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1 METHOD FOR REDUCI NG THE ROUGHNESS OF A THI CK
I NSULATI NG LAYER This invention relates to a nethod
for manufacturing substrates intended for use in the
el ectronics, optoelectronkcs and optics fields,
including a step to snooth a thick insulator |ayer,
in other words to reduce 5 its roughness. The
invention also relates to a manufacturing nethod
that includes the above nentioned snoot hi ng net hod
and bonding and |layer transfer steps. The invention
is used in a particular application 10 for making
conposite "SA" and "sSAO" type substrates. As a
rem nder, substrates known as "SO" (Silicon On
I nsul ator) substrates correspond to substrates in
which an insulator |ayer, nore precisely silicon
dioxide (SIQ2) is inserted between a support silicon
| ayer and a 15 superficial silicon layer. In "sSO"
substrates, the superficial silicon layer is
strained (strained Silicon On Insulator). The nethod
for obtaining this type of substrate conprises a
step to bond a so-called "support” or 2 "receiving"
substrate on the insulator |ayer, and a |ayer
MELHASf EORsSRBPUCLNGt HHE BOFEHNEEISoNE PbéhdicHgTNSHeaTdNG
be understood as nnlecu:gQPEonding in which two
perfectly plane 5 surfa —Bond to each ot her
wi t hout application of glue, which is possible at

anbi ent tenperature. The bonding quality obtained is,
chaFhéseinvegtion relates to a method for manufacturing

substrates intended for use in the electronics,
optoelectronics and optics fields, including a step to
smooth a thick insulator layer, in other words to reduce
its roughness.

The invention also relates to a manufacturing method

, that includes the above mentioned smocothing method and

bonding and layer transfer steps.

The invention jja:used in a particular application
for making composite “S0I” and “sS0I” type substrates.

-As a reminder, substrates known as “50I” {§ilicon On
Insulator) substrates correspond to substrates in which
an insulator layer, more precisely silicon dioxide (S5i0z)
is insérted between a support silicon layer and a
superficial silicon layer. In YsS0I” substrates, the
superficial silicon layer 1s strained (strained Silicon
On Insulator}.

The method for obtaining this type of substrate

comprises a step te bond a so-called “support” or
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particularly by the bonding energy that is defined as
the bond force existing between two | ayers bonded
together. 10 This quality may be inproved by applying

an appropriate treatnent t» the surfaces to be

bonded. The insul ation used in the above nentioned
conposite substrates are particularly oxides
“nltrldes,pr i des T f

e Ceedlv%lgobtsub >gct Aeéée (%gr?%%s naﬁaﬁt%%% glrs [ ncI u esa alayer
ttachmdfue do. deposit a layer of silicon d|0X|de

known to the man skill ed |n the art TEOS 'L

(NN'ITé’t et hylof ERSRFLPRat ePOPEIRIPY é%&ﬂfﬂéi %’& ¥St00d
ROYT « QEROST T, RA) ng20; Eh'%hh%%hnkﬂkﬁ cohsfstsl Pf plane

dep03|t|ng a fi n1of silicon dioxide, using

suefaraet Hybd t hosehicbabshas aitdewtc @nmitardaion anfl alue,

i H T S T it A b S B, 25 This

met hogk haeoﬁaﬂugad\@mlaggs copceinkag iuni foharaytantized
density of the oxide |ayer obtained, and in

Ppelridie Q#YzﬁMn%&ﬁd@%@@hﬁ%ge%%%ggu%%?Fa%% fafipegnas the
bd cjil gjﬂog&e thL-J,tCJhorpg X dfe 4 hUsS, & Of PRI 4 Sbéﬂcﬁ’@@%@@ether

IS n e case during formation of an oXid
by a&mhern@malﬂﬂyoxnﬂatldnaneimpuove@meWew aHEﬂYlng an

roughness of silicon dioxide |ayers eposi ed usi n
PR PP TR e RIS GRere 2o SPRER [ e

r0“9ﬁﬂ§3§h§ﬂl§ﬂ¥ﬁﬁmﬁé§dOfﬁdtﬁ@daE@V@rﬁenE@bned composite
gui dance, the surface roughness of a 150 nmthick

sTECS atoxd de d%e noreathhanEa AL RVE ovbiedr scaRiiw dfifSof ©F
1 pm while the roughness of a thermal oxide
FPR

The state of the art used to obtain these various
insulators inciudes a technique to deposit a layer of
silicon dioxide known to the man skilled in the art as
“TEQS TLPCVD” (“Tetraethylorthesilicate” "Low Pressure
Chemical Vapour.Deposition").

This technique consists of depoeiting a film of

"silicon dioxide, .using tetraethylorthosilicate as a

source material, and a low pressure vapour phase
deposition technique known to the man skilled in the art
as LPCVD,

This method has many advantages concerning
uniformity and density of the oxide layer obtained, and
in particular avoids consuming the -substrate layer on
which the. silicon oxide thus formed is supported, which
is not the case during formation of an oxide by a thermal
oxidation method. |

-However, the roughness of silicon dioxide layers

‘deposited using the “TEOS LPCVD” technigue is much higher
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5 about 1.50 A RVS over the sane scan wdth. O her
deposition techniques are. also known, for exanple
such as deposition by LPCVD using silane (SiH4) as
precursor, and Pl asma Enhanted Chem cal Vapour '
Deposition (PECVD) . Further information on this
subject 10 is given in the article by Wl f and

"Chenjcal Vi t |
Chth By crySPHEPRe CFy MRSty o S iiseRICTRICKS,  wor
qifndS ERA svelfabe PRoudiBfe 2070 fPEOCESS fimchibdldgyrEos

However, these deposjtion techniques lead to an 15
oxisul izt aroreayidramil H tHES \RYSE R giFdbugHiidsset 1 am by 1

F rt.h t h
u e{gb%%F ﬁﬂ%ﬁﬁ%%%%?teg 'n95ﬁﬂﬁﬁﬁ_wb£fdé €s close to

BRhi c%ness 0 ['ayer. Consequently, a
akichltck_l. T &g dayerti{d osamxaspie wiokilde) , in ot her

words nore than 20 nn1th| which is freguently
e GdSe bRt GRS P y 36 pr GhGet pioan, ¥ for

eMiald ysiade u t&bﬁoép@jgme§§ thvat/pi Sidinepnpatabd e (Sin,)
W t'h constraints i nposed by veré good quality

as;rgmceﬁarsobonduamgi | plasis chseancedi s Cﬁ%@flé?raébl eVapour
at, t
D%ﬁﬁﬂﬂ%%ihwﬂ?ﬁgpggssﬁ%f%ﬁé}t¥h£8fﬂ {ngAgﬁ ﬂﬂ%%tghbject

5 oreven |ess M5 over
iscghvehdtiis ehel fpmiyld bpmwdint thﬁdcdl’mmetr of "@hemical
| ayer transfer application known unde

Vagustiter cREPORAARBONSIEE  CBEPFPACUFhe a8t th ep‘a%y?ﬁ%s‘é?%llne
fflr%saadysiﬂghgﬂe%rtcjl%sﬂ | phE1 G eOfyIRHbNERA] N2 1, pp

strate to lasma 30 treatnment. The plasna
lag-exiherRroondsa Sechiackodw. be bonded is defined as

be. B gt | GaT y ST VAo B e oot ASEgner e =°
lnsulator layer with the very high roughness.
- Furthermore, the roughness increases with the
thickness of the deposited layer.
Consequently, a thick insulator layer (for example’
oxide), in other words more than 20 nm thick (which is

frequently the case when manufacturing SOI type products)

is usually made with a roughness that 1is incompatible

with constraints imposed by very good quality molecular

bonding. In - this case, it 1is preferable that the
roughness should be less than 5 A RMS to enable bonding,
or even less than 2 A RMS over scan widths of 1 pm by 1

pm, in the context of a layer transfer application known

‘under the commercial name “Smart Cut®”.

The state of the art already includes the
possibility of submitting a substrate to a plasma
treatment.

The “plasma treatment” of a surface té bé bonded is

defined as exposure of this surface to a gas plasma that
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pressure (prior to bringing the surfaces to be bonded
into contact). This treatnent is done by controlling
vari ous 5 exposure paraneters such as the nature and
flow or pressure of the gas supplying the chanber
i nside which the operation is done, and the power
density. The effect is to nodify the structure of the
superfici al Iayer of%tge gﬁbstrate thus tre te?._thA%ic
CH RS A DP IS HadE beY weieret wo YYPee " of © treat iRk,
pféE%JfésQngb%'Wﬁﬁt%&i%@ﬁh@ﬂ_ﬁﬂ§t@ﬁ@ﬁd@és ptasme’ bsénded
supposed to inprove the bonding energy between two :
intayerentaawk )t he second hereinafter called "snoot hing

plaspa’ that is intended to red t : ;
rouaﬂﬁ%%s tﬁ%ﬁé?e?%e ﬁgyeF%Fﬁhs%ﬁfea eJ%HgFggﬁé various
e BRh i Eat iy partan®s erscrangspardhecuhathye enedgyflmy or

be different in the two cases. The aLti_Ie by D. hich
- PEREFREIF ePTaltheent®s| syPrydiitatle r 6he Froﬁﬂﬁﬁgé wiic

L0, YRt € i ng 4t g bekesi hégatey. 20
tlg%a ses%%%lféed@%si [ LetteI?s, Vol une 7%, nunber
21, T8 Noviehdber 2091, toestedbey athet hadregture of the

activatjo |l asma__.of. a thin |ayer. of_bprosjlates,
STH ?%ﬁih%%Xﬁf)ﬁf Chtor 08P Fita % %@%% gf%%gég'are
borgn t pigxkder(BR03)iandmatki carettiaxi det¢si Od)ypes  of
al l oys. 25 The experinment described in this afticle |
tredigtentt o thae fheatnedersting dpr 5@ hhe@l y sgtivation
#om thi . 9.5 R0r 95k ! L8t BSnkangr <R¥ between
pﬁ%%%%n p asﬂgg?%éﬁfg %@gact%ve on %tch?na) ﬁ%ge for
td veapepet esdattide 6sedbon? hanidimad qeressat eed nSsdeothing
t he chanmber of 30 nlorr. (1 30 mloryr = 1.3§ X 10-1
p%@ﬁma% that 1s intended to reduce the SurfacCe  rolighness
of the layer thus treated. .
Plasma application parameters, and particularly
energy, may be different in the two cases.
The article by D.M. Hansen et al. entitled “Chemical

role of oxygen plasma in water bonding using borosilicate

- glasses” Applied Physics Letters, Volume 79, number 21,

19 November 2001, describes a method of activatien plasma
of a thin layer éf borosilates, deposited by LPCVD.

Borosilicate type glasses are boron trioxide (B,03)
and silicon dioxide (8i0;) alloys.

