WO 2006/ 032947PCT/ 182004/ 003300 1 THI N LAYER TRANSFER METHOD WHEREI N A

CO- | MPLANTATI ON STEP | S PERFORVED ACCORDI NG TO CONDI TI ONS AVA DI NG BLI STERS
FORVATI ONvaDbeiosdd4T! NG ROUGHNESS 5The present i nventi onPCEIR26e4/6¢3600a et hod
for producing a structure conprising a thin layer of semi conductor materi al
on a substrate, conprising the steps consisting in: carrying out

i npl antation of species under a face of a donor substrate from which the
thin |l ayer nust be nade, so as to create an enbrittlenent 10zone in the

t hi ckness of the donor substrate, | aci ng the face of the donor substrate
into cl ose conTHIN WAYERATBANSHER METHOD WHEREIN A COMPLANT ATHN

i npl ant ati on, ) o] I 4 \ e
enbrittl ement ZO%EEH?%%F@!{I\?%%@Q?%ﬁ%Q?@ -@?%%D?j ?@o‘*‘gs‘ﬁ@ﬁig@e onto
the support substrat BLISTERS PORMATION AMDLINMYING ROUGHNESSer . The
invention relates nore precisely to the above-nentioned inplantation step.
SMARTCUT(r) type processes, for which nore anple details can be found in

t he docunent ' Sidy = L=l r I ' i VLS nd
dition . by Jean piteraichaniet ey d & el ir Aistioig e b )
and 51, are atomprsinha biln lasehoflsemicandector peatedial ¢ acslitistnas, cabaprisirnd
correspond to,a preferred enpodi nent of the invention Such processes
advant ageouslﬂﬂ%’ﬁ%ﬂ%ﬁ‘én%'ﬂ'%lrhres conprising a thin layer of sem conductor
material, such .ascaphg obt MpRIMIAEP b Shodel BhHbARTaLe o \ddndosRatd he
i ke. The result ng strucCtures trom such processes are used for

appl i cati ons i rirarhavhickethi 4fin tayer ovlsidie ordides so@st iocereatal Ao reraprittiemeot .

| mpl ant at j f i i d t t echni h
ponbar el . Gi7eBa ghe IHEIaRS Tkapostr SIREE0y | niroduci ng atom ¢ or

ionic 30 specias gléfcih ige AEST bRkhedfddrde suBdbamé Gt ose Tubidctaligh av th a
maxi mum WO 2006/ 032947PCT/ 132004/ 003300 2 concentration of the inplanted

spe]E:i es s} t uat gitll_p@@ﬂaﬁ'«thsﬁga, aftepitthasr idargens implentationz el ative to the
suriece of <o 0B GRLBSN e T R MR

advant age of the §9td Mahafraf Fm dfeadrionae subsraichentoefe Gupporisulstfaéet or
of 3 approxinmately of the inplanted dose relative to the inplantation of a
singl e tylfe of igifegn the thipdaysrot fiedattef.t js established in the article

by Aditya Agarwedp,e T-im'r:ent@ﬁynfe?atey- ﬁoTevgg?&i&IYO'tthhwlz#tl?ffl%-sm%gﬁor%dJ'

Eagl esham "Efficient production of sili1con-on-1nsul ator
co-i npl ant at i iomplahiatien steg.h H+", to Applied Physics Letters, vol. 72

(1998), pp. 1086: t the co-inplantation of hydrogen, H.and helium He
nabl 65 Lhin | aySHATRTGURb AMPePTaOsie. R, (0TS, AR SeteiBh CA0GR® | nan
that requir edigR8Nneht RIcuEht OSfoRIOMM IR TRRANbR gY MRS &Y to VLS,

20 2nd Edition’, by Jean-Pierre Colinge from Kluwer Academic Publishers, pp.

50 and 51, are an example of methods of the type mentioned hereinabove
and correspond {o a preferred embodiment of the invention
Such processes advantageously produce structures comprising a thin
layer of semiconductor material, such as SeOl (Semiconductor On
25  Insulator) structures and the like.
The resulting structures from such processes are used for applications
in the field of microelectronics, optics and/or opironics.
Implantation of species is understood to mean any technigue (such as
bombardment, diffusion and the like} suitable for introducing atomic or ionic
30 species onto the material of the implanted donor substrate, with a maximum



This reduction translates by reduction in the inplantation tine, and is
finally in costs associated with production of structures conprising a thin
| ayer on VEOSMp@arM7 substrate, in particular by nmeans of PETABG4HBE00Dr ocess
of the SMARTCUT(r) type. As it is mertioned in this article, the
essential role of hydrogen His to interact chemcally with the

i npl antation damage and to create H stabilized 20 platelet-like defects,

or mcrovoids, in the inplanted donor substrate. In the other hand, helium
He plays a predom nantly physical role and acts as a source of internal
pressure in thwcenttiontefdhddmplardaits spatiesf situgted\atdi preset depth ifions dinel

defects. Thus He drives h and tual int ti f the ni i d
so that two SépRTAEsEETE IR rEraGs ol call mpenid SR form on each
side of the e”bﬂ'héti%n?ﬁ?ﬂéti&l?g?egufan bBepdrasienad ng@o%ﬂﬁntiﬁgtﬁtléahﬁwdﬂ

whi ch i npl antation carrie I's thereafter aced into close contact
wi th the facdiffefenthepesigs @y cosuon radwantage of dbe dooimplantadion tieclniguedsi n

bet ween sai d, face t theiy interface called b i i f . ver,
Deteen sal Oyl tietitin bV reldl L SheS AR Mgt LRsE oltiEs
bonded, theytﬁ@wénéﬁt\éﬁaﬁ oifaesiﬁ@é@jng_df%@fcieszl ently take place at WO
2006/ 032947PCT/ 1B2004/ 003300 3" certain sites at the bondi n%gl nterface and

voi ds may thus Eppéraﬁt?b@,y\béﬁ astrb ligherbdn dhesartigle dy Adityaringawal.aht &
the bondi ng HEVBRFals C-ritebbral 4", B e 0, e Badehehf, RIS B

obt ai ned af t groduttio BTEilicumdos-inzdatorsfils bgtasimplaetdiieenobHaeewith &', cl ose
contact is subjected to a thermal treatnent intende% in(ﬁ%rt&%w r to
strengt héh t AephieddPhypies kejtarst ¥ t he JHRY). RsPEBI0ES, ( al) KeIC%f t he

enbr L] e mB RN YRR g A ARBSRARM He ¥ARERSIAN lF8Fdblchitfent at

est abl i shnen 0 I npe ctly bon ar eas eret ndi ng strength may
not be suffi ai emich dowat ltotsil ngnplimatatziracdosntthah thed dequireds widwr agithestt t he
| evel of the enbrittujggnt zone ,sp that, sonme areas (called "non transferred

zones") of th&dmeﬁ_q H%&Qnﬁé?'wl??t&ﬁ’sferred onto the support
substrate. |n agfid iuctioh {taRsibR @ TefllcioAtint Bfe liplataiir dims! aRd

degrades the is quality o e surface of the face of the donor substrate
under whilgh finplain abstsnassoaiatedi adtho produmiophpt strustures semprisieg 8 i

I t ith the d bstr.ate, ..Lhus i [ ' t
b1 stors. ar o AUGF FBCE A0PPRE SHbRl R M PUdE byToRRS o7 S frlforet BrogeS or
transferred gy SMARTSUN®fpesubstrate. 20Blisters are not desired since

they decrease the effective usable wafer surface area and hens decrease the
producti on yi el ds g erentioned dnthisy asticle; thes egsenital drle af bydwgenlgistiae

production i of ! i Sdilol Si
(and whi on ity Siast shelfal GRS Binlad2hih Ga06 2 fRoi8alt | uiebiioBd
co- i npl anp at iptatelef-likS defeuts] ¢t micvamvoidg, inthbdtriptaredtdatortsubstratk lofthe
blisters formation increases if He is inplanted close to the gonqin
interface. othernaand heliym flarslaysi@ rredaminanty pivsjca dpls ef cﬁ'ﬁsi"’% Br der

