tsﬁfﬁlned Si,

de-lam nation problemand that the nmethod is slightly

or §h@vm‘p‘aj@m HehdtiuEAG traatmeme(rlﬂﬂﬁalbemgcthaw@bbmtms of

ool 4eifl L <8 shoedl Sy e ififed i Eii gce on

lnsrm@tag whetel el buridd SiGé GMdNGIQY RijeFRbrOMkeyM BS etched
necessary to correct part of the “major roughness

ungigi e sfeained §ulﬁ$’@fquent ly lead to etching that is not
An alternative that could be envisaged to overcome the last problem

would be to dilute the efching solution considerably so that its action is easier
to control. However this solution is not satiéfactory due to the fact that it does
not totally resolve the de-lamination problem and that the method is slightly
slowed down.

Moreover, this chemical etching requires prior preparation of the
surface to be eiched, typically carried out using mechanical polishing means.

In fact, this efching preparation remains necessary o correct part of the

major roughness which could subsequently lead to etching that is not
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IP.gpm @ifpedn sMaeh.alsd

4 sufficiently honbgeneous and likely to create
traversing defects or holes in the remaining |ayer.
Wher eas successive actions of polishing and chem ca
etching make the post-detachnent finishing step (d)
(as well as the entire sanpling nethod) 5 Iong,
conpl ex ‘and costly froman econom c point of view

A RS i, PGB8

th@@ymemm@tay@‘rc speC| es (typically by perform ng an
i npl.antation of helium and _an i nplantation

 hydiM¥bereas suicessive Retigns ofpolishing iand <i>fsernl§ale%0h6\9 make
nEEbHa by o 8 e B At e Hhpina mtpo

lorﬁ&@nﬁleﬁ@ndlo@@ﬂﬁﬂbnﬂmse@mmuctpmmmm I ower than
singl e species is_inplan . The total dose Ine

co- iltnisl Riher inagntionad thgbhit cfm gisp ymeasRirPesad ¥ perfore t

StPTE) of BRI, BT TanUr sB0LRh Amic, SpERBE (b8 by

petfoamanard e:hﬁgumat@nzafriaelum elhd ;wsmvmanﬂatlon op iyt iogehar This
| ows to reduce or to si [
Y& BETRIAETSR 1§ BFRBCEReaRalet G dem Ab e BRantation,
has [&%@ ¢
file n@ﬂ%%nﬁﬁmb%t%O ungeéﬁbrw : %P?tgggs%%é‘e?\g‘a%
mpl@htelydasyl:)@mm it Eedbsed lowdr mlamluheleadﬁmmg (s)slpamebes:nnpiad&d
avai e to the i c.on n the I site .
Th@ﬁowr%%e if %@wl@%ﬁah n thissheialy reRierests g@é&%@ doge in
S”{gfé g&‘p@gsgrﬁ ERtdtigRl antation within a Si layer, the -

antation paraneters that help mnim zing
r oudfmessls Ifrea*dtl'tm debreaserimiotabimpléniedrdasena detwass of the

defefSe zpe iackEperFathin RAMCRS HNEceLitecyr Bisumplity the
fmfsﬂl?@‘tr@étf'nér@y 9é9f®rn@étﬁaﬁ8ﬁdété@ﬁmbhv the co-inplantation
par aneters that lp mnimzing said defects | ead

to Hoovayesezs ttdmag rhe@9§how~m by frer Applicset inits Pérfpappfication

o 52 o 21, 2008 e P RSATED R0 EhTRPL AR njgheo).

ani NWRicHORSICARY RA$ B¥eASmBdehavallabRAtd $fﬁélqil.@l:¢: lgnline! ore the
t he above nenti oned B%le ens relating to the Br esenc :

_ fundeg refewgﬁﬁeb%COM@Oﬂ 833340, in
rel?li]:tﬂerp gcz gﬁ%h}pﬂm@{d@{ é héeﬁlﬁ&%%gﬁgo el{ﬁr §ntgﬁ'<5r’?tp'a95h19ters
thadl el P enifingBing Bduginfess Ibaﬁemh?é forheagien .of certain defects (such

as blisters at the bonding interface, or crystalline defects within the thickness

of the taken-off layer), and reciprocally the co-implantation parameters that

help minimizing said defects lead to increased roughness. In other words, a
compromise has to be made between roughness and formation of these
defects, and the recourse to co-implantation thus does not allow as such to
satisfactorily solve the above mentioned problems relating to the presence of
defects and a superficial roughness. |

A first purpose of the invention is to reduce the duration, the economic
cost and the number of treatment means during step (d), of a taken-off [ayer,

and in particular to stop using mechanical polishing means.
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-and in particular to stop using nechanical polishing
nmeans. 5 A second purpose of the invention is to
avoi d the del am nation of the edge of the bonding
| ayer when the finishing clgem cal etching takes place.
A third purpose of the invention is to create a
structure, such as a sem conductor on insul ator

structure,  conprisSi a taken-.of.f | a i nGl udi
or o st SRR i e yetiE € o i loe diaialRg o o
e e%a‘-thé\btaﬁarn@ha@rrvﬂ%ﬁnesnﬁi%iﬁa%ﬁeﬁﬁ@ne@hfmg’mbyrp@ce.
roma sanpl éd 1ayer of better quality Afifth
pur godhirdpurpese ﬂ%ﬁ’lﬁ inyentien tip tp cxeale arrugtita: isugh s a

oo oy R BB A RS b luod

m&ic R SkriEsAstepbl thh &t suith adstrainke Si of BiGayer t hat
can easily be incorporated into the entire sanpling

‘SnarA fauith pyrpogeds taetrake. susbvveiyciare fram asampiediayes of
b his iﬂventi on attenpts to overcone these probl ens by
tlef)SUg'Hg according to a first aspect, a nethod of
f or M fitth purbbse bl tiee GEtibAI iI8Joaelayethe tquahtitysof material
taken-of f froma donor wafer; the donor wafer

wasse whenritpating dhe takentefkiaygrof f a first |ayer nade of

a fi ¥ 0;.SeNM ct Q i

ana o SEUTRABY of ¥ TRy AHHBDies 'S Simp B ieth o
tre@ﬁhﬁ rthal tak@nwifokger dmatngars ensiy iduicorporateer irdd ghet drdire

met hod. conprising the followng steps: (a) inplanting
sagiipp el W® type msthed weakness zone under the

second | ayer;  (b) bonding the donor wafer to a host

wafer; 25 (c) supplying energy so as to disunite the
SUMKARYIOF ThFeNVENDIOM he donor wafer at the weakness

zone"_(d% sel ective etchi ng of the re gi%tgi n% Eart of .

t he THVS dfvantion, atigrpls, (s QEEICOME, there PEIRAS| BY &roPosing

i i risirtfa r

BORITLD 4 B B8 Bl AR oA R bR s e

thatuisf takenraiii drone s dohor vafernp dbe donommmafieatoenypriging prior to

ta@%é,{gﬁ 62 ggs%ztalyesrtr%gdé Co} a fﬁ'gp m\’é{r’c]éel_’rieﬁi.crr]mtsgrﬂe arrrne(gnhgogemiconductor

materials and a second layer on the first layer made of a second material

- chosen among semiconductor materials, the method comprising the following

steps: .
(a) implanting atdmic species to form a weakness zone under the
second layer; | ' '
(b) bonding the donor wafer to a host wafer;
(c) supplying energy so as to disunite the takén-off layers from the
donor wafer at the weakness zone,
(d) selective etching of the remaining part of the first layer with respect
to the second layer; ‘
wherein the parameters of the implantation carried out in step (a) are
adjusted so as fo 'minimisé the surface roughness which appears

immediately after carrying out step (c), and wherein the method comprises
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sten(G)

'6 noreover a step capable of strengthening the

bondi ng, carried out at a tenperature |ess than about
800C (1, 472F). Ot her possible characteristics of the
invention are: a step capadfe of strengthening the
bond is carried out prior to step 5 (b), and

conprises plasma activation; -. a step capabl e of
m?[)egcﬁfégté‘e‘ﬂeﬂ%édé%lé’%@%%g Rerff rth@"ocfﬂd‘ingaféaerhﬁ&tﬁﬂ at a
nd conprises eat Treatnent;” anot her step

-teommaﬂuee tfssthar abohe800T¢ (1h€72560di ng is carried out

R e
t

e S R S S g
(baranshcomptises plasmiaeadtigation;r eat ment is carried out at a

b oo Sl Beinia 5 B eha SRR ne B ndiias Goad B ater 38

(b?%cﬁér%ﬁﬂsé’s Q8iS hddtgreBfipbntt reat ment is carried out
after step (c) -and in continuity from step (c) in a

sarre anntinerceiep capa@ercefatreng‘éwnrr@medmmrdmgsie@aan@i ogll after

erat.ure chan t.he separati on tenperature

St%‘? apd & ;:tr@eisﬂ)ga gt}%ﬁtg‘ @ifosen for the heat 20

”eattﬁémeat treéfrﬁ@nt(@)cal‘rﬁa@@utrat@te%ﬂeraiuréibpBéﬂve@pﬁound
1,022F) for a duration can up from about

3586Cni66GrEL and eﬁromdr@OQ"fﬁdes?TF) tfnebewnc@lmﬂl?@ siinutes
e the bonding is carried out so that
r@t%rg)pg@q@{“‘g% (d), an energy greater than or equal to _
ar ourtde hieBt dreBtnes is 28rridd AUt & tempdigius@bfibstwdercaround
roughness whi ch appears inmediately after the step

550c¢ (4r22°E3 and raaw%ﬁ%ﬁ (héé23F) mmeevmeb@%?’%ﬁﬂautes
an%-lng ?48&(# 10(err)m , - the atom c species 0

ring step (a) conprise distinct atomc
eI enrehé heas treptri@)t ishoasrideb bopakiercstep o) ami ot comtinuitytftem

"~ CO-i &rgﬁgﬁr%géru%agg step (a) is a co-inplantation of
- the heat treatment comprises a single temperature change as from
the separation temperature of step (c} to the temperature chosen for the heat
treatment; _ ' _ _
- step (c) is carried out at around 500°C (1,022°F) for a duration that
can last up from about 30 minutes to around 2 hours; '