The experiment described in this article relates to
the treatment of an approximately 30 Angstrom thick (3
nm} borosilicates layer by an oxygen plasma in RIE
(Reactive Ion Etching) mode for five minutes at 0.6
W/cm®, with a pressure inside the chamber of 30 mTorr (1

mTorr = 1.33 x 107! Pa).
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| roRgitions thie

The results obtained reveal inproved bond and show
that the roughness of the treated surface is not
affected by this activation plasnma treatnment. In the
article entitled "Surface emergy as a 5 function of

~self-bias voltage in oxygen plasma wafer bonding",
Sensors and Actuators 82 (2000) 239-244, D

Pasquariello_et al., .studied the influenge,of Kkineti
ener%&i3 ofe-?‘éﬁg_sopbgﬁl&%?ge%e‘bef%snﬁm%ﬁo}f%e BSRG n%}‘} Show

cigher e MushhdsonNonaf e sttbusedr eat b 10s Test saffected
showed that a silicon wafer with an initia

by ouyhmexst bfatol on Ao RVBIZ aht PRAVECE r oughness of about
0'6QE1A15M§ fQE%'éggg § @H@l%ﬁ 1“@@ﬁ?é&é““eﬁ@¥§y as a

aut hor al'sd conclu at the kinetic energy o
fiph@simn | s dees -hdtashavelaayei nit uengeashaprseever wafer

the, 15 snpothing quality of the bs S S
beRGHIEd. PEPERErORBS ST o Chy R R s 2t O
pad i LF£5110f & shert plasiedreatmenirigeachi e Rigbtic

quality Si-SiQ-Si bonded structures", Abstract No. ,
erl@0fy OoECEoR808f showed dcie Bhrsvichiqly Eh¢ deen@ding energy

| as on 20_t herml oxi f Si 2. However, this
Ogri}igép%ﬁw?féﬁ%n e?%s%ﬁggggg'mﬁth afairly |ow
i ni tiadt 4 oygbness (a3 aARNBdor wafed pittk Grb pmitial
to 20 pmx 20 §n1scan). This article does not -
oRshBRAPt G2Bf DFBF P nEORRRPERDr PEL PRABAL O - 60

AZQRe Py & SUBLL (kT et YPEni AP)aghation in 25 the

substrate supporting the oxide, and consequently nor
doesrii¢ aeriioorneihe ponehtilas bemeftbeakieeteéct snetgy of

o L5 BT A8, P28 B PSSy L2 BUDEE o e
sﬁ%%%ﬁiﬁfs @a Bt hods BReOkunedustag thesroughoeds of a
| ayer o %relectrlc ~

Furthermere, .the article by Moriceau et al.
“Interest of a short. plasma treatment to achieve high
quality Si-Si0,-Si bonded structures”, Abstract Ne. 1006,
ECS 2003, showed the smoothing' effect of a plasma on
thermal oxides .of Si0,. However, this article only
concerns oxides with a'fairly low initial roughness (2.3
A RMS for a 0.5 pum x 0.5 pm to 20 pm x 20 pm scan). This
article does not mention the possibility of forming an
embrittlement zone by a Smart Cut ® type implantation in
the substrate supporting the oxide, and consequently nor
does it mention the poteﬁtial beneficial effects of the
smoothing plasma observed during a subsequent layer
transfer. |

Finally, document US-2004/0124416 describes a method

‘of reducing the roughness of a layer of dielectric

material that uses a plasma treatment.



material that uses a plasma treatnent. 6 However,

this docunent does not nention the possibility of a
Smart Cut (r) type of treatnent for inplantation of
atom c speci es between a snoot hing plasna treatnent

and bonding followed by a |layer transfer. The

beneficial effects on the rgducti on of the nunber of

the  defects observed on the transferred | ayer are ‘
absBbuteby, nothenvi sagetherEnbodiosent snet t heention  the

[ nt i seek to sjgnjificantl educe the, roughness
pog?Eﬁ%E_‘%?gk ?ﬁsu%at %Irngfj%ye(reupha% iéy%%t Ol%eqﬁ}f?aeﬁn%}t tor
imphattegbhaot cie Formed byeokégabboneon ikt srfddiSting plasma
t ‘ . Whi the i.nitial rpughness is
crp DR R B ool M TR ekl Mo, | BATOR . TaabRsagn The
behayeriaheandcatbayer wh¢ hradnotugbness grieat gumbdaNcdr the
t gstro RVS, . preferably between 3 .an
deggy%gg rS%rJf”BVéRNBM agglfeox%rnaa Se]feyr;re?iori/%ypzr pirX Zatﬁﬁodlutely
noscanvifEndedli nents of the invention also seek to
pr oyj | t had. of . manuf act.uri ng an internedi ate
su%@?ﬁ?%@ﬁ% O%nclta esT AR ETHT t £FE n%ozo mﬁcantly

redbtai hieel byughpt amtaft | ontlofck atrosm I ispediasganthadthdts not
ienslato | ayer, for which the

rebSERSECLY S A LrH Aal L ET AL LEN %ron
sulppssd bt yadsbifing ugedtH aber inntaabondigignass iayeirgh.

tha Ot rererreaetd, B MiibaifetrdrT o faararel Javer
me 31 a@c_éaaance’iwm.ra amuagpects of rddteprigsantor equal to 3
anq R Bt " Er e B STy e ol pah g o e
apEUdrsinredted vi, ntferded 2 fuor xug8eni acthe el ectronics, :

optéﬁﬂéﬁ?ﬂéﬁyscgjgrt%%tifﬁ%ention. also seek to ﬁrovide a
method of manufacturing an intermediate substrate that
includes an embrittlement zone obtainéd by implantation of
atomic species and that is covered by a thick insulator
layer for which the roughness is high, this intermediate
substrate possibly being used later in a bonding and layer
transfer method, so as to obtain a substrate in whigh the

transferred layer contains few or no defects.



fields, characterized in that it conprises the

follow ng steps consisting in: depositing an

insulator layer, with a thicknéss greater than or

equal to 20 nm w th a roughness greater than or

equal to 3 Angstrons RMS, for a scan wwdth of 2 umx

2 um on a first so-called %donor" substrate; -

car gy aec@y&aﬁcém%ﬂl ag 55?@&9‘98% {5P) peosthe {Lﬁssntlon,

surface of said insulator Tayer, using a gas plasm
thegemdd |mf<-‘afld@l¢anﬁ)e¢letfrq@ddefv\mﬂedhcangaé;hpr essyheest of a

re i 5 nd |l n 30

thggtaﬁfn&ﬂ'%,% f asngg%gﬁ%QQ é%%ag éﬁﬁﬁ%ate intended
fomaduséreqmenﬂyagembw@ﬂnnnld%F whpmbeﬂunckbﬂmsS abra optics

r S| ch that .it can apply a .power density
E1ZTHRt i SO TAEERGGRT0. BW CHB Larid 16OWERZSE o (o5 qfollowing
stepsulcaheﬁstaﬂ@r 1nth@ep@@ﬁ@&h§na@f it a3ROtINIRE, with 2
treatment being in the range of 10 seconds to 200
Thigkphas. IBRREPHI AB2R0 06t KEHAGdFaNERyEBUs Biidh @ roughness

- grBePati mhiAt hyee ﬁH@o@o”%mA%g%ftﬂoﬁ% iaentd gn faken, igin

al one or in conblnatlon t he net hod conprlses a
0fd@n§ﬁﬁ|éaﬂidﬁnan@@ahin@l@ﬁttIﬁ@—ﬁﬁéébatothHdﬂ substrate;
an bei te e of . betyeen 700
Caanggq%ogg?f%rggogﬁ$§? 90% severg i At E8° tye surtace

of seweédal itmulrssdm- aayex;dluslmg of pest rpﬂ]aﬁialmﬁ@h@édi in a
i Nsi IS betmeen 3

ure inside the cha
cndmhpn s Bad3, BhERhors 4. Brenatery oF Mot Lhet .25 Pa
anguriatd«ontbnt o sneot Risnge ptasmesideat A SHERsmP) being
i s between about 30 and 120 seconds. - the gas used

cregred of felty o R PEC SRR r@ermraﬁsw .PsF %fhb@énfwwquons
at a0PGOXYHEM (9 ?Eg@;@n( Piy it Elgat | On 2 oﬁ G g ised

: m xt ure of these gases. e 1nsu
be%we%ﬂl%wﬁ%@@%s&ﬂéﬁvh@oﬁicmphESeS@hénﬂ@&hld@p@sﬂﬁwem, the

,duﬂ—cﬁ:cl\/c%tgfhﬂllﬂéJGSmoothlng treatment belng in the range of
10 seconds to 200 seconds.
. According to other advantageous and non-limitative
- embodiments of the invention taken alone or in.combination:
- the method comprises a densification anhealing cf the
insulator, this annealing being done at a temperature of
between 700 and 1000°C for a duration of several minutes to

several hours in - an oxidising or neutral atmosphere.



