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p4 METHOD FOR REDUCI NG THE ROUGHNESS OF A THI CK

| NSULATOR LAYER This invention relates to a nethod
for manufacturing substrates intended for use in the
el ectronics, optoelectronica 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 hing net hod and

bondi ng and | ayer transfer steps. The invention is
used in a particular application 10 for making
conmposite "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

di oxide (Si02) 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 layer, and a |ayer transfer step. In

ot BT RIS FORtREMIC I'NSb M ROUEhSS [0F Bn deITSKoadi SUASTOR
~nmol ecul ar bonding in which tw perfectly plane 5

surfaces bond to each ot het2¥WERhout application of

glue, which is possible at anbient tenperature. The
bondi ng quality obtained is characterized

parti Edlarigveytivie pohaien ener gyetived for defnwbaceasring

%ggg%ggggsfor:ﬁ%e%xde%i ngoRetvesl tug, laygls bopded on;cs,

- optoelectronics and optics fields, . including a step to

smooth a thick insulator layer, in other words to reduce
its roughness.

The inventioen also relates to a manufacturing method

- that includes: the above mentioned smoothing method and

bonding and layer transfer steps.
The invention is used in a particular application
for making composite “SOI” and “sSOI” type substrates.

As a reminder, substrates known as “S0OI” (Silicon On

- Insulator) substrates .correspond to substrates in which

an .insulator layer, more precisely silicon dioxide (Si0;)

-is  inserted between a support silicon layer and a

superficial silicon layer. In ™“sSOI” substrates, the
superficial silicon layer -is strained (strained Silicon
On Insulator}.

The method for obtaining this type of substrate

comprises a step: to bond a so-called “support” or
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10 This quality may be inproved by applying an
appropriate treatnent to the surfaces to be bonded.
The insul ation used in the above nmentioned conposite
substrates are particularly exides, nitrides or
oxinitrides. 15 The state of the art used to obtain
these various insulators includes a technique to
dﬁfOSLt-a haye% of silicop dioxide knoTn to the man
SK99Sed 9 tﬁg,gFFagg omTE i tor layer, and a layer
(CrEetsraet Rykorthosilicate” "Low Pressure Chem cal
Vapour Deposition"). 20 This techni que consists of
deposilti fdtig fdasargiotion, i cherdiiew dehqsichgoe understood
Lel raghiyl aLLhogid I fake 35, a solr Cq MRt St Abe 1Yl o1one
'ow pressure vapour phase , deposition t ni que kn
tsarifheecraboski Itedddh tdither twitdsoutPQEp 1 25, thhis of glue,
nghhod_has nan% advant ages concerniqg uniformty and
HERST $SoPOFREPRI 88 FRYEFPBLEETREEATARY: in
parti eybar iy C OfteAM g thecgyhslr atis | aygir®Prerized
whi ch the silicon oxide thus forned is supported,
whirchcuilsragt byhthe abendimy ngnévyvathan bt @of oxedeapythe
er.nal 0.oxidation nethod, wever e, rou es
e S s e o
LPCVDrhiechauguetys magh -dd ghewpBovédankbihe applghiness an
of thermally oxidised layers. For guidance, the
8pPFarELIfBRighRedkment ata 5ePRNF L RE K TEE PoiUsd:

nore +han; sy RV, QVele@ SN %&@fméntpﬂ?rpé’d ]ct‘%n‘i’%ﬁsite

whi |l e the roughness of a thermal oxide 1s close
abbatrdted A &5 oveartheubanky scarkidel h. Quiterides or

degos'tigg techni ques are al so known, for exanple
SUth" ab*WePosi tion by LPCVD using silane (SiH4) as
precurser stabd -Brasme EabhancedChedn eBtaVapetkese various

insulators includes a technique to deposit a layer of
silicon dioxide known to the man skilled in the art as
“TEQOS LPCVD” - (“Tetraethylorthosilicate” "Low Pressure
Chemical Vapour Deposition™). |

This technique consists of depositing 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 dehsity 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 roughﬁess of silicon dioxide layers

deposited using the “TEOS LPCVD” technique is much highex
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Deposition (PECVD) . Further information on this
subject 10 is given in the article by WIf and Tauber,
"Chem cal Vapour deposition of anorphous and
polycrystalline filns", Siligcon processing for the
VLSI ERA, vol 1, pp 189-207, Process Technol ogy.
However , these deposition techniques lead to an 15

S, LY e YR LR 80 (SUDESE savers. o

thiickmess aofhd heudepesi tedghayes. 0@0Q§995@nﬁﬁﬂ ti¥ck TEOS
thick insulator layer (for exanple oxide), in other
\ﬁé?l&@ S BORak 20 Antt RMEKoV@ki ehsFan »idfhegficht iy by 1

S 575, TOMLARLUE G SO AIBRPrARUELS) d Sctoce o

roughnéss t I'S™ i nconpati
wbDMtcanéoralﬁms brpesetdebyaner ycgnodigqual i ty

nolecg g gndlng In this case; it is preferable
that PHESTr oUGRANBSEIQRoIFIBE Jusss Bfgn BLACRMENPED, for

- enahbeeberdinGss 29:055 8V EHn | %23 & Zuﬁr%VBs9Y§ﬁeSQ%EH4

wdths of 1 pmby 1 pm in the context of l ayer

?ﬁan§ﬂ@ﬂqﬂﬂﬂﬁmxuamﬁlkﬁb%ﬁmaun@@hanh@dcoﬁmmmﬂqﬂlna%@pour

T {" st f the art alread udes

ppBBELsEbhl (mebaRt Mifian i EotudbiFA bt $H Y Sueet

36 tgiemtnmeith . thee lptl:asm byeam:amt n@f Tamblérﬁ aceChémical
e bonded is .defined as exposure of this surface to a

- YAROPF as HEPPRAT 18N c&if bedBBABNPYUFL i @itdar | §olvereystalline

| YREHYM OéléEc%h”Wés&ngorfééuEﬁe(Wﬂs%r pgﬁabwe@' 9 op

the surfaces to be bonded  into cont act)
188a2 rent Preceoneloyhmalngw! | i ng varlous 5 exposure
paranet ers such.as the nature and_fl ow,or prﬁss re of

the gas Suppl yih The CEROTIE! Fns FGERRAALAS
Dpei Bt N 18y&tone tianthd he POWRT gl eNsidhhess .

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 is . incompatible

with constraints imposed by very good guality molecular

“bonding. In this case, 1t 1s 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 to be bonded is

defined as exposure of this surface to a gas plasma that
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The effect is to nodify the structure of the
superficial layer of the substrate thus treated. 10 A
distinction is made between two types of treatnent,
the first hereinafter calledgq"activation plasm" is
supposed to i nprove the bondi ng energy betmeen t wo
Iayers and the second hereinafter called snnothing
pl.as i, nt d to reduce the surf

t hat i d
e oM 5ot i P AR S bR B T FatiEn Oh 2Eratmospheric

anplsiseatl ofpPasanebenssiafithPathé CWartatcsenes ghe MBYnded
be different in the two cases. The article by D. M
HatSeo8Lagk) -entitl ed "Chemical role of oxygen

pl asmgy i I i ng (usi borqsi | -
gIasses"EAS% %859%ﬂ33|gs Lé?%gis ofﬁ%@eg%ygﬁﬁ%be¥arlous
2kpokbrNoveabemne26064, ﬂ@ﬂmruhestmenembm@ref aatli vaAtown or

lasma  of a. thin |ayer aof borosil at deposited b :
PREVBUTep AT RT cHRE (VP igitadh dner ERBBPSR tritiuehich

€B203pe2ndish! 1608cHE OxhAG €19 Odwal | Q¥Ssidp, The
experinment described in this article relates to the

t r eat Fefat @ffgﬂtapp$oxtﬁatﬁ¢@lgﬂ Aﬁygtr@h¢w¢ﬁwﬁ@(:pf the
f QS| R E
eI i e e L E

W cna mkmhtanptesaurajinsmdaeth®e¢haﬁher 0&030tgﬁeer of
30 nlorr = 1.33 x 10-1 Pa). The results obtained

1
- I"E@%‘éﬁ“eﬁlﬁpr otB8 bérdSknd f@%@wnat R&E t K bsifghnesst bration

£D§sﬁ£eai§ds§ﬁ§$§@@ LS fﬁgré¢ée@ﬁémboﬁaﬁﬁ§”éhergy between

activation p asma treat nent In the arti e entit
tEMrﬂaUéréneﬁgydeEaSGGOm@anKan@ftgélKB@Lﬁﬁ\RﬂMQRFh

f di
AR B T SRR ML, cpomens

éfuﬂh@dléfﬁmIfﬁ&gﬁﬁm&hﬁédklnetIC energy of ions of an

oxygen plasma on_the bonding energy of silicon wafers
t hus E¥a&siaeg. 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 activation plasma
of a thin layer of borosilates, deposited by LPCVD.

