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| MPROVI NG THE QUALITY OF A THI N LAYER THROUGH
H GH TEMPERATURE THERMAL ANNEALI NG CONTEXT The present

WO poo8n2aodh rel ates to the producti on of conposPCEIB2008/000736
structures. Mre precisely, ithe invention proposes a

met hod of formng a structure conprising a layer in a
sem condVIPROVING dHEQUAIKEY OFoMnTHINIoAYERI/BERQUIGH

(2 i npl ant ANCHRTHMEEEATURE JHERMA RRREANRG' °P

enbrittl enent zone in the donor substrate at a given
depth; (b) assenbly of the donor substrate to a

recei ver substrate; (c) sUs@NIEXTenergy to detach the
| ayer taken fromthe donor substrate at the
enbrittlement zone; (d) finishing treatnment for the

I ayhe psresrememventlcbm”wela\‘/es 'td she wrodueionootlcdompositd hs@ructures.
es . of oned above are alr ad known

|
More hBreiselin (a8 VNS BRORET . ASABTOBOL LImIghe structure
(:om’EfﬂUﬂ@daS lag(e? irP8 Pse%é‘(‘iﬁ& lf‘ctéﬂ%tatér%ﬂ &%Pﬂg@ué Qoflor l%ubstra’[e the

preferred enbodi nent the 1 nvention ch met
metmd OW\QIISlﬂlgttbeé@"an@lSusce@I\se steips: | ayer in a

oot aith) EpgeNELE TP SRt 41ar e crihuRlicag) Sonin the

donwmafﬁekb{b@ﬂ/dﬂdé B; art may, for exanple, refer to:
- J.-P. COLINGE, "Silicon-on-Insulator technol ogy:

mat el(bhpssarpblyofthe §@a@mwbﬁitate &m a'receiger substrateuwer

2958 S0 R ke, S LBL R AL AR st

at thbiefhbhsttlemdnitczonel ectronics, optics and/ or
troni cs. These structures are of the Silicon
éhf RIERINg( Beptmeniplor the layer J8WVRREI® MR Yeaifs surface
condlﬁ(lfr?n is in silicon or of the strained SO (sSAO) type
In the case where the layer taken is in strained
si The dypesvhmethodsementionedabeive earstaliezidyrleown to the person

skilled in the art. Smart Cut™ type methods are one example that corresponds to
a preferred embodiment of the invention.

Such methods allow structures comprising a thin layer in a semiconductor
material to be produced.

In order to obtain specifics on the abovementioned technology, the person
skilled in the art may, for example, refer to:

- J.-P. CouLINGE, “Sificon-on-Insulator technology: materials to VLSI,
second edition,” p. 50-51, Kiuwer Academic Publishers, 1991.

Structures obtained by such methods are implemented for applications in
the fields of microelectronics, optics and/or optoelectronics.

These structures are of the Silicon On Insulator (SOI) type, in the case
where the layer taken is in silicon or of the strained SOI (sSOI) typevin the case
where the layer taken is in strained silicon. Other types of composite structures
may also be obtained. |

Step (a) consists of implanting one or more ionized species in the donor

substrate which subsequently will form a zone of defects that are more or less
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may al so be obtained. Step (a) consists of inplanting

one or nore ionized species in the donor substrate
wobkish2®absequently will forma zone of def ect BCT/IB008/000736

are nore or | essburied, depending on the inplantation

energy. These defects will be able to develop and w |
buri¢dsadepending awhrteatimplantaton anergy.akbease riefeetp (itl) be Takle to

deveig st aiioad REswr rERb BB SLrERT R ng.
Comge@reryy diilizsdenhead (Hudgeledst paktly supplizdanftheshal form by
proach, the tenperature / treat ment duration

th I
detaggmwt ﬁngealmg-&ﬂme@@e@ﬂy,ttbedr@%égﬁﬂa@t tthat igpiehiirsigerroach,
[ t,0 " :
e YoEBfT, BTN PR S o
deteamthd the dotiemtwdientthe layertd besreaieowed wilidra detachéd t er

t he detach t, f di t 4 h
| nBer L TeoReAt st tPaTRsauTe SREdian GEthasy i e a0 the
bott%rgeofciﬁé(%/@bj iserhqs&Hﬁ bantof the surface may - generally

observe ven the specified applications,
spAtef thadetachrient pérformed i stapofe)i rowghnsss, timperfections in

structures uti]ized ar.e generall ery. stricti t
the FylFart L% erider F AP ST EnstalifeBl Bhind titace may.
gen&RIIY Pebier@sd. determines the quality of the

conponents that will be made on the structure. To

t r Gaen thesepeniiigcaarplivetions sspasiffaatpanifeigther itaasntongiion of.
enp. . i ) .
o By PACIRRAS koG O 8 o SHIBI  08 gy
parshhdiet tiadtetoral seriamedxté ol détesmingsstaguprdlityuetthelbemponents that

. finishing steps correspond to additional steps of the
will B maste Qnthestddd™®-0 make the method nore conpl ex and

gﬁg’ﬁ tFéb?tthéése éuﬁaeé‘@eg%ftgoéj fihBhirRPesnseH 1Res beehfsbmented

as those mentioned above consists of cafrying out
withdiheaohjgehof aonfeaminggtq sheefinel) raughaess reghiremepty thatrtee free

e A TR e S P e
angh¥€: 20RMIRPERAR drRMpdRdeRseITifsnNTstSpis B Bl ARIEN Which
anneal i ngs, particularly by exposing the wafers to a

tend' toi mpake the method more complex and more costly.

A known method to reduce surface defects such as those mentioned
above consists of carrying out detachment annealing (step c) at a “high
temperature "(which usually corresponds to a temperature of over 500 °C in the
present text). | |

Documents US 2003/0216008 and WO 2005/086228 provide examples of
such detachment annealings, particularly by exposing the wafers to a “high
temperature” for a given duration in order to initiate detachment.

These documents demonstrate that roughness is reduced when
detachment annealing is performed in part at a “high temperature,” which
consequently allows the finishing step to be simplified.