- the insulation is an oxide. 9 the oxide is a
silicon dioxide obtained by a | ow pressure chem ca
vapour phase deposition technique starting from

tetraethylorthosilicate (TECS LPCVD). - the silicon
di oxi de (Si2) is deposited at a 5 pressure of
between 40 and 200 Pa. - thg insulation is a nitride
or an oxinitride. - said active |layer caonprises

silTcoke gesaprastiveltald Cohphid®sTstimaitfdgreen 3 and
135bhi COMe o QNEY LHAAGLENISL §Spand advantages of the
10 invention w I I "becone cl éar after reading the
descr thei darehavnwolfl the ginerrhielbowlwisth riefertaned step
b)‘t :?stgc%fv?ggnena%edut Oave\innrgjga’Z.O\Mgle%gnggpr esent. On_e
possi bl'e” enbodi ment” as ~ guidance but that is in no
way- | the tatd esedOTdrheésendtawnngs: tid sméoguires dlastma is
1F are diagrans illustrating the djfferent
ChEER L5 e BrRRs OBFIanf Thah sttt et of 11 He It s O
a2 ACLOR L ngr tihdhe Jaweention; figures 2A to 2H are
diagrans illustrating the different steps of a
secondhenbbdithehi oof 1EhePBLRABE PZ02addr AT S8 St FePour
pnbBvention - Jd e 34 9.pover aREhAepEesenting the
~ edge roughness R of a layer of silicon dioxide after
t he- Plasimsuleddtoments accordilag to the invention as a
function of the applied power, for different
application tinmes; 25 - figure 4 is a graph
representing the edge roughness R of a |ayer: of
silicon dioxide after the plasma treatnent accoerding
to the invention as a function of time and for
di fferent plasma power ranges;



10

15

20

25

30

figures 5 and 6 are graphs simlar to those in 30
figures 3 and 4 respectively, for neasurenents nade

at the centre of the silicon dioxide | ayer; 10 -
figure 7 is a graph show ng the nunber N of different
types of defects before and after the snoot hing.

PI asma treatnment according to the invention; -

igures 8 and 9 are graphs representin he

dur at i'ge to8tda BéEnd r %vﬂéifé'}-p%&%% %egb%’ﬁlgggoﬁ)&’s,a Low

plais&r%un&:ﬁérﬁfcsgi t heppYIbeLhNQOf Jfegndiing dvavesedinique
this bonding tine, for the insulator |ayers éﬁSi 2)
sﬂafmin@rzﬁ:omﬁobm@tmoldﬂf@ﬂ@dﬁﬁﬁﬁ t @%\?rﬂdi W g
plasma treatnent, respectively.and 1Q - figuce L0 I
a grapfr eplsgiéﬁtopng %ﬁ}e{lﬁﬁn‘o %ﬂf%p i(%’ffg%g%tgaﬁféeséé @
prisdefedts wbsasyedi®MnsUbBIr ates obtai ned either
after conpletion of the method according to the
i nventlilgh, 1o s kD al TohpErati Ve HetHod Wit ide-
ret el Qs L0 Il faver [l BUL ShoMBod e 15
different steps of I rst ‘enbodi nent of the nethod
gccor cbarﬁgitanttjheeilamimmpﬁsﬁﬁ es Uy el 1B 5hewn a
onor substrate 1 before and _after _it _i ered.:b
t he %k?p‘%i t ISR THCE T T i ngﬁdatoﬁd%gyéﬁ%%é 865 the
id-ESpecdd wel v1 Jheohacel ohrther dponpea@ingublseracectiption
opposite to that on which the insulator layer. 2 has

- thmenwibpobit ad den seg oW owbeht KeTeEsRKRer d¢k thgdprended

mar ked as r.efere e 0 tr.at
g e e SR ayly P e liar Ty ohaen® =
gl I @M@ semt comsuct & ngn mas ewanl 1imPsat dbveexanpl e

silicon. The donor substrate 1 i
St LEon. aee Somlnget may al so conpri se a

- figures 1A to 1F are diagrams illustrating the
differenﬁ successive steps of a first embodiment of the
method according to the invention;

- — figures 2A to 2H are diagrams iilustrating the
different steps of a second embodiment of the method
according to the invention;

- figure 3 1is a graph 'representing the edge
roughness R of a layer of silicon dioxide after the
plasma treatment according to the invention as a function
ofrthe applied power, for different application times;

. figure 4 is a graph representing the edge
roughness R of a layer of silicon dioxide after the
plasma treatment according to the invention as a function
of time and for different plasma power ranges; |

- figures 5 and 6 are graphs similar to those in
figures 3 and 4 respectively, for measurements made at

the centre of the silicon dioxide layer;



10

15

20

25

30

material such as strained silicon. In the latter
case, the substrate is usually multi layer and the
strained nmaterial |ayer is then obtained by epitaxy
on a layer of 30 support mat eri al . For exanple, the
insulation 2 may be a nitride or oxinitride |ayer,
or preferably an oxide. layer. 11 The insulation

| ayer is greater than or equal fo 20 nm.thick
preferéﬁﬁyr§007nn%%rEhDEEa% &8H@ﬂﬂeé§h?sI“8F§31ey of

@ﬁteggﬁé s L0 33ANast & ORBERMS, ah @ a At S£aPhe WedbBrhing |

o um X pm 5 According to the invention, the
plreestta Stiepatisese mfﬂum@ pb ashe zswepmf—b@nmm ch the

nmet hods_ .used wi | b d
on fngF@?ﬁf The E?%% :ﬁ%; ngE%Frespon §ekén§288“ the

ddfﬁﬁﬁoﬁ”@oéﬂlﬁgb@hdiﬁg wdﬂdﬁﬂdg@réﬂséﬁ(mnmsenmmmﬁs as a
i npl antation step is 10 carried out as shown

ftfm@}m@l 1Rf Thbe | pprRATat '8n Pf o TEE the Wi&Ts &f‘ this
bon%ﬁﬁ$ F?ﬂi e@%ftEﬂ@gFHEu§9E8r1Qdy@¥§k5éf@;dwmﬁt were

which delimts an upper thin |ayer
aﬁdommf@enbenafméeteﬁZbM:thduﬁmmmﬁnlmgepldﬁmahéreatment,
expression "thin layer" refers to a layer of a few
reERCov el Y W %undr eds nanoneters thick. Refer to the

book. " §k Li,¢@n 1¢n { asyl ?;(ﬁph Tespnekoegtesy; that enimber of
to VLSI, "2nd Edition ean- Pierre Cbllnge) or

diﬁ@r@mm etypacer mﬁ'lg gpEecthar thefrveshy tyfpe Substrates
okgl as ? €L eghé ?{%n’g&k)c l'é%qorf o5 atl%gnﬁé@hod accordlng

tl on O ese |1 np ant at1 on net Accor di ng
td ochdelhvwventdon, ot hefthree sbtepsrihave mavbopust
bee%ﬁﬂifcgg%%%enggpe%g tgy%th2§ulathp d%?%ﬁke shows ~the
different steps of a first embodiment of the method
according to the invention. |

Figure 1A and 1B show a donor substrate 1 béfore and
after it 1is covered by the deposgition of a thick
insulator layer 2, respectively. The face of the donor
substrate 1 opposite to that on which the insulator layer
2 has been deposited is said to be the‘“back‘face” and is
marked as reference 13. |

The donor substrate 1 may be a single layer or multi
layer. It is usually made from a semiconducting material,
for example silicon.

The donor substrate 1 may also comprise a strained
material such as Strained silicon. In the latter case,
the substrate 1is usually multi layer and the strained
material layer is then obtained by epitaxy on a layer of
support material. |

For example, the insulation 2 may be a nitride or

oxinitride layer, or preferably an oxide layer.
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the snoot hing plasma SP treatnent and the

i npl antation of 25 atom c species shown on figures
1B, 1C and 1D respectively, are necessarily carried
out in this order. Howevenil as will be described

| ater, conplenmentary steps may be inserted between
these three steps. At the end of the inplantation

ste a substrate 4 .30 calledt " r [

eUb S eAS A TR KBEET haT 85%‘3‘!9%5 E@t& i%ﬁ‘dbo Lg“ilngto 20
n@nN@hh ayer gramsfan yrebbodsit hat emrehe Tusedoughness is

el ectroni cs, optoelectronics and optics fjelds. 12
9IRS stBpE @@ EAVadt r'et ed oMIFlires fHSandtQE. 2asscan

widd §§f%§q§§gg&%3%ﬁre 1E, the nethod can be

conti nued g a receiver substrate 3, on the
freecsurdiace 20 oththeinwmsutavor |dEyer mexdf shep is a

intermediate 5 substrate 4. The receiver.substrate
TR df L 558t LBRAGEE oF MLl GFFar e B heRte & BpL T P2
adscoatachnentepf topi semakndehcla ofon theigonor 1c. The

substrate 1, along the enbrittlenent zone 10. 10 ,
raferendre $F nadr composia et ubse ragen 5 FepeeRbRd dol dFma” -

figure 1F is ahtai s ln [ the | | a 2
is Lt?ln%acjalr]t%d iaﬁlsi Foftis | §l§%‘rc§%osf gg‘ﬁnﬂégk%gf’ i ngmr3p e
camt efd abuid, as Idhowh t houfihgute i 3Dnot shown on the

[1ues, Lhe AP feselver SubsTaLe By be il an
erht&ejhtto{]&%(éﬁysz@wcle@sinm@@t igal qghspestssereranlkegnich
w t the same nuneric references. This vari ant
dehbodi sremt  ispdirsthaguilsied fllorindie tipn peesyieder 12 of
tﬁgﬁgﬁié@ggtép that it includes two additional

The expression “thin layer” refers to a layer of a
few tens or a few hundreds nanometers thick.

Refer to the book “*Silicon on Insulator
Technologies”; Materials to VLSI, 2MirEdition (Jean-—
Pierre Colinge) or literature concerning the ™“Smart Cut”
type {(registered trademark) method, for a general
descripticn of these implantation methods. | |

According to- the invention, the three steps that
have just been described, namely the insulation deposit,
the smoothing plasma SP treatment and the implantation of
atomic species shown on figures 1B, ¢ and 1D
respectively, are'necessarily carried out in this order.
However, as will be described later, complementary steps
may be inserted between these three steps.