L2 2V oms eeBoBH SRR ressyr, i indpieddiag aaReR 1of proahgr no
t he donor sulstresatie'ssid defecimidEius He drives growth and eventual intersection of
" the microvoids so that two continuous separable surfaces may thereafter
25 form on each side of the embrittlement zone.
The face of the donor substrate under which implantation is carried out
is thereafter placed into close contact with the face of the support substrate,
in order for bounds fo create in between said faces at their interface called
bonding interface.
30 However, if particles or organic substances are present on the surfaces

to be bonded, they may prevent the bonding to efficiently take place at



WD 2006/ 032947PCT/ 1B2004/ 003300 4 which inplantation is carried), that is
by providing an adequate He inplantation energy which can be cali brated

t hanks t av@®20060BR9%Nal ysi s. A second net hod consi st sPCH/IBI4/6688%HNg t he H
dose to be inplanted, typically by a couple of 1015 H atons/cnR. 5Of course
both these nmethods can be inplenented jointly. The effect of these
methods is illustrated by Table 1 here bel ow which represents the nunber of
blisters detected as a co-inplantation of He and H atons has been perforned
under the follow ng co-inplantation conditions: a dose of He atons of

12. 1015/ cn?; catainssites ahilleabhonrdingrintentacgyarsd Vaids cnay dhus ampeahdetvesn s,

(hat 520 IRAREsligiag 105,01 M aroms el anted as indi cated algng
keV. 15Table 1 ThéGmbl&ntdd4&pdcis @andtHstdadil diffuse into these voids, thus
forming blisters at the bonding interface. This is in particular the case when
5 the structure obtained after the donor and support substrates have been
placed into close contact is subjected to a thermal treatment intended in
particular to strengthen the bonding or to detach the donor substrate at the
level of the embritilement zone.
Moreover the presence of voids can lead to the establishment of

10 imperfectly bonded areas where the bonding strength may not be suificient
for allowing the detachment of the donor substrate at the level of the
embritilement zone so that some areas (called “non transferred zones”) of
the thin fayer may not be transferred onto the support substrate.

In addition, it has to be noted that the implantation step degrades the

15 quality of the surface of the face of the donor subsirate under which
implantation is carried out and which is to be placed into close contact with
the donor substrate, thus increasing the risk that blisters are formed at the
bonding interface and that zones are not transferred onto the support
substrate.

20 Blisters are not desired since they decrease the effective usable wafer
surface area and hens decrease the production yield. Wafers presenting
blisters are even rejected from the production line.

Let's consider a donor substrate made of silicon Si (and which may
comprise a superficial SiO2 layer) which has undergone co-implantation of

25 He and H atoms. It is believed that the risk of blisters formation inc‘reases if
He is implanted close to the bonding interfa ce.

The following methods are thus usually carried out in order to avoid
blisters formation.
A first method consists in implanting He atoms deeper than H atoms

30 within the donor subsirate (starting from the donor substrate’s face under



9 12 15 X In the | owest row, corresponding to the smallest He

i npl antation energy and thus to the shall owest He inplantation depth,

bl i st ers worM®t032947i s observed. However as He i npl ant at PER/IBHE#/888300ncr eases
(He being thus inplanted deeper), less b#isters formation is observed. In
ot her words, the 20 deeper He is inplanted, the less blisters formation is
observed. In the left-hand side colum, corresponding to the |lowest H
dose, blisters formation is observed. However, as H dose increases (see
centre and right hand side colums), blisters formation decreases. |n other
wor ds, the higiichr iniplamtatiosels sarmed), | et I8l byt previdischeen oadequalesdiged.

WO 2006/ 032947PCT/ 1.132004/ 0033Q0 5 , i.apl ant ed
region is relaPEatAtAN %R:EE"QH&%H ﬁa'ag?tc@:“p%%%t}g%wgg’%%ﬂgﬁl ﬁg ?t
possi bl e to bl opksbbendlindtHed Wbrfstdin timypaagmﬁtm Ho#dsBotd beeinipiantedAs

nenti oned abovc_a, t he donor subst1£ate is detached at the level of the 5
enbri tt| ementypically kyt agovgls of 1Q'3 Halpe18de®s by the inpl antation step so as

to transfer a paft p substrate and to
formthe ?hi n | gfé:ro%%é Bﬁ%ﬂﬁggégfé{ﬁs& gﬁé)%g%‘ é%g’&%ﬁ‘@ﬁéﬁ%f t he surface
state of the st mhetsffas oflthese atkthbds ksillustrateld by Jable pr hees betow lwhisht he
SMARTCUT(r) process are generally ver

y 10 strict. |ndeed, .the _rough s of
the thin | ay&epresentsihedisniasr Whhékerﬁ@eé@%ﬁi@éi%c%weﬁm@aﬁaiqfi%g“aﬁ'i

quality of t i i : -E-ﬁjh&n ions:

There is thug@ﬁ%g@g'ﬁé&ﬁ%ﬂb%wgierm%ﬁéigjg\ylggggiq (Ia tﬁ%{fogﬁﬁ(% acgtéor;%ughness
of the thin |ayer,aaodetdiitte sonsmpl Eneat’/arh® i npl antation step 15under
conditions making it possible to limt the royghness. Jabl e.2_he

bel ow shads ¢ he- ot HE BTBNGIAL SeTbAeaiEioARY GO BiesY: 2BVt € 38r Hlas
been performed andythagr | ting structure has been subjected to a RTA

(Rapi d Thermal Anneal ing) adapted for gunmi ng out certain roughnesses by
surface reconst fuctidose GI0Thtorosimpiantedt as inticated dlenoribeaf axishéhalds®. as

t hose exposed in reglation wish Table 1. The surface roughness has nore
preci sely been rreai%taé'ﬂ 1onin)r\g &ﬂ?face of 10 x 10 pnR2 swept by the point of

an atomc force_m gq.pﬁﬁﬂgﬁtaﬁBMea@agygfngévssed by an average quadratic
val ue known as RM5 (Root Mean 25Squar e)T'll;?b[Ie 2 46
15 ladle 1

0 46 1 0 0
Y 40 1 0 0
34 0.67 0.67 0
9 12 15
X

.
ol

In the lowest row, corresponding to the smallest He implantation energy
and thus to the shallowest He implantation depth, blisters formation is
observed. However as He implantation energy increases (He being thus
implanted deeper), less blisters formation is observed. In other words, the

20 deeper He is implanted, the less blisters formation is observed.

In the left-hand side column, corresponding to the lowest H dose,
blisters formation is observed. However, as H dose increases (see cenire
and right hand side columns), blisters formation decreases. In other words,

the higher the H dose is, the less blisters formation is observed.
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In both methods, the H implanted region is regarded as acting as a
gettering region or barrier making it possible to block the diffusion of He
towards the bonding interface.

As mentioned above, the donor substrate is detached at the level of the

5 embrittlement zone created in its thickness by the implantation step so as fo
transfer a part of the donor substrate onto the support substrate and to form
the thin fayer on the [atter.

The specifications of the surface state of the structures obtained thanks
to a transfer process such as the SMARTCUT® process are generally very

10 strict. Indeed, the roughness of the thin layer is a parameter which to a
certain extent conditions the quality of the components which will be created
on the structure.

There is thus a need for limiting as much as possible the surface
roughness of the thin layer, and thus to implement the implantation step

15 under conditions making it possible to limit the roughness.

Table 2 here below shows the surface roughness measured after the
detachment step has been performed and the resulting structure has been
subjected to a RTA (Rapid Thermal Annealing) adapted for gumming out
certain roughnesses by surface reconstruction.

20 The co-implantation conditions are the same as those exposed in
relation with Table 1.

The surface roughness has more precisely been measured on a surface
of 10 x 10 ym? swept by the point of an atomic force microscope AFM and is
expressed by an average quadratic value known as RMS (Root Mean

25  Square).
Table 2
0 46 4.28 5, 01 8,48
Y 40 3.59 5,62 10,5
34 4,63 5,76 7,12
9 12 15




X It is apparent fromthis table that the two best conditions for
limting the roughness are those underlined on the upper part of the |eft
hand si davaoebogem94However these conditions result, as sROWABIOA4/ERBI0C 1, in
blisters formati on. 50n the other hand, &onditions resulting to zero
blisters formation are conditions which does not Iimt roughness.