In fact, it is thought that the act of prolonging detachment annealing at a
“high temperature” allows certain surface defects issued from the detachment to

be “healed.”
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tenperature” for a given duration in order to initiate
detachnment. These docunents denonstrate that roughness

w0 g008g2wce£d when detachnent annealing is perf oPeETB2008/000736
part at a "high tenperature,3 which consequently
allows the finishing step to be sinplified. In fact,
i t Hawevesugthe tdcit of heaagingofoutr detadimentdedraeialingt at such

tom BRRGHes "thoPlcPs o SuesTaRGR RrThet doReaieiee Mgl to detach
the dbA8H QEbstHRMEYRY the SttudGle Bodededyi ng out detachnent

anneal i ng at such tenperatures produces an undesirable
ef flég is fenerally enwlained hyi 2 reatt@chroentdehendmeinen dbtioe donor

f d., This.i
suoS38! A o LU RS e ALBEALehTBRE iReacnunen the
assemelydis rsubjentds to at“Rigartdnpleratafe. 5t ruct ure produced at

the detachnent interface when the assenbly is
subjected to a "high tenperature.” SUWARY OF THE

| NVENTI ON The presfiiiiM AR OE FHPIQVRRETONe M tigate

t he abovenenti oned@p'r%'t—errrﬂ'ﬁgl—mﬂrwl—aﬁ)y to enable

the inplenentation of "high tenperature" detachnent

angeal i ng by. reduci ng the risk. of reattachnment, For

¢ hiILeRUPBRRNVERET RSP S 0 RigBEBe RN toped problems
andf SHritMEr R t6 enadld (iR fRpRMeHtEaEbrof %ﬁgﬁ téﬁﬁp%r%ture" detachment

sem conductor material taken froma donor substrate,
anneakingrby Hed ugipgpiheslisigot heattashmenitn §os this guspese,sthepigyention

ororefie, 4 Pl forirfig™ SRk B BGirPlbiS.0 P/% o B eGuBonauctor
materilb)alkess okl ¥ donbhesubenate, Sts ahéd terpligs§i ther following

substrate; (c). supply of eneréy to detach the Tayer
SUCGRARBIe Siens t Ke) dBiRNtalieRt phtaHORNC t $RECiRRr ot foemeat zone of

e (TSRS BB AR, (005 SO i doror
substegtertotakeseiver sulesivadé; (cinsupplyngf énergs uo fdetach the layer taken
ron B B RIS B 6P i AR RS Fachmen

_ Celi B e al .
anngéﬂl}f@ eRSicACORT & ATidIP t&MpERALRIgd) 'fln%hhrfb fréé%nﬁ%]thtlﬁgﬁe layer

al | owi ng a high tenperature to be reached,
takenepeyigvuicd woprowingonisi syrface t bendition memadettertererin that in

deta%@ﬁﬁe%igt%pg?@ie aatnﬁgﬁw-?gr%pé%tﬁr%atdettahc%rrqgﬁtatain%gaﬁrgg develops
according to an upgrade, i.e. a rising ramp, allowing a high temperature to be
reached, said high temperature corresponding to the maximum detachment
annealing temperature and in that the duration of exposure to said high
temperature is limited in such a way as to prevent the appearance of significant
defectivity at the surface of the structure obtained after detachment.

Preferred, but not limiting, aspects of this method are the following

- the duration (Dj of exposure to said high temperature is less than or
equal to a limit that is a linear function (L) of the high temperature,

- the linear function is of the form: D = -3/5 HT + 450, where HT and D
are, respecti\)ely, the high temperature expressed in degrees Celsius and the

duration of exposure to said high temperature expressed in minutes,
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tenperature is limted in such a way as to prevent the

appearance of significant defectivity at the surface
W@R00Bh20034 r uct ure obtai ned after detachnent. Pr&r/EB20€84100736

but not limting, aspects of4 this nethod are the

following - the duration (D) of exposure to said high

t enpethst 3ul@tip§ (D expasucs tagaigl high tampemtura imequal t@ said
limiHLﬂear function (L) of the high tenperature, - the

ear function is of the form D = -3/5 HT + 450,

wher ethdldatioR dlexpob@rPRCsdid ®ligh tdrhiferbhdB it $TRSH ALLR Y way
expressed in degrees Celsius and the duration of

thaiospidsip@rads isdmimedigiely dolseved by e dopmasadsl i ©. a descending
] : i i posure to said high
ran?égggﬁ mhrlém&s%ﬁ%rgpgé?gcggqs%ﬁ (L), - the duration
of ex'ﬂaherumggademhd temhratarmigncmas:ee 1if0S|C|méﬂr3|ngxt@,uch a
way t sai d upgrade is imediately follaq y.a :
doungae dawndtade e RusiHl farFshseni PG APl BN ine
t enpefal MaRirfGer $A56 The h(i%f‘ térﬂﬁeﬂéﬁﬁl’e%%chég%urr]ing the upgrade
~ tenperature increases 100C per minute, - in the
is gerateiginaneb0G He, t enper at ure decreases 10 OC per ninute,

- the i_oum val t.he hi te rature reaches

ur 1 i ey e SR P Berh SRR B5 60 S 2B tbe Hnarade
is ghetidiethibRes00 b, t enper at ure reaches during the upgrade

is greater than 600 OC, - the maximumtenperature

reacth®@ PimYM Rempgtitdee reachsst Weeng 7theoaparatier 5o detween

7o0°cldify vaplant ation phase (a) is a co-inplantation
step, preférably hydrogen and helium species are

i mpd gtgxbedr,nplamﬁtirm | phdme i (@l 'fslntei rtg)-trﬂmaht;etﬂilbng@te;f,i pséferably

In additiop, the inventjion relates to. a silicon on
nydoRsh i PelypeReCiaR A BRI G RGN 4 I TR RIC: B itiogen
firstout steps (a) (b) and (c) of the nethod of the

I nvention, this structure presenting a roughness

medis ddlitica, ttbe ideeniidmeelatasf tal@ gilige oonsBMEof dypel 8irlicture

obtaolngg12 affc'el“}rﬁg\%ﬁg 'caFFﬁgac' Eol\LI}:[Agtlegs\l ((a)): (lt:)l) %%E%c) of the method of the
inventioﬁ, this structure presenting a roughness measured after detachment of
10 Angstroms RMS for 10x10 um? surfaces.