- the step capable of strengthenrng the bonding is carried out so that

'prior to step (d), an energy greater than or equal to around 0.8 Jim? is

obtained; -
. - the said surface roughness which appearé immediately after the step
(c) are less than approximately 40ARMS measured on a surface of 10 X

_10pm

- - the atomic species implanted durmg step (a) comprise drstrnct atomic
elements, step (a) thus being a co-implantation;
- the co-implantation of step (a) is a co-implantation of helium and

hydrogen;
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hydrogen; 7 the donor wafer conprising a Si Ge |ayer,

the co-inplantation of step (a) is perfornmed under
~inmplantation paranmeters adapted to formthe weakness

zone within said SiGe layerr and for the helium

concentration peak to be located, within the

t hi ckness of the donor substrate, nore in depth than 5

e WA AR SR IS el PO kB ERH bt stop
(a aéfeéﬁsﬁln@d @nd@rrmemg tors Yesamatdra! taaaptednmuﬁ:nm the
et ween 575C and 625 - the dosi n%?gf hel i um and

weakoesg aana véthimsaidrSigs laxeperd faréhg NielitmgconeenyaHer mgeak

o RS, T By Gy BB R s

 the Hyaa)q@t bpﬁéa@ﬂf@omﬁ@eaﬂmas@vmre af td@pttsttmm (tlde) weakness
[ .

crysta ne gromh of the second material on the
ZoBeécond | ayer to nmake the |atter thicker; 15 - the '

first f r

L1 Stk gha B s Brdfien W'Y Rrfah ity
cofpiiged Wetwsere BRHTC and BQSSmpport substrate made of

solid Si, a huffer stru;éure made of Si

| ayethe dapnoafhgliemmandhydiogen&re b PS%&S&SS%%@W?Y being

. armé g”ﬂfj%ﬂ{’aﬁﬁrm%m@hz 20 - the first layer is

Oof el'astical stralfed Si Ge and the second
| ay erafterdtepic)sitie rithowi ddesOrot<dompiiee durohanical golishing
conprising noreover a third [ayer made of Sil-xGex.
M&M¥er the first layer; the inplantation of step (a) is
al s yrarkdiRgd Ydn ebtré%rm&.%vér ra‘ﬁer's@é’;?'( (d). & @n@tybtanm@egmh
conpri Ses nor eover between st'ep ( ? ‘
of el seddndematfiaboo thegeadnd tlagelr@rmahe ﬂ'@ h@ﬁﬁt l'mk&rhe

ECNECAIRNE TSI e e

is ﬁt%ﬁb%f%[astl@aliypéﬁélﬁédg‘lrUCtUre made of SiGe, and a
ti-layer structure alternatively .comprising first

Iayertlse aﬂbnSr waf®aompnseaadstm@@hwbsé5aé¢ gnaggief gplid Si, a

oufieh, Sl Mg ks & MRt R oA B0 SipREK P angt o

- seS6NPEyBFMadel di@iraitedssep (a), the formation of the

- the first layer is rhade of elastically strained SiGe and the second

layer made of Si1xGex with 0<x<1, the donor wafer comprising moreover a

third layer made of Si1xGey under the first layer;

- the implantation of step (a) is also carried out under the first layer
and the method comprises moreover between step (c) and step (d), selective
etching of the remaining part of the third layer with respect to the first layer;

- the donor wafer comprises a support substrate made of solid Si, a
buffer structure made of SiGe, and a multi-layer structure alternatively
comprlsmg first layers of Siy.«Gex (x#) and second Iayers made of strained

' 8i, so as to be able to take off several times from a same donor wafer;

- the method further comprises, prior fo step (a), the formation of the
strained layer at a deposit temperature of between around 450°C (842°F)
and around 650°C (1,202°F), and the treatments used between this deposit
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*strained |ayer at a deposit tenperature of between
-around 450C (842F) and around 650C (1,202F), and the
treatments used between this deposit 8 and the

det achnment obtained at steg (c)are carried out at
tenperatures less than or equal to the deposit
tenperature; - the nmethod further conprises, prior to
step a step, of f ing a_ baonding |ayer on th

ari i Sethp PR SPiaest 4 a8 loBre RSt A EhwRATAIES toss

thaR¥ebqual 6B depbSitciibeahRper i cal Iy i nsul ating :
material, for exanple such as Si2, Si3N4 or Si XOyNZ.
Accortberfgett@dafugtbebﬁ@maﬁg@a;tpnqrﬁ@ step &b}, i2ostepr Jfesaing a

bogﬁm;ﬁll%lg'fngs}t :ctlgela dpﬁér \%{% 'fignﬁ%glftﬂgqto% vJa?érntH?egbc?nd:ng layer

coﬁﬁiﬂsﬁ@gﬁ@I&ﬁncﬁﬂyllﬁ%tﬁf@haﬁr’éu%ﬂéﬁamﬂl@ stieh elsdbing, SBN,

a third aspect he invention proposes a sem conduct or
or&k@&ul at or structure obtained after carrying out all

ar « EREPRHEETAGT bty 68 iRl loFRRRS g Bplyioaton

of MHd sdibie nﬁﬁﬁ@d nohdfording of $thstelenoforwetier fontntisn of a
structure havi a surface roughness of 'l ess than

segierRdustarasi oF €BicdHea surface of 10 x 10(err)m

L o D i Pl e

onGhbelatartetriatirer dtsthined afiar rmrrglim@ @tﬁt\tﬂhbﬁi@\esste[bs (& (b) and
invention will becone clear upon re

(¥ ol thevinatpode paf adigr arraeyinghe ﬁoatact ﬁgthez%kﬁa @i layersopith

thé’freprfa%lﬁpi @?rt”@f 'tt?éjsdo?*{ rl fvafed)! ‘ﬂ‘ﬁ QtYué‘tﬁﬁé ®aving a surface

non-res Ive exa es and Inreference to the

ro@grressdest Ia&samaarm)duMMRMS rrt-‘emure&j 4n shsueiace of 10 x 10um,
i ammati cal cross section of a sem conductor on

di agr an
a"ﬂrﬁs%@'ﬁ‘ﬁ@ eperacorgater damphequalfe @FOLt"Iﬁjeoﬁpjﬁl‘"‘lz-c ation of

a Smart-Cut(r) nmethod according to the state of the
techni que. 25 Figure 2 shows a cross sectional view
BRIBFEDBSCRIP TKEVI Y THEEFIGIWREBcant of a sem conductor

on insulator structure obt al ned after pI [ cat\lgﬂg
t he C}ta%cfdt%@cteﬂ@mn\ﬁérﬂtﬁ. and \gﬁnt@ge% Hhesdn@pgign i

be?ﬁﬁt@r ' | Yeddl tﬁJ efbﬁ‘t%mét GR&ikH @escﬁﬁfJFPdofOfthe

|nvent| nto astructueconrprlsmga ayer
appbdagionu of ngl'efétﬁecsrraethod:at()fr Jt. given by way of non-restrictive

examples and made in reference to the appended diagrams in which:

Figure 1 shows a diagrammatical cross section of a semiconductor on
insulator structure obtained after the appllcatlon of a Smart-Cut® method
according to the state of the technigue.

Figute 2 shows a cross sectional view obtained by TEM by the
épp[icant of a semiconductor on insulator structure obtained after application
of the method of the invention.

Figures 3a to 3e show diagrémmatical!y the different steps of a
method of the invention to form a structure comprising a layer taken using
Smart—Cut® | | | |

thure 4 shows a first time evolution of the heat treatment

temperatures that may be used according fo the invention, durlng the
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Figure 4 shows a first tinme evolution of the heat
treatnent tenperatures that nay be used according to
the invention, during the 9 separation step and
during the treatnment of theg taken-off l[ayer according
to the nethod shown in figures 3a to 3e. Figure 5
shows a second tine evolution of the heat treatnent

sepAvRN, S anst fuigng M vBsaS T o RE e RRr R rheprin to
th%&ﬁ%‘?ﬁ%haﬁﬂtin%uﬁéﬁéﬁk@-Off | ayer according to the

own in“figures 3a to 3e. Figures 6a and 6b
shoWigliregGarsiranisc al lsgcend itirse ewpludon ofctwr diesd treatment

t he i,nventjian. Figures 7a and,/b sh di [ I
toPSii AR Y B Gnel nReteIgg ot e RO bl ke
' Sst8d; r%bd@nﬁq 8fe frERMRSIRIYS the ASRersofftiayaradcosiding to
seggfégl;oﬁe% Eya TEMlo a Sri donor waf er havi ng@geen "o
the oigteed eHowo i figkred dotoi 3@l ant ation.  Figures 9 10 and
11 present,. surface ,roughness r eng ]
str UAUTERoR Bap R PRY SHaT IR s o TRb YRt o to
thEpRhtishng S 15 and Si Ge.- Figure 12 notably presents
defects quantification results for structures ,
i nclFiglrag 72 aak&h-sbow diggeamueaiipallysa sgeerd padantaacording
to %Ead‘ Si Eﬁo DETAI LED DESCRI PTI ON ‘OF THE | NVENTI ON )
a'ﬁ‘ﬁffe %t enbodi nents of methods accor di ng to the

i NVEMUres 84d,e8b 2Addss eepresenbetose, sattional Lieas obtained by
applications according to the inventio base

| Lo
TEMpé aSitdgion guadert havnhesmavkieciedtp)a Irlg/H %@“Pl@gpatlon-

{erial | ! . . . .
LSS, B 191 g, A s Smans
notabiy tonneirbetdre rdsplectigelpfifcladingi a $akdrayfénayieri somprising Si

Si 1-xGex (where x e[0;1]) and a second |ayer 2 of
and|¥SSi.cal Iy 25 strained Si froma donor wafer 10, to

tr a'l*?ét% fﬂ“ﬁﬁﬂatrb&c Brelasts d@fe?lﬁgcﬁ%gtiggé}%rnwgg%é Fbrtsfcﬂr‘%lctures

- invertion. erence to a donor wafer
incliding entpkeniofijaydrecdmpriging esspecively&dandfSiGel_xGex and

DETRLEE BRE A @¥TioRk SE THERWER NSt &l ned ST T

Examples of embodiments of methods according to the invention are

déscri_bed below, as well as abp!ications according to the invention, based on

" layers taking-off using Smart-Cut® in type IV materials or alloys, and in

particular in Si and SiGe. _
| In reference to figurés 3a to 3e, is shown a first method of taking-off a

first layer 1 in Si1xGey (where x €[0;1]) and a second layer 2 of elastically
strained Si from a donor wafer 10, to transfer them to a host wafer 20
according to the invention. |

In reference to figure 3a, a donor wafer 10, comprising the first layer 1
made of Si.xGe, and the second layer 2 of elastically strained Si, is-
illustrated.