Hence, as the conparison of Table 1 and Table 2 nakes it clear, certain

i npl antation conditions that result in the best roughness may |ead to the
undesired blisters formation, and reciprocally conditions that avoid
blisters io formation may result in poor roughneﬁi. It thus appears
that surface roughness and blisters formation carfhot be contrglled
separately. Hence a conprom se has to be nade between the best conditions

(inmpl antation eperagies and daoses r ol | : i t he
best conditions f’%%plpf‘ﬁ?qq% ts[ﬁlg)tP&%uﬁh%]Y%éiM@P%%tﬁ%@é@gﬁ%ﬁd@@ﬁﬂgEH‘?QIt IS
ment i oned hefgugHiissSatehifoseO RGGNhEE oM thdaysheropdie afothduksfieiahdrside
controlling not” only roughness but al so other paraneters such a

1t he
t hi ckness hosolysibi Hgwever theser eonrditonsesull, @S shawn ip @W%ihﬂﬂi’é@fe@? the
damage zone, éﬂﬁ%@ﬁlitti ng tenperature, etc. 20There is thus a need for a
nmet hod for pFJ g a high quality structure conprising a thin |ayer of
seni condugt or m@rethelbiler hasdibsénditiens easulting: o tZeeo dilisterpl farmatiowmre
conditions are optimally gontrol | ed, i articular in order both to avoid
blisters forfadHANGMINIGHAPeSNET iRE r@@é]uieﬁsng surface roughness. In order

to fill the abomnﬁﬁgéé pgfe%@ggﬂsoﬁ BE THBC BhAT @ PARSRes el CASHiAg Lo a

first aspect, a met ucing a structure conprising a thin |ayer of
sem conduct oimplenéationl comditioss: isafr seselt iootiner bestnpudiwess gpay deaditetthag i n:

WD 2006/ 032947PCT/ 182004/ 00330Q. 7 f ormi il i on of , at |
Lo di 1 or entndgErboNSiRgs o Atste 1 creuhorns aaaakaRe eCHa Bedthe i n

layer nmusp DeoiBiRn My FestIPIFAH Bugings®ri ttl ement zone in the thickness
of the donor substrate; pl acing the face of the donor substrate into

cl ose contact wiittthus appepes thas subface apeghnrgaseand blisiges fnvanatigeigaanot be

i npl ant ati on, et aching t r i f

enbrittl enentcogﬁ‘ﬂi?d?Sngat?@‘ ?%ﬁ?f%%ﬁ@gbﬁs%%atgﬂ@ é%n@‘lradgu S r‘ég? ethgnt 0
the support $eBstdoadftionad (inblimativh hendrbias landetosss) fier laablding istdreast a
first species being inplanted acting essential]ly chem cal lé for to formng

pl at el et - | i kéormation: sandh thee kesborondifiens afar, ligitingathe Jresbltifdy siHacPes

bei ng i an i.ng essentially physically as a source of internal
o

pressure in anted donor substrate for providing stress in said

def ects, each ofit isahentidriezt havedhatsochlapetpremise ey haeptcbe vohgucted
distributed in the thi ckness of the donor, substrate according to a
repartition ﬁ?'bF?'l’téOl[l]'Bg aogs%mfﬂ'gg %ﬁﬁgﬁﬁp%ﬁ 9{5\% W@F@t?rst chiBEdNgs i s
mainly distr 'tl*i’ilz‘kr‘:r‘éisdsaﬂgrrﬁfﬁ%%%ﬂ%%fatH@ﬁﬁbﬁél‘@\'@HPffﬁthé?éﬁ, QRe RRRKknesdIef rlghod
bei ng characterised in that the co-inplantation step is perforned accordi ng

to co-i npl antamaye zamalithé sphitingdemgierajuts elii ch  the inpl antation energies
of said first and secopd speci are sel ect ed t. ' d
apec es ghak | o IMsESdsHsrA petint pinedeager Pritedittd o bRy STERRR, cai o
embri ttl ementeoaMiRiRNd MR Rivef of eRiticéMaktcahtérid dn apsbseats fsrerbichy
zone, and the inplantation doses of said first and second species are

sel ected to [le soiamantation gosgilipna are apdmally stonfiodedel parsicdlar 4t PEIETdose
counting from g80204i8 228 ForificrPAd td iRl Y Alduihg'SGface roughness.

in order to fill the above mentioned need, the invention proposes,

25 according to a first aspect, a method for producing a structure comprising a

thin layer of semiconductor material on a substrate, comprising the steps

consisting in:



Preferred but non restrictive forns of the nmethod according to the

I nvention are as follows. the donor substrate being a silicon substrate
(event ualwe 2005r9p294%1i Nng a superficial Si02 |ayer), the i BLABIA4PBAHoses of
said first and second 30species can be s&lected for the total inplanted
dose to be a dose | ower than substantially 3,2.1016/cnR2; WO

2006/ 032947PCT/ 1132004/ 003300 8 the total inplantation dose can be | ower
than 2,2.1016/cn2; the inplantation dose of each species can be conprised
bet ween 0, 9. 10161cn? and 1,5. 1016/ cn®, the of fset between the first
speci es maxi msmpen‘nrmimgratdoeimndaatatianobeaﬂwleastﬁ:ncﬁiﬁ@@@T SPeniDs wiger a

angstrom. v FREL6LE AN pdREe SR WL B8 b Bien B S PR Reirpra A g
Hel i um and W@Féﬁé%m SiRbiitdBhsH kﬂﬁe%ﬁ@ﬂ'ﬁ@dnb%s@'ﬂw G@hd}b/s@”éﬂra‘tt’df ogen

acting essentially chemcally in the donor substrate; to- the

co-i npl ant at i on piacyg theyfase dfdhe slomed sbbstratei sl elase Ggntass vaikt 2 suppottel | um
t hen Hydr ggen; silicon substrate, and nmay
event ual | %P%@eoﬁﬁé'i'Eh?gg'lﬂ?%@d‘%rﬁ@?@%@. de layer; - the nethod may
further corrpr lo S GettPiiR) thel dendrosuibstiatd be'cr@mm sltibet erabsittiemeritzopleased i nto
cl ose contact with the support substrate pl asma activation treatment of

at | east one @ﬁtpﬁé'al’l‘séﬁfe% paft afiibe diomer Séhﬁtr%@ﬁfﬁPtthgl%@Ppﬁt%?%F%ﬁ reto

be pl aced |nt ﬁ;{) e invention also relates to the
I nt er nedi at e ftﬁlregtﬂo !?gl F\%’dth tt-gg'fter t he co-inplenentation step of

t he met hod a@@dédﬁna firet tsheciesr belngsman@@oécﬂlr@ gssentiallyo chemicallfnfbrt he

i nvention also relates to.the lication of th thod cording to,the
first asplct f W'ﬂﬁepﬁfﬁ}%wlﬁeoﬁe?ggtﬁh@ %oﬂmmroﬁe%‘-? Of‘ta]@@ﬁ{ ehdr on

I nsul at or) > shEld ing ﬁ;ﬁ]ﬁﬁté&‘%ﬂﬁ BELSMA: piRIcBRy 88 @Q&n@@‘fﬁﬁﬁt@:ﬁ@aﬂ of

the inventio ear readin of the follow ng detail ed
descri pti on, pne$§ureel$|pthﬂ lmlarﬁedadmrma'edubsmngqr proriding ssifess riessaidct i ve

exanple, in different deltas betwe | um.and
Hydr ogen |rrpvc\£’ﬁ‘5€°2§ e?%sggg){sqqusﬁﬁ’% PREHFH RGP rlqufeﬁl}w dgﬁ ?@epo be
conpar ed bot *’h\/’ehéﬁhrdkﬁeés,% T thBUHORGY Qﬁbé‘ﬂyéiéoél@fbrémﬁ W bhréfmtitesigrofle of
the enbrittlement zone. 30As it has already been exposed, the invent | on

rel ates ti6 t tpsesentingnpisaraading zoseapherein fraspedias ingain dsbnuied gadof

structures C%”Bsen's%%a%%&ﬁ%% 8&3@&7&%’%&32004/ 003300 9

the method being characterised in that the co-implantation step is performed
according to co-implantation conditions according to which
- the implantation energies of said first and second species are selected
20 such that said second species peak is located in the thickness of the donor
substrate within said embrittlement zone and more in-depth than said first
species spreading zone, and
- the implantation doses of said first and second species are selected to
be substantially similar, the first species implantation dose counting from
25 40% to 60% of the total implantation dose.
Preferred but non restrictive forms of the method according to the
invention are as follows.
-~ the donor substrate being a silicon substrate (eventually comprising a
superficial SiO; layer), the implantation doses of said first and second
30 species can be selected for the total implanted dose to be a dose lower
than substantially 3,2.10"%cm?;



a thin layer of sem conductor material on a support substrate, the thin
| ayer bei ng obtained by detachnent at the | evel of a donor substrate

previ ouslwoeodsrodtul ed by i npl antation of species. PCT/IBZDAN4003AR0ent | on
can aid in inproving the quality of a st§ucture obtained 5 by utilising a
transfer process of the SMARTCUT(r) type. The structure can, in

general, be any type of structure conprising a thin layer of a

sem conductor nmaterial on a surface exposed to the external environnent.