PRESENTATION OF FIGURES

Other characteristics and advantages of the invention will further emerge
from the following description, which is purely illustrative and non-limiting and
must be read with regard to the attached figures in which:

- Figure 1 represents the heat budget implemented during
detachment annealing in conformance with the present invention,

- Figure 2 represents the heat budget implemented during
detachment annealing such as is known in the prior art,

- Figure 3 represents the average roughness (expressed in DWN
Haze) of SOI structures after detachment according to the maximum temperature

reached during detachment annealing, for durations of exposure to the maximum

. temperature equal to 0, 10, and 30 minutes respectively,
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will further energe fromthe foll owm ng description,
woRi08h20034 purely illustrative and non-|im ti ngPERTB208100736

be read with regard to the attached figures in which:

- Figure 1 represents the heat budget inplenented

duri ng Higteeshdenttbaaneaid @reaerdoma@smfnd@famst Rbsaeved after

acteBEEE oy Ot bt PREP GRS ABFAERISTERRuld 2, J5fm, e o

detabﬁni@h@%hriééhhbelrpwméh aéiposurézltéuﬂ% Sw@prteﬁwatuwas of a
aver age ro%ghness (expressed in DWN Haze) of

duragippgaual & 3Rfminuterstthe niiel teoeeiadingg besia ﬁ@i@m‘etseﬁr%p (4a),
d ed during detachnent annealing, for
600&?@% ons ﬁ% egfcgsure to the maxi mum t enperature equal
t odO 1Biguen8 ra[arementﬁ a?n%;esbdeﬁeict&d)iyservgd @?eedemmt on
4c re ent ef ects ohserved aft
an ot sEHREM obleiey B, FRRlpmeBing HelaelERoBy SnReH e REaging to
the lﬁvéﬁtﬁyﬂ 'plre)égﬁ’hﬁ’é aqgﬁﬁ‘)@'ﬂé‘fﬁi’é "SHHKe @lquBptd 4™, ch exposure

ture "i's of a duration equal to
30 m—nuFlgsu’e thie & tablgrmusempeg dberesultseobiginaguinl teras of ease

500 60 C h).and 675C (4 - Figure 5. . .
of aPERPmet i sttt Rl B déighiok, SaracnimpbP BhBedings i which
the Wlu@oBf ﬁ’@ “ Righ4eipeeatoks %Mebﬂﬂrém efexpddilie are variable,

det achnment annealing according to the invention

present Figyres & sepresants the gualegee frghnesseleseressed in DWN
Haz@ng(#;%r?g é I asth?c?un?a Géf{ EEPatd Pr%ntth cé&%mléestoo%é" Prﬁag(lmum
In u

ease r uct hav

tempiﬂwrgomcﬁeﬁadnmtdaamgnmﬁangalmm| edich ][U:f ﬂmlsaestmtﬁctures :
t he " erature "and the duration o osure
havigg ebgey jobipige bh%&’r‘ erent dype fninyp ﬂ?ﬂ@ lgoe,l-g)@ﬁogemHellum

L gﬁ% 4] DWN Haze) of an SO structure
He“u@t gf‘lyﬂ aé%?gacggrrﬁ ng to the maxi mnum tenperature
r eachedFidure g refmesehitsetie averagéilocgl maghness tRidSemeasured

on fd%ﬁ“ A FHRSS UPagUTE B eAIBUT PRI enreached during

deteHAPRRIVRANGL ool 86 1Rer®, SRRERIES 1 ANE A Sined by 2
diffeagrtdypé o |mplarihaat|0m>h'lydmgereﬁﬂelnanuHehmmaHydobgB.n pnhlydrogen
alone,

- Figure 9 is a table grouping together the “feasibility” of detachment
by carrying out detachment annealing according to the invention for different

implantation conditions and for several “high temperature” values.
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det achnment anneal i ng, each of these structures having
been obtained by a different type of inplantation:

woasog®m-Hel i um  Hel i umtHydr ogen or Hydr ogen BCDIB2008/000736
Figure 9 is a table groupi g together the

"feasibility" of detachnent by carrying out detachnent
anneal i ng accor di Wéﬁ%rem

i mpl antation conditions and for several "high
tenperature” val ues. DESCRI PTI ON OF THE | NVENTI ON As

hasaglnagaslbe desesedrenidntiondd, theeniention iaatesebaheproduction of
the production of structures, conpr, si n% a L? er 't{n a q
stre@kiaso AAISISINdnatlayeraln AaRRRICPRBHERY dBAISH 2 en pg a donor,
I » » I- .
SoBSEE S B BTl o mhudid et sasducton

to theiexonduct or material is obtained by detachnent at

t he_donor substrate that has been emhrittled t

| o TERIRYSToR SrecipeenBactor Aassan urarmetE) oastien ot the
do:ﬁ'&y?dﬂﬁ?{fa?é/.ﬁnét*?%s%d dMbaftiety thelinplaHiatiabbpspesedy

inpl ementing the Smart Cut(tm type nethod,

par tn quarticulgr, bther danaritiog May iopseNeedbe andalief ek ithei stpucture

f t t t t ai ) _ . _
s I e
theeNdbbRResdIesR fdatkalVityg oft B sStaucheremobtaineedatied detachment

therefore the duration of the nmethod to be reduced. In
annealing eése Rersside finshingdsteeor di ng to the inventi on,

di ffere i 4y j at i i inimized and
updfipSPlyefiRs diod nalos BRTIAIHAY Sty WO minimized an
thdrejore Wes duestinusftthe niethobtabe réduced:pe st ruct ures.

| npl ant ati on, ste has t heref ore been . nple d

aggdﬂ difteg Ctoé‘tfi’ﬁrgfa_(%‘gr imetheAs acrding Ho Iihgngma/%ﬁ%_ﬁ,ﬂgtlﬁerent
cohdillt'an%'H’fl %Iéﬁfa‘ﬂgn! R Bydergesusdirig (sepdal)i ang dfh@étachment