Classically, a donor wafer 10 including Si{.<Gex comprises a solid Si
substrate 5 on which has been formed for example by crystalline growth a
buffer structure of SiGe (not shown) made up of different layers. In particular,
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. 30 dassically, a donor wafer 10 including Si 1l xGex
conprises a solid Si  substrate 5 on which has been
formed for exanple by crystalline growh a ‘buffer
structure of SiGe (not shoym) nade up of different
layers. In particular, 10 the latter may have a
gr adual evolutlon in thickness in its conposition of

STt S Ll e Bt AR AR oo

st%rﬂﬁ%ffh:frﬁto% &Y fle %o!fﬂagﬁs%?(lfmst%téﬁ@’f% @réuﬁﬂ 590%%’[%@%\)’9!
nmed by cryst I ne A second | ayer
of%@fntertfarae with tl& firsd la‘y@lr rfeciade ctf 65 ,fGexs(it alay prefarably being
a fi st case, the growh of: the second

fo’i”éﬁﬁg yfr)f%a[h’%ﬁgfoéﬂ but in situ, di rectly in
conty doqg 2bh§tr£:ﬂéﬂ% Iber edt d1etHd first 1ayay ¢hin 8ii 38,

a secon cas the growt e second layer 2 is
In adfinst easauhe @'cb\e’th af ﬂ"negsiacosd é@y&rf2 [ eqraedtoubin situ, difestly

in Goatipreisy obtfe Taraeh Shitiy o debolis) seranciiasgsdne
gr&fvtrﬁbf ihe @%ﬂﬁtléﬁﬁ%%‘fﬁérﬁ@ﬁ D al¥r aRighestep afsm@gam@mf ‘

ni ques such as Chem cal Vapour Deposition &h
therslirfavel et ther uiBtatlyirgpiadapiationByer e2hivrgesampigndy CMP

il.icon contained in the second layer 2 is then

pog #iNged by the first 15 layer 1 to increase its

nomm_@l sémRmd |@2érazaﬁ@de b Srak edivantagesusly fbesed by epltaxy
identical to that of its growth substrate and t

usingekeewn | technigaes sughtasc CherpigainVapaui Biegosition; @VD) and

ecessgry 1 . ' thLo second layer 2: if the
MAIEGERP BEYm St MBI R aPe T o o cr i 11 ca
equitihehdilicon &dtitainaass thavegtshd Riyee 2ds theh abligédby dffie first
the strain in the filmthickness towards the nom nal

layest 1 |t@@ngmq§ar@r@p&m%f mMeRB RIEMESRr fhdnake deROraGroless

: |de9{_hcf8ﬁm%at (%/ﬁts gﬁ.@g"tr%ttér %@Puﬁgéwb@%ﬁﬁm Inttér‘ﬁﬁl elastic

strah@hklops. It(s Semssamltmcmm éqummn‘éecbn@Ilay@yZ |flae layer
1997) 1515-1549) for Etalls on this %BE
ik, thigkehdhamm |°BUP%1r cquba U Uckisas: WAk ‘cause a

| rel?&éﬁdm%‘? frRt an’illﬁl |naﬁl'be6‘ fllr%StIﬁéﬁnfeLsg 'tﬁ@’ nommal lattice
| & to

enper at ur e, cone poOsSsSI ormsuch a

| passmnetad ofstheakiliech Iamjénr Gemeration afr Eiter VYéiasikineafer (o Hbe

dofsest Bniitkrb gt b d Be SHEHEsh by ek Sifetter
("SeificoR§RAdt tsbigndS A dABBIGYY") AY (FODPY Al545E)549) for more

details on this subject. _
However, in the particular case of a deposit of strained material at a

“sufficiently low temperature, it may become possible to form such a second

strained layer 2 with a greater thickness (the critical balance thickness is
indeed linked to the deposit temperature: it is all the more important as the
deposit is realized at low temperature). _ o
In reference to figure 3b, a weakness zone 4 is then formed in the
donor wafer 10 underneath the second layer 2. In particular, this implantation
may be made in the first layer 1 made of SiixGex (not shown in ﬂgure 3b).
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~In reference to figure 3b, a weakness zone 4 is then
formed in the 30 donor wafer 10 underneath the second
layer 2. In particular, this inplantation may be nade
in the first layer 1 made pf Si1_xGex (not shown in
figure 3b). 11 This weakness zone 4 is formed by
i npl antation of atom c speci es whose dosage, nature

U ef SOEE € ) 48, g pTR s

and. gi y are erm ne
wihtiel ddsdigal natune apdcheej\eae clefsendonihata tdepth of implantation
i mplantation of atomc., 5 types are adjusted so as to
angli ahlevekef fragility are determiirghness whi ch appears at the
| ev . ; t . .
f aoth il dFE B ameEe iteifio i RASERENOn 6T atomic
ty%@@mf 3L §st'ﬁe spe.zrsf tioahin}miseliheégtface hﬂ,lgbm.elammé stsappears at
efining the inplantation used, as we :
the inichal iR Pipalsakss AR 4 FeE RelAaMETcl gk fBe ettt the
: . ! . . . i
pogBHERchRibnt | feLERoRBh Ao S, BBl Reised b BRE KBFariBiors
deifirmg&heat?bmmtah;qn uswfd, asivmaWi!?subatequt@tsaam at omi ¢
el ements), such as for ex le a.co-_ inplantation of .
* hyarTbyenbrafRIPbsGHordng oh 15 kBl the AMB EINATGS} Of Stomic
i : . | N N . - .
spEEE5 Hify, bBk FETnB|pEston & HOMERBSIEE (F he Ipplantation of,
pribbipaliat at hieaske &kvoeswnzionelemands)gesushabb yfarhexareplet larco-

. in the ca f a sinple inplantatio see stud
imBANGRHon ohEYERSEgy NSIUTHEr PHAMAT ATPUIFT 18T RBSCH aBoteT
sukﬁbl@ ~an inplantation depth nei ghbouring that of

the depth of the first layer 1. Thus for a

co- imjherzsti afna wiotimdantation, oheaarpiisanbhes i facicapsaemed

- dt e 16eaknte A Bioaiyen il DL Htas Bt sipple

im %t&ﬁﬁﬂs@e%ttﬂﬁ%@o@?. i npl antation of around 300 to
00 nanonetres.” One finds here one of the advant ages

of dbei raneagy aofi dhe wimplantatipawis gheisennsot aRi K- BaYe ofn

Cathin | Lo | Lo

mBisbibe R4Eh e g Mo Wi Bty S R ANRER .
si nghasseec ed-inplantalientvith hBhemt of afoutase.d.t0'%cm? and
co-inplantation thus typically represents,s1/3 of the

eneTgypbbelweenca0 anehAtakivaana hyEgen otk Or BiuGe ang oy

of %%i\bg@rly 38t d 86 k! '!Neaé%\(?wvgbt%lr{ a YeoBr ARBIahHHBA &F around

. 300 to 600 nanometres.

One finds here one of the advantages of co-implantation which allows
for the taking-off of a thin layer using a total dose of co-implanted species

lower than the dose to be used when a single species is implanted. The total

- dose in co-implantation thus typically represents. 1/3 of the single species

implantation dose.

The recourse to a co;implantation will abdv,e all allows obtaining a
post-detachment surface roughness lower than the roughnesé obtained with
a simple hydrogen or helium implantation. This surface roughness is thus
typically less than around 40ARMS measured on a surface area of 10 x

10pum2,



- 10

15

20

30

post - det achnent surface roughness | ower than the
roughness obtained with 30 a sinple hydrogen or

hel ium i nplantation. This surface roughness is thus
typically I ess than aroundyz0ARVS neasured on a
surface area of 10 x 10(err)nR. 12 1In reference to
figure 3c, a bonding step of a host wafer 20 with the

o n b BBl B A J DO G20 it e

| s:déeoﬂﬁ%edsﬁorswaé# ) hﬁﬁlngtdrﬁer@@th@b@lmﬁlamamn rsocarhed

I npl antation step, a bonding Tayer may be forned, such

| ouhs a | ayer conprising Si2, Si3N4, SixOyNz on one

ponde otk Wi 20 ey (R b E X Bhl HEoPdferFRtehdl”

for Werwtﬁé%;ﬂ@mhomfee a rsdmuﬁ@m@r Erissy b@fiﬂniexal EOchmas
this bonding layer be a deposit, in order

a tayer ccamyrisieg pilar a&lst 2itOsMhe 08t PBE rANd/EF the O’fh%f of the
EELPE o o B R B SRSl b o

fortbrmcg oﬁgthga@dnw wéfek, Ei&aedtgmhmqu m:eddlﬁ) fortin éhis Wdralires layer
e bonded may possibly be prepare sin
mayube s dlepepibalfi aglesarna Heid éﬁlwr@efﬁeerﬁﬁ stheu%’%ﬂ'a% gy the

sefi A 2y T G PR R PR ASE - VL) Tl ecul

adhesiopto bbiyglngeh@goabhlafelr QOtiaioecmd:axﬂwmth tim‘e dder wafer 10,
hydrophily of each of the t surfaces t 0. be g’ﬁge

the Surfacess (b8 oqrsied: K RASSIA bRl RIERATeZe SR (avR e

cle%hrgfénd o%lgﬁﬁglt ¥Rhnf0BY IBHSAY BEOEINE USE2 RRIR dhs, ozone

Sma ac |vap|on permts In partlcul ar
sollmonseaie handl i ng bonds, for exan‘pl e on an oxi de

f f b
¢ herBpdiandn telbdie ?%Eaﬁreﬁsﬁta%’w%f%it RolpoDB aesionaby
be@%déﬁls HERRINt Bf tHOhREESHIRL of deft dmﬁs itwe s'uﬁb@éé 85Be

as their i1nfl'uence’on the quality of the
bohdadli ng. 25 Such strengt heni ng of the bondi ng

kg 250 Soptbls Ralite AR BRVaR0: & A% of TR

boﬁ&h?@&?faﬁ:é@?ﬂdt%ﬁfre%ﬁﬁiﬂgg (used when finishing the

surface of | ayer- taKen
A plasma activation permits in particular to create handling bonds, for

example on an oxide surface, on the surface(s) to be treated, and therefore
increase the bonding forces to be made and reduce the number of defects at :

the bonding interface 6, as well as their influence on the quality of the

- bonding.
.25

Such strengthening of fhe bonding interface 6 will also have the
advantage of therefore making this interface much more resistant to chemical -
attacks from later etching (used when finishing the surface of the layer taken
off) and -avoid dellamination‘ problems at the edges as previously discussed,
which may typically appear for a bonding energy below approximately 0.8
JIim2,
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- off) and avoid del am nati on problens at the edges as
“previously di'scussed, which nmay typically appear for
a bondi ng energy bel ow approximately 0.8 30 J/n2. 13
In particular, the plasma ggtivation is used so that
in the end, after bonding and after taking-off, the
‘bondi ng energy is greater than or equal to