At the end of the implantation step, a substrate 4
called the “intermediate substrate” is obtained that can

be used in bonding and layer transfer methods that can be

used in electronics, optoelectronics and optics fields.
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steps, one densification heat treatnment shown on
figure 2D, and the other a activation plasm
treatment illustrated on figure 2F. The other steps
in the process are identicab to what 25 was

descri bed above for figure 1 and have the sane
nunmeri c references. The densification annealing step

of the insulation 2 . that s ted on .t
SUbSihes stans e it B S 4T S

densif i gati,qnr -anaeal bag §i§ﬁre8 P@JrHﬂﬂaoﬂbthbafOC&n be
the atomc species inplantation step. 13 It is also

qortetﬁmeabllw omredamgea rRECINGAt vk tFladsne (P hepiree

ver Ithou [ h £
Suf]i ee320| ? l}fl d a At;geé o%ae?%tgr%t | nsll;fa?ln%%la ©
s deR0site but before the snoot hi ng plasna step. 5 The
activation plasma (AP) treatnent is optional. It ma
be ddife TAF HEET aBPBRTRRFCH Life TSiSo(H iy prALHRNCuSTOT

%g? Jdreatnent was done, in other words on face 20 as
own on figure 2F. It could also be done on the face
30 Id‘fe tﬂn@xsubseloaue Fatethignt € bbsdegredpgiarhel2 of

fac 0 lt can als one_on 2

th FefErence %\ %?a%% ?%?rég M?l%ﬁgﬁﬁgsﬁ%

t hatTmﬂoentgse,eSf@nagt waboen tel asm timaat rferttepfemnt@/d on
although it is not shown on the figures,

f%ﬂuw®r1503$ @btﬁva?ﬁenlﬁlﬁﬁﬁ?%/@@ecﬂ%%ﬁﬁ%ﬁ?%ﬁ%%ﬁ%%n% is
rg?é/d one Lol ‘iﬁ(‘y‘é%s hee nethods,descridbediat sy 3,

I np an ation of "atom c species and betore
1B@t|vat|on pl asma or after activation plasna and

bef ore bondi ng of . the receiver '
" Although git is not shg nSUbStrgﬁg 3

figures, the
receiver substrate 3 may be multi layer.

Figure 2 illustrates a variant embodiment of the
previous process. Identical elemerits are marked with the
same numeric references.

This variant embodiment is distinguished from the
previous embodiment in that it includes two additiocnal
steps, one densification heat treatment shown on figure
2D, and the other a activation plasma treatment
iliustrated on figure 2F.

The other steps in the process are identical to what
was described above for flgure 1 and have the same
numeric references. ’

) The densification annealing step of the insulation 2
that was depositéd on the substrate 1 is optional but is
recommended.

This densification annealing step is carried out

before the atomic species implantation step.
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W will now describe the nmethods of inplenenting the

20 different steps mentioned above, in further

detail. Methods of depositing the insulator |ayer:

The insulator layer 2 is fognmed on the donor

substrate 1 by deposition, particularly by vapour

phase 25 cEem’ cal deposition, and preferably at | ow

pressure, nown as LPCVD. Angther technique c

be %edlssuélllsﬁs BFﬁgﬁﬁab%Hhaﬁgﬁﬁ c?'lg ¥ cal vapourééa?mg
pl e deposiddPn.udiraowy asndPEQMRodH tiels is not shown

information on this subject is givenin 30 the above
omeritieoneti @rté <) e b*y vebtidandlvaubbe. TRINS staefd‘-%ff the

th t hod, ma ut t t

W&ﬁr{ﬁ é%/f'rl b(feporgl tﬁh\égn IﬁltsH11 | nc ng%esstea

tr eqtrf@ratctqmrt‘@efn lpls-sm WHESh it e tsudyst riat @pusonal It
contai ned. The different chem cal reagent S

maht Poddoae 97si 8BSt HiaCThalbeft ik t WSt GFfe 1&5’3 Plasma
E{Elo)om@regé'ngﬁ gh ta% R Ur e anctlow REeasurd: $8cas AW as

rman T nsul” at ayer 2 after chenmical reaction
sHetrwesn ﬁwredlﬁeré’nt cgaééoaéS@oibﬁt idomentog: thre Bice 30

applications_a
O%ftel?f?a ?@SW%3t§€egsUB rate |nv%hlognoeg)as1%p@5f§5é 20.
1prefersed v iciie etadidrenio ofacdd B0 lamdm3 @i oxi de

(Si 2) consists of making a deposit known under the
abovi arene f oFeleCE effh FEGSAPCAY usFhgvation plasma that

d?tngc% raethyl artngsi | r} Cgﬁe\lta?sﬂ TEQR) - 8eLording to the

Owi ng Cchemca reacti on: Si’(OC2H5) 4(gas) - >
Si 02{isellild), =R02Hfigaseols) not FHoMOHICHIMH ghb@eusy, 2

The pressure inside the L [
pre aéh/or post- actlvatf%nfx%§é$§a%£8{ gfgggfﬂgléreatment

may be done following the methods described later, after
implantation of atomic species and before activation

plasma or after activation plasma and before bonding of

the receiver substrate 3.

We will now describe the methods of implementing the

different steps mentioned above, in further detail.

Methods of depositing the insulator layer:

The insulator layer 2 1s formed. on the donor
substrate 1 by deposition,  particularly by vapour phase
chemical deposition, and preferably at low pressure,
known as LPCVD. '

Another technique can also be used, such as plésma
enhanced chemical vapour phase deposition, known as
PECVD. Further information on this subject is given in
the above mentioned article by Wolff and Tauber.

This step of the method may be carried out with a

reactor for chemical vapour phase deposition. This
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between 300 inTorr and 1.5 Torr (nanely between 40
and 200 Pa) and preferably close to 750 mlorr,
(nanely close to . 100 Pa). 20 The thickness of
silicon dioxide is adjustedato be at |east 20 nm
namely greater than or equal to 200 nm and up to a
gew mbcr omﬁt ers. Densification annealing: 25 This is
one_by a heat treatnent at a, tenpera bet
TR S0B0EEFBETE GUrb I BF LS eP A o s
1§e¥SﬁgélﬁQHrsﬁﬁﬂaaﬂl@fégéﬁtn%H@mﬂaﬁﬂré@a@éﬂ@§pb@éethen
Its purpose is to nmake the insul ati on denser and to
irdldaduratce tas bdnatbbgs petieds. LrB0ctdnf Pglr &L (ﬁ?sofflows

it for carrying out th at t_or
a"aglf‘]r%t ?CSWPSF%‘EH% traen‘f "bpRsshi8? Blladl to, form an
1r§5&fﬂdt&ﬂ: O%K\éﬂrt hz a amidr conpmnsamg Jaeamtamra teawben the
i nside which the pressure and conposition of the

dififsannt fansphereCt el BomRTEdl | ed.  Several types of

thogg U %%St?égS&pp?lé@@ibﬂ¥e%5h%6,Qﬁy Eﬁuﬁjﬁﬁ invention
i npl'emented wt reactive ion etching"” unit known

cdarysnlsttss abbreitatg o SORIE/pe mewitt%orrprl ses a

S|n e radi o frequenc ener at up [
grrﬁ‘a t‘;&%l v‘éaéSuplgngpr%% %‘ectvr%o & SCocg %88?%}{&
sfl@‘?cc‘?rh%ﬁl%hd@' ch: suppesiSidthe dO sabisig ad eddpcoieredown
“wth the insulator layer 2 to be ‘activated _and/or

rate

“urghwot helle Thikp & ngMenRECGEAer HUH caRbgenetdie R hetsing

r%%edyférfhlgffi%gtét%T§@§F'%ﬁ%orabﬁgt€6n£hQOF@Ilowing
chemical reaction: _

Si(0C,Hs) as(gas) — > Si0,(Solid) + 2CzHg(gaseous) +
2CH3CH;0H {gaseous)

‘The pressure inside the LPCVD reactor chamber 1is
between 300 nTorr and 1.5 Torr (namely between 40 and 200
Pa) and preferably close to 750 mTorr; {namely close to
100 Pa). | |

The thickness of silicon dioxide is adjusted to be

at least 20 nm, namely greater than or egual to 200 nm

and up to a few micrometers.

Densification annealing:

This is done by a heat treatment at a temperature of
between 700 and 1000°C for a duration of several minutes
to several hours in an oxidising or neutral atmosphere.

Its purpose 1is to make the insulation denser and to

eliminate carbonaceous species.

Configuration of unit for carrying out smoothinq

treatment or activation plasma treatment:
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| “reRfitEcty  geReradt@sighd FBIAt AR hBY plldsha

15 of the activation paraneters, corresponds nore
precisely to the power of the generator. Controlling
the power of this generator can both excite the
pl asma and control the kinetic energy of the ions of
‘the plasma which bonmbard the surface of the 20
|Psulator | ayer 2 to be activated. The plasnma chanber
al so conprises a second el ectrode .which is. not .
connéld edr - e stibsFREr & oOb‘g HotiV &t 4t ThpEPrising
a Sependpgl eclgofle- s eardibed. hRianfurdher yaeisatiren, and
it"1s also possible to 25 inplenment the invention :
cqmi)ptdsja:jsjrm bdr Dhet gasediae WHINSISPIGES nafei opegtrolled.
above, but in i.ch the second. el ectrode is
SY tE%P%%)%?i&QQﬁﬁi%@}%%ﬁ%?% of. In this case, the
secomt RF geser aser feonnesied e tiheemeottatle with =
whi ch the insul ator |ayer to be 30 treateda£5*not %Qoﬁ

FhrgLa
fﬁgtﬁégglg§m_ an R ogrameds ter gQQHEQEIEQ?ency)

en§i;y 0 . Controlling the 1 power o
gdherfigst sggpdnator, carnieoonky cegacatette kinptiag, an

ener of _the iqns of the pla whi ch .baenb :
el o%o?ﬂﬁeaaﬁgf}qﬁaEﬁ?tégg?gg?l%hﬁ%&néﬁé&f£®g the
s AShE: panangt-eL sed The tiF paveriduldeopl asyer s2 to be

high. It is from 200 Wto 3000 W for substrates
agli tratedianmdier FroQUedm [millimeters], giving a

po densi. f a W.cnR ef b
int he'lsr a%ée%&%G 6\%0rﬁeqf%r%%orgo%cn%?ﬁérﬁgggpﬁ%a%txasma
(bf§.&EQMtéfﬁﬁstépe&dgﬁﬁr the RF power for the
t ' ‘
pl asm, tycat rent, the Lower. (he, LRUIMSSS Ofnllf sx one

of the activation parameters, corresponds more precisely
to the power of the generator.