Wi e discussed in the present text correspond to a
anoealiren(step (oh wege evaluated TxabteneS OityPeastiiGHres.

i npl ' | t.0 3 - : .
oAt SR R B PsreBre Ref iplsie R ogording to three
Vaﬁgf?&%,tﬂo@é@pﬂlﬂﬁm%hdj Hee-Hli scussed in the present text

correspond to a concentration equal to . , .
_ H: implantation in hydrogen alone (conditions that will be discussed in the

present text correspond to a concentration equal to 1.0x10"® cm™ and an
implantation energy equal to 32 keV) ; l

'~ He+H: sequential co-implantation of helium then hydrogen (conditions
that will be discussed in the present text correspond to a concentration equal to
1.0x10'® cm™ for each of the two species and implantation energies equal to 32
keV for hydrogen and 52 keV for helium);

- H+He: sequential co-implantation of hydrogen then helium (cor)ditions
that will be discussed in the present texf correspond to a concentration equal to

1.0x10"® cm for each of the two species and implantation energies equal to 32

keV for hydrogen and 52 keV for helium).

In an advantageous variation, the invention will thus proceed to a co-
implantation step. Generally, step (a) will be designated as an implantation step,

as one or more species are implanted.
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1.0x1 016 cnf2 for each of the two species and

i npl antation energies equal to 32 keV for hydrogen and
WG 200ka20070r helium); - HtHe: sequential co-i NPPEIMB2ISHNV0736

of hydrogen then helium (conditions that will be

di scussed in the present text correspond to a

condidatapgcified thaiea-inplantadion rodacesihe dese efanecgs impdanted,

t wo i es. il ti j :
For T e AR ERaEBHeH PEEPRITLT R 1 iipiehiohted by
pu@tdﬁgitﬁeaﬁﬂwd : %ub@’_friaﬁalt ihaQ{mntta_tdnQviimM%n’e%gweV\ieilJl})sttdws (
proceed to a coi ant ation step. nera tep.(a _
Wi | |Tf@§edﬁ3@ﬁéhlg¢? §§b§ﬁﬁatﬁﬁp|‘taﬂ&r\) atinggrag eg%faéimﬁgg @?“"ea"”g
[ [ i ' ecified that
acggqun Fﬁ%fg‘?f@%%ﬂ gﬁ%@gﬁﬁﬁgbﬁgégérezf s:oelci es iﬁ'pl ant ed.
Af t éxs tlhustriabgal amtREigien 1stdegachrhentasspedling sleeprdlly) siasts by a

o RRE o i 5 SSRRBEL PP A it

to SRRt MgaheidopRIg eI edet achment anneal i ng accordi ng
to a change in the given tenperature. As illustrated

i n Aihgutesnperatise dkeminereagaseatdondingda@naupgrage gluriggpyhich the

a tenperature range roxi At « i
tofie N Mthfeds T SR it B B, 81 PREMARLE] ol « o
teiﬂbb?étﬁ?@?reﬁf@ thanpeealalrte 500eQ. i ncreases according to

ade during which the tenperature increases

an upgr (at

a spfgie@p% as thepighdemmseaisee isiaashes. the tegeratuyre fhdecreased
. " o [
i SRR 1 SR RPIEE nhalo TD.CHRE i) e Mg PRI on the
ordecok26#C ismeadhed; ehgrefarte, exspaad tolzt highyempetdiu®@ Hietimited.

mnute) untjl a te rature on the order, of 2000C.is .

readriaire Blveaies @ Knput St deiChinght Anranag i ich the
“ h:j%ﬁ tbidPet&tre fis 3RliZed | BStahgbe@viictk oAy hbY@& @lration on the

tac nt annealing in which“the " high tenperature

ortdesofB@minutesdfarexampelge (whi ch may have a duration

on the arder

of, 30 m.nutes, for.ex ) e b Nl t :
charIQc_toé‘ij?rz &0t ﬂléaraﬁ@”iz?yﬁ?ﬁ q%|t§§”®%$u%pﬁjr%tgu&ﬁrres following
ddtathPBhn Ena64IRRS) ARE btrabieesd ang subjeetert tauséwarabteats “roughness
subjected to several tests: "roughness test,"

tesifedefectvity jestést . "

These two types of tests indicate two distinct qualities of the structures.

The roughness is that of the surface of the transferred layer, after
detachment. Known “high temperature” detachment annealings seek to reduce
this roughness.

As for defectivity, this corresponds to — in all cases in the sense of the
present text . defects with substantially bigger sizes than the representative
roughness quantities. These defects correspond to partial tearings of the
transferred layer. The defectivity therefore indicates possible reattachments of
the layer before its transfer. In this text, the term “defect” corresponds to this
defectivity and it therefore does not cover roughness, in particular.

The DWN haze measurement describes the average roughness measured
on the entire surface of the structure obtained. This haze is measured by SP1

scanning the surface to be analyzed. Its principle is based on the detection of the
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These two types of tests indicate two distinct
gqualities of the structures. The roughness is that of
WO pwsdUfeace of the transferred |ayer, after PCI/IB2008/000736
det achnment. Known "hi gh tergperature” detachnent
anneal i ngs seek to reduce this roughness. As for .
luaniiautst intensity difiused by dapomafer tia respansg [to cadaser heamewith a