In a non restrictive way, the thin |ayer of sem conductor material can 10be
silicon Si, sil{neootaidmplattatBinGiossecambe lowveethasi2,2d@Yge@nani um Si Ge,

gal lium arsenic,AsGa,  etc, The substrate su&gort can bhe madedoh ilicon Si,
quartz, etc. - the “ﬂ”%‘&éllorbfjoéﬁi‘a S8%A SPRYCHCIhtRG CAMRTEET ReBEEXken t he
support subst 1angd.st 416 r, the structure therefore formed being
a Se01 15(Sembﬁ%u@hrﬁ&i’?h@ullgﬁ?) structure, and in particular a SO

(Silicon On |nstieabfisdt betveenuihe. first speciesamaniptumtcanicentratien peekoznt ng to
the invention, consists in carrying out _a cosinplan i of a t wo
di f f erent® speﬂ'lee§e§8n§ssﬁ‘?9'%$ éﬁ?’@ﬁluﬁ% %W'Fﬁ%gﬂeﬂ%&gdﬁgya$%n%0'h8§$% e

cal I ed cl eavi ngéftlaﬁﬁw BethRentsnockRESS00bngSrbMe, donor substrate.

During the inplantation step, each species distribute in the thickness of
t he i npl ant ed- dtsoeo-$upkantation step @ani brypedormed parad-implaningHelidmpard ent i ng

a spreading z wher ejn.the i | S: wBi AL&S rd byt p ts its
maxi num conceﬁ&ﬁgﬁqe&ﬂ bgglﬁm Ieg;ﬁﬁﬁpgg%%@’éﬁg Bl" K%gélg{)adr'ﬁ]tlﬁgdnraﬁgg é guasi 25
Gaussi an pr of bhgartizfig ehbhiically intieadanor sighataitéon (defining said spreading
zone wherein the inplanted species is mainly dis ributeg,M for,instance

wherei n 0% of thee capmplantalionpestass MaYohBerPeAraRd aRY LIIRPIRONMG
concentration ' ' icular on the inplantation energy.
Anong the co- ?%@éﬁ@gﬂ%@ﬁg{s& I]g?drlaggét a first inplanted species 30acts
essenti al | y chetfiecglppoift subktrats ogn heateebiticoh isubstiafes carsd inreyt kuentualy
substrate, and at | east_a second i.nplant eq cies acts essentially WO

: . spe
2006/ 032947PC¢¢‘I‘_P:§'§9M‘/'@%@Q@SQQPFHH?LPE'QF’I s a source of internal
pressure in tDefHM%&%a%@U%ﬁﬁé@ﬁbﬁéé,%éf@fe HeOracEiohthes HbRESsuibistSRe d

def ects. n accordan a preferred enbodi nent of the nethod
accordi ngst o ishplaceddnbicese conrtatl ditb dhe supporisubeivaisp ecplasmaractivation

co-inplanted in _order to formt epbrittl.ennent i i ess of
a silicon Si h@ﬁﬁ?e fgst Igast one OP%%ESDCQSr%Hatg‘? m%&@gﬂj@bogeguéﬁhﬁé ation
to Argawal 's @iHidith® tol i pleBd inteasisse tbistaggen is the species which acts
essentially chemcally whereas Heliumis the species which acts essentially

physi cal | y. LOFUheniewaoiien @lro relatespiofthe Jniarpediaie sucede eRtaiedyiust t he
2tcor ding +o Ut £1p B8 RlsrARalGTkleaPof SRR aCqifga B et Aet? D en
resul ts, spheonf dwipveatiomi th a finishing step conprising a rapid thernal
anneal ing (RTA) of the structure obtained post.-detac nt,.in the transfer
15 of thin Iayelpé'\d\/ﬁ"lf-"ﬂméﬁm@&lﬂ!%@]@’ﬂ?éltoégeﬁ@lﬁ’g?ﬁ%@\sor Pé‘ﬁ‘?k’/‘@gt%cp ng
transfer fol Loy ng.d mRhas G th8MmintioR B tHBProdestoré) SEDH [S&RoALaBRY
On Insulator) structures.
Other characteristics, purposes and advantages of the invention will
25  appear to the reading of the following detailed description, with respect to
the annexed drawing, given as non restrictive example, in which figure 1
shows for different deltas between Helium and Hydrogen implantation
energies, the distribution of Helium which is to be compared both with the
distribution of Hydrogen and with the position of the embrittlement zone.
30 As it has already been exposed, the invention relates to the co-

implantation step performed during the production of structures comprising



Preferably, though not exclusively, co-inplantation is carried out by
sequentially inplanting Heliumthen Hydrogen. Returning to the description
of the nmdv@eeb6aG2™T di ng to the invention, 20 the co-i npPAEABNHON3ZMep i s
performed with co-inplantation conditiong according to which the first and
second species inplantation energies are such that the second species (the
physically acting one; for instance He) peak is substantially located in

t he thickness of the donor substrate within the enbrittlenent zone and nore
in-depth than the first species (the 25 chemically acting one; for instance
H) spreadi ng azihirelayer of sefffieorncisictorphaterial bora soppidrt isuhstratee thethin layer

selected for ;the ipplantati oses, of .t he i anted species tao he

subst anti al | eGP r]ec{ ﬁéf ‘?qq?%!mg'ﬁte@{ the %Yﬁrgklaag?w §§%°éf6§%&ﬁ?}”ﬂas'¥ rom
40%to 60% Oferﬁtﬁ}ﬁtlé@bﬁlimbfﬁ?hé’ﬂﬁrﬁéﬁ Qeciese. 301 ndeed, the applicant has
conduct ed several expérinents and concluded that controlling the

i mpl ant ati on ener dihesnyeition éan aicin isywoning the quality of a siructure obtained
2006/ 032947PCT/ 1.1.32004/ 003300 11 speci e j ted in the thickness
of the dofor é’dﬁjeffv"gt%{fﬁﬁ?%fPFR%&B@?‘?@W%E‘{&F@%em es spreading zone
woul d al | ow avoi difhg Sthicthiy §aﬁ,th’%ér|éP§I-, H&Jaﬁwﬁr bhetrasieké eafiprigiriPa
concluded fromthese experinents that 5 controlling

’ . . t he i%antatlon
ener gi es suclhinHayen ¢fca segieandsstari raatesighren; & spdaee edpesed Fethehextenals of
t he donor Su%ﬂvfr@ﬁﬁ?mt hin the enbrittl enment zone would also help limting
roughness. 3 description hereafter concerns nore precisely these

experinents as welh aasorarghtdctivesivay, bk thirelayee béisemisondygioreciateridl kennet hod
according ppto the invention. Firstl % different 501 (Sili cg On
I nsul at orl§  sheysitierre Siviificon Fadide §1C+ BRMaCIURAD G (SHGOSHITENIENRIGES: ng in

t he sequenti i ' ok t hen H. The i npl antation doses
were fixed, eag%]gﬂgthl ve yAtggai,ﬁomlcal 2 for 15 He and 0,9.10161cnR2 for H.

The H i npl ant at i o hersubgirat@sugparocan bedna@& of eificomisarqueeata, leéc.di f f er ent
experinments were conducted faor different i npl.antatjon energies.