Borosilicate type glasses are boron trioxide (B303)
and silicon dioxide (Si0;) 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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10 Tests showed that a silicon wafer with an initia
roughness of 0.9 A RMS can have a roughness of about
0.60 ARMS for a scan width of 1 pun x 1 pm The

aut hor al so concludes that the kinetic energy of

pl asma i ons does not have any influence whatsoever on
the 15 snnothing guality of the substrates thus
treat rmore, the article hy Mriceau et al

"I nt erdst %?S% ShoPPt ol ARm I EVEaL meMP T SAC WL #rghShow

quadi toheSircRidiresis REnded $tbUehur 88 rrafRstkaghtNaffected
1006, @ ECS .2003, showed the snpothing effect of a

'§Dé§ﬁﬁfbﬁ“%@ﬂﬁﬁéﬁWaPl@ﬁm@e§re@ﬁmShCQ . However, this

articl S 0 Wt h, rIy | ow
T A rainent P R, oy By i opmes @
Furgrnion20o0pm sebfybiddhi Srol&ﬁ‘:ltgied endofeﬁqui @‘E_@tslzr@n wafer

he possjbility of formng | erent zon
Tt (FFIE95E RSN oRFBETBACE n 055 {RE0SUbATIdd . D.

SURRALLIIRT 1thesoXxide, a@@u&?@éeqﬂﬁﬁtLMfDQé?cQOQﬁE'klnetlc

mention the potential beneficial effects o

- SRESUN] Wé moammfokaserqmmr@mr@a subsegeenond ayer enexrgy

r-a I , .docu S-.2004/ 0124416 descri bes a
%f %§ c§8 s 5 UEEHE FE %%ﬂghness of a layer of

d| eI eteeste ombed athdthab wsas rpl@sf@rt GeahMeH . ihibial
However, this docunent does not nention the

PBYSPBREFt §ToP- & AnBHE cek BAY§pe BPugheaswenf aleut 0.60
Annhgnkéklgnseéna&Q&%ﬁ SPefi &8 Qe¥“§§9 a snoot hi ng

pl asma treatnent and bondi ng f ol d by a | ayer

trans’fb% aThieos bhbrefconaludés ectst oths helnedict émergf of

é u nber of the deﬁects obser gd on th%%transferred
G A e apdBPH PG PABE AMYi SBHLIEnER YRRtoRTThgn the

: szh@o@hliﬁﬁs@ué)iltjﬂeof nveat i@t Satds sh@di £+ &addy
reduce t

e roughness of a thick insul ator
Furthermore, the article by Moriceau et al.

“Interest of a short plasma treatment to achieve high
gquality Si-Si0;-Si bonded structures”, Abstract No. 1006,
ECS .2003, showed the- smoothing effect of a plasma on
thermal -oxides of . SiOs. However, this article oniy
concerns oxides with a fairly low initial roughness (2.3
A‘RMS-for a 0.5 pym 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 pétential 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.
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10 layer that is not required or that cannot be forned

by oxidation on its first substrate and for which the
initial roughness is high. For the purposes of this
description, a "rough" layeg neans a |layer with a
roughness greater than or 15 equal to 3 Angstrons

RVS, preferably betmeen 3 and 20 Angstrons RMS
apprOﬁlnater, I A m. X 2 %Fan Anot her pyr.pose .

of th&°IRVEAti on 1 to ?BW?H Ot hodCbf  eh
pRuiacl ity ngoANn 4 ntspiredi atie S(leSi}fp?H e dfhat rehbgktdestor
an enbrittl enment zone obtai ned by |nplantat|on 20 of
afpratapéenesfanbonhat SPECEeyhebWegn aat freRthing plasma
k&%%%ﬁ%g% L.awer AHH&AM“f%&EJ%ﬁJO%gthﬁ% 3 N9 ddY S The
intermedi ate su strat’e poss ing used later 1n a
b@nefmglahdeﬁéyetstDan$hernmmmmdon5©ﬁxxha)nﬂmhﬁn1Qf the

strate I n

' t f t f
SEEeSEE Sraritts cordhec e tanied S v reofitely

: h@kabgslggggdnethod of nanufacturlng a substrate that

can be used in the electronics, optoelectronics and

opticenfthepdsonteRayactbei pedpRet IRdt the davsritslen gis to

5§ . | st 0 in st
s o R
fgagaterthuhan rmeguatqtiorad bmnthuﬁrnamm@mghee§$rmed by

reater 7 than or equal to Angst rons R
Qeifiohiofn O 2 Cpmbd 22 pmebh A FiPst 286 MEopodnfen  the

1400051 sUbShiale. isidhe smoothing treatnment of the
free surface of this insulator layer using a gas
plasnﬁofoﬁﬁﬁﬂ Prrpos§schafbdmismnsidgecwibthonhe gas rough”

pLgssune s Mpra Lhan 9, 2s Pa (LNis BLESTRASING (han o

Gsing”ar equericy” “géner at or® ‘operat i ng.

: uqd@l aopBeRngeeRomBatRMd, Cpfe Appalylyabpeweendenshhy 20
,greater than 0.6 WcnR to sald i nsul at or

ngstroms RMS approximately, for a 2 yum x Zpm scan.

Another purpose o©of the invention is to provide a

method of manufacturing an intermediate substrate that

includes an embrittlement - zone obtained 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 which the transferred layer contains few or

no defects.

To achiewve this, the invention relates to a method
of manufacturing a substrate that can be used in the

electronics, = optoelectronics and optics fields,

. characterized in that it comprises at least the following

steps, performed in this order:

a)- deposit an - insulator layer with a thickness

.‘greatexr than or equal to 20 nm, with a roughness greater
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| ayer, the duration of this snoothing treatnment being
at 10 |l east 10 seconds. c¢) formation of an
enbrittlement zone by 'inplantation of atom c species
i nside said donor substrate;7 to delimt a so-called
"active" layer and a renminder. 15 According to other
advant ageous and non-limtative characteristics of

e i nvention take | one or onbi nati on
e B R Tee et RPEnthy Moo tona einridih ot 2
sirex @) 2Gn a fd)stokecubanehondbngrof sapbseeand, .
substrate called the "receiver" on said free surface

of th®)irstf afBPOthiyer treptuprhdrdnalhef fegied surface of

IR ARk, 1L PS MeLNRd. C se en ti i

anneal |§J'|ngu 25 ls",te for teﬁmlbl n%ul%gt%l oé%é%%sf%dneﬁ e

slheip-baé)r itrtdigle amue:ai i nige beaagpdeseuat d st enper athae 0.25
ween 700 and., 1000C. for a duration of seyera

aﬁut t@ TPo BRHIUI PROIPs CFratRd odthind ng oFefetf FgRuency

rRsRRere opeaihd jdgnsintiecat %n@}n%aidmgcﬁgteaim&&nl §pply
one 30 after the snpothing plasm step b) bef or

ﬁhé’oa*leéfmd@nsslﬁé’c:l%atr@m éﬁtaa”t i &b S‘Wé@ﬂ c)to 8sat<helnsulat0r
hi pl e t; A

JERLD AP LAVIR LA SR ML AU pesns ac

ﬂaasdelﬂheecbaﬁber of between 0.25 and 30 Pa and a

treatnment duration of between 10 and, 200 seconds. 5.

the gas preQEBFelPhsi deft he?R® han®Ber st hetsren FOBgg- by

. iﬁpf@ntﬁ’ff&ﬁr aRjsy appLiRX: M ?le)‘:léspa insid€ duLal ONdonor

t he snoot hing plasm trea nt step b) is between
a%batrgt)eandqmbe@dhd@ so-called actlve layer and a

remalinder.