3B AR ol S0 AR kBl

chainmetld bf differdiesieested ¢naisondichespehthisoispBNN abze) or a “large”
tearings of the transferred | ayer. The defectivity
chaneebftBisds VYNRAZE: possi bl e reattachnents of the

| ay efio hef ar &ordSer ARS FsTvN 'H%\é%hé)is S@Xétruét@%s_t 8ftdP detachment
def eCt it

corresponds to this defectivity an _
adcoedinf doethéomsximumclevggeratng raaslsed iduripgrdétachment aheealing,

haze asur enent descri bes the a h .
TOFANLEaes G EHOSUIR i4lc EurTaLDUBT (PRPCCaP R (Ge 160 (that is
deBERBARbandddImgRESrdifg & BRUneEnton)SP0, 86@B0IrButdye

surface to be analyzed. Its principle 1s based on the

det dugutes 48, ihep0f o uspiasephsiefgctamapssebseyed Hey SP1 after

fer i 0 j
o fhebof SRR s ol ARBTR IR AL g P APHEL B peratures,
respectueie dedpyalt v® SOEG)elbs00t dhtif &76AC. sExmssura at this “ high
"narrow' channel (this is DNN haze) or a "l

. . arge’
tegtpghiatire (isHPL30 Simyirs HkpYN tyneyal %et§Ch@§PE§Bﬂ$g§'ng9u-e
DWN ha trpct spaf : rent A [
o that EPs (Ehols HEUC I INRIARIES AR 3 those
mentieadd pegvidusly.dur ati ons of exposure at the maxi mum
ual .to O (that et achnment anneetl

h b ) !
nccartnity Bl Haniratan, poRRowocndReRENRY RGeS, Rk the act
ofEb@r‘éragﬁwg“lﬁe d&aﬁ?ﬁeﬁﬁeﬁrﬁﬁliﬁ%@é‘hp@ﬁét@ﬁé inBreyes RewdhRSs. In fact,

SP1 after detachnent on SO sStructures for nmaximm

asiduairatednn Figuead.ithg averags rugheess imppa@s (eredusgdawhen the

t 0. 5000C, . 6000C .and 6750C. is " hi
eGP a I gt g aaT i RIRE Horg ety rdlofless of the
d@etias bferposuraeal ing) . In Figures 3, 4a, 4b and A4c,

the inplantation conditions are those nentione

d
pr evinoadpijionrifdavre 3 tdkatey thabitbarad, ohdeRHGNR R exposure
d%@&hoﬁead?@ﬁeﬁéhﬁéﬁtér? Lidlvs it dfrhe A ar‘\ﬁlé%{li'?lgstb% EB%ied out at

achnent “anne enperature | nproves roughness.
highef ®ehperatures in good conditions.

More precisely, it has been observed in the structures whose qualities are
illustrated in Figure 3 that it was in practice difficult, or even fmpossible, to
correctly detach the layer to be transferred for detachment temperatures greater
than 700°C (in the case of a 30 minute range at this detachment temperature)
and greater than 750°C (in the case of a 10 minute range).

This is comparable to the results illustrated in Figures 4a, 4b and 4c.

In fact, it is noted in these figures that the act of raising the “high
temperature” leads to increased tearings on the edges of the transferred layer of
the structure obtained; it was difficult to detach the substrates.

In addition, a phenomenon of reattachment due to the Silicon-Silicon

bonds is noted at these high temperatures.
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as illustrated in Figure 3, the average roughness

i nproves (i s reduced) when the maxi num det achnent
wa@rpovsabiony t enperature increases, regardl ess OPCT/IB2008/000736

duration of exposure. In addition, Figure 3 indicates

t hat tlﬁe act of reducing, the exposure duration at a
hi gHNtFdgNerds UESPHSIRATIES ATRTRHE VigHHR 2nithe edgepef the wafer,

car riad Rufin tpm;e,?&ﬁénéﬁniee@cg}geﬁs Wg{ér\g%‘flac%ﬂéyltt bAR&aling in

More precisely, as been observed 1 n the structures
contharseargpeawithitbe iaventidnl issputangulace asi iguse=n3int Rigure 6 where, in

coffarisart y e oEUihe Faybinigh BOTESRRBRS: fBd ey same * high
te RS Nfal i SMBBfRYIIH 6 $hd) tﬁe@éséhaw ﬁﬁhr?@@l? ddcheddigy. case

of a 30 minute range at this detachnent fenperature)
and Wreetahle feavafFigeeot ifusirates inagle aerall manfienuthe advantage

I T R M N

t hede facyualesvd hat salwetrattthef adtabBintgedding "thedhigh temperature
tenperature” leads to increased teari n&s on the ed

imgrotas OaHEPEs r allen AjRiRceRhebut dhet dhis dbt lkeled!o | lead to
re‘éﬁécr%gm Sfl'i‘n% stu‘Bsﬁ?fe%Ch the substrates. In addition, a
p

enonmenon of reatfachnent due to the Silicon-Silicon
bondihea sabrlet ied Figure he: skudtiadds tteepesaltsirie stekms Fofg thee defectivity

otiflpefluie! VhroZE! UG cumalbR FonyBane oangheremberature’
valltRs QRPN oPERISHUrEt tHis ANBh WMABERAUMISN the Tnvention

is put in place as is seen’in Figure 5 where, in
conparthisdablg, wheri iherkoxes grahiite, dbisrmsspontiatttbe detachment is

i Eormath e WEBE Bk i odAL gt ik Bihl 7 pBRF grey). i

bddonss rir€ Bindi Mo difieuleblt FENMESossible t8 heparageththilbstrates,
reduci ng the duration of. exposure at a "h

h
on thepeenifalyewhgndbentase biacks ter subghaies aee IE)?KJK)'X Kapairggbor even

| J ; é?t{ﬁ?ﬁ‘ ture inproves
br?%%r&ﬁ&@%@?éﬁgrlﬂgae){cggﬂ%%%at%u t%rgtt this is likely to
| eadrdro exaatpiec fiorersn axpobares ubgbtian eef Jhemiraliée atnh a “ high
results in terms

teTBRERLT 4roal5B BAR PG di Vgl RORRRIE dRrafech the substrates,
WIRRNGRS M&isC PBLsiblePSr @ Mowhr SRS UAR Wilation at the same * high
temperature. ”

The table from Figure 6 identifies a limit L that delimits the limiting
conditions (the value of the highest temperature during detachment annealing —
that will be designated HT; the duration of exposure to this highest temperature —
that will be designated D) allowing a structure with good quality in terms of
defectivity to be obtained. This limit L separates two fields D1 and D2.