SIS i are® scl USRI T3 Py 1B i
o5 1 B s St r

appeoimately 068 J/mfel ow approxi mately 100C. The use of
o TSR 6 SR ToE e P EYPALEES s

Artd?'eN bfﬁbmaﬁhégdl alsﬁéh a9@,second strained Si
ayer (general l'y spe |ng, the diffusion 10 of GCe

st affhe plasmacantivatioryis fyptcally carriecheut & ambisst temperaiure,

S5 PERTEp g T Jnectsc By 1SRGy GAABIg et S0 hgs the

ad%ﬁ%@@ dfﬁﬁﬁ‘bﬁﬁ@hg'a?‘nerﬁité{bI@LbréblerﬁsV@ﬂ @.ﬁhngI@é Sronfaie first
one mnute. The equi'pment used W | for exanple

SiGedayrirdtophesesord straingd &%mjdg@wﬁﬂy speakiagRhe diffusion .

of S YRR 0 R 5 BB e

: fortl’ﬁaﬁh Biper %mb@r%%rb@aﬂyp%ally arduntj@umecatrtmeref)r om whi ch

can consid that "the diffusion of in
nel gihscliratien pé;h@r @!aamedr@ajme@brﬁawg@rugquI%ﬁywéaloékfﬁs than
on S’L'xglp at bonding, to strengt hen the bonding further in
z §er to avoid further still any del am nati on when
car Mhiengq@ipenheisedsivill et fae favantple edtantande pixtsotd regching
contrary to_the heat treatnents w thout prior plasma

eqdipmenidf e B on el RlEdyPeer @hekqui val ent resul t,
t enpgLat nﬁ Cfu\%heétt?éat%? ;ﬁ’%‘?rﬁxggﬁ%ﬁby a?’lo%;mbgllr’F@j3 heat

efficien i ch cannot 'be use this case in
treptméntcofl lass themn 800°t(1h er kﬂsebthamrm lohit @empefdtuse ftom abictiave

ol b R Y T 8, R BT e
da_ﬁ‘%@;ﬁﬁ@a rﬁ'ao)} BQF%@? tQF aPOSKHIAS, tB%tl‘é%g rerRASShdiYg flriierin

erence to gure , 1S shomn t he

“ordsrphr avoidnfusthep. stilthasy |dalarama|tled when carrying out the post-

detachment selective etching, contrary to the heat treatments without prior
plésma ac’tivation which demand, for an equivalent result, temperatures
'greatef than approximately 900°C to be efficient and which cannot be used in
this case in particular due to the problems of Ge diffusion.

We can therefore typically reach a bonding'enérgy of af least 1 J/Im?
after an annealing heat treatment at 200°C, in the case of bonding being
preceded by plasma activation. | ‘

In reference to figure 3d, is shown the separation step. This is carried

out by providing heat energy and/or mechanical energy, sufficient to break

weak links at the weakness zone 4; and thus disunite the donor wafer 10 into
a first part 10' comprising a remainder of the first layer 1" and into a second
part 30 comprising the other part of the first layer 1" and the second layer 2.
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©out by providing heat energy and/ or nechanical energy,
sufficient to break 30 weak:links at the weakness
zone 4, and thus disunite the donor wafer 10 into a
first part 10" conprising g4remai nder of the first
| ayer 1" and into a second part 30 conprising the
other part of the first layer 1' and the second | ayer

2, his h v then_be suffici

TH, Bt ehprdih BenRLe Sk 16 Ralife " heriERtngsPaope 4

le®d), tRErmeASEemttts toiPeRe iEedB8dhybBEr Sndiceiyl Meerbheausing the
rupture of weak |inks. Disuniting may be obtained at

rupkeing of weakdiskaf bet ween around 300C 5 and around 600C

e SR Mo YRV R0a] PAGEIS B pdpReR g aoo-c
and 200a8)6000€ f@ﬁduﬂﬁi_@nsfoﬁwqm@{lﬁr@ths‘ Which depesid drowhether
t aken-of f made of Si1-xCex, eat treatnent at a .

- the Eerpeetatuneds dawerr (anggrsodtgher (Ipggik at i on t hat can

ra”%gi&agrﬂs]éf{)r% - '”féatr%staylere goobét%‘htéerf gﬂ:@;{e‘ ﬁeég{l,%ex,

case isuniti ng bernhg car out  sol

 hett @rsatmeht ot hi Sempenaturbl oatdundd 680G tomg dwration that can

wi t hout necessarily ending the -contact with the
rangsHPA he thaP mippiasHy @c%g@l"\ﬁafer 10'. In this |ast

cas o 3 ’ | P

tr odf {5 FaSk Lt S5t pBRGARFSOLY bl 7 et SRBhent, this
may alomthe eisuniting toheccoaivdthsuf necessadly dridifigitheacentactwith

whi ch. t he separation heat treatnment nethod took
th%r%éw,fngaﬁ%ﬁ\ﬂl?f%‘éﬁn%”@}?f 51@ any additional handling

Whi ¢h IR c%@e,a?ﬂﬁié%tﬁ)r%m}\hg%@@%rrvaﬂa P AEL! PedthRnt

use of appropriate equi nt . reover, ﬁ%e remai ni ng

" mathot difectieaftirnite sepheatict) witidué remoringethei wafers frone the

first _ and .second takep-off  |ayers 1' nd, 2' .agai nst
UGS U SN OB RSN Soabedinea BIetiith &roke Bkehoand
wit"f‘r%%%?eat?f@' §1§/ 24di865al A ARG ki WhildOhe 89Akdle WF iRt and

‘the heat treatnent in various atnospheres. A heat
wauldaeqeine tbeulse af spptopriate equipreent. Marepvemdhedeaaining

pefloR Hihor AR ) 40ers SRR BHGLYS PR nGF AR ShebPg B
lay&ts 11Andop AGginsEahp BosiBleCathtdffnanhtsleatidadb drr ethkmenth

to stre_ngt hen the bondi ng{ interface, 6 directly after
ageaisarwhicbnoffansi thenpassibitiyapfragainulpinge the &gat rfreatment in .

vafibds SlebedlarkPul y he- used bet or - bondi ng (see above).

A heat treatment could also be carried out after the wafers have been
physically separated (énd removed from the detachment furnace).

in this way, according to a variant of the method, we can use a heat
treatment fo strengthen the bonding interface 6 directly after separation.

This heat treatment may be used in addition or in replacement of the
plasma activation that may possibly be used before bonding (see‘abov'e).

~In the case of this heat treatment being used in addition to the plasma

activation, it is therefore possible to make sure that the combined effects of
these two treatments achieve the desired objectives, an in particulér a
bonding energy sufficient to make the bonding interface 6 resistant to
chemical attack from later etching, and thus to avoid delamination problems
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In the case of this heat treatnment being used in
addition to the plasma activation, it is therefore
possi bl e to make sure that the conbined effects of 30
these two treatnments achi ey the desired objectives,
an in particular a bonding energy sufficient to nmake

t he bondlng |nterface 6 resistant to chenical attack

AR SR L VA5 Htihuche po

tre%ﬁﬂgﬁt@”tﬁ. &@T@?ﬁ% fHéebérY&ﬁn ﬁrﬁt‘éﬁé@@ BLS ditaint4 %Bﬁﬁihgneﬁé}gy
o t

nding in hce 6 to obrain a bondi ng ener gy
greateathan drequabto amraklmaieby@Bdknﬁat ely 0.8 J/n2. In

bonli gy Faverhgfeat kegmaTdar s endthoing 1 Boadnh Meage
6 i gz?ﬁeaedhtbeﬁl "I(e:tng aft@t@? FHesEn ARG thihbfipeRture above

ses. significantly into the thickness of the
whighcGedliffasas significanitly inteathetthisknessof the seisosdiayes 2as t o

str nthe bondi.ng , sufficient e a

7 ST MRt AL o SENOHRD s IR RYOHFT the *Bénding
suﬁi%b%‘ﬂ 't()e Tp?é\féﬁt%f hak of |deléiﬁ[nﬁﬁ6ﬁ & Ry ddaes during the

takin articular, this heat 10 treatnent nay

selestivs etblmg thstivll oot e afierstheciakiing-off Harnﬁrh@!@rnélmgweat

tredludien: e onted SR tor GhRBRSE 2L ARHR A b eind e Wer

thérﬁoﬁécﬁdél@&aﬁ]dﬁomrﬁéte@r@B'WﬁFatUfe T2 | ower than or
equal to approximately 800C. In the case of th

r emhaihegt geatment to gtrepgtharotiierbanging inferéiacen@ is ‘i@’”ed out

at R B o Bl In 0 Sl BBRRRI MBI T 0

I Nt @Y fties &cfdel 6f ¢ remairing it &0t efthe adance Wafmramchethe
the re-adhesion tenperature from which thgI e%?
strgetusg SO stflbfbetm iR gantach afier disindingsribig @aﬁf ment to

-str% %Eeﬁﬁe m{é?féﬁé% ﬁ&'ﬁﬁb@%nﬁ FEecEﬁfp*éFﬁupv?ld%ér than

ere € SCOpe O e invention
thearslabihssidn an’tpbﬁatu%)frewpwhnc&nﬁ@ twfo phes ap@nidcihof dre first

layeb SadRers (ot Wae 8ok e Reahas ipeatire, being
cor\(fjgl &téd: Eﬂgré"amhﬁhwe% 0 orehe RNBREGH, eﬁn&“ﬁé‘sed on the

I suni 'This heaf tréatnment to strengthen t

expenalicegfithe applicand onBiGen oﬁnvemproxnma’telgpﬁﬁ)@ng @ ( such
as an at nos her%)ét hat jis
R

sl i %‘Pva’?méh%xtﬁmp@r re Fads (rplet 4bah iherégrﬁlawgqe Tito
whichfiR\FafBfs $6 bERvére! #8c8aYhet Wsunited.