Controlling the power - of this generator can both
excite the plasma and control the kinétic energy of the

icns of the plasma which bombard the surface of the

insulator layer 2 to be activated.

. The plasma chamber also comprises a second electrode

which is not connected to the substrate to be activated.

‘This second electrode is earthed.

in a further variafion, it 1is also possible to
implement the invention with a similar unit to that which
was menticned above, but in which the second electrode is
connected to a second RF generator.

In this case, the second RF generator (connected to
the electrode with which the insulator layer to be
treated is not in contact) generates and maintains the
plasma. This second generator is then programmed to

control the density of the plasma. Controlling the
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Further, the period of this plasma treatnent is
advant ageously at |east 10 seconds, preferably in the
15 range 10 seconds to 200 seconds, typically in the
range 30 seconds to 60 secaqmpds. The Applicant has

al so shown that the |onger the plasma treatnent
period, the snoother the surface of the insulator

| ayer. The gas used to formthe plasm

PRER tHogémcor fargdn GENETE5RBI n&Eon Bty thﬁg%ugég%s the

e £ O@ne@?y N2 ol oFAERS QA abnl¥?) wilieeh bombard
e

snnot i ng atnment nay al so be carried out in two
tist epse faraaned 7, thé otaexanpd éye 6oreated ar gon pl asma at

hi gh power, then 30 s in 02 plasma at a nore

noderate power. 25 Preferably, the snoothing plasm

t r eadpAYHh 1:8g dONEsmaM pdr grst @t ©ms of the sane nature
as at least one of the atons forn1ng the treated
$

i nsUTlz oRF| dypster Fof ER&npllesna his r B4dft wi | L thetSntrom
2 QRIS %%Msw%ihéﬁﬂsh@&@ége@hht& SMBALPR of 200 mm
sil'lcon oxide {ayer, and a nitrogen plasma to 30 _
[mﬂuuﬁmbﬁes$]Jcoglnuhg|de | pperer 1densitys prief extabl écast

not to joodify the s nd theref or h

O chdli Sty 64 hé"’ierfg)aﬁag)olyrratlé%/ gﬁ Sdurithg tﬁ)ltg t%y/ﬁéﬂ to
10t plAs M t reat 1icHf: phesSuhewMakuas tyHel caldlyer the

used are over 2 miorr, 5 preferably in the range 2

REMTOPPWED 2@ormTcme prlefsarabl e e PO Htor r 0 Lobower  the

nﬂ ot o] 50 nTorr (i.e. over

é&? , pfe era %9#%t§k §§ %ge 0.25 Pa to 30 Pa,
prefriabhyrj n tie paIged Ba toh18 Ra,agme etreatment . is
preferably close to 7 Pa). 10 while the s

AT S e eaL ot | LoGalT By GOEOTEE hi GFEERRT gy add  the
rdffe 21 GHA | ¥ | 908 BRELAEs, Wiy ically in the range

30 seconds to 60 seconds. The Applicant has also shown

that the longer the plasma treatment period, the smoother
ﬁhe surféce of the insulator layer.

The gas used to form the plasma may be oxygen,
nitfogen . or érgon or a combination of these gases
(Ar + Oz; Ar + Nz; O + N,; Ar + 0z + Nz). The smoothing
treatment may also be carried out in two steps, namely,
for example, 60 s in argon plasma at high power, then
30 s in O, plasma at a more moderate power.

Preferably, the smoothing plasma treatment is done
with cas atoms of the same nature as at least one of the

atoms forming the treated insulator layer. For example,

‘the'résult will be an oxygen plasma smoothing treatment

to smooth a silicon oxide layer, and a nitrogen plasma to

smooth a silicon nitride layer.
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is not necessarily conpatible with obtaining strong
bondi ng, the situation cannot .be excluded in which
the initial roughness and the choice of the face to
be 15 i nplanted coul d al |l owyparaneters of the nethod
to be enployed which function both for snoothing and
for activation, in particular if snnothing IS
carried out in tw steps _as de The
Sroithi iy HSEHEEF e atent omly g0 W61 | BRSLATYET S and
Tjgﬁéﬁaﬂwggﬁea%ﬂéﬁié%ﬁﬁroﬁd@%éCiré§§@§0hﬁﬁ%ﬂﬁéﬂ dheing
center) to obtain a uniformfinal roughness when the
thsitsarthiprg Sunfigcend st realgktt at t he edge (or
res ctivel the Lcenter T S I
opﬁﬁ%é parane Tt ¥ l%ﬁ?é%‘%%ggr%%%cgy?ﬁnb mPbrz,
pﬂe\mamyil 1 erest irahg5 2( emeirer /tedg&)0 aofoect | pnefarably
order to vary the plasma unifarm (pressu
20c@ﬁioem deRjel pouET ogEnsTIpye @rﬁfgﬁéﬁ%yawl%%erf%? ent mTorr
flow saLes ghelvaen theocentglyand {he eddge &Qs =0 to
Pre- post-acti vation pyasna cleaning: 18 Deep
:MbHEanlpgedérbhégsunhathQOlbﬂaﬁi|@aféd may be Barriegore

| e us a chenm cal treatnent known as
f?\ft@@ bto]d( aﬁy;lcﬁr%e cg%l‘ Amination. "RCA" treat nent

Comﬂﬁﬂfé'Ehéf§ﬁbbﬁ§1h@ep&@%ﬁ@0%$datméh5umﬁeearnned out
with the following: - a first bath of a solution

-atk ioveh b@/nem@ya@ﬁ@nﬁw BSERT {istHiang kPRAnPETIoghi ERICh

i%ygprlses dfifka%%Tﬁgygﬁi@nqQ¥gﬁoxbg€a£h&%6}0strong

rogen peroxi dei oni zed wat er

bdh@@ﬁpndtbatmﬂﬁu&tfuﬂutannoknmmwéwclh@edcﬂﬁnwmuch the
15, (standard ot ean, 2}, whigh; CemPLEsesd Badd %o e
implanted could allow parameters of the method to be
employed which function both for smoothing and for
activation, in particular if smoothing is carried out in
two steps as described above.

- The smoothing plasma treatment may also dellberately
be stronger at the wafer edge (or ‘respectively at the

center) to obtain a uniform final roughness when the

starting surface is rougher at the edge (or respectively

the center). The skilled person will be aware of the
parameters required to produce this type of differential
(center/edge) correction in order to vary the plasma
uniformity {(pressure, center/edge power density
differential, different flow rates between the center and

the edge, etc).

Pre— and/or post-activation plasma cleaning:
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hydrochloric acid (HCl), hydrogen peroxide (H202) and
dei oni zed water. 15 Activation plasma paraneters:
This i s advantageously done at | ower power than the
snoot hi ng plasma, for exanmpge with an RF power
density equal to between 0.2 and 3 WcnR, preferably
about 0.6 WcnR, to further increase the bonding

energy with the 20 receiver subs r Preferabl
t he BeeatHERT I HUrat | BAC uSRETAFF tBeb8, riedr Boallpy be

' ‘Ca@%ll%%g%]ﬂ'}s) angdl- the, gas 915%5’%‘&? dHrgdde: 1t b@eéﬂiﬁfﬁﬁrknownr

jout 7 Pa (50 mror Different tests have
aheWwTCartrd edradut dry demdrestimngte omps the effectiveness

of the npthod accarding ta the T

Test Ser trcee?rweé% O%QI%GW Sever a# f}g gi(')e?tct e%ess&rﬁaces in
SiNTH ¥t he 10 fifter end1 10wBiatdt ng pl asma (SP) treat nent

paraneters, so as to study the roug@ness of the

i nsul at of irpay&atithuat t ReRCEE 56t HRRWR hBY ¢ &l S G Y™
%1’1 h E‘Qﬁﬁﬁrdlgcl Ihi s1youghness [QMENE WASthBde of
orce ~ M-cr oscopy (AFM. Tests were carried

an@itin iof ahydnexi deor(NHagB; , tonposed afersiiiden (H02) and
di oxj de obtai ned by a TECS LPGVD 5 deposition. The
dgiEIGRE 7Dt he Si02 insul ator |ayer was 145 nm and
its injtiakophoughressdef oge1ibeosmabhhngy piasn@cronym
treatment was of the order of 4 to 4.5 A RVS for a
(32 Wetehdetd2 gman 22 hbm WRIEEMCPENEr e of 2250 X695 ©f
00 W wer S f a
h T i et ety The FReEPHER Cberfridd ANEAP and

vel

‘deionized water.

Activaticon plasma parameters:

This 1is advéntageously done at lower power than the
smoothing plasma, for example with an RF power densityi
equal to between 0.2 and 3 W/cm?, preferably about 0.6
W/cm?, to further increase the bonding energy with the
receiver substrate. |

Preferably, the treatment duration used will be
between 5 and 60. seconds and the gas pressure inside the
chamber will be about 7 Pa (50 mTorr).