According to other advantageous and non-limitative

~characteristics of the invention taken alone or in

combination:
:-— the method includes the following steps carried
out after step <):

--d) molecular bonding of a second substrate called

layer,
-e) withdrawal of said remainder.

+— the method comprises a densification annealing

- step . for the  insulation deposited in step a), 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.

- said densification annealing treatment is done

- after the smoothing plasma step b) and before the atomic

species implantation step c).
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the gas used for formation of the snoothing plasma 10
i's, chosen from anong oxygen (02), argon (Ar),
nitrogen (N2) or a mixture of these gases. the gas
used for formation of the snpothing plasma (SP) is
chosen such that the nature of the atons from which
it 1s made is the sane as at |east one of the atons

15 f ' d | at I be. t t ed.
ARG EREETONE RO HE SR

Pomabt-merh set ySairdbet Reshab 06 é@cyeml w/pRtf of ek Usidigsure

a gas plasma fornmed in a chanber inside which there

- ilgsgdeggkhe prdgglpeg o fatkaitverPal-£€Ri sapfastth Hei ngnd 2

¢reatfd, 204, Y5} Bg @fﬁ?@hﬁééxﬁ%%&’d pi’?@eélc?&ﬂ{ _ that

operates at a power -suc it a I es a power
den3|%ytek0@em|p¥dhéhr4anéhdetthsacdambasuﬁat@mtween 3
| ayer, the duration of this snnothl treat ment being
a0Y) L3sPas BEEORERDLY THRERETAEA N plsma {1 eat ment

is carrigt odhragPo Y arREWRImARNSidy ?ﬁaQﬁEWEﬁﬁbéhﬁ%nt
and 3 Wcn2, and a treatment duration of between 5
8hdP6D) séeohdsvesneahdiic kiesmndfliheseemidat or | ayer

is gre [

o Ohtar Tty SRl At A M it A Plhoma
mheﬁmbabndep@ﬁmtamnngPG%@qamﬂwmgue arg@Me (Bmsyl atiitorogen
is an oxide. 9 the oxide is a silicon dioxide

SMlaided RIS 865 e 98RERI cal vapour phase

- deposi t1n Jechpluers StaliNg Jd YR the smoothing plasma

tetraethylorthosilicate (TEOS LPCVD). the silicon

‘-tﬁ%k|de (Sice@)n i sudepbbirtedta @@tgr@r@inﬁhsoﬁtoms from

en 40 and, 200 P - the |ns tionis a trid
oxi 17 99 e 15 t} Y HAG Ve Ig:yglr cson'pr < Or% He'Gtoms

§<bi:rh£rﬁlj1 saigaikw@cidoe 1ayar ONREd SRS &daajel’a‘,ﬁd

S|I|con
. - between steps c¢) and d), a activation plasma

treatment - of said. insulator layer is performed using a

- gas ‘plasma formed .in a chamber inside which there is a

gas. pressure of -about 7 Pa, this plasma being created
using a radiofrequency RF generator that operates at a
power such that it applies a power density exceeding 0.2 -

W/cm®  ‘to said . insulator layer, the duration of this

smoothing. treatment being at least 5 seconds.

~ the activation plasma treatment is carried out

with a power density of between 0.2 and 3 W/cm®, and a

treatment duration of between 5 and 60 seconds.
- the thickness of the insulator layer is greater
than or equal to 200 nm.

- the insulation is obtained by a low pressure

vapour phase chemical deposition LPCVD technique.

— the insulation is an oxide.




10

20

25

- 30

O her characteristics and advantages of the 10.
invention wll becone clear after reading the
description that will be given below with reference to
t he appended draw ngs, which represent one possible
enbodi nent as guidance but that is in no way
l[limtative. On these drawi ngs: 15 figures 1A to 1F are

diagrang ,illustrating the. . different successive steps

of & {1 MEE GG rehi® of L LHEO™: AeROBSaCCoPATRG £ (heto™
ipreanridren; dHeallces 2A4pRudH gl adiaidsid st reddngique
the different steps of a second enbodi nent of the
FeeRGd 926 raBc srdragthpl e hehpavbhedon, (TEPS gif@R) is a
graph_r PhE>S 114 &h%ﬁg&‘ae rgEQB’BeS%IsR obpasiavar of 4
silicon dioxide after the pl asha t'r eat ment ~accor di ng

taetshbaerenvénbeoneas a0fandt2on pof the applied power,.
for different applicatjon tipes; 25 - figure 4 is a -

' graph r EpFesBRtI A Phel dye’ L bt AR G tEiAG - of

si | i conggigxhde; at eiydPecoR ASIR td eatamnt accor ding

to the invention as a function of tinme and for

di f f ereptig| ashivpolwyer argust 14 5 urtess Brerhd 6l iagan .

graph jmlar to those . in 30 figures 3 and 4
respe@?ﬁ%ﬁly,cq%ﬁa?%ﬁfﬁ Heitiht s 2Ride gavapﬁggggntr%fof the
1heestiosoni Ul oxéciend ayrsar 10rt i p¥edilnd Stive Hription
showi ng_t he nunber N of different types of defects

- blrbr 8LdhdPaf Erverhd bt vy CpfasRacer &t v appended
- BELRT P tdhféH?‘ﬂ@ﬁ%%%b%g; éhgur§§s§iﬁf? ge@%é?'ment as

graphs” representing the urationt o I'ng

- Pavdanex pres setht niseigonds,was laimifagiciieon of the

nunbe of bondi.ng waves in.this bonding time, for
t he i(?&:ﬁéﬁsoer %?EH%S(S @) that were and were not
af f ect ediburkthe soebhing Bkasmy dd@atde0Y Justrating the

~different successive steps of a first embodiment of the

:miethod according to the invention;

- figures 2A to Z2H are diagrams illustrating the
_different steps of a second embodiment of the method
according to the invention; '

- . figure 3 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 the applied power, for different application times;

- . figure 4 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

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;
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respectively and .10 - figure 10 isa graph
representing the nunber of different types of
.defects observed on substrates obtained eitherafter
conpl etion of the nmethod acgerding to. the invention,
or after a conparative nethod. Wth reference to
figure 1, the figure shows the 15 different steps of

a first enbodi ment . of the ne accordlng to

venti b iGuro 18 dhd SERDSNaRS Himor IEUbSUPHEE 1 of
beferecandrypbtess ddredss VRS QM My tdhe depasd tdibiafing
a thick insulator layer 2, respectively. The face of

-pﬁ@Sménéreaomg@bswfa@sédqnq)ﬂmsﬁh% ity aqrisitoron whi ch the

the "hack YD £ PRTREE Rk SR ene

dapatisdbst bt @ bomdEynbewavei ngkerkagen dn mdldonds, as a
|ayer, It |s usually made from a sen1conduct|n

EHP@F%%P obH5 s BYERBFe BP 1 i%on! Oif‘ﬁiénaon%ﬂi‘“’%ﬁbsﬂt’?L atidris
goH@Yn@'§9m%0”EHf“%KES£ﬁ§hiﬁ%br”§5§ék§| %E@Qta%hat were
strainéd silicon. In the Tatter case, the substrate
axsd usgat| potrukfifekaypdr bandhehemsotaiingd plesier itdeatment,
is_then obtained by epitaxy on a |ayer of 30
%%%??l%%Z%r?%. For exanple, the insulation 2 may be
a ni t+i degate QXi nid ri dgrbghersepife sprafierabtlye anuasede of

layer. 11  The insulation layer is greater than or
@%géﬁrQQFZOtﬁH?Fhléﬁ prediastahl yoRPor ekl or ORor substgates

“(a Seithe BT SALES Eg@ﬁ%@ﬁlgﬂuék EﬁesméQﬂ%Hr%@%ordlng
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for a scan wdth pmx 2 pm 5 According t

' tme:hmweruermu,on,heam@&tes:t ep dompe ragriyet meddrogl. asrra

nggr |§e?gr%ﬂ§ﬁn hog;gﬁfgdfgglg%g ff%ﬁﬁgls ows the

different steps of a first embodiment of the method

according to the invention.