This heat treatment to strengthen the bonding is carried out in an inert

“atmosphere (such as an Ar or N, atmosphere) that is oxidising or slightly

oxidising.

The temperature T, may for example be situated between 350°C and
800°C, maintained for between 30 minutes and 4 hours.

The temperature T, may even more particularly be situated between
550°C and 800°C, maintained for between about 30 minutes and 4 hours.

In reference to figures 4 and 5, are provided exampl.es of possible

temperature evolutions according to the invention during joining phases and

| strengthening of the bonding interface 6.
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800C, nmmi ntai ned for between 30 m nutes and 4 hours.
The temperature T2 nmay even nore particularly be

si tuated between 550C and 800C, nmi ntai ned for

bet ween about 30 m nutes agl 4 hours. 30 In reference
to figures 4 and 5, are provided exanples of possible
tenperature evol utions according to the invention

dur i h d f th
bondiis) Thiciebe 35 Teie 4,4 TreCb{EPHR Srdule: soor s
redehed Ahd Halﬂb%EQ6ﬂhRfun€rwm%Lﬁ@§ﬁ bralef RACRAEE anthe end a

mal nt ai ned for around 30 mnutes in order to create at
diguméitingngit she tiveliol thermyrqwat! 008} thesv an ingrease infarmpgrature to

1000), ., th int L

aPBEBIBRISBOR T dobemy ozt SERFRERGTathen e hopding
int8HAES eté&arduﬁlgtd)m&hvgntﬁm (i eid RGB! 6F the Q@ﬁgemur@pmﬁerm

invention (at the |level of the tenperature platform

2090p0hhis mngzr@owm#fgsa frstiengthening beanfeaigmanignar iten last
then last for 2 hours or nore. In
forﬂéﬁgwgecg'én@fl gure 5, the ‘separation does not occur
dur imgefereh€aer figureespltae fsupardtivn does ngotaoccur dunng a
tenperature increase around 500C (at the 10 Iev

temperaiureduatfooobuhdyning 2 .t@nper)atwﬁéhcr@ﬁée BN 0 (ot (at ‘ine

ovef' 6 48 caar” 2PBERI SBC Rl e #é?y,%ﬁf{%'f*@r e, o
strBAgtheRing tehfriraiece bmnhmw i geauiel at asowm 60m° .
bondi ng i nterface 6 st resabhenl ng, in particular

it Ssrprgingviiempricanthasiprarbaeiven tatdy using Stlamérﬁ%p
of %éﬁj ﬁ'@yﬁtre?faicg gétr%é?herﬁgg dgﬁér%ﬁéh ﬁ(ﬁé’ fIRWddSy a co-
1mglainl£i®haetteprthéltme;retbﬁtawmthe@ Havgur e 3b) and duri |h ng

G ol SR ok 1PV ol 5P BB e
iméi'éﬁtat{oﬂ P@‘é?@d'rcg%? i l%ﬁ‘? \%‘B?‘ %‘nBQjLﬁﬁ‘@rc%u rﬂf[ﬁ?t(i‘ﬁr refdi@Rce to

ppr oxi hout plfasma activati on)

) ﬁgmfa:éd);rermval of the remaining part of the donor vvafer

.%f)' a Lo PRBErEtPcRs o BpdeHl ot AU ep T ELddes 1

Rss®0, the second layer 2 and the remaini ng part of
the”first layer 1'. This structure 30 has an
i npE oa/dwmly@taﬂqrgy]egrqawnWnaagprommately 0. 8 Jim? (without

plasma activation).

After removal of the remaining part of the donor wafer 10' from its
contact with the taken-off layers 1' and 2, a structure 30 is obtained
comprising the host wafer 20, the second layer 2 and the remaining part of
the- first layer 1. This structure 30 has an improved crystalline quality and

" reduced roughness, without having need for an intermediate polishing

operation.
In the case of an electncally insulating layer bemg formed beforehand,

between the second layer 2 and the host wafer 20, then a SiGe/sSOI or
Ge/sSOl structure is obtained. | |
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- reduced roughness, w thout having need for an
internmedi ate polishing operation. In the case of an
electrically insulating |ayer being fornmed beforehand,
bet ween the second | ayer 2{and the host wafer 20, then
a SiGe/sSA or 30 Ge/sSA structure i's obtained. 17
A flnlshrng step is then used to renove the slight

cur fapashiglciend® e T BF vl Bl SREdRhEhesand R
reMBHIRY icPRltalNge | Fd1ede ATemes susash, RIUchr aé Ghé h.fseC berchemical
etching to 5 reduce the surface roughness' (and

etahiRg.ef ore to make the different points of the etching

e batea ey eysfiflg Thad iFaE et BEHepcd Sioning t

' rediftd 1R aifald Rughfess easd! fisefdranis malkenthet differerd pirits of

surface than hat obtai ned by sinple inplantation.

thepatqmmg msire honegansedsh oStr@fem@aeﬁéamlwgwqeéiato be inglydask In
ws & h
e iR 520 AP A8 o BnBETHER 3854 idlres 4 much
snmmbrr?n@mﬁfgg%uﬁa'ﬁ?&héig thab(&%:d?yw ls:ﬂﬁpla(sr]uyp[{aa%nobl y be
renpve I N order O gpbtaln a I.na sStru
i s FHERerBeRs| theebersingdranddhatipg tgoatmest %@tshihgs
ro@ﬁn%%&u{oe l%g,h 5‘?.15%’5 rﬁt}é ﬁﬁm¥h?&5a§°dé LHRSvE M 1o

Gex sl i S possible to use

lncs@dlmmevm)r&il@engrglyy USI ng for exanple
- HF: 5202

Cq}| /[ H20) .0 H . |

(HE hﬁuc%ﬁge) Tayer s iney Wﬁg‘}_?v VPO APBHALAD: A1d6s {Rebtain 2

Wﬁggﬁ? E%%@él} :?E)‘ésme @8 Wrhihed silicon of this
H exanpl e of .concentration that .

strogtyrédthickerdgrefiaxyt he CH3COOH H2Q2/ HF is such that

th t H2O2/ HF 1/.1.
P e R A SR O R S R

tleyer t geinyl tiort R&ariged Hif:H, omou-iltscs1
sel@%\:ﬁ‘%ae‘fc é r‘Ya SQ%Wnut (ras fgr 800A to betcgitﬂched With

_(NBH)HFF&MECBEOQHNR (HFHHNO:#HZDX:O i mpl antation and the

pOSiI g’é,gcg\ﬁg, 8\I aroun% 181 petween the SiGe and the sSi may be

obtalned with CH3COOH/H202/HF

An example of concentration that may be chosen for the
CH3COOH/H,04/HF is such that the ratio HzOx/HF is compfise between 1/1
(very concentrated) and 20/1.

The length of the etching is directly correlated with the speed of
etching. It is typically around 5 minutes for 800A to be etched with

CH3COOH/H20/HF.

Thus, the co-implantation and the possible- use of bonding
strengthening heat-treatment having considerably reduced the surface
roughness and thje non-uniformities of thickness in the taken-off layers 1" and
2, it is possible to use more or less the same selective etchings as those of
the state of the technique, but by also eliminating the disadvantages that they
can present, such as the need to use beforehand mechanical polishing

means.
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strengt heni ng heat treatnent having considerably
reduced the surface roughness and the

non-uniformties of thickness in the taken-off |ayers

1' and 2, it is possible {® use nore or |less the same
sel ective etchings as those of 30 the state of the
techni que, but by also elimnating the disadvantages

ber oVeftar FRThERFRG StpBireRinds coid 85 by B goilyation
arldi6r postdienarationemett heitment) ¢asafie’ne W chnimita In@ problems ‘

activation and/or post-separation heat treatnent)
ofsiglamigiation af hecgdgdgsnacetionad ¢ariel.ens of del ani natl on

5 UherReETen o I S ' Shrnld D SRR, R0% S
pﬁabsagrme@ BRAEN) bbeimrpby Ctﬁ@tapfpﬁbéam/\idﬂew&lgt narafster of a

single layer of Si0.8G0.2 in which the weakness
single éayﬁ@fb%esﬁem@whlch ael weﬁ&snawa@e has been created, and

roft b SRy ittty ERERL: 859 L. o iePoof tzyer

in CB‘IO B(Béo s@ied thé ealivhrne of thardid Bt ieydray @hd2second layer 2
et her, previously discussed in reference to figures

tog%t%eb RIeyiorgy eissugsediferefarenes tasfiggres 3aie %@rﬁwﬁg%g layer
of S0 5118 Sh¥Bhgle 17 AR oSt b (b e naess

witht regpedtrte thé skirdeoreiuttorlon :psu]atott wtracture of ﬁglmreb‘la not ed
the di sproportion between, t t hi ckpes

def e thaiicuynd can Be nofrd ¥®K§ﬁpmﬁ0ﬂm§ﬁ %ﬂw thickness
of 4 BRRRAFe 0L A 1k Bt Bl eI gfure 1 anc
th&li ofitharémediaddaken-oH lsamrd mhemkmtwfﬁgmak?en of f

| ayers. .t for ure 1 n or f| the un
on iy, i ﬁ@meeﬁl %ma%rqf ‘anﬂ?“ iBYetn L T ?@é@ 1
an@bfo"f“fgg%ﬁe @Gtﬁédéd'ﬂﬁidt fbﬁé"'QB' @V%Ehgé}ebfé%npﬂtoﬁohl%ally in the

sem conductor-on- i nsulator according to rior
Si@eOl ditaieed eagcordisglto éhefmmntfom:thammgthfegemlconductor-on-
%sjurerrea trrgﬁle an. sy ch 20 a SiGed structure with
in EACCgInNg g %Bf'%‘?l the applicant, are presented .

i N Mstebad, Pedifts . suﬁaeé eoa@wsrsem@aé@rewms et by stich

after separation at C for about 30 m nutes

a $f@e@v@tng:t@ne|wm 2D%G@n$atriedr@td?y the applisrahtate insasented

o Bl e SHESITARRA Gl 3 BB oBBson

500E@s Yhedapag tame Mﬁh}t@ flewiHg esimple RiipRintations or - co-.
implantations, and at a bonding strengthening heat 'treat_ment (post
separation) at 500°C or 600°C.