Different tests have been carried out to demdnstratel
the effectiveness of the method accordiﬁg to the

invention:

Test 1:

Tests were carried out on several substrates,
varying the different smoothing plasma (SP) treatment
parameters, so as to study the roughness of the insulator

layer thus treated, both at the centre and on the edges.
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are given in the follow ng table for an oxygen

pl asma, for 200 mm di aneter wafers. Table 1 2 X 2
pn2 Power used Treatment Measurenent duration

| ocation RM5 [A] 10 s Centge 3.64 Edge 3.77 250 W
30 s Centre 3.53 Edge 3.29 60 s Centre 3.07 Edge
3.04 10 s Centre 3.64 Edge 3.66 600W30 s Centre

2.62 Edge 2.89 60 s Centre 2.37_Ed 2.39 -
CentPésa 136 5dgs 5 TO0UN 3075 Chnerery. 2 Egd oo
Migr32cofd Sagentre 2.07 Edge 2.07 15 Roughness val ues
are expressed in Angstrons RVS for scan widths of 2
pm Bgs2spmwelitesecadsifd s ark sABwn@8n RS UPdsis ifyeT

co&b %E'S gf té&f%cég) dioxide obtained by a TEOS LPCVD

deposition. The thickness of the 5:i0z insulator layer was’
145 nm and its initial roughness before the smoothing
plasma treatment was of the order of 4 to 4.5 A RMS for a
scan width of 2 um x 2 pm.

Plasma powers of 250, 600 and 1000 W were used for
times of 10, 30 and 60 seconds respectively. The results
are given in the following table for an oxygen plasma,

for 200 mm diameter wafers.

Table 1
Power used | Ireatment Measurement 2 X 2 g’
duration location rMS [A]
10 s Centre 3.64
‘ Edge 3.77
250 W 30 s Centre 3.53
) Edge 3.29
60 s Centre 3.07
Edge 3.04
10 s Centre 3.64
Edge 3.66
600W 30 s ' Centre 2.62
, Edge 2.89
60 s Centre 2.37
Edge 2.39
10 s Centre 3.29
Edge 3.63
1000w 30 s Centre 2.43
Edge 2.55
60 s Centre 2.07
Edge 2.07

Roughness values are expressed in Angstroms RMS for
scan widths of 2 um by 2 pum.
- These results are shown on the graphs in figures 3

Lo 6.



10

15

20

25

30

These results are al so shown in the graphs of _
Figures 3 to 6. They show an initial inprovenent in
roughness, this inprovenent being reinforced by the
- use of a high power 5 snoephing plasna (preferably
at least 600 Wor, nore preferably, 1000 W and a
| ong period. At the end of this plasnma treatnent, the
Applicant also observed that the silicon ﬂIOXI h £
r et ab TR gdGPUIT f G156 t P1SP0 FHEYPeddBti GRS nITaphs  ©
F{ ess yas real, takes place at |ow tenperature
avoi d a subsequent chem cal - nechani cal polishing
stepTh@@rsmhwsaneagah;aﬂheﬂtﬂ@ﬂﬁ@@nﬁnswﬂeﬁQﬂgmﬁgﬁﬁ this

ed to produce very alityb
S S STl GLhO T8 SUREE PR & SOEScllot [y 0 Power
shéyEkitd ansfemby (@etehapnt, Watch dsswal moofw hlogl’,] more

qual i ty, which av0|ds any problens wth blisters,
pexEe v bn, ZoMeE W) rarfys® ) Long tREFEPSr the formation

of q&%réﬂéf%EBEQﬁ?OQﬁfs ggagﬁété%eégﬂﬁﬂt the Applicant
conpl ementary tests were carried out on ‘strai ned
abidi crsQvddsubator theSG )1 subst ddtces dancirediaigeda good

snoot hed TECS oxi de i nserted between a thin strained

Ui FPEBhEYayer and a silicon support layer. In this

CaseTh@5ré@§c§ﬂQQtBhngo@gﬂﬁ%sbsw%@o&kﬁipootyﬁé@fplace at
about 60 s, for 200 nmm di aneter wafers

l@mrré@m@@haﬁglrleo aapdwervedisi t slubsaguaRt TRBegASal-
essure use rlngS ot hing was 50 miflorr (about 7
su}? 'Obtaried are shown in the foll ow ng

30 tB@iethié reason, the treated insulator layer may be

“used to produce very high quality bonding onto a receiver

substrate and, subsequently, layer transfer by detachment
whichH is alsc of high guality, which avoids any problems
with blisters, exclusion zones-(“rings”), pitting or the

formation of untransferred zones.

Test 2:

Other complementary tests were carried out on

‘strained Silicon On Insulator (sSOI) substrates including

a smoothed TEOS oxide inserted between a thin strained
gilicon layer and a silicon support layer. In this case,
the smoothing powér is about 1000 W for about 60 s, for
200 mm diameter wafers, corresponding to a power density
of 3 W/cm?. The gas pressure used during smoothing was 50
mTorr {about 7 Pa).

The results obtained are shown in the following

table.
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Table 2 Densification Nature of treatnment Location of
2 X 2 pn2 neasurenent RMS [Al  Control Centre 4.94
Edge 5.23 NO Centre 2.29 Snoothing plasma at 1000 W
for 60 seconds Edge 2.33 bnplanted control Centre
5.37 Edge 6.3 YES Snoot hing plasma at 1000 WCentre
2.36 for 60 seconds followed by Edge - inplantation
Furt hernore, conparative tefts were al so carried out
on the above mentioned sS¥ifype substrates, after
RootFANSTEr] of The Thi o Stealned Siicanibayer 1K 2 a2
sonelé?*f%ese substrates were subj gctedutondnie| abhpy §A]
mentioned snoothingplasye treat mgnt dend-ag thein.c4
manuf acture| ~while other substrates wetdyenot 5.23
subj é€ted t Jsfmgoth-ﬂﬂi Teskhts obi@ired @eershown 0A-29
figure 7 on;whichs.10sNseepresent s |t he Fdaeber pf 2-33
defects and|0 and_ 1, show dhe..1absence aed rpresence. of
the treatnment by snoothing plasnma _|respedds velly., 6.3
Ref evences fgh@ofhingvedshe drohbewwng neemimegs: | a: 2.3
| arge untrangtersedezane fdilamed ers [mor eEddfan 1|5 15
my) b: snal| untranspemtediaone (dilaneter between 0.5 |
and 1.5 mm) c: mcro untransferred zones (di aneter

l ess than 0.5 njz _ ' _ .
Furthermore, <omparative tests were also carried out

on the above mentioned s501I type substrates, after
transfer of the thin strained silicon layer 11, scme of
these substrates ﬁere éubjected to the ébove mentioned
smoothing plasma treatment during their "manufacture,
whilerother substrates were not subjected to it.

The results  obtained are shown on figure 7 on which
N represents the number of defects and 0O and 1 ShOW\the
absence and presence of the treatment by smoothing plasma
respectively.

References a to f have the following meanings:

a: large untransferred zone (diameter more than 1.5
mm)- -

b: small untransferred =zone (diameter between 0.5
and 1.5 mm)

c: micro untransferred zones {diameter less than 0.5
nm }

d: blisters

e: micro blisters

f: pitting (untransferred zones at edge of wafer).

Thus, the number of defects per wafer is reduced
from about a hundred to about ten or even less, due to

smoothing plasma according to the invention.
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20 d: blisters e: mcro blisters f: pitting
(untransferred zones at edge of wafer). Thus, the
nunber of defects per wafer is reduced from about a
hundred to about ten or even |less, due to 25
snoot hi ng plasma according to the invention. 22 Test
3: Oher tests were carried out to study the effect
of snoothing plasnma on the bonding tine. 5 The
measurenents nmade consisted of neasuring the bonding
timg Jdi ather words the duration of a bonding wave
bet weerma substrate nade of silicon covered by an

Si 0D dteyrert axbitsai wrerk by EPOVD deposiot isermdand-IFECS, femld of

a receiver substrate al so,made of silicon. 10 The

SW%&E%F%%r %ﬁﬂ%i%mqgﬁ?%HQQ%Qﬁf er'ent batches of 200
mm dirirehek subakbhakesnais Whbedl dthed oxiflemebadring the
di fferent surface roughnesses from3 to 6 Angstrons

b@ME NG oF LB scaR W HRIT oFORAEMBbR P atThede Odxidiekonding
d ubj e thi Lt
oA BEE0eo % S8 BT, DN PLASTR, LesBiEroy o
Syoweradensotbtesned biethiai Loy thioandnd. Thonend a
for 200 nm di aneters and for'dqtftions varying from
S

resee H e A SRS . 2 e T presStretTh the chanber

was ol My (AbQUtcadr P . 020 JHaurei BrétéustpateBes of
the results obtained for oxides on which the

2&hoothi dgapeasma snkat reheswasimotwhissy f dhfedoxides had
represents the durati t..of %&Wd'n \;
d%§3%25§§éds?ﬁP%%%oﬁ§s9%§§?§% uﬁ% |onéo Otﬁgféﬁl oo
£dongdi sgavavwesitNO t h {ihi sk bbndinng THesat iconides had been
subjected to a smoothing plasma treatment at powers of
between 1000 W and 1500 W, namely power densities of

2 for 200 mm diameters and

between 3.2 W/cm®? and 4.7 W/cm
for durations varying from 60 to 120 seconds.

The gas pressure in the chamber was 50 mTorr (about
7 Pa). |

Figure 8 illustrates the results oblained for oxides
on which the smoothing plasma treatment was not
performed. It represents the duration t of a bonding
wave, exptessed in seconds, as a function of the number
of bonding waves NO with this bonding duration. '

Figure 9 illustrates the results obtained for oxides
on which the smoothing plasma treatment according to the
invention was carried out. _

It is observed that when no smoothing plasma
treatment is done, the average duration of the bonding

wave or the bonding time is 43.7 seconds with a standard

deviation of 33 seconds, while after a smoothing plasma,
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25 Figure 9 illustrates the results obtained for

oxi des on which the snoothing plasm treatnent
according to the invention was carried out. It is
observed that when no snoothing plasma treatnent is
done, the average duration of the bonding 30 wave or

ghe.bopdingftine Is 43.7 seconds with a standard
eviation of 33 seconds, while afte snoot hi,n .

th add1iw  HEDoRd ngeeUES S%Pedécgd ?%C%I?%Sg with a

s M @& ostandarg deviadd on of 0.5 seconds.
Therefore, the snoothing plasm treatnent has the

ef f éitemsff areducihg téheoGgndh g PLEABaaid s ueAEBy the
i ncreasi ng.t he: bondi ng .ene ' ks bondi .

eéﬁﬁé% rerﬁgﬁﬁégﬁough%n (gg%gy H?ﬁ@%g.gagst@4: The HLY
id@stad spbsheatesmdiney 260emydirarigirer 850k bb@iding much

waf ers. They were made from a donor substrate
MEFPHIRIFRIOE AR TR SERFEDH 1 ayer with a strong

surface topology on which a silicon oxide |ayer of

the order of 1650 Angstrons (165 nm (between 1600

and TEH0 4ngstrons, . between 160 and 170 nm) - thick

was deposited by T LPCVD 15 d sitjon,.