Figure 1A and 1B show a donor substrate 1 before and

after. it .is covered by the deposition 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 is usually multi layer and the strained
material layer is then obtained by epitaxzy 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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reference SP corresponds to the term "snoot hing

plasma". Finally, an atom c species inplantation step

is 10. carried out as shown in figure 1D. This

i npl antati on provides the megns of formng an

enbrittl enent zone 10 inside the donor substrate 1,

which delimts an upper thin layer 11 fromthe

remai nder 12 of .the _substrate. 15 The expression

"thin ey éMSYletdrs tlgysr dyedrertar fidien eis ual flety 20
hindegdsk naporetens1 Lhigk Refeh 4R tde Beok ~SidHeen ;s
on I nsulator Technologies"; Materials to VLS, 2"
Ediedtenr (Ueam- ofi etquwnlCotbnge) Angstiomer &Mi,e for a scan

rniing the "Smart Cut” 20 type (registered
ggg%énng Het Fod, "for a general descriptionof these

i pl.aptabiraanget hedsheACeakehigohp tHigei MRt i @Rep the 4

‘three_ steps _that .haveﬁjust,been descri bed, nanely the
. PHOGLALREn Pd8sHsi BLert He

h
: _ I's ¥HGIHI (v S IMeme P ugashtvivekk be
ARdcthpelPhanLati odol 293! BlgsPeg] e SN oft. - rhe

figures 1B, and respectively, aren
cafeiredcoufPi norhesponderto Hosvewerm asnodthide plasma”.

described, | ater, conpl enentary.steps be.inserted
ot weEhithbEe 147 co e SREY Re PR RhEAE1oR &S i
tapkasgabhonast SRowd subsidate v, 30 called the
"internedi ate substrate" is obtained that can be used

i n bohdingilaRdansgeionr ansvédepetticdsnedas oan fopaing an

40 LGB 60 SLSELEHON SR AUBRIES, 1, pion

heSe steps are .
datidfts Asni tppstrahed dayvérgltleflkrbEm tthe meitdddidean 1P of
conti nued by bonding a receiver substrate 3, on the
heeSuRe 4R 20 of the insulator |ayer 2 of the

LinteryRdi 84 €ro s SUPSEERIR 4aylhe nRGRINEr SUPSELLE 3f 2

is made of a sem conduct or

- few-fens or a few hundreds nanometers thick.

Refer to the book “Silicon ool Insulatox
Technologies”; Materials to VLSI, 2" Edition (Jean-
Pierre Colinge) or.litéﬁature concerning the “Smart Cut”
type - (registered . trademark) method, ® for: - a general
description 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, 1€ 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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material. The next step is detachnent of the remainder
12 of the donor substrate 1, along the enbrittl enent
zone 10. 10 Thus the final conposite substrate 5
represented on figure 1F isjgbtained, in which the
insul ator layer 2 is inserted inside two | ayers of

senlconductlng material 3, 11. Although it is not
shown gn the fiqgures, g 15 r ceiver substrate By
be nul esFaﬁE?p Frgtre u??¥?&? dt'es- HVary ant & :

enmbodrgeni 1 Dhst heredr @ OdsgRkecesS, dent nedhod can be
el ements are marked with the same nuneric references.
RS LpaeraRy @@B@éiﬂﬁeﬁt LS Cdivet ﬁgl@isé?ﬁ@d'—ef Fom¥The-hofree

BLEYLRUS pmhadi (RN 0 1Al 112408 | vdes (R AL e0f ace
teps, one ens Icatio eat eat nent shown

Ehgateat2D4 and the other a activation plasna

treat illustrated on figure 2F. The other ste

i Chohpr GEESSVaF e SPASKERESI ot doWEES 35 v BT B OT

Rbhe¥eifor figure 1 and have the same nuneric

references. The densification annealing step of the

i nsul Be¢ one2t sihgr Vas di@pztﬁim@d: o?f t heesybgpiader] LZs of

gﬂ&'Sgﬁérbgébééra{ecf““af tﬁg)éﬁbfitt emﬁnt z%ne 10.
ensi T catiohannealing - is carrie

t he awwm&CtB@efhﬁSllﬁbhﬁﬁb&téOBubbeﬁatéBSIﬂepﬁﬁﬁﬁmﬂéd on

referably, done after the snpothing plasma (SP). step. .
-Eb@\}é@%rlf’aha aPERSTEH t AP sWPaChotPEhdMFulghoFhdayer 2 is

{horesd 1hs oyl dedl $9yhesdare sakli@ondlet ings %Ha%téﬂ%l 3,

deposit but before the”smoothing plasma step.
Bttivation pllasma (AP) treatnent is optional. It nay

- be dogg ol e f@ce on Yl g SRPtHING AR,  the

receiver substrate 3 may be multi layer.

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

This -variant embodiment is distinguished from the

previous embodiment in that it includes two additional

- steps, -one densification -heat treatment shown on figure

2D, and ~the other a activation pilasma treatment
illustrated on figure 2F.

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

The densification annealing step of the insulation 2
that was deposited on the substrate 1 is optiocnal but is
recommended.

This densification  annealing step 1is carried out

- before the atomic species implantation step.
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(SP) treatment was done, in other words on face 20 as
shown on figure 2F. It could al so be done on the face

30 of the substrate 3 that will be bonded onto the

face 20. 10 It can al so be ggne on the two faces 20

and 30. The reference AP stands for activation plasnma
that denotes a activation plasma treatnent. Finally,
al t hough i.t is_not shown on the figures, a pre and/or .
post - adt i V&t i BhSPI BRI TABYLE| elfichg Altedt méne  $BORRYing
he done (o)l awidpg h%%e%&»bogﬁddsi%bﬁgﬁ kA1 8M 4 sahbEM shown

inplantation of atom c species and before activation

- pimasrideor Gfqwresact iMat iomlpl asnesandobef dore boafitay the

f .1 .recej ver .substrate 3. Wi | | w_describe the
e (o HbREi S e Re e bta FrepERtngraietRs Hié.
ment | ched aakovacibn bunkher (del atbeatMehbods 8ptional. It
depositing the insulator layer: The insulator |ayer 2
MeYf PFredOBR e Ehofacsulsdt rerkch Byredeptrathiigly plasma

oty | 0 ha: em 0%L1.1.0
ety oy o oo pPdasar oo e o T L Bovprce 20 as
Ahovhepnt édlgmirgué Fcarl talceolge alsed bes ubtdneasopl dseaface 30

hanced cheni cal _vapouyr se deposjtjon, known as
BECUBE FUPERGPEPnforRats &1t lan Aeh EETElR] GBicq Sgf vERCT n20-
30 tha abewenseabhonedl entiehe by-d¥l36 ang Fauber.
This step of the nethod may be carried out with a

react bref spfecreppc AP alpuids phase agépasitiioon pIadns 1ghat

 hBgbbies; .t eaL e gharher, Josi ge, whi ch  he

ubstrate 1s con erent chem cal
reagefisa bt g, t hkvhoudgit r blutednbnsistewinhiocsh dienb@rgutes, a
t he form of gasflows at high temperature and | ow
Pres3UrecT siPas e 1Bt it am BIFSRI bk FE5@R1nY gffeqtment
BAgNbEaloheaghh 9BwRAEVeER e nodisl IRILM 1IAFe0USy, after

constituents.

~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 1is formed on ihe donor
substrate 1 by deposition, particularly by vapour phase
chemical deposition, and preferably “at  low pressuxe,
known as LPCVD.

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

This step of the method may be carried out with a

reactor for- chemical vapour phase deposition. This
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One of the applications ainmed at in the invention
consi sts of making an SO type substrate. In this
case, a preferred variant enbodi ment of 10 silicon

. di oxide (Si Q) consists of nmking a deposit known

under the above nentioned term TEOCS LPCVD usi ng
tetraethylorthosilicate (TECS) according to the

f.ol l.owing chem cal reaction: Si H5) .4(9 >
SPEICESEY @ RS DUy +The 6T GBI neadhig Rt
TRe @essiHel | nphde dilgckBeYD diRaGtl1 chanhehtsSare then
between 300 nmlorr and 1.5 Torr (nanely between 40 and
206 ropgyednd ngrieertdisy dlagden ol ysbhaTderm Efarssy flows
0 0 -2 h hi of siligco
Sronb b s rhd ok rERERES0 A 4{0Ep, form an
dgneaflerckhae w¥r equad fttaxr 208enicadndragcttiora bewween the
rgri,%r oneters. Densification annealing: 25 This is done
yT4ShERt PREGPHENEOREEREt@MpRrature of between 700
and 18Q0Cfrort e dyppii 08 Phnseuenadk MtNUERS theO invention
several hours in an oxidising or neutral atnosphere.