The applicant att &A% ?fgoé'gﬁp%?ré %%&’l ﬁ@?%teaﬁﬂl éﬁ{c“éeﬁrb SHBPPTtons
upon the 301 s%éfréféeagatathettmna F,dinadstrctfFR thdrefdtar RAREAT eir $9emIas the

nunber of blisters an e roughness after the detachnent step, as well as

t he roughfies{Safieandustar@n Insulatory slyeivsal and énpagisularia SOI(Rilicom @l | be

detail ed hereaf re conduct ed. Secondary | on Mass Spectroscopy
(SI M5) anal yi?%l}l&@)eg@bczwﬁed (post inplantation, after the inplantation

step was perfor medhel ihpiavasbh S84 adBoiidiy) & fee Mvichtibtomsists irbuhirping
profile of the inplanted species in the si|icon dongr substrate, and nore
parti cul ar| y oub aoepdmpiandation pbapdeastityie differenl speriss sonas éhcteatedheon

peak and spr%ﬁﬁé ! LAt : Lyl f He
and H maxi mum co'ﬂg%@t% ng P%% a;')%%ﬂ?é,6'2@&%"?8&2{3%@63{%@ Erf teﬁé.(;gﬂle@ir%p%%i ﬁg of
t hei r spreaditing d8fozsuesiratéhe position of the Helium peak can be qualified

pr oading zone. WY BSEIGIrRIEHT s caciouRsss detinute in fe iidndss °9°"
of the implanted donor substrate according to a repartition profile presenting
a spreading zone wherein the species is mainly distributed and presents its
maximum conceniration peak. More precisely, the repartition has a quasi
25  Gaussian profile presenting a standard deviation (defining said spreading
zone wherein the implanted species is mainly distributed, for instance
wherein 70% of the implanied species is concentrated) and a maximum
concentration peak which depend in particutar on the implantation energy.
Among the co-implanted species, at least a first implanted species
30 acts essentially chemically for forming platelet-like defects in the donor

substrate, and at least a second implanted species acits essentially



12 TEM (Transm ssi on El ectron M croscopy) and Reflectonetry | ayer

t hi ckness anal ysis were al so conducted (post detachnent, after the

det achnewoses@3sds i npl enented) in order to determ nat @CTHB2004/8038400n
within the enbrittlenent zone of the cleda®ing plane where the detachnent
takes place. Mdre precisely, said cleaving plane position is deducted from
the thickness of the thin |ayer forned on the support substrate. A
refl ectonnetry layer thickness analysis was al so conducted after the
structure obtained post detachnent was subjected to a finishing step

consi st ngfl rphlwstcaiychst hesourde aﬁm@hahgre(saurm) in theBmplamnted glonat 6Ubat®f§nt t he
position of the Xi mum concent ration peak, as well as the possible
over | appi ng JPrPF@"%gﬁrﬁﬁl'%ﬁg'sﬁ?f Sfile with the enbri ttlengnt zone, the
position of the HahidUBoREMELCHINA Ea‘éfé}?eallé%‘lbcfdlménpbf fiet Method assording
in-depth”, "within", or "nore 1n depth" than the enbritt| enent zone.

15Tabl e 3 herte thelimvergioayihe ero@enfamcbﬂehmm\ﬁ@@p@aar@dmmnlmteﬂm B&dSeen He
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relatively togjdagragabri ttlerrent zone and to the Hydrogen spreadi ng zone.
20Figure 1 schematlcally shows, for the different investigated deltas AE

bet ween HFe i npl antAs alspadyiaianfionsd arquﬁﬁr‘e[ﬁleéiPﬂd@i Aegawgls at"tw&e i $HED @hs
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onor “subst 1 diasen AETORRT O T sfic Wik S Sscdrahy HORLAID, MRy 0%,
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1,2.1016 H Oa&clibg)toHehipka-implantation of (a low dose of) Helium and Hydrogen
results, when combined with a finishing step comprising a rapid thermal

annealing (RTA) of the siructure obtained post-detachment, in the transfer
15 of thin layers with a reduced level of roughness relative io the transfer
following implantation of (a higher dose of) hydrogen alone.

Preferably, though not exclusively, co-implantation is carried out by
sequentially implanting Helium then Hydrogen.

Returning to the description of the method according fo the invention,

20 the co-implantation step is performed with co-implantation conditions
according to which the first and second species implantation energies are
such that the second species (the physically acting one; for instance He)
peak is substantially located in the thickness of the donor substrate within
the embrittlement zone and more in-depth than the first species (the

25 chemically acting one; for instance H) spreading zone.

The co-implantation conditions are moreover selected for the
implantation doses of the implanted species to be substantially similar, the
first species implantation dose counting from 40% to 60% of the total
implantation dose.

30 Indeed, the applicant has conducted several experiments and

concluded that controlling the implantation energies such that the second



(A) H peak (A) TEM post- detachnment Refl ectonetry post- detachnent
Refl ectonetry post- RTA Between H and He peaks Between cl eavi ng pl ane and
He peak OyORBISHBIM47 1990 2040 1) AE= +7 1580 1990 PCT/1B2004/003300

11

species peak is located in the thickness of the donor substrate more in-
depth than the first species spreading zone would allow avoiding blisters
formation.
Moreover the applicant also concluded from these experiments that
5 controlling the implantation energies such that the second species peak is
focated in the thickness of the donor substrate within the embritlement zone
would also help limiting roughness.
The description hereafter concerns more precisely these experiments
as well as a discussion of the mechanisms implied in the method according
10 to the invention.
Firstly, different SOI (Silicon On Insulator) siructures were produced,
the co-implantation step consisting in the sequential implantation of He then
H.
The implantation doses were fixed, respectively to 1,2.10%%/cmz for
15 He and 0,9.10"%cm? for H.
The H implantation energy was also fixed (27 keV) whereas the
different experiments were conducted for different He implantation energies.
The applicant aftempted to compare the different implantation
conditions upon the SOl surface quality according to quality parameters
20 such as the number of blisters and the roughness after the detachment
step, as well as the roughness after several final classical treatment steps
{which will be detailed hereafter) were conducted.
Secondary lon Mass Spectroscopy (SIMS) analysis were operated
(post implantation, after the implantation step was performed) to investigate
25 the concentration distribution profile of the implanted species in the silicon
donor substrate, and more particularly to determinate the position of their
maximum concentration peak and spreading zone.
By taking into account the positions of He and H maximum
concentration peaks, as well as the possible overlapping of their spreading
30  zones, the position of the Helium peak can be qualified of either “less in-

depth”, “within”, or “more in depth” than the Hydrogen spreading zone.
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TEM (Transmission Electron Microscopy) and Reflectometry layer
thickness analysis were also conducted (post detachment, after the
detachment step was implemented) in order to determinate the position
within the embrittiement zone of the cleaving plane where the detachment
takes place. More precisely, said cleaving plane position is deducted from
the thickness of the thin layer formed on the support substrate.

A reflectometry layer thickness analysis was also conducted after the
structure obtained post detachment was subjected to a finishing step
consisting in a rapid thermal annealing (RTA).

By taking into account the position of the He maximum concentration
peak, as well as the possible overlapping of the He distribution profile with
the embrittlement zone, the position of the Helium peak can also be
qualified of either “less in-depth”, “within”, or "more in depth” than the
embrittlement zone.

Table 3 here below shows, for different investigated deltas AE
between He implantation energy and H implantation energy, the results of
the above mentioned analysis while Table 4 qualifies the positions of the
Helium peak relatively to the embrittlement zone and to the Hydrogen
spreading zone.

Figure 1 schematically shows, for the different investigated deltas AE
between He implantation energy and H implantation energy, the positions
(along the X axis representing the depth in angstroms from the face of the
donor substrate under which implantation has been performed) of the He
peak and spreading zone to be compared both with the position of the H
peak and spreading zone, and with the position of the cleaving plane and
embrittlement zone in order to obtain the nomenclature mentioned in Table
4.