The roughness was measured and the vaiues are given in RMS or

peak to valley (PV) by AFM on surface areas of 10 x 10 pm.

It should be noted that the applican_t has carried out a sufficient

number of measurements to validate the resulis.

Nature of the implantation Bonding Surface roughness

strengthening RMS (A) PV (A)

treatment
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peak to valley (PV) by AFM on surface areas of 10 x 10
pm It should be noted that the applicant has carried
out--a sufficient nunber of measurenments to validate
the results. Nature of thefgnplantation Bonding
Surface roughness strengthening RVS (A) PV (A

oL N L nl a\l £ ANAL] And AN CLAR (- S WV

treatment 19 Sinple inplantation 500C/30.nmn 80 - 85 |
uuul H—40keV—6—18164ctP-600C-30™ T 38420 Co- .
i mpl.antation of Hand He: H 35 keV-1.0.10 t 6/cn®
Slm@l@@ﬂmﬁn’fﬁ?f)mg 407 He000Ed Mird. 1016/ 82-35 272 850

Hg@g& annthl.stabIe it.can belnoted thatf the
ace toughness is |lggosc/3p @i ficapt i g he ¢ase420
. a co-inplantation than in the case of a sinple

Col [Fﬁ‘:l%ﬂiaﬁidn%?HEH&ﬂe fihe g(gpl i cant has highlighted the
uence of the natumgoet/30win 5 | npl ant4®t i on | madg0¥ n
H: SEKQV{bOﬂG? e’ weakngss zone 4, on the extent of the

id roughmess™—whi chappear ST 4 Nel ijum 372
Heh2§ %\g éjgg /(frﬁ'zpl ant atggePc ds tha roughnessg of the

Si Ge | ayer to be suybstanti aﬂr uced withlrespect -

to dtnShhimlt@bllaydr ogenrbé nmtsmtthat dine Sunfachl pughbpss istless

can al so be noted, that ses | ant a
siggificent SN nfFeCate &f &Cer'meﬂan? LA e cae el & sftpie
a recovering operation at 600C reduces b
Imgféﬁ]g%tﬁa third both the nea ej{}RI\/B and maxi mum'( PV) 1

r oudtuss thes applidant éspdighlighted thee tfigenes) ob pea aﬂi%ﬁ ohtthe:

|mp ig:j SunLY na %ée@@%%ﬁre&%ﬁ%&%haﬂﬁ tﬁ% nétsdél’efhe l'

SRARUARI o sCQNhHﬁ| apbahisoNac3rfiem andhpélogen Io-
po ﬁu EHE’Q/ S l |cgEt hasathus g]stabl ??t?gd

: lmplmltaﬁdmpermlsks sl;hleg ngftrwssqu ﬂhes%lGer tayghdetos barratpstantially

G W SesG R R R TOd L paddn s epar et on

In this table, it can also be noted that, in all cases (implantation of a
single species or co-implantation of several species) a recovering operation
at 600°C reduces by aimost a third both the mean (RMS) and maximum (PV)
roughnesses with respect to a recovering operation at the disuniting '
temperature (approximately 500°C), the roughnesses being less than 40 A
RMS, and even less than 35 A RMS for co-implantation cases, and below
below 275 APV. '

The applicant has thus established that there is significantly less
roughness when the taken-off layer 1 has undergone a post-separation
bonding strengthening heat treatment.

In reference to figure 3e, a sSOI structure 30 is finally obtained.

In the case of one or more bonding layers being buried under the
bonding interface 6, a heat treatment may possibly then bg used to |
strengthen the bonding further, in particular by creating covalent links.

This bonding strengthening heat treatment may be carried out here at
a temperature of over 800°C, given that there is no more SiGe or Ge in the




In reference to figure 3e, a sSO structure 30 is.
finally obtained. 20 In the case of one.or nore
bondi ng | ayers bei ng buried under the. bondi ng
interface 6, a heat treatnmgmt may possibly then be
‘used to strengthen the bonding further, in particular
by creating coval ent links. This bondlng st rengt heni ng
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pub 8o Merah h2a0E KBdBhiefeiaes BEAMMUHEZRERD: f I ayer

Par i

e ThF S5 1 PO pBUREHRR oM REAT A DRcroAARIR of
blisteralah ¢he: dobdingaintéréateoand iaf defeatsiwithinripe thishness af the

certfgﬂ%} regions of the bonding interface. The
takemATElWEH species rmay then diffuse to the weakly

bonﬁﬁﬂldﬂ%‘@r‘ HGah ﬁlﬁs%ﬂ:ésﬁﬂb@éﬁ o Qﬁé‘bﬁgmr%é ifirofdhe

the l'evel of t'he bonding interface. Furthernore,

wafere 46 Ibg, barideduardpreyerhihedyonding tobe berrisef outdn ensatiséying
| ma%blgggtéet}q%,qg%ﬁﬁrgge }thgrbé{,r@;ngnﬁﬁggfaé’\éa f"Ier'lre mplanﬁacp species
may then diffuse to the weakly bonded bonding interface regions, forming
blisters at the level of the bonding fnterface.

Furthérmore, locally, the bonding energy may not be sufficient to allow
the detachment of the donor wafer. Certain zones of the taken off layer may
then not be transferred onto the host wafer (these zones are communally
designated under the term of “non fransferred zones” or ZNT).

In addition, crystalline defects of the nano-cavities type (presenting a
diameter of some nanometers) may be observed, depending upon the
chosen co-implantation conditions, within the thickneés of the taken off layer,
beyond the defective zone. These defects may result from an agglomeration

of Silicium or Germanium atoms displaced during implantation. In particular,



then not be transferred onto the host wafer (these
zones are communal ly designated under the term of
"non transferred zones"” or ZNT). In addition,
crystalline defects of themnano-cavities type
(presenting a diameter of sone nanoneters) may be

- observed, dependi ng upon the chosen co-inplantation
condi tions, t hi e thickness of the.,taken, off
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repartlfl on has a quasi - Gaussi an
which the species is mainly concentrated and presenting a maximum
concentration peak. More precisely, the repart|t|on has a quasi-Gaussian
profile presenting a standard deviation (defining said spreading zone wherein
the species is mainly distributed, for instance within which one finds 70% of
the implanted species) and a maximum concentration peak which notably
depend upon the implantation energy.
The helium atoms diffuse within the Si matrix more easny than the
hydrogen atoms. Hence if helium is |mplanted close to the bonding interface,
the risk increases that blisters or crystalline defects beyond the defective

zone form. A way to cure this problem consists in implanting helium more in
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implanting according to these parameters, a satisfactory compromise can be
found between roughness and formation of defects.

The experiments carried out by the Applicant on the detachment at the
level of layers containing Ge (typically layers of SiGe comprising more than
15% Ge) led to surprising results with regard to the roughness and the
formation of blisters and crystalline defects beyond the defective zone. '

A possible émbodiment of the process according to the present
invention is as follows: |

- to carry out a co—impiantation, typically of helium and hydrogen, in a
layer of SiGe, according to implantation parameters adapted to shift the
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t ot i.call nts so 0l6at o cni
_dOWt ﬁjmtfﬁgpggﬁwpﬁa}x&r@@? 3 semodl(h patames A w@ﬁy’f that

[@k@@m&,vgos& ble to strongly reduce roughnesses (in

rticular those of -hiigh frequencies), and nakes in

addBucbn an ownbod@hﬂnissreakemdépq:rmemde f tomstrbeglyel redoce

ant at.i on .t hus ossible, withint
roudieRRss Kharerfiaiier bt if s TepuBaRe bandbbkdh M edgton
Iovﬂ?@ﬁl#hhés@% [ﬁu@i:rerha@ﬁs frof iz RBIkes lmPléh%ﬁerH@pmolﬂ ishiis
' or mati on of listers and crystalline defects
pogsibien avithine ti@%ffr@mewmkzofribla ambedinentete gnplant helium more

dreeply than hydrogen, which makes it possible to limit the formation of

biisters and crystaliine defects beyond the defective zone in the taken-oif
A layer, the diffusion of heiium in the transferred layer being blocked by ihe
- hydrogen spreading zone. _

Consequently, this embodiment makes it possible to mihimize at the
same time the roughness pbst detachment, the number of defects of the
blisters type and the number of defects found in the thickness of the taken-off
layer. This results in authorizing the taking-off of a lower total thickness,
which makes it possible fo reduce, or all at least to simplify, the post-
detachment finishing operations- (polishing, selective e_tching, sacrificial

oxidation, etc).




| ayer, the diffusion of heliumin the transferred

| ayer being bl ocked by the hydrogen spreadi ng zone.
Consequently, this enbodi nent makes it possible to
mnimze at the sanme tinme24he roughness post

det achnent, the nunber of defects of the blisters
type and the nunber of defects found in the thickness
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Fq?bé a%}()r espectively at 500C and 600C. during
o apBBBﬂ"BQ 88'PU5n hour. Figures 9 and 10 thus represent
neag u‘?@?@t&d)ﬁortﬁlh‘sg §elﬂtm€éaﬂeﬁén?qu?F&J9‘Fﬁle§§rdt'rﬂ‘&'

out }gy sweepi ng respectively a surface area of
fregu@ices oapriechodt by sawefeqmg tespectively Gr 30faoe prem ofs 2hguma’®

. AFM m croscope. Fi gy e s _nmeasur enment s of

anfofigMHEAS r8h ool (s iz Pdh BiroRgpPe. Figare 11

repte8éhts ORLENrensd it dfh@ué’ﬁl'fé@(éf )ovir Q@qu@ﬁ<:|¥§e§e€rrled out by
I'nstrunments Inc conp each one of these figures
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result of neasurenent carried out follow ng
onithe right iatmaxmum yalugs éstatamant). and in a | ayer. of SiGe

(See)nfﬂhg% Efig%res, one has showed the result of measurement carried
out following implantation in a layer of Si, and in a layer of SiGe (see figure 9
on which columns relative respectively to Si and in SiGe are clearfy
distinguished). | | 7

As concerns Si, two wafers, subjected to a He/H co-implantation, were
studied. The co-implantation parameters were as follows:

H: 30kev-1.10"%/cm?
He: 52 or 60 keV - 1.010"%cm?