- FpBspaEpose meking nakeSPhet Y uiEdtoratdenser and to

el i-m ff’f“ &G banageous eC%e%rSr'ed?’ov LIQUT ALLOR: Qnt  of
unit TOr carrying 6ut s ot ing t réatment or

atlivah i ohopi @asmpsivgatamidistkd ofThe KimeAataeidpdssit known
carried out with a unit conprising a plasm chanber

RdeHe WRPCh MRV Dr cBSREFECRRE  &6/Posi tFOh of PENE  using
GR5EOUS, 31 IDSRAS! B A& COMdH) 'a?‘c%ordﬁer}’gff@ P& 1 owing
those units exist. 5 The i1 nvention nay thus be
¢hpheeehteshai tdna  , reactive ion etching” unit known
§¥(6é§ﬁ?bb£?¥é§§'°9’ > 8i0,(S0lid) + 2C;Hs(gaseous) +
2CH5CH,0H (gaseous)

The pressure inside the LPCVD reactor chamber is

between ‘300 mTorr 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

c-at least 20 nm, namely greater than or equal 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 smoothing

treatment or activation plasma treatment:
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"RIE'". The unit conprises a single RF (radiofrequency)
generator supplying, via a capacitative coupling, an

el ectrode | ocated inside the chanber which supports

the 10 substrate 1 covered W4h the insulator |ayer 2

to be activated and/or snoothed. This single RF
generator can generate the plasma (i.e. excite its
species). The term "power" as used in the text, which

is ond o § TSR R tacks R0 DA MBI S, 2 cR} BspemBEising

T epPE8kk SeldhanfR L Nei POVRE Of,lihe gepgrat Wrvcsure  and
Control ling the power of this generator can“bot

earivees itthenpl agnettendgesrtnel dteodpnetd c aerer gyndfolled.
t%qrer gn% of thg %Fasma which bonpard the surface of

20 i"A&TPalér “PEYEr UB1ES BéTEEti vated. The plasma
.chanbeheal S@veARLNSERay SateRd glectigdeemMiLd i$ith a
not connected to the substrate to be activated. This

SEEERY 1EPeckdbdet FBiRGY t MEdL I'hari ubvhertvagblarevhgtion,

0SSR i T RO LT oy

wth a sim uni t was he
gboeeatbut swpmhyihgt hevisecend cebectitadevies ceapbesyed an

t tor. In. thi th d RF
HOREFEBUP (CORRERL GAI0E (HhE cPBREPBACWREH WHRAPIH the

bopstahes |1ay@6vé9eae wit® t £gat ethd S Yy | Ta989t aLtls be
generates -and mai ntains the plasma. This second

yeheyated ii%df%nslmfb@?%dmed to control the density

of t n oII|n 1 ower ofth r st
_genergltlor can or'?ilO 1&{1 tt gﬁ P s §h8f R
(bns. ofxdhies pimr@emfc)h borrbard the surface of the

| ayer_to pbe treated. 5 Snoothjng plasma paraneters:

“The RE'poWeFMof PPHETPI ASmdiSesl Hiyhthe ¢ tpEtsr yvich is 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 kinetic energy of the
ions 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 wvariation, it is also possible to
implement the invention with a similar unit to that which

was mentioned above, but in which the second electrode is

.connected to a second RF generator.

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

control the density of the plasma. Controlling the
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200 Wto 3000 W for substrates with a dianmeter of 200
mm [mllinmeters], giving a power density of at | east

0.6 WcnR2, and preferably in the range 0.6 WcnR to 10
10 WcnR. The Applicant hasigshown that the higher the

RF power for the plasma treatnment, the |ower the
roughness of the i nsul ator |ayer. Further, the peri od

of this plasm treatnent is _advantageou Iy at St
P58 oRbis EIF ef EaHTy BeR oA 16 P Anga 16 SECBREET o the

maeﬁeeoré@%,rgwlaifcadﬂey idnd herr ange p3Q sa@GonRas dho dnbard
seconds. The Applicant has also shown that the

tHkgeRERECHI 8§ he r bayento geg i okatdfe snoot her the
surface of the insulator |ayer. The gas used to form
the plasma may be oxygen, 20 nitrogen or argon or a
corrbi fabooning phese gesesiet(dArs:+ 02; Ar + N2; 02 +

be c?&??eg% lHOWE?‘F %%hg?égo taggﬁglﬁgrﬁgégegiaﬂﬁgel%ofrom

S00Nwatgonoph agmer & Md ROVEY .wiltdiens Bhrieddy Q% 200 mm
plasma at a nore noderate power. 25 Preferably, the

§mbbl Hnake b hs magi v &ad meat Péwﬁénedemﬁ—ﬁ}fga§fat@r¥s dfeast
h nat.ur t e th 0

Drg TAOETINE PRelbopBRY 90 Chel TonBLOT STHIL
wo | 7/ &e? .an oxygeappuaeaatsmn@t b gyt rﬁ@dtﬂenhe h(igher the
sm)othaS|I|con OX|deIa% andanltro% Iasrrato

Bb shBBth alefliEBR nPLRPHR Iéi?éﬁtm?? 11t lower =~ the
Pheieiadd & nathd o fmdifos .t g ’iochi ometry and _
therefore the chemstry of the treated material during
thi s Bypeheasf, plthsnopereed marit . thile ppéssupe tegaigeent  is

aII ed are over, 2.prorr preferabl in the
B B850 18 el Be5e Shnbry AN the
ﬂé}{bénTm I se8®h@s peef enablyeImEs toySlcalDy rm(n;he. range
over 0.25 Pa, preferably in the range 0.25 Pa to

30 seconds to 60 seconds. The Applicant has also shown

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

-The gas used to form the plasma may be oxygen,
nitrogen or argon or a combination of these gases
(Ar + 0p; Ar + Np; O, + Np; Ar + 0O + No). 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 gas atoms of the same nature as at least one of the
atoms forming the treated insulator layer. For example,
the result 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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the surfaces Iin 5 succeSS|on wth the f
~ bordingat bhef =i tam tuitdronckmoein byiﬁxykuﬂmmynm W8Cth the

30 Pa, preferably in the range 3 Pa to 13 Pa, nore
preferably close to 7 Pa). 10 Wi le the snoothing
plasma treatnment is carried out at high energy and
for a particularly |long peripd, which is not
necessarily conpatible with obtaining strong bonding,
the situation Cannot be excluded in which the initia

roughness. and t oi ce of the e to be 15
i mpl anted Ui %ﬂﬁ R 5%? Y tHee nat Aot pehey and
e reyRG- enhi 1gh Eﬂ@ﬁﬁ.b@ﬁyb@fh {18 sreatBunGANd-f0r during

activation, in particular if snoothing is carried out
ithis Wyt @fs PigsHesErEBsEeRbove. The snoot hing pl asma

{reat Q! arggsa&éovgfbgpefg{;gégx%gougsdSL£§“§$&: M‘Srr,

waf er respective center 0 Obta
@nafeftabrlyf |1|maltrfeougirr@$ssz WiRir it heo -2 60 anT o ng, spréﬁee:;lbly

IS T her at_ the ed e (or respectively the cente
e TR €8 PO G| B A GTARID © Yhent er & AToTT

requelres,d,0 produse, t pi-arbyRe1f 9 ffigs e%hgle P 25 Pa to
gcenter/edge) correction in order to vary the plasma

Ri £k mIt’lyeJiEpT@S]sSUr dén ceheeryasdise goRer denslitya, — more
g&%&ggﬁgigacloge §r§n !om1rates bet ween the center

etc Fe- and/or post-activation

pl asrmhnb][eanhﬁgsmEbStthﬁgpr.laSﬁlﬁi rgeofcriche S faoeried out
vated may be carried out, for exanple usij

be
SheRTEh! SPRERTNIRE KRBWR TRS PHREReAIY. ARSI RAEOd, which
EONTAPE NaLEQBssa RE, LESRIIBNL1LONS & S 6§#${ﬁﬁﬁérw%trong

oW ng

annnn?ﬁaw %ﬁhﬂ?%ﬁ (gﬁizi%l %%%n%ﬂg]5iﬁggfg%50250 be
fmpﬂaﬁhﬁdmﬂdb%ddmﬁéﬁlow 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 deliberately
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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10 - a second bath of a solution known by the acronym
(SC2) (standard clean 2), which conprises a m xture of
hydrochl oric acid (HCl), hydrogen peroxide (H2Q2) and

dei oni zed water. 15 Activatiign plasma paranmeters: This

i s advant ageously done at | ower power than the

snoot hi ng pl asng, for exanple mﬁth an RF power density
equal to between 2 _an preferabl ahout 0.6