Field D1 corresponds to acceptable conditions. Field D2 corresponds to
conditions that lead to a defectivity that is too significant.

According to the invention, detachment annealing is carried out in field D1;
that is, the “highest temperature” value and exposure duration that is lower than

the limit values are maintained.
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val ue, duration of exposure at this "high

tenperature”). In this table, when the boxes are
waniosa200rhi s means that the detachment i s donePCT/IB2008/000736

correctly and when there igo0ocolor shading (white +

grey or black + grey), it becones nore and nore _

di f fii isuhsepvad et linipborsiseonds ée ganpditiens fip which duration D is

2 SR EangPEr R R i it gt BB B e Vi o
reswidre preciseigsfimiteLr grlyt Be herearticteFioed exsinpnespbadingnto the
exposure duration of 30 mnutes at a " high

equUalipPBr at ure "greater than 750 C, it was not possible

to detach the substratesp .Ll\ﬁjé/bs%fhj%d_\las possi bl e for
a | ower exposure duration at the same " high

t enpévamkarte. tHe Temansbhton rafnthi Gonite iGis geasible & optimize the
limt L that, delinjts the limting, conditions (fhe
opape 8 NRcieRRAELSE SRR U Rk BLRaE fisiiporature HT
tha QSR dpd9ds t6 RAboit bf thBsintiesi gnat ed HT; the duration
of exposure to this highest tenperature - that will be

desilgraat/@ﬂ?ti%n faf leoviasimant of the tnventipn hexpasdrg dalthe ynaximum
ol e Rl byiad SheRo BRSeaufY 6, Pbidafenus and

thé Gedperilrdisccaigeditbidytseadd & obR asahisanprinilamvalue has been
conditions that |ead to a defectivity thfa];_ i-S too

regelaed - TiaRartioarbr eRIRpPoade i the e¥amMPISHOT TdgHER hrent
ann [ HS r Il g Lfiel nal iy dihgy d of
" hi ghé%r{égt an?@reatfsu?lg"'sw\%g? u@earﬁcgl‘u. xr%géﬁ? eg%}ﬁat Ion t r?aten ©

detachraenrt ahhenlindeor iSOL strativess doe difiénenhi maxdmumi temperature
observed fhat limt

L correspon to conditions.in .
valyrchl Bgdataghment anng 'asﬁfﬁﬁt’ﬁrgfﬁeyfemﬁ\f?é@'OPaﬁiWB'ﬁ”B%“O”-
the |AiaBes fighREPRIALpEAEd thfor e precisely, Himt L
may be characterized as corresponding to the equation: .
D-= WBEB thE maxisuim Tetackenand ann@am%ﬁwr@wr@ns 6Aughfos500°C,

limt, it . i bl i i el
bt TG RHELE, AP el BB gE 06 o hinurcs
(sk8 fretayre HT that corresponds to a point of the

limt L. In a variation of enbodi nent of the _ ‘
i nvenbenrihe axpsiwa detachment,anngsing temperature is greater than

500°C, the 'annealing presents a temperature “ peak "greater than 500°C and
immediately falls again, in conformance with a variation of the invention (see
Figure 1).

In Figure 7, the DWN haze is represented as a function of the maximum
detachment annealing temperature (between 500°C and 800°C), measured on
an SOl structure for the three types of implantation variations.

The general evolution of the DWN haze is found, which diminishes for the
highest maximum temperatures. This reduction, which corresponds to an
improved surface condition, is particularly significant for a maximum tempera}ure
greater than 600°C.

It is also remarked that the most important gain is observed for the H+He

variation. ‘In fact, for a temperature of less than 650°C, the DWN haze is very
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"high tenperature” reached during detachnent annealing
IS instantaneous and the tenperature is caused to
wale@saa®es as soon as this maxi mum val ue has beP@I/IB2008/000736
reached. This particularlyicorresponds to the exanple
of Figure 1. Figures 7 and 8 illustrate the
higho it fiess 650064 éti diedniahes Redenapidly cataheshugwith the DWN haze
anne Iin on. SO structures for different nmaximum
frOfTbWS" rM@NFdPles of the detachment annealing and for

di T TRE&HserRtions! Setforfied PSR! 8hd Mustrafed e FRyure 7, are to be

figures, 1t 1s specified that: - Wen the maxi num
cotteladedhmeith Memugh@esenpmumréeﬂ§ dgken by 800 atpmic force

.t he anne t.il
mipiasgBRar AoB i, 165,k Foubiil B gRAEpd"bY f Faot mean
sqlidR s tld@tsm“dwaﬁaéfeafm@abe Rigtérentped alyusearining a part of the
greate han 500C, the annealing, presents

surfen@m%aamr@d oVeRaKk2 ugr datddx4P Hen 5@!6@@%9363?%68?5?'6[%?0099

' ariation of th
th'fﬁ%Mﬁtrpgah?%sese'Sﬁ%%ﬂ% eﬁﬁﬂ‘i\‘?ﬁ?{é a(rAg 7, the DWN hage
I's merm@%@@haésétnféasmecp@v@ﬂdmg WX soHaTeebhs Distructures
anneal i ng tenperature (between 500C and 8000C)

acoeming &ntlrmnamnsm tempecatureof e dqiachrne@bam%@md?eat budget
| ant at i The general evolution of the
'S%rﬁ%eeseing 'ga%vﬁl ch dim ni shes for the hi ghest
max mﬁ@mmﬁﬂghm&sdea'ﬂ@%% extgotding, tovﬂ'lecdiletachment annealing
corresponds to an inproved surface conditiQ

tefpaetateid. 4t |Syt03b%,ﬁemas‘ﬁ¢tthﬁbﬁhea%>99 ft“&ﬁjps%fﬂ yiiptions present
roﬁ’%%st‘%rest&%bsatﬂgﬂ%%éé frbih %g‘r?véﬁ%rked that the nost

ant gain I's observed e HtHe variation. In
factn dddition,t éopehatthree ofariatiess,t fahas50ee) ebrermaN that it is

oo iniiany, EXPLIRIEOYS G PN MBS AREAiment AreBiis B mperatures

gré?t{e‘rﬂﬁérpﬁeo-@e observations perfornmed in SP1 , and
ustrated I1n Figure 7, are to be correlated with the

r oudimoes ¥ 50e 8€urtbeetws ¢Cakﬂmab’sat19ﬁ yagaliong @llew surfaces with

M. Cr 0SCOo AF h| S vvs t he roughness
e%vﬂgitrgﬁggé%s% 98 tft% HE&3n square (RVB) of the size
of dgfActssds daa@lﬁh@nmn@@lalm isclronighty t@ apétigh démbpbeature”by

minimizing the duration of exposure to high temperaturés (in particular, to heal or,

in any case, reduce the surface defects issued from the detachment).