O SOy T DB TS b&%e%@t%he opdl gyt 01
wEeneeptTead {heer aHebnessnt anceitior Roughnesse | Somprising

eval uated ~at the mcroscopic scale.. On the other '
a hahdainhe sopokedy 1acttic et ths 2evdiieile FHifadfe topology
OT%ma% Q2HOPL C lc,eorf"ngxq%l%Ot e3v20 i fepencesidet weenigso

he "hi'ghest "peaks and T owest %eaks of the surface

Afdpesdmd 0 Mald eyin) onbanwarea b60@beutd 1136R. Amdpetroms,

strong strained silicon

oS HTRAED G e § ool OBy BF TAe TEUF SEOR Ty GRS LECVD
deposition. '

A distinction should‘be made between the topology
concept and the rdughness concept. Roughness is evaluated
at the microscopic scale. On the other hand, the topoldgy
concept is evaluated at the macroscopic scale and denotes
differences between the highest peaks and lowest peaks of
the surface (“peak to valley”) on an area of about 1 cmé.

The strong strained silicon topoleogy of therdonor
has an influence on the topology of the insulator layer
deposited on it. ‘

The initial roughness of the silicon oxide was 4 to
6 Angstroms RMS for a 2 pm x 2 pm scan.

The different treatments described below were
applied to different batches of these donor substrates,
and a silicon receiver substrate was then applied on the

oxide layer of each of them, and the strained silicon

layer was detached from the donor substrate to be
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deposited on it. 25 The initial roughness of the
silicon oxide was 4 to 6 Angstrons RMS for a 2 pm x
2 pmscan. The different treatnments descri bed bel ow
were applied to different2hatches of these donor
substrates, and a silicon receiver substrate was
then applied on the 30 oxide | ayer of each of them

coand e sLrauned 5111 con, Laver, e del ached, b1 A

fln%gels\{ﬁyst%lét@trate and to formthe final substrate.

-a---Jest B Test -c ----Test -D---Test E

Sﬂaﬁd@rd M| d ®etde Oxide BR¥dE snoot HieAg Snoot hi nfEs* £

degsidigcaton q'ﬁmgi ri catiomdeasi fijcat 1 ofndeXi de| Oxi deide

Standard Iinpl ant at.i on | aphairtiastion | Gensifdatadn pAensification
TP at | or?mg?f@bltll Bing of atonmic_df atomic species
spedides | npl anbatdeon | fipl &headdron | |mpisaepatiion MInglantation

deMiﬂcaQIon &J&Qf&fat%@'ﬁ Csﬁotﬁlﬂjﬁ ¢ SEBOidinRg of atomic
snoot hing | species spe¢i es species |Activation | -

Activation Activation Activation Ng acffVation species

ifdlasee i0AP) Ipbasrat{AP) Jpasmeet(idP)| pl aghad ( AP) Mild

Q,JE %Sr_%igf Ofo_ft Qteorﬁfc t _he Q:E attgﬁ_i(,Of t h%mE@lﬁﬁin}jer smoothing
receiver rgecelver receiiver receiver| substrate

SERRSERAt e SUbSPRELSE subst rEHE Elibst|rate Standard

AMOLiAg Wascobkaised | usichgvancoxygehctyaplasmlo activation

pransma5 A}!ﬁ)ﬂ_ Q%‘{ng@\ ?Da(’l 9?@%‘@; E t hee ﬁ@émapr §§§u € plasma of

p asma was Ccreat¢ )
usingra radl off ég@ency RFO§ef¥t atof tht “Bperafes T°°HTET

Wichbi ferponer rglenskty of thecorder |of Beawavts per entrate

n
gugstq:agé eaf ms

A\1”4

strate substrate substrate

Standard smoothing was obtained using an oxygen
plasma formed in a chamber inside which the gas pressure
was 50 mT (namely 7 Pa). This plasma was created using a
radiofrequency RF generator that operates with a power

? and a treatment

density of the order of 3 watts per cm
duration of 60 seconds. The oxygen flow was 75 sccm.

Mild smoothing was obtained using an oxygen plasma
formed in a chamber inside which the gas pressure was 150
mT (namely about 20 Pa). This plasma was created using a
radiofrequency RF generator that operates with a power

2 and a treatment

density of the order of 1.5 watts per cm
duration of 60 seconds. The oxygen flow was 200 sccm.

Densification of the oxide by thermal annealing was

‘achieved using a heat treatment at about 850°C for 2

"-hours.
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duration of 60 seconds. The oxygen flow was 75 sccm

10 M1d snoot hi ng was obt ai ned usi ng an oxygen pl asna

formed in a chanber inside which the gas pressure was

150 ni (nanely about 20 Pagk. This plasm was created

using a radiofrequency RF generator that operates

ML%h adpomer density of the order of 1.5 watts per

C and a treatpent 15 duration aof 60 seconds. .The.

oxyﬁ‘?nﬂ%v\?’%%l%%owgﬁ‘émlmpééﬁglegi £ o SRR R of
: s t Ber nBbo@hned] | RgyWasamch} eyedidesd ngra figat order of

treatnment at about 850C for hours. 25 Atomc

6 siEties Amre inpl anted by an inplantation of ions of

abo 30 keV, .namel S e d

S o SR ST AP ALl oo ubstrote
wéf_C@bM@E agutﬁtpate@)s@ewasf dedemabraspregsurte of PBO at a

nrorrs (about 7 Pa) at a power _of 25 “under  a
DGt 150 b6 | TEISE o (SEDRMar BLOK Ul ¢ SehtrRels Byndard

chi®d - abaut ; 10, secopds. o Iher resubisoobs ai ned after this

ayer was transferred are illustrated on figure 10.
10 This fimguarel showshitre nagthbersfdferdef €0t obsayeed wWas

b efect cate for differen bstrates of the
tE%hﬁi%%&ﬁé %ﬁetg§{¥59ﬁ%t?%g%%d§%%u§%ef¢igures is as
fol lowss #igRZNTshBWver @ hentansfergedabness sbgerved by
0.5 M) 15 gZNT (Iarge untransferred zones; size >
def & hmyategprNTL ¢5nal f TeReRAnsrRF FEAC2BNES; thessame <type
0P8 1.5 mm x: scratches (to be ignored) After

seeing the first results, particularly for
The legend of the figures is as follows:

+: PZNT (micro untransferred zones; size < 0.5 mm)

¢: gZNT (large untransferred zones; size > 0.5 mm)

m: pZNT (small untransferred zones; 0.5 mm < size <
1.5 mm)

x: scratches (to be ignored).

After seeing the .first results, particularly for

tests A to C, it can be concluded that regardless of the

. applied plasma treatment (standard or mild) and

regardless of whether it is applied before or after

densification, good results can be obtained in terms of

the small number of defects, provided that smoothing
plasma is done before the implantation of atomic speciés.
After seeing tests D and E, it is observed that when
the smoothing treatment is done after implantation of
atomic species, the results obtained are significantly
less good.
Furthermore, a comparison between tests D and E

sheows® that - activation plasma {(AP) of the receiver
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20 tests Ato C, it can be concluded that regardl ess
of the applied plasm treatnent (standard or m | d)
and regardless of whether it is applied before or
after densification, goodsresults can be obtained in
terms of the small nunber of defects, provided that
snoot hing 25 plasna is done before the inplantation

of atom c specjes. _After seein ests [
SRS Ah A G LA IR K ag S TSt s b Szt Ter
detddigfaddpl antation of atom c species, the results
obtai ned are -significantly 1|less good. 30

Furitther ier e dedluestbar £86# beileenaCedvatpogng gesulting
hows'. that act] L po. Rl ( th 6eL¥ehn260 F
? E%%?é?e%ggﬁ réﬁﬁéggpﬂg %ﬁ erégkcgg?egﬁgngbserveg °
stiafiteys  det achpentdorddr | suteduaeest has tiwhactd vati ofven

resulting indirectly fj%g%fnn thing done befgrea nents
elimmadficht P8R of© 5-R¢r & S y BE-E6RSEH YSub Fraras
catSi dEWELD Alc LV el dbnated duesto theadhdier ent

successive treatnents carried out after the
snubtehi ngdiflfasmwatt r eaeAbat . Jheried f erdit -t s§pyed  the

dcartried 0 %POMfd tggiogdvantages of the invention
ACVRH SRR 2 et of T he shdot hi ng pl asma (SP) treat nent

i s THO Jreduee dhecoughnesising phesthi ¢RP} nsukatient is

and the fact that it is followed by;alggggt CUtSr& h
to t5e@1Ce nphant arEBRSEEN ol iThithdt'e The THem caf?r 20 =€
fa(’?}c}t | YRLEON 1§ f ef% %Iaﬁtlolwted\’volﬂfj o} herwiz5@ "haver®n type

e Irnsul ation. 15 The nethod according to the
imp Iafendtiom | saml sbimpaatécuhar Cyesiceibhetivation effect

substrates with a stron t opo) ogy. Wit igh "peak to
enghi] eyeoii e frfae Tvpagh heibhlatha.

The method according to the invgntion is also
particularly suitable for substrates with. a strong
topology with high “peak to valley” values, since it has
been shown that the roughness of such substrates can also
be reduced by this method.