W cnPeeB FUFERaRd: Ae: S4go SHhEoEBNg on@eriétgy ith Fhe Pe
28 r-eeal ek, suhst éﬁ&ﬁpl?f@iﬁﬁﬂ@bé YehdMfcd I egtd®@ithent known
duration used will be between 5 and 60 seconds and

tlve "84 " pressupddi ARy deontrmintakhder will be about 7

Pa (5Q orr). _Dffer t e o [

o denbretr xta=ChehfrE0he 1 Gt FUL ARy PN i e in
acceedcngnt ithethé nFentowimg:Test 1. Tests were

carried out on several substrates, 30 varying.the
di fferef SHodt HPag pPhsAa TSP GTe Ak HRR g%‘f?etae?%cnym

$8c3s QS F@éaqygbpe%h%ht hes sl &t oa ml@t%rre of
t hus treate oth at the centre and on the edges.
a?mmsnmmgh:yeissxmasmi\éh@m Wl drmdie nb yp ot @i de Fd)Hr,C@ and
glcro $y %@FN@. Tests were carried out on an

Rioiatsy ¥ * conposed of silicon dioxide obtained

by a TEQSskReYB vatthepasid i osludhent hheknepy afhet hecronym
Si2 insulator layer was 145 nmand its initial
ftghnds§§apepsFe GlRars mbt hIThgChploSiRr 15Sat freRd Xhge of

t A dt
al i oerss ot duad. & AYBLL9sS cofPh b lihgh 2 ano
dsednfoed WHcernes of 10, 30 and 60 seconds

respectively. The results

- Activation plasma parameters:

"This is advantageously done atrlower power than the
smoothing plasma, for example with an RF power density
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 demonstrate
the effectiveness of the method  according 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 followng table for an oxygen pl asng,

for 200 nm di aneter wafers. Table 1 Power used

Treat ment Measurenent 2 X 2 pm 2 duration |ocation

RVy [A] 10 s Centre 3.64 Edge 3.77 250 W30 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 gg s Cent 37 Edge 2.39 10 s Centre 3.29

Edge 3763 786 Wéé DeBSHT RSB43 aSEREES s Afgpreic Force

fieRtbecdpf’ (akdge 2. 07 15 Roughness val ues are

expressed in Angstrons RMS for scan wi dths of 2 pm by

2 pm T¥hese resel t sagraedhowniton orhe &gy aphssulmifdgur bsyer
20 Th s& es Its e al.sq. s int

%om%ﬁgggf gures ol ér‘% oy lnera& "‘Qxltl aFEos LPCVD

Hepoeyefnent Ther@ugbﬁﬁ§Ss thShe 5;0, 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 ym 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 | Treatment Measurement 2 X 2 pm’
duration location RMS [ﬁ]
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 jm.
‘These results are shown on the graphs in figures 3

to 6.
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I mprovenent being reinforced by the use of a high

power 5 snoothing plasma (preferably at |east 600 W

or, nore preferably, 1000 W and a |ong period. At

the end of this plasma treatpgent, the Applicant also

observed that the silicon dioxide retained good

uniformty. 10 The reduction in roughness was real,

t akes_pl ace at OMIt erature and avoid subse

chem BAPSS ekt Cal ol | Sty SIERD FEP (his of

@H@ugégagegolgsulator | ayer may be wused to produce

very high quality bonding onto a receiver 15

subst FAtE ahev sobseayént| ymprayereptansf gougpness, this
h al c oi

gﬁ@?%?%ﬁ?éﬁﬁgeaﬁgh gﬁk%grggd b%?#ﬂ?(ﬁé%o%th %1%% ﬁ%%er

éhbbﬂg$n@ gﬂddﬂd@(p&e&beabﬂgrmﬂt|d@a@& usboansfery ethore

zones. conpl enentary tests were

Eé?ﬁ?éﬂb%ﬁt Jo‘?\oos“l”raﬁ‘%oa ST &HETEPY nsul ator (sSO )

subst gt efel REGUAMNG:h B S}B‘PQ&IH@‘thE%nQﬁtde th%s‘?iﬁ;ﬁCicant
between a thin strained silicon. [ayer and a silicon

sbppordbdeayerd Ehathisheasd,liz®nt hdiswbdehi retpowed igpod

gboy&rlooo W for about 60 s, for 200 nm di aneter

3 ers, %%rrespondlng to a power density of 3 Wecne.

'The gﬂ&pf@@@@ltfﬁomsﬁd ot gige SSOVEHI PgalRs talesmblake at
(about 7 Pa). The results obtained are shown in the -
#QWIoﬁﬁﬁﬁerQGuFﬁblé”“kl avghfle 2 DeRdPFEEatibn RACHisal-

T Gl G PSP Fage 528 o

For this reason, the treated insulator layer may be
used to produce very high quality bonding onto a receiver
substrate and, subsequently, layer transfer by detachment
which is also of high quality, which avoids any problems
with blisters, exclusion zones (“rings”), pitting or the

formation of untransferred zones.

Test Z2:
Other complementary tests were carried out on

strained Silicon On Insulator (sS0I} substrates including

-a smoothed TEOS. oxide inserted between a thin strained

silicon. layer and a silicon supporxrt layer. In this case,

the ‘smoothing power 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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NO Snoot hi ng plasma at 1000 WCentre 2.29 for 60
seconds Edge 2.33 Inplanted control Centre 5.37 Edge
6.3 YES Snoothing plasma at 1000 WCentre 2.36 - for
60 seconds foll owed by Edge jinpl antation Furthernore,
conparative tests were also carried out on the above
mentioned sSO type substrates, after 5 transfer of
the thin strained silicon_|aye some of these
substrates were subj ect ed;iﬁi?—h% above menti oned
rﬂgggﬂlgﬁtfg asna l\*atgia m?_n%regllflnrlelnr%g L NeLEcRBBMIACTHTE L ym
whil'e other substrates were not subjlegéf@réfenct| ERe (A
rfesults obtaijned are %ggyx% 0N TTgure 7 edncwai Ch TH dY
represlg&ts t He nunber efects and 0 amthel Shiow ths
absence” and prggf@g%elgo%;tsgg Lo egdgmpnt  byesdsygot hi ng2.29
-plasma respgcti velpsr fsee@nees a tjo f tawee the 2.33
flol | owm ng nmegni ngslmpﬁantg@rcggtlumt ransf er cadr-gonel _ 5.37
di anmeter norie than 1.5 5 mm dnal Tedgat r anst ersr. ed
zone (@b anet ersybetive 1Q5,'§a a@n@lgob. B |mm Ceitrmi crio 2.36
unt r ansf err ed fzenes si&rﬁl@"efcﬁﬂo{v@:s&yt han Bige m) 20-d:
plisters e; rnicro blilysteerstifon pitting (untransflerred
zones at edge of wafer). Thus, the nunber of defects
fer is reduced from about a hundred to about

bon of BRI, QRRPATGT e ifstthiTRf I Sstfh carried out
@& COFl N Ovd hend AWEIHA PN 5501  type substrates, after

transfer of the thin strained silicon layer 11, some of

m

these substrates were subjected to the above mentioned
smoothing -plasma treatment during their manufacture,
while other substrates were not subjected to it.