Table 3

Reference SIMS post-

_ _ Cleaving plane (A) Offset (A)
implantation




2045 -585 -515 5) AE t: +25 2800 1990 2065 -810 -720 6) AE = +3 1 3150
1990 2070 -1160 -1065 It can be noted that the cleaving plane is
al ways " iWwoeoted3giEpt h" t han t he Hydrogen peak, even wheRCTHB206¢/0¢888Kk i S

"l ess in-depth"” than the H spreadi ng zonel3(see reference 1). In addition,
the cleaving plane is always 5 in the vicinity of the Hydrogen peak (for a
few tens of Angstrons), even when the He peak is "nore in-depth" than the H
spreadi ng zone (see references 4, 5 and 6). Table 4 Reference delta AE

(Implantation dose Between
in atoms/cm=: He H TEM post- Reflectometry Reflectometry Between cleaving
He: 1,2.10'° peak | peal detachment post- post- RTA Hand He plane and
H: 0,0.10'%) & | A detachment peaks | ook
0)Honly 1990 2040
1 AE=+7 1580 | 1000 | 2060 2060 2047 410 485
2) AE=+13 2150 | 1000 2172 2050 2040 - 160 -95
3)AE=+16 2400 | 1a00 2035 - 410 ~ 350
HAE=+10 | 2575 | 1000 2112 2060 2045 - 585 ~515
5) AE = 425 2800 | 1900 2065 -810 -720
6) AE = +311 3150 | 1900 2070 ~1160 - 1065

It can be noted that the cleaving plane is always "more in-depth” than

the Hydrogen peak, even when the He peak is “less in-depth” than the H
spreading zone {see reference 1). In addition, the cleaving piane is always

5 in the vicinity of the Hydrogen peak (for a few tens of Angstroms), even
when the He peak is “more in-depth” than the H spreading zone (see

references 4, 5 and 8).

Table 4
delia AE
between He He peak position He peak position
Reference and H relatively to the relatively to the H
implantation embrittiement zone spreading zone
energies
1 +7 less in-depth less in-depth
2 +13 within within
3 +16 within within
4 +19 within more in-depth
5 + 25 more in-depth more in-depth
6 + 31 more in-depth more in-depth
10 After the detachment step, the eventual presence of blisters was

investigated for each of the above mentioned structures. Moreover, surface

roughness measurements were also carried out after detachment both by



between He and H i nplantati on energi es He peak position relatively to the
enbrittl enment zone He peak position relatively to the H spreading zone 1 +
7 | ess i wdepiew3t®@ss in-depth 2 + 13 within within 3 +1BCHRIBI04003840hi n 4
+19 within nore in-depth 14

sweeping the point of an AFM (Atomic Force Microscope) on a surface of
10*10 um? over the thin layer surface (once it has been transferred onto the
support substrate), and by using a Dekiak profile meter.
Generally speaking, AFM measurements characterize high
5 frequencies roughnesses while Dektak profile meter measuremenis
characterize low frequencies roughnesses.

Table 5 hereafter recapitulates these observations and

measurements.
Table 5
He peak He peak
Percentage position position AFM Profile meter
Reference of wafers | relatively to the | relativelyto the | RMS (+/-5 RMS (+/-1
with blisters | embritlement H spreading A) A)
zone zone
H only o 52 27
1{AE=+7) 67 less in-depth less in-depth 61 13
2 (AE = +13) 50 within within 53 12
3 (AE = +16) 50 within within 54 11
4 (AE = +19) 0-50 within more in-depth >4 B
5 (AE = +25) O more in-depth | more in-depth 61 11
6 (AE = +31) O more in-depth | more in-depth 71 13

10
[t can thus be observed that the numbers of formed blisters is all the
more important as He implantation energy is weak (that is when energies
offset between He and H is, in the experiments conditions, lower than 20
keV). However, when He is implanted so that its peak is “moare in-depth”
15 than the H reparition profile (that is when energies offset between He and H
is higher than 20 keV), no blisters are formed.
It can also be observed that the roughness is with the lowest when
He is implanted so that its peak is located “within” the embrittlement zone,
and that at the same time for high and low frequencies roughnesses.
20 On the contrary, roughness gets higher when the implantation

conditions are such that He is implanted so that its peak is “less in-depth” or



5+ 25 nore in-depth nore in-depth 6 + 31 nore in-depth nore in-depth

| OAfter the detachnent step, the eventual presence of blisters was

i nvest i gavedodems29dach of the above nentioned structur esPCHIBOYVEN3300sur f ace
roughness neasurenents were also carriedidut after detachment both by WO
2006/ 032947PCT/ 1 132004/ 003300 14 sweeping the point of an AFM (Atom c Force
M croscope) on a surface of 10'10 pnR2 over the thin |layer surface (once it
has been transferred onto the support substrate), and by using a Dektak
profile neter. General | y speaki ng, AFM nmeasurenents characterize

hi gh 5 frequémoien-depthhthearsthe embritideenhikope ofnt thatoiore espacialily asribe

characterize, | ow frequenci.es roughnesses. Tabl e, Shereafter recapitul ates
t hese observglq ‘E?P?rtﬁ PREISTICYRR AMEaY Frof) §a %@PEH@H&%"&?@P@M age of wafers

with blisters He pepds BOYe hefed that high frequencies roughnesses values (AFM
measurements) are relatively similar, whether a co-implantation of He and H
5 oran implantation of H only is performed. On the other hand, one observes
that low frequencies roughnesses are significantly lowered (more than half)
for all co-implantation conditions comparatively to implantation of H alone.

As mentioned above, the structures obtained post detachment can be
subjected to a finishing step comprising a rapid thermal annealing (RTA)

10 adapted for gumming out certain roughnesses by surface reconstruction,

- and especially the high frequencies roughnesses as it is mentioned in the
applicant’s French patent application n° 0309304 already mentioned before.

The finishing step of the structure obtained post detachment can in
addition to this RTA (RTA1) furthermore comprise the following combination

15 of freatment operations: a stabilised oxidation (StabBox), a second RTA
(RTAZ2) and a thinning operation.

An important profit can be obtained after RTA1 with regard to
roughness when co-implantation is used instead of implantation of a single
species only.

20 Furthermore RMS values as low as 2,5 A (10*10 um? scan) can be
reached after said final thinning operation when co-implantation is
performed.

Hence when the He peak is located within the embrittlement zone,
the final structure presenis a low roughness whereas said roughness

25 increases as said He peak profile shifis away (either less in-depth or more
in-depth) from the embritlement zone.

The blisters formatiorn fendency can be described of the following
manner.

The closest He is implanted from the face under which implaniation

30 has been carried, the more blisters will generate at this interface, possibly

because of diffusion.



relatively to the enbrittlement zone He peak position relatively to the H
spreadi ng zone AFM RVS (+1-5 A) Profile neter RV (+/- 1 A) Honly o 52
27 1 CE WO2Zp06aB294ess in-depth less in-depth 61 13 PCT/IB2004/003300
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In the other hand, when He is implanted “more in-depth” than H in the
donor substrate, He will find, under annealing treatment, on its diffusing
path, platelets-type defects formed by H implantation and which are thus
located in the donor substrate within the H distribution profile, and which will

5 trap He and limit blister formation.

The implantation conditions should thus be selected in order for He
(or more generally speaking the physically acting species) fo be distributed,
within the thickness of the donor substrate, according to a repartition profile
presenting a peak which is more in-depth than the zone where H is mainly

10 spread (or more generally speaking the zone where the chemically acting
species is mainly spread).

It has to be noted here that for the He dose (1,2.10"%cm?) used in the
context of the experiment, no blisters formation was observed when He is
implanted in such manner that its peak is more in-depth than H spreading

15 zone. However, if He were to be implanted with a much higher dose, all of
the He may not be trapped by the H-stabilized platelet-like defects and
could thus diffuse and form blisters.

As exposed in the applicant’'s French patent application n® 0308304,
already mentionned, the co-implantation of (a low dose of) Helium and

20  Hydrogen results, when combined with a finishing step comprising a rapid
thermal annealing (RTA) of the structure obtained post-detachment, in the
transfer of thin layers with a reduced level of roughness relative to the
transfer following implantation of (a higher dose of) hydrogen alone.

However it has been shown here above that the roughness depends

25 in particular on the relative position of He peak relatively to the
embrittlement zone.

Indeed when the He peak is either “less in-depth” or “more in-depih”
than the embrittiement zone, roughness is more important than when the He
peak is located “within” the embrittlement zone, thus close to the cleaving

30 plane.
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It is believed that a maximum of He is irapped in the maximum H
concentration zone when the He profile has been positioned close to the H
profile. He concentration at the level of the embritilement zone is in that
case maximum and resulis in reduced roughness.

5 Conversely, when He implantation is performed either far “less in
depth” or far *more in depth” than the embrittlement zone, He coniributes
less, and roughness is increased.