Furthermore, .with this type of substrate, strong
topology zones are usually located on the edges and these
are the locations at which defects appear during the
layer  transfer, if the substrate was activated.
Thérefore, chaining of steps in the method according to

the invention that prevents activation is quite suitable.
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been shown that the roughness of such substrates can
al so be reduced by this nethod. 20 Furthernore, wth
this type of substrate, strong topology zones are
usually | ocated on the edges27and these are the

| ocations at which defects appear during the |ayer
transfer, if the substrate was activated. Therefore,
chai ning of steps in the r@}A@& according to 25 the
i nvention that prevents a on-is quite suitable.
27 CLAIMS 1. Method of reducing the roughness of a

~thick insulator |ayer, deposited on a substrate

1 mMer!IdJl@d fooT - wsduding hehe elreayharises ofopt oeheekr OnkEG3ator
ar i t._conprises

R%y P§a§5§£g§eo$ Q% %%%%Ef%@g iﬂtgggégeggg Hpng Siat the

ﬁf]f\%%’fFléEthlfo’rrayer queri%?ﬁﬂﬂfcmss grreat epptiiban orfields,

S ﬁ@m&%@rm Witk 2 &eug!aa&ﬁf% QLatgE 1MaAn Qs
qAJaJC - Anggtroms RVS, for a scan w dtﬂt@ofowzmpgm x-epe

¢ Suﬂrﬁtjd"rg a%irst so-called "donor" substrate; 10 -

€ adepyth gk g aaqsmmmmgrtw@éﬂpnwlﬂspa ORitheeb&eQreater

f f I I
L S R L 8 SR AL o

gmrel thad 20g2%reasarkMd essothan s&@mPandsth of 2 um x 2

[ C 1 ng a
l%zd?ﬂ razg‘ﬁigfnsct;aégcgnceér)la Fi%%‘gg'v\hél%ﬁé unc fons at a
PORRETEURA (hdt £t S@m@tégmgy hrpaweentdelfH)t yon the free
fmdsed rbesuegn On 6. W enR &ﬂ§¥éﬁ W el 4 oasabgs plasma

n _

nsul ator |ayer, the duratio this srmot hi ng
JJt 2pENARCRR RS ngeiith 19 §é§o@é§stsélr?00°f more

Seaonds2520a. 2ndvetbed ageni dBogreo i}éale@tébllshed said
racterized in_that an enbrlttl%rrent zone |s

Ti%%rrrn%d R L2 S AoHSF S uBs A equency generator RF

which functions at a power such that it can apply a power

density comprised between 0.6 W/cm® and 10 W/cm? to said

insulator layer, the duration of this smoothing treatment

being in-the range of 10 seconds to 200 seconds.

2. Method according to claim 1, characterized in that an

embrittlement zone is formed inside said donor substrate

 to define a so-called "active" layer and a reminder

therein.

3. Method according to claim 2, characterized in that the
embrittlement zone is formed by atomic species
implantation and in that the smoothing plasma treatment
{SP) - is carried out before said atomic species

implantation.

4. Method according to c¢laim 2 or 3, characterized in

that it further comprises
- the bonding of a second so-called "receiver" substrate

onto said free surface of the insulator layer.



10

15

20

25

30

35

to define a so-called "active" |layer and a rem nder
therein. 25 3. Method according to claim 2,
characterized in that the enbrittlenment zone is
formed by atom c species imdantation and in that
the snoot hing plasma treatnent (SP) ts carried out
before said atom c species inplantation. 30 4.
N@thod accordln to claim2 or 3, characterized in

? hate Jé%pwsééalm 4y hehpnditeg igeda gecomt it
§@Ethéf€dom@ﬂf§$N8f substrate onto said free

u he i | gt r 5., Met hod
zc%%?%8h8£n£ SF @E% %. arg%iefF§2: 9 YRR ?TbStrate' at
?u@t%*?r%wp?m%%% zoget abhneRendfes h@ax@n@cw@e bayer and
tihe donorasubsidpée, tatthé heseabydt tdepentsgzone, to
transfer said active layer and 5 the insulator layer

to the receiver substrate. 6. Method according to

&1 Mpihed cescadiad Zed ¢hathab,i chaferther zednpmi sgsmt it
furtHéEE@Amﬁﬁhggbof the free surface of the insulator

10 I an. activ tlgp pl.asma tre tnentf(A£%8of sai d

free sur?ace 9t The TiTsuf&fsr TRyeHCe 70 g insulator
ding to cIa|n16 characterized in that the 15

'-aCkHNakaﬁv&EQ%ﬂﬁ neatent 1cARheet Sahf) |n§E|a§Q{d free

rrled ut, usi a gas plasna formed I1n a
é?ﬁ% déQﬂﬁiﬁF?f %& Pressure of about 7 Pa is
establlshed and in that the cleaning of the free

’BUME@E@dOBCEB§d1h@S%bakgﬁlh@%@rdﬁgﬂgaﬁg%ifédﬂﬁﬂnﬂﬁﬂt the
%f%ygtf%n plasma treatment (AP) of said insulator layer
is carried out using a gas plasma formed in a chamber
inside which a gas'pressuré of abcut 7 Pa.is establiéhed,
and in that the cleaning of the free surface of the

insulator layer comprises a chemical cleaning.

8. Method according to any one of the previous clalms,
characterized in that the insulator layer is a nitride,

-an oxyrnitride or an oxide.

9. Method according to any one of the previous claims,
characterized in that the insulator léyer' is an oxide
deposited by a low pressure chemical vapor\ phase
deposition téchnique {LPCVD) .

10. Method according to claim 9, characterized in that
the insulator layer is a silicon dioxide (Si0;) obtained
by a low pressﬁre chemical vapor phase deposition
technique, starting from tetraethylorthosilicate (TECS
LPCVD), and deposited at a pressure in the range of 40 Pa
to 200 Pa.

11. Method according to any one of the previcus claims,
characterized in that the smoothing treatment (SP) of the
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" previous cil al ns,

20 8. Method according to any one of the previous
clains, characterized in that the insulator layer is
a nitride, an oxynitride or an oxide. 25 9. Method

-according to any one of the 3% evious clains,

characterized in that the insulator -l.ayer is an oxide
deposited by a | ow pressure chem cal vapor phase

deposi tion techni que (LPCVD). 30 10. Method, according

Pl St ace char Bt ef 1SR T AT t haverthe Fastiadoput with a
dJayepréssarsi hheoaediton dem{:$HO2) 1 pbtaknedngRy o | oL +o

B PPURBTEN Pl VOB paec CeporLCen, (RIS .

"saaﬂobajwbsfrerd akygepr €5y e airgyoinhe( Argngen Of rdkferPa ( N§)5 and .

é %gzgpufg }f.l'sa'\_{% h;géjs@scco{ﬁén u?:gt?ﬁ {}ﬁesasln%o%zﬁ? n‘@hlng

aracteri ze
Yhdinat  (SRANGDf itthe e 'ﬁﬁ@@esupﬁacéoofsehends to. 120
ddwsilator layer is carried out wwth a gas pressure

i nstde the chanber in the range of 3 Pa to 13 Pa and

in that the gas used to formthe plasma is selected

1. omemqy)@enac(cﬂieﬁdlraj ge8 GAR) ,ord tEogeRe( NdevdnthH @1alms,
xture o) ses,.the duration o salg{snnot

P 2l 1 A8 o Mo et ReRaLl i STast dheal
<E%cb®@s;nsalawbthad:aacmempayanmﬁﬂwbbnbebﬁeéhe700 C and
1@0%“"(9“5358&'6“ ufr]a %ar g%t eééf&ga n ‘cilzttes t
conprlses a nS| cat1 on annea R \sul &Por®
heWrénpdmatany @xgfdiFsinieary 7000 wnd auegatiefor a
duration of several mnutes to several hours, in an
oxi di sing or neutral atnosphere. 30

Yeral



METHOD FOR REDUCI NG ROUGHNESS OF A THI CK | NSULATI NG
LAYER ABSTRACT The inventjon concerns a nethod for
maki ng a substrate adapted to be used in the field
of electronics, optoelectronics and optics,
characterized in that it includes at |east the
MET%%b'%W@”%E? GRTSRBEAERE B a (¥ﬁf5%th§%ﬁNTjﬁGgQ@@@R
substrate ) an insulating layer (2) whereof the
thi ckness is not less than 20 nm and whereof the
roughness i s not |ess %ggﬁﬁé fngstrons RVMS, for a
sweep of 2 pmx 2 pm ot hi ng treatnment (SP) of
the free surface (20) of said insulating |ayer (2),
using a gas plasma, fornmed in a chanber under gas
The prlegsmtd ofi ghercehan G 28ePacdsdicd phakhed bé ngibstrate
adaQEQ@ramed Yy neaamd ofira ridgt o fieddencyf RRRlectronics,
optgehecatanicwhi ghdenabtéss, satdarasuéatiag | ayertif@) it
inclodbe iaparieedsw tthea goilowidensitigchsgher thaapd: 6 a)
dep¥¥coPngt be durabher efursairdtesnpDt hkng itfsedtat@mly layer
(2) beirRgRat Less thamcddssecendsot C)ledOrghhg @0 nm and

whe:‘f‘@@fe@ﬁ@ rﬁrileqc) bysi pRkantdNg atofi 6 -SREG8%Ms RMS,
forl BSi4e CSE gfn bftr LAl ey )smobceh%"mgeaﬁnt@{te' fsp)
of 0- urgGhlVe g AyEE ( afgs§l£€§ﬁgu%ay%%21

using a~ gas plasma, formed 1in a chamber under gas
pressure higher than 0.25 Pa, said plasma being generated
by means of a radio frequency RF generator, which enables
said insulating layer (2) to be imparted with a power
density higher than 0.6 W/cm®, the duration of said
smoothing treatment being not less than 10 seconds; c)
forming a weakened =zone (10} by implanting atomic
species, inside said donor substrate (1), to delimit
therein a so-called 'active' layer (11) and a residue
S(12). : :

FIG. 1C’