The results obtained are shown on figure 7 on which

- N represents the number of defects and 0 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
mm)

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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22 Test 3: Other tests were carried out to study the
effect of snoothing plasnma on the bonding tinme. 5 The
nmeasur enents nade consi sted of neasuring the bonding
time, in other words the duration of a bonding wave
bet ween a substrate made of silicon covered by an

Si 02 | ayer obtained by LPCVD deposition and TEGCS, and
a receiver substrate also made of silicon. 10 The
tests were carried out with different batches of 200
nmm di agetes. substrates, in which the oxi des had

di fferent surface roughnesses from3 to 6 Angstrons
RVS ¢bhesn Seahswiearh efr2ipeh qUR pm sThéye tow gddasdd of

j t treat msnt at
3RERrtY GEA R e e RSO R BB rarety povier
den3|rhe31mﬁasdrammm&m 3m2d&V crgh stk 7 oW cn@afori290 the
nn1d|aneters and for durations varying from60 to 120
RERENRG THE - gad JPRRr HOFFSt FESCHUHIR Yas® B0 anRsidLng

&Q@@U'bet%eBﬁ) -a 20ub O & Bnbhhbuslr ales; ddie £6948EL§ by an

obt ai ned for oxides on which the snoothing plasma

-Sl@atl@mrm@btamnedpéyf M’ﬁ‘é’@ detpqselptrlexemrsdtﬁéos and a
“duration t _.of a bon éﬂ

Hﬁgssed i n seconds,

LR YRR PO 6% e s 4 "G waves NO wi th

t hi s Tygandianr €luFertd QfarraSad:lcgw ewl&h |difsterr@irgs dathes of
results obtained for oxides on which the snoothjng

%@%sﬁ‘ﬁ“tf‘jééf“ﬁﬁﬁff at T Herto tife WhAgEntFBA WRisides had
£d 84 OULyrFLcl S8R ﬁﬁggge%hﬁkoﬁh%ﬁ'QQ §MBALRLROms RMS

p asma treatnent Is one e average duration of the
bondangcad0wiard arf thepbordi2ngint.i thése 48x¥dgecbads been

%ﬁéﬁﬁé%%% E?ard deVI%%h&? Biasgas %%g men%huh? Sgag£saof
between 1000 W and 1500 W, namely power densities of
between 3.2 W/cm® and 4.7 W/cm®? for 200 mm diameters and
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 obtained for oxides

.on which  the smoothing plasma treatment was not

performed. It represents the duration t of a bonding
wave, expressed 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 1is 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,




10

15

20

25

30

the bonding tine is reduced to 8.6 seconds with a
standard deviation of 0.5 seconds. Therefore, the
snoot hi ng plasna treatnment has the effect of reducing
the bonding time and consequently 5 increasing the
bondi ng energy neki ng this bonding much nore
honogenous and reproduci ble. Test 4. The tested
bstrates are 200 mmdi aneter sSO 10 wafers. They

881pHontaMBont? stAFHGest e EQomPrifsi R§CoRds  with a
%ttra%'d%%@l Skhiig@n ohayer gWst Bedoghigong surface topol ogy
on which a silicon oxide |ayer of the order of 1650
AngstEbﬁ§8€Q65,nnﬁuibQMQBEthQGGOa@nd.l?ﬁ@aﬂm@mtrQWE the
angd 170 n t hi ck was p05|te TEOS
%E\‘? depo‘guc‘ﬁ“o%. @kedf‘%?%ﬂcw oSElé,‘F?ouF‘B g?r%ﬁ%quently
bat:weaalhbe ﬂm%@ﬁmn@oa@@@byam@}mf%r@uggnmding much
concept. Roughness is evaluated at the m croscopic _
BeAPeNOBAIERBUST ABH FapEode@EPi®pol ogy concept is
eval uated at the macroscopic scale and denotes 20
di fferences between the hi ghest peaks and | owest peaks
of thessuéface ("peak to valley") on an area of about

e tralned silico opol ogy. t he
donor %%sqé ‘ﬁ?l% 5&16ﬁ1¥heafﬁpoggéy BF ¢ Snetdf ssor
W@ﬁ@f@IOThé?yﬁéredﬁﬁ@§|E%@moﬁ'dbnd%séHB%ﬂﬂHﬂéf%omprlslng
roughness of the silicon oxide was 4 to 6 Angstrons
Feinad2 sprhigop gaysgaritihea dptenantsunfesenemee logy

' Qxﬁs%' %%d Qe' "ésfo;eegﬁ%' ' gldaa}feor di t-f erent obr%fe%heéfOflGSO

ese donor I'¢on T éecerve
Eupst rate W&$51 han) appbeedean tli®030aaxi dE’ltDthGInngtroms,
each of them and the strajned siljcon

er was
KRR 4G Gt ! UMY kst e qPase tafl by TEOS LECVD
ddpnsiferdgd onto the receiver substrate and to form
t he

A distinction should be made between the topology
concept and the roughness concept. Roughness is evaluated
at the microscopic scale. On the other hand, the topology

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 cm®.

The strong strained silicon topology of the donor
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 ym 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




final substrate. Test A Test B Test C Test D Test E
Standard M1 d Oxi de Oxi de Oxi de snpot hi ng snoot hi ng
densi fication densification densification Oxide Oxide
Standard I npl antation | nplantsati on densification
densification snoothing of atomc of atomic species
speci es Inplantation Inplantation Inplantation MId
glrﬁ‘? of atom ¢ of atomi c of atom c_ snpothing

oeheEn edsﬁé]&‘)es”éepe%%%l‘éep%ﬁ S%"{“F%aﬁf“anto form the
AGtizvaki,gatAgikvati on Activation No activation plasma
(AP) plasnma (AP) plasma (AP) plasma (AP) plasma of of
t heToft Bhe ¢f tAeSof thed redefvér rlecei®eeF ¥ ece| verTest E
recesMRkdr e¢el vefisbstiriat € o.84bSirat € sopsir at € Oxide
suspn%t ggt e subst ra%g St andengi Seeotdii (Ng:naasi Abi &l Nethsification
using an ‘oxygef ptasne formed in la chanber inkide
whi chidshe gas pressdere |wasstbdan (nafmpipn¥atPgh | Ifhiantation
RLASHFR-WAS, ¢ uead :8d - MSioRC asmécﬁgilggrequ%@cytoﬁ'i:c of atomic
generator that operates|wth a power] density offthe
order of 3 watts per cnf and a treat/mentP*diratipn §Pecies
GOrsecends. | Thelaxtpgerm f|| bwlwas:tidn §ccm MLOAM | d Mild
smothiflg wWas gbtaified Usipg aB,axyden pLasiBy fPOr Bdorning
in a chanbef.inside whi¢h the gas prlessure was 150 mr ‘
(néﬁﬁ?fsabOJt JHePHYS . Thi S°H5FaSHha Was created using a
r adiichke sguenc pcRivageser at gictivmationper atasvaitoh al powetivation

Y, e f t s, PEr a a

tronrtafl LB | b BT R i 1 S o
was200f sccm  Terddfficati ofif gt he |oxi @& BiE t her rra?ecelver
annealiidly Was raefiveved|usiregeideheat] treatient at substrate

agggétr%g’gc Su%stra‘(%lér S 2§ubs@ QJ@ c Spg%sq:‘}ay\eer €

ant ed vanlrm tion o

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
‘density of the order of 3 watts per cm® and a treatment
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
density of the order of 1.5 watts per c’ and a treatment
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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ions of about 30 keV, nanely a dose of the order of
6. 1016 H '/cnR. The activation plasma (AP) of the
receiver substrate 5 was done at a pressure of 50
mlorrs (about 7 Pa) at a poywer of 250 W under an
oxygen flow of 75 sccm (standard cubic centinetre)
for about 10 seconds. The results obtained after this

| ayer was . transferred are illustrated on figure 10,
10 ThAFigurPesHEws weke nmmlemterd duf et simpbarvadlioy of

@ﬂﬁ?tofa%%ﬁﬁﬂ sor i f §¥%liu@ﬂﬁgggs6y he S¥R, of

ype of test. The legén e figures Is as
ﬁbﬂﬂbm&l #cmﬁZhW (micro untransferred zones; size <

0.5 NT (| e un ed zones; size >
0.2 mpe 33riviSin afafta kb Rnst chheds6rReLrer puBsHRte
wasl Zone dt SaMPressuger ALhss (nt].’@rQ% i 8d) 7 ABLer 4t 5
seeing the first results, particularl or 20 tests A

pever pf éafd Be éaﬁ@ru@@dow@@nr@@gvd@és% ofcthe(standard
w%w%m%@¢e5w%ﬁywd ﬁ gmld) and

regardless o IS a efore or after
densi Theat i oasulgood Kﬁ&whkﬁmbanahee@btathed | NLARERS was

f def ect ded t hat
gﬁ%ﬁ?ﬁ?ﬁﬁn§535?agﬁgé?grﬁﬁgéqﬁé?%%égﬁgglfﬂplaﬁtatlon of

at omi thsPeei @Sre MbLL 8861 AAmbESt S0 AL JFs |
observed th ? a%en t he snoot hi ng treatnentsﬂékfé%ved by

artert i ppredeny i bir oliffaonit speisses hef rgmuldane type
optained are significantly [Iess good. 30 Furthernore,
a conparlson between tests D and E shows that

act i VEte dreqerasred (AR ffgudess rieceisvaro12Gwssubstrat e

can reduce t he number of defects observed after
! BZNT (micro untransferred zones; size < 0.5 mm)

®: gZNT (large untransferred zones; size > 0.5 mm)
L: pZNT (small untransferred zones; 0.5 mm < size
< 1.5 mm)

X: scratches (to be ignored).