The implantation conditions should thus be also selected in order for
He (or more generally speaking the physically acting species) to be

10 distributed, within the thickness of the donor substrate, according to a
repartition profile which present a peak which is located within the
embrittlement zone.

For these purposes, the difference between the second species
implantation energy and the first species Implantation energy can for

15 instance selected for the offset between the first species maximum
concentration peak and the second species maximum concentration peak
(as determined for instance by SIMS analysis) to be substantially comprised
between 500 and 1000 angstroms.

Implantation conditions that were investigated here above only

20 concem the implantation energies. However implantation doses were also
investigated during a second set of experiments in order to optimally control
the whole of the co-implantation conditions ne cessary for producing a high
quality structure comprising a thin layer of semiconductor material on a
subsirate.

25 Typically the implantation doses of co-implanted species can be
selected for the total implantation dose to be lower than substantially
3,2.10"%/cm?, and preferably less than 2,2.0"%cm?, that is a lower total
implantation dose than when a only single species is implanted.

The implantation energies used for producing the structure

30 referenced 3 here above (and leading to the minimal 2,5 A RMS final
roughness value) were kept identical in this second set of experiments, that
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apgl i cant%s Iﬁ%ﬁo p{aégﬂ]t%‘érﬁb %@Q?ﬁamﬁ§%§§9§ﬁﬁ{’%ﬁ"r éngrﬁgn?§ gfﬁ%g—l 5&5& e.

The finishi nqnérfe%@eefroggﬁnééé HeferibRat@t ai ned post detachment can in

addition to this RTA (RTAl) furthernore conprise the follow ng conbi nati on
1%

15 of tregt man:] opﬁxm,itbe.g-ze doss wBk Ivaged védiledheilb dossvaasdept fixed deavwa RT/;
2 TAD . OPp¥ e _ ) _ : .
St RTAL witbndegndaED el iifnewign ¥te RATKEN (R Shetal B 48R0 BLG G,

i mpl ant ati on gdergy of Bali@\9peci es only. 20Furthernore RVS values as |ow as
2,5 A (10*10 pnt scar% can be reached after said final thinnin E1;)\%err tion
8 I

when co-iHpl ant at iA% the Ipedasenigreases, blisient doRalPn REQUESp t ed

s oo, SRURhRSTSE RS, ol e IBLigalsd SR BESarB! B Lyuaness

(either |ess helngestiowars 26k RMS der h)* 10 om? shan svhen the ledose craches
1,5.10"%/cm3).

Finally, it can be derived from this second set of experiments that the

20 best result can be reached as for a low roughness and the avoidance of
blisters when the implantation doses of the two species are substantially
similar, the first species implantation dose counting typically from 40% to
60% of the total implantation dose.

Advantageously, the implantation dose of each species is comprised

25 between 0,9.10'%cm? and 1,5.10%%/cm>.

A surface activation treatment, such as a plasma activation, may
further be performed which may help (in particular when the implantation
doses are such that a repartition close 1o 60%/40% is achieved) to reduce
residual blisters and achieve good roughness. This plasma activation is

30 performed, before the face of the donor substrate is placed info close



The blisters formation tendency can be described of the foll ow ng manner.
The closest He is inplanted fromthe face under which inplantation 30 has
been car weapostodz4fore blisters will generate at this i RCEABAWS 033051 bl y

because of diffusion. WD 2006/ 032947PCT¥1132004/ 003300 16 In the
ot her hand, when He is inplanted "nore in-depth” than Hin the donor
substrate, He will find, under annealing treatnment, on its diffusing path,

pl atel ets-type defects formed by H inplantation and which are thus |ocated
in the donor substrate within the H distribution profile, and which will 5

trap He and Ccphiact mithsthersurpossihsirate, on at igast pagiaiihadacss ©fAae CooRE
houl d th i , king th
Shysi cal 1y agnA BBl siefis hichdre 16 peliabBd iy SRERANRAELRC 09 LVP,

donor substrate, airierdinathdéroagpaatpthiet inventiomiidd relatesenelhel imjesmpdiaite whi ch
is nore in-depth than the zone where His mainly to spread (

general |y sp8HKFWER t ptainssh Jufepticr fae Srsimelamantaliqn W%ﬁc%@@mﬁ{&%@nl y

spread) . : : ; 1,2.1016/ cnR)
used in the &SR e%ﬂ?ﬁ}ﬁ?ﬂﬁggéﬂ%ﬁﬁﬁﬁﬁﬁf"ﬁgﬁﬁ?ﬁ§?E§§§¥§§ﬁ§§?§ﬁimas observed
when He is inplanted undsmtahothernaspechahe iinsemntioak furthermoeeinel atgst to than H
spreadi ng 15 zope., Ho er, |.f He were to be. inplanted wth a C | gher
Gose all of PO hRdheliod Foaiputons theardhaspant pf SedmPalith do theke
defects and i f ' : \s exposed in the
applicant's E&gﬁgﬁkggﬁéﬁgﬁg pI|@gﬁ?%ﬂbﬂt%gggggﬁéjgyyggﬁe£ﬁgntionned, t he
co-i npl ant ati on offThgadésmmiptionehare)ahiaplel dealtmith28OHyaarifeaturissl ang, Hatdn

conbined with a fini.shing.step co i si.ng,.a rapi. r al.i L RTA)
o hes et e ot E A TRb cefoRBled if g 4 RE i EBL R R AT .
with ar edUC%Ph?a@i cAlld RUGATIRE Dut fbiabthee sbmiddiriudiansbedrial 0uemiargfor
i npl antation of (a higher dose of) hydrogen al one. However it has been

shown here abusianes&e, Sieer Gadh e otethendpeef eo-Japlenatiofy on the rel ative
position of He peak relatively to the enbrittlenment zone. | ndeed when
the He peak is either "less in-depth" or "nore in-depth" than the

enbrittl enent zone, roughness is nore inportant than when the He peak is

| ocated "within" the enbrittlement zone, thus close to the cleaving

30pl ane. WD 2006/ 032947PCT/ 132004/ 003300 17 It is believed that a
maxi mum of He is trapped in the maxi mum H concentrati on zone when the He !
profile has been positioned close to the H profile. He concentration at the
| evel of the enbrittlement zone is in that case maxi numand results in
reduced roughness. 5Conversely, when He inplantation is perforned either
far "less in depth” or far "nore in depth"” than the enbrittlenent zone, He
contributes |less, and roughness is increased. The i nplantation
conditions should thus be also selected in order for He (or nore generally
speaki ng the physically acting species) to be 10 distributed, within the

t hi ckness of the donor substrate, according to a repartition profile which
present a peak which is located within the enbrittlenent zone.



For these purposes, the difference between the second species inplantation
energy and the first species inplantatign energy can for 15 instance
selected for the offset between the firsSt species maxi mum concentration
peak and the second speci es maxi mum concentrati on peak (as determ ned for

i nstance by SIMs analysis) to be sﬂmy conprised between 500 and
1000 angstrons. |nplantation condi t were investigated here above
only 20 concern the inplantation energies. However inplantation doses were
al so investigated during a second set of experinents in order to optinmally
control the Whol e oMethed clori ppdduding | anstrocitire | coraprisings sarthinf dayasr ofluci ng

a high quality strycture conprisin thin | ayer sem copduct or materi al
on a subst r atenc98 PEﬁ]q%?/”n%ii%’ ?ﬁﬁPgﬁ'{?@r FBW%’&@@(S%&S%%%S-P | ant ed speci es
can beg sel ect ed dforfiify eOEAlimbrEMtaiERF i 1dasieti® differefr@petiBaiunder a
substantially 3,2.1016/cnR2, and preferably less than 2,2.0161cn2, that is a

| ower total i nfacenefa denctsgksttaia froimedich the thislaygr ewush deireadesse apitant ed.