For the three variations of implantations tested, the table from Figure 9
illustrates (on the same principle as the table from Figure 6), the feasibility of
detaching the substrates after detachment annealing according to the invention
in the variation where the temperature decreases as soon as the maximum
temperature is reached during detachment. |

This table indicates that the H+He implantation produces the best results
in terms of defectivity. This identifies this type of implantation as the most
advantageous while it may be considered equivalent to an He+H implantation
under roughness alone.

Thanks to these results, it is possible to evaluate the limit temperature

regarding the choice of the temperature peak value of the detachment annealing
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surface neasured over 2x2 mmR to 40x40 nmm® surfaces by
using the mcroscope, this RVS roughness is expressed
WO p0odng®r4 ons (A). The RMS roughness neasur ed BPWEIB2008/000736
10x10 mm®?2 surfaces of SO dtructures according to the
maxi mum t enperature of the detachnment annealing heat
acbordires td thet inventi@prie sacttfed thenthFeg implehtatiorhwami®ns, it was not

roughness decreases according,to the detachnent
poﬁﬁﬁ%‘aﬁ(’i_ aF'éﬁif‘eWé%f? _eyppglé%@gté. be remarked that the

t WOTHa-ihiah iR Akb AMowar i ati ons present roughnesses of

| ess than those fromthe H variation. In addition, for

t he -t Hheeberwfit af iaonis)proveh ssrfpee wopdienvaiier defechment thanks
articularly advantageous to bring the detachnent
to gﬁﬂ%ﬂfrﬁﬁﬁq%gﬁgwg?ﬁﬂﬁés greater than 6000C. From 750
C, thewhil® defyinptinbppésranvarof aisaaiantdesndseltd acattachment,

w th equi val ent roughnesses to be obtained. In all
thapisde, linjioa dherdHiatignd skpaguredors dightempBeRtutg: gh

{ enper . RN .

¢ TRREE R LI IURION Uy BH6Rh BRsClopgPaE e e
budgstof tedirmentibe aliowsabe siefaeetcoriditiaredf thepatrutiere obtained to

Do GBS PREN KI5 TSRS G BT IS BP0 bR DM R B Tcularty
greater thr SNy ?ng%stshtﬁaﬁ%‘?'eﬁuﬁf@‘?ﬁ"wfe 6), the

easi Ity o etaching the substrates after
det dic Faigo dmrzminotes deaiothgisegpariculeslyi adeantpepoys residts are

I ati on. wh he,.
R S A e S
implrtatidPprodueds patfrldiaddidieadtdds fozpltain firimsnof defectivity.
produces the best results in terns of defectjvit

Thi dnjaishiiort, i elininatien 1of ghe JrngaplNtsa the AURRIGH of \Sart Cut™

ad u i led ' ; '
vBRHRENERT R Da Hodi R, g T ORI HERLATOLIGIRIS réduoed.

t heBOr 8kl $tructintesi cbipinsdidites detachrabntaarnediingl agdording to the

tenperature regarding the choice o ature

inyslory ATBRSTST S FRUGHBRSE nifEh1S nleR8 ATy Jot SPHORGE S Rbteined

adcBY&RG ! BNthe Rné\ﬁﬁttygé’roft d&abhineat iampkant@t(W@R high temperature
varitations, It was not possible to detach the wafers
rahggprithi8a@Gghness is typicaily from 70 to 100 A RMS for implantation of

'hydrogen alone and for a maximum detachment annealing temperature of 500°C.

The example described focuses on SOI structures; of course the person
skilled in the art may easily transpose the present invention to other types of
structures that may be obtained via Smart Cut™ type methods.

In particular, results comparable to those described in the present
description have been obtained for sSOI structures in which the implantation and
fracture are carried out in relaxed SiGe. More generally, the invention is
applicable to any structure obtained by layer transfer according to steps (a) to (c)

or (d) referred to in this text.



10

15

20

25

30

The invention also allows: - the benefit of an

i nproved surface condition after detachnent, thanks to
we@@esenoes t o a high tenmperature, - while del ayPCIyIR20€8/000736

appear ance of di sadvant agesiddue to reattachnent,

thanks to limting the duration of exposure to a "high

tenmperature." Therefore, theGlLAMS s shown in the

present description show that the heat budget of the

invention allows the surface condition of the

str Utwfrﬁetﬁbtj&ifﬁ@ﬂnh% detrlsiire ceehpHiaty éhﬁf}{érqm@ééﬁ"wcﬁ\ductor
is greater than 5000 and nore particul y greater

matesial dalyen drem| asdonarapulbstratgudne tretimdocomprising e dollowing
stég be noted that these particul arly advantageous
Sults are obtained by utilizing a variation of

co- i(apimploatation duatongicssparidsito fémd, arHehitbrittiement zone in the

coi nplantation produces particul arly advantageous
d?@lﬁ“&’é}?% epidepdtectivity. In addition,

el i %wags@rﬂb@foftths gbﬁeag @étké%éﬁotag%ce%ﬁ b re% Smar t

t ype "net ho e reduced, as t et achnment
an ne(gb su'plmmgaemergy itg detanicthe. lagal takfape‘rczm e dones substrate at
obt aj n er_det achnent anne according to the
tnf R BRARERTS oot DATPERHArEED Frrarfref BbBorthd 8okt out at a
hlgﬁ@hﬁgﬁagﬁ; obt ai ned accor d| ng to t he known type of
det achnent anneal i n with hig enper ature range).
Thi d) Bughﬁ@sgea%nwapwfct@ﬂ ‘QYEF bahemlrt wenoof ImpeEinpits surface