As concerns SiGe, five wafers Were studied, namely a wafer subjected
to an implantation of H only (H: 30 keV, 6.10"%cm?), and four others
subjected tb a He/H co-implantation according to the following parameters:

H: 30 keV - 1.10'cm |




on which colums relative respectively to Si and in
SiGe are clearly distinguished). As concerns Si, two
waf ers, subjected to a He/H co-inplantation, were
studi ed. The co-inplantatipp paraneters were as
follows: H 30kev-1.1016/cnR He: 52 or 60 keV -

1. 01016/ cn2 As concerns Si Ge, five wafers were

st udi ed, Vi f &c to an inplantation
of H onI y %%#l@%re@ ﬁ%*? f,{g% Mand four others
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roughnessesgslated BptheeheH codmpamiaionFngranep@risesnvith isalone
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co- iitnplorbAlEdooweVer ARBEfor atightdhpétatirenfeatinantiat 660°C,
that it is followi ng a recoveri ng treatment at 500C or

roughresscptrongly; ﬂe@weeeﬁyn@a}mfa mese fhan daffy far all the

A FREE. JP ol hBC PR Ghionl A0, 2l 7 R, AR Uples of

rowdHreyssadre \eeen wamdeu dme@ a oplimplaatdtion i9tahlical aute. And
these val ues of ‘roughness are _even weaker when a

co- i'hprdifpa: PR obsowap: e 50@:9 figatrewin(in grway simitar
to MR W, obgéﬁ%dflﬂr& ré@n&@%sﬁ % ﬂérgaée Werﬂﬁg h&fum
roug

to V\/na was. obsServe ness tend

pebRds Raatedvhere trh@eﬂsthlthamﬂhqambrmlemw abmed. nore
~in-depth than the enbrittl enment zon’ﬁf gn t he ot her
Oerd

han®n Wie iethet Heand: aiier e riramewe drigh fegperature
e 8N B00LG SHGmE S L850l ot SROUREH i SR e
heligroatsedhntihed  treee phglivnmapealheis dodated tinenendeamnethadnehe
ondBERANER, o8, SDUR ARSI P oot BRMHT
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ures 10 and 11 confirmthese observations.
' 50@&1mamemm co-inplantation, during a recoveri ng

T sl SR Ter o BB R8T 31 R s

-observations. 7 , |

The behavior in co-implantation, during a recovering treétfhent at.
600°C, is surbrising insofar as the phenomenon noted up to now by the
Applicant within the framework of a d‘etach_ment on 'the level of a layer of Si
were that of an increase in roughness when the helium implantation energy
was increased (helium peak shifted more in-depth than the embrittlement
zone). '

The phenomenon of post-detachment surfaces smoothing is thus
related not only to the temperature of the recovering treatment, but also fo
-the types of materials present in the donor wafer. In the experiments carried
out, the difference lies in the presence of Ge in a wafer in SiGe, a Si wafer

being obviously deprived of Ge.
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" Applicant wthin.the framework of a detachment on the
|l evel of a layer of Si were that of an increase in

- roughness when the heliuminplantation energy was
i ncreased (helium peak shi$®ged nore in-depth than the
embrittlement zone). The phenonenon of .

-post -det achnent surfaces snoothing is thus related.
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vargusitraasfeires| Iamlfser be| ng obviously deprlved of Ce.
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helliisit padiuseing therr Yiside” the ydrRydmgmeadingrzomedsi

d h the hyd fil
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located moae uw—depﬂxﬁwawﬂne:hydrbgehesbreerdlmadane sIn biheatvetds, the
one.

defiiie o Jit Sters BPs eromiiAed: REShI hkict & fgpay dFplanted

In the case of a recoverihg operation at out

beinguigtieased).bei ng i ncreased). According to a second
A R R T A G S S
Gacgrfd @bfﬂhésdoﬂcﬁ‘)(@éfell 1@fcon’f‘ﬁrfs@brtﬁ%r$b’taltuﬁ§'bf@a ?@quger 1 of

- layer 2 Si 1- xGex l ayer :
streingd $is ﬂ'iﬁf’( aa&e@@nddat@fr%af Bntxri@xfandsa tlnltxg/@yem 3 ath8irGey

that 3 R SRel™a e s )58 MhPuledin g Js then
formed according to the invention under the second layer 2, for example in
the third layer 3. Selective eiching of the Siy.,Ge, may then be used after
separation in compliance with what has been already seen, so as to create
finally a SGOI structure 30 (Strai'ned Silicon On Insulator structure, as shown
in figure 6b) with a first layer 1 of strained Si and a second layer 2 of Si.xGey

Optionally and alternatively, a second selective chemical etching of
the strained Si may be carried out, for exampie by means of chemical types

based for example on KOH (potassium hydroxide), NH;OH (am'monium'

hydroxide), TMAH (tetramethy[ amm'o‘nium hydroxide) or EDP (ethylene
diamine / pyrocathecol / pyrazine). in this case, the first layer 1 made of
strained Si only plays the role of a stop layer protecting the second SiyxGex
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the third layer 3. Selective etching of the Sil1 xGex
may then be used after separation in conpliance with
what has been al ready seen, so as to create finally a
SGA structure 30 (Straineg Silicon On | nsul ator
structure, as shown 'in figure 6b) wth a first |ayer
1 of strained Si and a second layer 2 of Sii_xGex_ 10

layehefem e A Aaeroicel eHadicA SiGeD aruRay< 50 el Epay) is

, the‘?luébtafr%rd. %PA@ ?f RytalfRaNSi &dn BBYBssMiy %bt%’ﬁ onlBs BIGEON,

. exanpl e on Ki pot assi um hydr oxi de) , anmoni um
thisyemozirdielpd apeHmayetheantavey b beties dualityhgrystallineestrisiure

thepihe HEaiBYST FniaTies sy HelsEheds &1 nea &

onl XcRbrdty 108 tlﬁ|ﬁ;| Qaﬁént%fsth@mweﬁim@ﬁ Breferehtd1 fit\eres 7a
second Sii- XGex 27 layer 2 fromthe first chemcal -

ancht Tiac khe AlcgioGe@hfest | Qictamprisss (ot tonhtalking-o¥ a(mali-layer
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=09 é?ﬂé&fonfaua értsyzﬁc roetad, |2Ie2f§liﬁ Qt?éthé@ sltwcémmdsl ¢ty

"ayer 1 whic reviously been etched. 5 According
outa munnberrcn‘ tahmg agcordiag |t@|\ﬂéﬁhin®ﬁ’ﬂ0”'nﬁ'@'@fféﬁé%fée glgnor

B T
paid OTRRé Yorar Wafst 10 ay efgertd. préBard inorla2 E,em%tg&mgqoﬁ [n this
s

Sii , and second | ayer
wagEai Wsttsgﬁéﬂn%fw@ﬂfe 08A cand eheecassk pSO! @@rﬂmﬁirmﬁﬁ?er\ﬂ"'bffor

x84 35 e FOREMenrhe B AT, s MRLL R ESE
taueyt re@scddotgnart USEH04¢00534i7fg  part of .the donor waf er
O in order to prepare it for a, new takjng-off

. thi é\ccwﬂwg 407 Phat parioulas; PIBOGIECT0 AT AP d”‘é%’lﬂ?ﬂd each

str%c’ ﬁgd éférrgné)éQiBQM li' f@df_ﬁs S%Xl%"@é Er B8 frRin&d shr4Ha 6b,

onor waf er pe 'of taking-off is
and aﬂ@ht‘QBh, "I, RiXuorei2e" ldSﬁQOﬂdsO&B and' 7b) mStim:dman wigfer &5
one artl cul ar ea’%tf gl nment of th

thiclk, IﬁBdIS| oy &ay ( r@ﬁ:gdrelgtivq gr{@gﬁe%sssgithout
havujrg ﬂZﬂE Fé!&%t%% Geitandadio st/r%{h@ T@'r?s has25een made podSible

ures 7a and of the donor wafer is _
thahks ahi, thaﬂomhatm by Ievajermperatine ¢pitxy. Fet axampley a layer of

ant , t ness Wt ho haV| t he b
strandfh sl sited 4 tpapactined o heiRbb bty LB €
650 YRS a n%o@vﬂ? sﬁ?ﬁ@ﬁtdf%lo bel Prah eMSAIRL KseheRithiskiyess of

or exanple, a |ayer strained Si deposited at
betwegreapproxiamately Icnmend &pproxi mat el y 450C and
If such a thick strained layer is formed in this way, then care must be
taken not to exceed a certain limit temperature (which is situated around the
deposit 'temperature) in the following treatments, and in particular the

treatments occurring between the deposit of the layer and the detachment of

- the latter, carried out by Smart-Cut®, in order o avoid relaxing of the strains.

Thus, in this case of thick strained layers, plasma activation prior to
bonding (as discussed earlier) will be advantageously used and typically
carried out at an ambient temperature lower than approximately 100°C.