The inplantati rgj . f.ar. pr. i erenced 3
here above (angpqigan%ﬁﬁ%ﬁgﬁ%ﬁﬁpﬁdﬁﬁ%wg(% q?lttﬁgl(abﬁéﬁa nset'tsagé\/al ue)
were kept identigta@ding the fice sethendosst sulistiexy éitbradoses cottaet with@ support
2006/ 032947PCT/ 132004/ 003300 18 is He being inplanted at an energy of 43

keV and H bei n§ubsifatgnalier hhaanndgedene iplantaien, _Roughness and
blistags Formili iy the BBRbY Slhdraitkatdnd 1ELdIT HIB'AhbAMeARAE SoHE! o

nodi fied. 5First 0Seé was 1 Nncrease rom

1, 3. 1016/ cn2 waklte ttamsfdiea gareofithe doppr stibsieate etjodhetsuipPofl.sLbsBaten@nd t hat
is lower than during, the fjrst set of, experinents for which the He dose was
1, 2. 1016/ cn). S[jo fornt the tﬁﬂ'h@yﬁf opﬁlée ?%sti gated co-inplantation conditions

(maxi mal H dosg; 18, &0 Frstt Spdoics el FiBlanten@etihg ddseptians chemi@ilyoor

1
However as the H dose increases, roughness deteriorates. Then, the He
dose was vari efowing plataletiike defectain thepdononastretpial to 1, 1. 1016/ cnR) and

the energies were also fixe eneray. of, 49 keV; H ener. .
1555 the o dogh Rt Feseend w19l L PERrRip A Srlingr &Sty Bhviifattrds
roughness is | @wsborcaldf terridlvprissopd 6l #ie Uiplasted( doeof | fullstateigioness
being as low as 2,3 A RV5 on a_10*10 pn2 scan when the He dose reaches

1, 5. 1016/ cn®) . PEoYidinpystrass ip gaiddefgels. ved from this second set of

experinments th ; : ess
and the. avol dasesh ol Y BT ardRetond S cits bERERSRREIIAY dthiRctIhe
speci es are sulisitmessal dfy tisé ndbaor, subsirbie sacapditigedoi @plrapaditioon pdufie
counting typically from40%to 60% of .the total inplantation gdose.
AdvanPigeousl y PrESRIGG SHISAACas s SD4Dr Sppeiites anbost L and
25bet ween 0, 9. 1pd&dfig% MBdirdurh cbREENGATon Peakir face activation treatment,
such as a plasna activation, mag; further be perforned which may help (in
a

particul ar wheithe heethqsl deriagi shakasterisegr dns theatcarimripatation; sierclisse to
D ot S & pRHR el BcBAYAS 1§ 31t bShduBRE aBERMEtWRREn:
- the implantation energies of said first and second species are selected
25 such that said second species peak is located in the thickness of the
donor substrate within said embrittlement zone and more in-depth than
said first species spreading zone,
- the implantation doses of said first and second species are selected to
be substantially similar, the first species implantation dose counting from

30 40% to 60% of the total implantation dose.



30 performed, before the face of the donor substrate is placed into close
MD 2006/ 032947PCT/ 1 B2004/ 003300 19 contict with the support substrate, on

‘| east one of the faces of the donor “and support substrates which are to
be pl aced into cl ose contact_ Under anot her aspect, the invention
also relates to the internedi ate structure obtained just after the
co-inplenentation step of the nethod 5 according to the first aspect of the
i nventi on exposed here above _ And under anot her aspect the invention
furthernore relates to the application of the nethod according to the first
aspect of the invention to the production of Se0l1 (Sem conductor On
I nsul ator) structures. The description here above dealt with SO
manuf acturi ng and He-H Pa co-inplantation. The man skilled in the art wll

under f and thajjethsd Ebb@rdlr?gﬁm @ﬁ?fbr@bﬂ‘ d@prewam@dlmts \iﬁ!l@érem tres donor
sem conductor materi al f uc i nstance Ge, SiCGe Sl C), or o{ her

type of co- istpsuatedisiasilicon supgiraearharasterizesddn th%‘rthﬁr'mtﬁﬁo%dgﬁ‘?ﬁe ure
conpri sing

compr i o1 ng A8 1 B Gectha SERLRR IR GE R 108l iBpiisd b8 8 1o pea

di fferent sprredswentiein suistastialy :ﬁzq@ﬁ%néubstrate from which the thin

| ayer nust be nmade, so as to create an enbrittlenent zone in the thickness
of the donor substrate pl acing the face of the donor substrate into cl ose
contagy with a gﬁftatdra. bt ‘Ehafefct ARG tofl idplattbeh 10
detachi ng the onor su str e at t l'eve the enbrittlenment zone, so as
to transfer dosesstiowér thae Zjﬁﬂ(ﬁfslsmﬁstrate onto the support substrate and to
formthe thin layer on the latter, at least a first species being inplanted
acting essentially chemcally for formng platelet-like defects in the
donor subst rat getdedactSidtlg B SaRRRI cRARRAGEdIGhNBal ﬂﬁb':ﬁiﬁl&ﬁaﬁm doge of
essentially physically as a source of i nter(ﬁgll @Pressure ip the inplanted
donor subst resch specigs sviamprisest betwean,9:100"/aef @ds1 ,2A8h/G0 .sai d first
and s?éond speci es being respectively distributed in the thickness of the
donor "substrate according to a repartition profile 20presenting a spreading
zone wher ei 15t WMetEeE cicedrdifg el ahy odlesof irtpeeceting claims, characterized in

that the co-implantation step is performed by co-implanting Helium and
Hydrogen, Helium acting essentially physically and Hydrogen acting

essentially chemically in the donor substrate.

20
6. Method according to the preceding claim, characterized in that the co-
implantation step is performed by co-implanting sequentially Helium then
Hydrogen.

25 7. Method according to any of the preceding claims, characterized in that the

support substrate is made of silicon.

8. Method according to the preceding claim, characterized in that the silicon
donor substrate comprise on its top a superficial oxide layer.

30



presents a maxi mum concentration peak, the nethod being characterised in
that the co-inplantation step is performed according to co-inplantation
condi tions according to which: the inmfantation energies of said first and
second species are selected 25 such that sai d second species peak IS

| ocated in the thickness of the donor rate wthi n sal r|t enent
zone and nore Methed@ascerding 48 3Ny P&t 5 gﬁpé%c%dﬁ?% ﬁéa

| mpl ant at i ony, 4of @GRl étﬂhﬂn%éé %tefa%dm%%ea%f%%ﬁar §ﬁﬁst§£l=ﬁ§ m?c?
substantlally simlar, the rst species Inplantation dose countlng rom

3040%t 0 60%ade thetacbiith thepduppiont sobbstidepa plagma2activetion dreatmentivhet t o
any one of the preceding._clai wherein the dono st.rat ilicon
substrate, d@at a‘é'i'"etogilé‘% faces nghq ﬁ’@npﬁﬁpgn?téftﬂ SUB@@eﬁf elygﬁ@r?stpsl?e and
second; speci tefhtd@r the total inplanted dose to be a dose | ower
t han gﬁbstaﬁﬁégﬁqﬁHSEkﬁ%016lcnﬂ 103. Method according to claim 2,

characterized in that the total inplantation dose is |ower than
2,2.10161cnR,

i npl ant ati on nggbel\r/eﬂ{e%g%@h&@%é@% n aén%ci)HﬁT %&ec! t@%ﬁihﬁﬁgﬁg&}%@ g%) éﬁd 1

, 5. 10161cn®.thd netod MricBrEINg ¢6 ahfiond dfahepyesuting@tlaime. precedi ng cl ai ns,
characterlzed in that the co-inplantation step is perfornmed by

co-inplanting Heliumand Hydrogen, Helium acting essentially physically and
Hydr ogen actj.ng |y C t

Met ho cor1dfr@§@®%ﬂhha%rtége%§%@ g%{cr)r':d cg#tar ac gﬁ%ég%ﬁ]tgh?tmt to e

co-i npl ant a retlustictpof Se0¢ (Semivethdagtor @n imEuatbi)rgruturesnt i al |y HeI i um t hen
Hydr ogen. 7. Method according to any of the preceding clains,
characterlzed in that the support substrate is made of silicon. 8. Method
according to the preceding claim characterized in that the silicon donor
substrate conprise on its top a superficial oxide layer. 22 9. Mthod
according to any one of the preceding clains, characterized in that it
further conprises, before the face of the donor substrate is placed into

cl ose contact with the support substrate, a plasma activation treatnent of
at |l east one of the faces of the donor and support substrates which are to
be 5placed into close contact. 10. Internediate structure obtained just
after the co-inplenentation step of the nethod according to any one of the
preceding clains. |0ll. Application of the nethod according to any one of
clains 1 to 9 to the production of Sed (Sem conductor On Insul ator)
structures.