' t atd r
AU AdrBBtcRzod il R In WAERBA: 'sfho Tl e h tomperature
deieslmmbh’eibrﬁrlngmgs e@ﬁlv@@l astortamﬁgﬂmls amfupgradseatldiwmg a high
erson ski|led in the easi transpose
alhire ?Chb@rﬁ??‘éh?q Saist 'SP t?%‘ﬁ@ﬁatlﬂf ?rf%l%ﬁ(ﬁ‘ldé@g t%ti‘ﬁ maximum
dé@b!hr?@n Qhﬁéé‘lg‘g; ﬁn@péﬁﬁlr& i mattt iG1Pee ex 8$ure to said

partlcu s conparable to t ose escrib
high etepreseture deslimited iionsudv @ b@gnasdbaprea@nt dhes&ﬁmearance of

uctures in which the i antatlon
sigafp ety H afdskties BEINE I EREinep Mt otdttient
invention is applicable to any structure obtained by
| ayer transfer according to steps (a) to (c) or

r ef &2. r'lél“cﬁ methed apterdingcto caimn NS chargeterzasbin et fh(ﬁ #urggion (D)
ofaex?)to {é{seaﬂ& (P]ra?{ esr‘rl\ﬁ]e,graﬂJrLa"ilé/?erss tHaf or %th%déjﬁﬁﬂﬂrthat is a linear

function (L) of the high temperature,

3. The method according to the previous claim, characterized in that said
linear function is of the form
D =-3/5 HT + 450,
where HT and D are, respectively, the high temperature expressed in degrees
Celsius and the duration of exposure to said high temperature expressed in

minutes.

4. The method according to one of the two previous claims, characterized

in that the duration (D) of exposure to said high temperature is equal to said limit

(L).
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material taken froma donor substrate, the nethod
conprising the follow ng steps: (a) inplantation of

W@ t@ail203peci es to forman enbrittl enent zone PCI/1B2008/000736
donor substrate at a given depth; (b) assenbly of the
donor substrate to a receiver substrate; (c) supplying
energyThe mhad kachalihgyte roneakktng pmvidusecldonsy characterized in

supstrate at the enbrittlenent .zone i npl nt i
gt e el ot o inpedute fRerieg GnalR'sudPa way that
sdi¢ropgrider 6s ithhediatdly hidlewetedymentddiindri@e! 8BURRg which the
taken in view of inproving its surface condition,
tepperaltfe fPe@@seh t hat i n detachnent step (c), the high
tenperature detachnment annealing evolves according to
an upgrade allowi ng-a high tenperature to be reached,
sai @.hi'fyh nathpe raxicording ¢o reegponthengraviodshelaimy, ohdvacterized in

det gchnment anpeal ing tenperature and in that the
thalindhP sipdsade fisoemrerabire diciepses 10 npeF BVRME. | <

limted in such a way as to prevent the appearance of
significant defectivity at the surface of the

st r utt the nudihad reedoading to dmeachthenprevibus Flhnsechardcterized in

o S SRR L SO AR AP BBl o

| ess than or equal to alimt that is a linear
function (L) of the high tenperature, 3. The nmethod .
accot-di ey mashed acepeding die asicaphihec peavitdiseelioinasl ¢hararterized in

tEl e ey 6 b ABetzRn 8 B8 RcEag s HRaragp sreater

thaxB0es6ed i n degrees Cel sius and the duration of
exposure to said high tenperature expressed in
mnutes. 4 . The nmethod according to one of the two

P €\ OHSe Méthd 'acEBRﬁnﬁ%ttﬁ :‘ti'é%] %?e\i/iliué it Rfafi @ﬁ%éﬁp in that the

(D) of exposure to sa enperaturé 1s e(gua
maxsiirdurhi igh tebjpebatuiidh evaimet hesmthedc duding dhé aupmnadefis tgreater than
GCE)%&W ous clains, characterized in that the duration

=~*exposure to said high tenperature is null in such

a way that

10. The method according to the previous claim, characterized in that the

maximum temperature reached during the upgrade is between 700°C and 750°C.

11. The method according to one of the previous claims, characterized in

that the implantation phase (a) is a co-implantation step.

12. The method according to the previous claim, characterized in that the

hydrogen and helium species are implanted.

13. The method according to the previous claim, characterized in that the

hydrogen is implanted first.

14. A silicon on insulator type structure obtained after having carried out

steps (a) (b) and (c) of the method according to claim 1, this structure presenting



said upgrade is imedi ately foll owed by a downgrade
during which the tenperature decreases. 6 . The nethod

waecwengiony to one of the previous clains, charBCT/EB20e®0736
in that in the upgrade theisenperature increases 100C
per mnute. 7. The nmethod according to one of the

a rougNhess nidaaura aftbadatdachniers dfi 10 tingstrotns Rbithéoral OxE pm
i n the downgrade decreases 100C per mnute. 8. The

surfggased according to one of the previous clains,
characterized in that the maxi mum hi gh tenperature
val ue reached during the upgrade is greater than 500C.
9. The nethod according to the previous claim
characterized in that the maxi mum hi gh tenperature
val ue reached during the upgrade is greater than 600
C. 10. The nethod according to the previous claim
characterized in that the maxi numtenperature reached
during the upgrade is between 700C and 75Q0C. 11. The
met hod according to one of the previous clains,
characterized in that the inplantation phase (a) is a
co-inplantation step. 12. The nmethod according to the
previous claim characterized in that the hydrogen and
hel i um species are inplanted. 13. The net hod accordi ng
to the previous claim characterized in that the
hydrogen is inplanted first. 14. A silicon on
i nsul ator type structure obtained after having carried
out steps (a) (b) and (c) of the nmethod according to
claiml1l, this structure presentinga roughness neasured
after detachnent of 10 Angstronms RMS for 10x10 nm 2
surfaces.

2