Furthermore, at least one layer of dielectric material bonding, such as SiOx,
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650C on a growth support of Sio.8Ge0.2 can typically
reach a thickness of between approximately 30 nm and
60 nm If such a thick strained layer is formed in
this way, then care nust 28 ~25 taken not to exceed a
certain limt tenperature (which is situated around
the deposit tenperature) in the foll ow ng treatnents,

is ?ﬁ@aﬁ&g%é’&ﬁ %Iy ?(;djnfe{ge&ll? g)ygfrér:%%tﬂ'scﬁttﬁg CEfvg L?Hl{@%?s qus tb‘@eﬁé‘nd ed,

-thib aldyer , meaer iofddieldctiy Satdrial (Mtﬁ éqﬁenﬂry ohelpingt ¢i.ev aiftér

r el axi ngoof the strains. Thus, is case of thick

sepamdipAL | BPEPEE &%@Jﬁ@t'ﬁc‘ftm}ﬁ%‘l Hhcsmpéﬁm@ra; tzghe plasma
| e.a u
aciftion] 0o | Bostbaraishon feal fidmidrk! abeafemBLaRaRUSEY is
adtzamtrageemmy oweaviaan ttlh‘eadepmt t@mpsm'atﬂra 01 ﬂﬁﬁhlck strained layer
. urther JA@% one | ayer of dielectric materi al
I yepbewg plaanedivant ageousl y formed on

O”ecff‘rcolﬁﬁeé] otﬁﬁ%{% EFIHEH‘% $HE RL SN te%s{i}gtrgﬂ&g(ﬁ% §he{] EI‘%PH%"

| ayer na ctric materr al sequ
pre(senmd albows to stheanwtedas than smﬁm me strhmedl Sisgiven that he

t t .t t ct t
kngjgs £ éé@&egtﬁc%gﬁﬂuegﬂea'é@ R sesaeiedimiticts Bbtatals
S, SPPBIARBRIS Yol G 1hO o \clRRgY dedREBAT AINISoALe

the thic e cas
to figyres htm@epl@m%kllleﬂ ircther ad, couich seeaddcial fireal struottuﬂe 30

e AR GBSl o M) IoPRER It cAale O SHRE gt yer
ig'rh’ﬁdb bh@e BRd th@%ohﬂ%zﬁér"@%éd@%f Wé@iaohﬁ/ﬁé (il@ﬂplants (as

gran eurs assocl at ed ese materi al s.
de@ormﬁl sbowg) inetheasimpftihe Brsépsyer éwfobeltinede’samsfbai the

f 3
rertfintr I G366 B4 ot B 5 30rnBeber 7t AR G PstiB8tsr 20 by
MeARSD A él@éwlbanprnsulaftm@%wﬁ@@s afd & Iﬁ’@@él'écﬂ@él?freﬁq@ves the

whose first layer 1 is made of Ge and the second

remaipder V' ofae bdfusmja'lowm slectivipplahing f@ﬁb“'%@%cr i bed

abo t he h LSt e
L T T e s B R R T
mah&ﬁﬁ@iur@d@forﬁ\a%ﬁo@ v@fékoﬁw combesingG gt ayernsnade 8hSiC or
electrically insulating surface and if he selectively

Si (g enseconshiayvee e madeopf GaNbyOngi ofgseyRsahstop layers

 matgl R4 BHR SADE AN FRS]BHIED behiN R M@ AN YAl Ater

nsul a manuf act
rerrﬁdi\mlma tioto secowmfa@rer mnadamfl(saiﬂga seladtise dta'yiag chnmgriiing
or 20 Si and a second | ayer enaade of

the@mov@q@f the Galy éqogte@pggw Heesiop layer cah be Us
Thus, for example, dry etching using a plasma gas comprising CHz, Hz

and possib!y Ar, can etch the GaN quicker than AIN.
We can then possibly remove the stop layer to obtain finally a layer of
GaN with [ittle surféce roughness and very homogeneous thickness.
We can also in the same way adapt the method according to the
invention to other taken off layers in IlI-V or II-VI alloys. | '
" We can also extend all of these materials to those including carbon in

small quantities (around 5%) or doping agents.
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made of Al GaN and/or AIN may possibly be provided in
the GaN | ayer. After renoval of the second | ayer 2
made of GaN, a sel ective etching conprising the
renoval of the GaN | ocat ed2@bove the stop | ayer can be
used. Thus, for exanple, dry etching using a plasma.
gas conprising CH2, H2 25 and possibly Ar, can etch
the GaN qui cker than AJWE!Xﬁgﬁan then possibly renove
the stop layer to obtai ly a layer of GaN with

little surface roughness and very honobgeneous
t hi ckness. W can also in the sane way adapt the
net HoMetbed difagning a sBuciure saMpsisingoa dayesr theh ke fakerry off

o hidil et e Bpnd s Eplrptnaifiolfe 0ndiy st s
of &rfirbt matsal chosen Gmiodyendiddndiictolanatediakogid a.se28nd layer

CLAIMS 1. Methaod of formng a structure conprising a
on dperfinshdeyers of aRefe@d maighnl chosen HRPBRY, SEMiCangHBior
. LS i i Q- f L ayer of
milfSi e, PRI orfbridho b oMY flcelhive SRps. TrT ar o

and (@) setapldntiny atomienspgduted to firnl aywesalolfesa Z@eo@d under
mat eri al chosen anong sem conductor 5 materials, the -
theresrnd BY¥RHri sing the fol | owi ng successive steps: (a)

i npl Wy LG L £ weakness zone (4)
undém#ﬁn@%@'ﬁgﬁ?fﬁ(%?oéﬁ&ﬁeﬁg t he donor wafer.

t o g)hossupifian; elferyy sopas o risweniter e takeasoff tayers of the
di sunite the taEen-off | ayers of the 10 donor wafer

dogg»rwﬁ .T\ﬁééfp@]g@g E%Wor[e_él) sel ective etching of the
[ e NGelBafive @cHiNg ofthe trehfiiihg M of tREPGE 14yrt WRh

sec ayer; wherein the inplantation paraneters are
respajctita B sacostldpydra) so as to . mininise the surface

12 SREEER 8 RS Ehr ot  Bbiin S649 Y o
MiAinH58 e SRR LrRighhbES RIS HpRard iﬁﬂnb@ﬁ@éigﬁz‘tfleﬁ ?1%“’2'%‘?9 out

out at a tenperature |ess than about 800
step. (eYetainddwhersin dhegmethotheoppdsasoorédedng stapreapabichof

strgh AR boRbisRt LSRG E0 g 5B RAPALR 1hss ALK ibur
800°C (1,472°F). .

2. Method according to the previous claim, wherein the step capable
of strengthening the bonding is carried out prior to step (b) and comprises
blasma activation.

3. Method according to any one of the preceding claims, wherein the
step capable of strengthening the bonding is carried out afier step (b) and
Comprises a thermal treatment. . _

4. Method according to the previous claim, wherein the thermal
treatment is carried out at a temperature Comprised between substantially
350°C and substantially 800°C, for a duration that can last'up fro'mVSO
minutes to around four hours.

5. Method according to the previous claim, wherein the thermal

treatment is carried out at a temperature comprised between substantialty
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~ appegimaiely RMS:thedsuretgors & eprféed aceapf 16 e HOpo*®.

20 plasma activation. 3. Method according to any one
of- the preceding clains, wherein the step capable of.
strengthening the bonding is carried out after step
(b) and conprises a thermg treatnent. 4. Method
according to the previous claim wherein the thernal
25 treatnent is carried out at a tenperature conprised

S50t % T BRI H00E Gy e ElfepHomidotartyadt, 8 o a0

mi[&ﬁt@yrﬂgaﬁgﬂ{d v heure. Method according to the previous

claim wherein the thermal treatnment is carried out .
at 8. Methwmt aceordingdapnysing ofdhadiieequpesding claimg. wberein

e T T

'(c)h{Fbrgﬁn@ﬁﬁﬁégé_ng to any one of the three preceding

claims, wherein the thermal treatnment is carried out
af t ér Metbpd(agcaiding tp dbaitpracedingf ¢laimswdigreis the) thesmal

reSfAE, HBfGes « aLEI nRERALAL Mighte o100 360 Qg
tenspératigeto? sRgy gt)tms the emnuganse thosen for thl themral trgatment.
tenperature of step (c) to the tenperature chasen for

t hedt Methagl ?@Q@d@’\ﬂéﬁt he greqggingoelatiecuienriystes (Ehs carried
ouEhEEBERB0BLEE R IEIECH! S oL b 0o b

. 2 hursites to around 2 hours. 9. Method according to any

one of the preceding clains, wherein fhe ste apabl e
of 8t M@i%@dw@ﬁ?‘?f&'ﬁ%% ponanapfitae @&W@(ﬁr@g §l§'ff‘ﬁg‘{"ﬁﬁ in, the

P oo RS ORGS0 slr o (),

an taaea{]wgmaev\r,hcthaﬂ loe eguelctediragnd DA Jfe? isvobtaihed.  sai d
roughness ich appears i medi ately aft t i s,
| 0201 Mo sraiiade 4 aBARe HeRisoRting:c 8t Vapdin

- saifll fc ntejﬁ;g Whidk garpfﬁg@gsl iﬂa%ned}@cbgf%_ﬂéﬁ%éﬁi fsO |&43Y than

recedi ains, whérein the atom c

O ittt Forond ok o aBr e A bR e
atofhi@! SpedbS iMdlaitB8 86ring step (a) comprise two distinct -atomic
elements, step (a) thus being a co-implantation. - '

~ 12. Method according to the preceding claim, wherein the co-
implantation of step (a) is a co-implantation of helium and hydrogen.
13. Method according to the preceding claim, wherein the donor wafer
comprises a SiGe layer, and wherein the co-implantatidn of step(a) is carried
out according to implantation parameters adapted to form the embi’ittlement

~zone in said SiGe layer, and for the helium concentration peak to be located,

in the thickness of the donor wafer, more in-depth than the hydrogen
spreading zone and more in-depth than the embritilement zone.

14. Method according to the preceding claim, in combination with any
one of claims 3 to 7, wherein the thermal treatment is carried out at a

temperature comprised between 575°C and 625°C.
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“helium and hydrogen. 13. Method according to the
preceding claim wherein the donor wafer conprises a
Si Ge | ayer, and wherein thgf co-inplantation of step(a)
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comprises between step (c) and step (d), a selective etching of the remaining
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~ prior to step (a), the formation of the strained layer at a deposit temperature

of between around 450°C (842°F) and around 650°C (1,202°F), and wherein
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