After seeing the first results, particﬁlarly 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 species.

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

shows that activation plasma (AP) - of the receiver
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detachnment. It is deduced that the activation

resulting indirectly from snoothing done before
inplantation of 5 strained Si type donor substrates

is reduced or even elimnateg due to the different
successive treatnments carried out after the snoothing
plasma treatnent. The different tests carried out

sh d the advantages of the invention. 10 The effec
SPBERE ¢ 62 HGUBt asnas (BPIOTT g st TPt BRibe tter
ke aramghness of the thick insulation, and the fact

that it is followed by a Smart Cut(r) type _
i mpl ahtat iien cdederedn nghett hetlehenhesli vagiiovat i pgsulting

at.J I .herw; se h the .
ThbEFLer i)™ S RS, A BERRY | fphonserien of
ksralised prticgpkardynetii tabkerbk@essubst natdesas t bra even

topol ogy with high "peak to valley” val ues,

strong

§ﬁﬁ@én?Feﬂa§h“beéﬁ SF@%MCFHE%rﬁﬁé r%H@ﬁﬁ§§éV%f Siferments
SHbSL EQL §3t CRPL & SPhe N QWGRY Paddl S FBRIHRL, 20
Furthernore, with this type of” substrate, strong u
t opol By zolidSementusubebys| ocwted ash t batedgekowed the

are tfe | ocations. at which defects appear
%%?%ﬁ%a?%% © é%%ﬁ %%%ﬁéh%ﬁ?' I f the substrate was

acti veHedkrrdheref are Shaitiing ¢flasheps(sm theattdmd is
according to 25 the invention that ﬁrevents activation
FQ FHefveS sttt abPedhngss oAl Wee1thpskhdaspdption, and the

faouf aghuringa sitgfstféifo»w&en%d fOr oHSecinchb®  type

el ectronics, optoelectronics and”optics I el ds,

hpladtarigedam alhatinat ec digr ickemiatall eadtivdidon effect
f.ol ] owi n tep erforned in this arder: 5 a) deposit
it R S PR sF T 2% B Ese LagpeRer | han
or equRl FRtHdIMacMdriiidg Owadhness griedledtion is also
particularly  suitable for substrates with a strong

topoleogy with high “peak to valley” values, since it has

been shown that the roughness of such substrates can also

be reduced by this method.

Fﬁrthermore, 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.
Therefore, chaining of steps in the method according to

the. invention that prevents activation is quite suitable,
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than or equal to 3 Angstrons RVMS5, for a scan wi dth of
2 pmx 2 pmon a first so-called "donor" substrate
(1),. b) the snoothing treatnment (SP) of the free

-surface 10 (20) of this insuyjator |ayer (2) using a

gas plasma formed in a chanber inside which the gas
pressure is nore than 0.25 Pa, this plasma being

created using a radiofre%ﬂggiﬁiRF gener ator operating
under a power such that i apply a power density
greater than 0.6 WcnR 15 to said insulator layer (2),
the duration of this snoothing treatnment being at

| east lr0edreshdsor dyammﬁmu@m%fa afiilesibrate | Bmweerded for

e (:10) fai 0 Cies i de
g%:%d élnormsubg?éca{y@ﬁ%n éﬂe tslgo so-cal’ (Ji optics
Taeﬂnwe"dhmw@mt@kibedZGjamﬂuﬂ:reﬂabbdpkleéa)atZ.1east the

gbhgod according to claim1, characterised in that it
SpPides. Fﬁ@pﬁolPﬁﬁFﬂﬁmﬁﬁebE thig redehut after step

Q? oR %%Eka%ﬂuﬁHngbﬁgrai%ﬁ&?”@Z?“Q%%%aﬁﬁ &ﬁickness

25 éal ed the "receiver"” on said free surface (2
Qﬁ@atﬁﬁs@hénoprlaﬁ@al(zp 26) nwi,t hdrtdwed xﬁughnqﬁs greater

i nder. (1 acc ng.to claim1 a
%ﬁgﬁgg erlqJ é) %tnﬁg? rom ﬁ% gf%?d@ng:ﬁpcﬁﬁqgi of 2.
anneali mg step fost %xmllmut@dnm (Absleposd ted j n

step L this annealln 28 belng done at a
ten‘pe'? t the 67‘108@?%%% 700tuRAt 1068¢C Pér the dures ivarface

PhopewRr AL LN 88y 1O SLValgle 0SS WL Aty OXT ghs! N0 asma
or neutral atnosphere hod according to ai ,
themedtbr i sechambe® irnmitdsaiiadendid gt immmlimgnore

t.reat ter the snDothlng Ias

W DT hna BSror i b dsinas PraRRRf: ting @

ﬁﬁd&biﬁequency RF generator operating under a power such
that it can apply a power density greater thén 0.6 W/cm?
to said insulator- laver (2}, the -duration of this
smoothing treatment being at least 10 seconds.

c) formation of an embrittlement zone (10) Dby
implantation of atomic species inside said donor
substrate (1), to delimit a so-called “active” layer (11)
and a remainder (12)

2. Method according to claim 1, characterised in
that it comprises the following steps, carried out after
step c):

d) molecular bonding of a second substrate (3)
called the “receiver” on said free surface (20) of the
insulator layer (2), '

e) withdrawal of said remainder (12).

3. Method according to claim 1 or 2, characterised

in that it comprises a densification annealing step for

- the insulation (2) deposited in step a), this annealing
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5. Method according to one of previous clains,

characterised in that the snoothing plasnma (SP)

treatment 10 is done with a power density of between

0.6 and 10 WcnR2, a gas presgure inside the chanber of

between 0.25 and 30 Pa and a treatnent duration of

bet ween 10 and 200 seconds. 6. Method according to
characterised in 15_that the

e e JoRE S aibEPRPes BhT TRt o Sy 5D ARl for

Accah #l i 0% Al rarchaiagtesi sed kavethat Hdig:0asn an
pressure is approximately 7 Pa. 8. Method according to

oradasipgevironsutkFal ngtnodwhedy acteri sed in that the

duratijon of the SUpgLhing o asiRLASP) ULEabuRpl sLeR in

b) is bet ween abd seconds
abear dang. Heneneioft porviomsa Ty nereattharacterdged dfiter
t hatt he %as used for formation of the 25 snoothing

ph&s FEOCSP)NPs Fliié¥en §3Fdm HifdhgP bx§BEnPEG2Y S %orﬁtomlc
%éggleglgﬁgg e kPNPYn Ok & i xture of these gases. 10.
hod accor I'ng to one of previous clains,
chara@terM@Eﬁbdr1adwﬂrdﬂmg gag usad fof frrentdwn oflaims,
such t

pl swa os the
KOFrPErRriSbaTHE SR tmet it A (P T4 ) g trment
$8NBoAS aitheaspow@ﬁed@xﬁsiw @f%@tvﬁ@émn ufes smcwl 10 W/cm?,
i nsul ator layer (2) to be treated. 29 11. Meth
acedf dPRESEBIenéNsLde| hhRschanBeroofcReityeesr O séé igpd 30
% aty et ueen. ;SLERSG) ﬁﬂgagl)‘tatorofc’tbé(@&é(&;? PI@SThd 200

treatnment of said 1nsu  ayer

-$mm¢mmmed using a gas plasna fornmed in a chanber 5

there is a pressure .of about 7

L s y&%ﬁcsle.% e R SR el o etterat s in

@eer@ldrgas pressure inside the chamber is between 3 and
13 Ppa.

7. Method according to claim 6, characterised in
that the gas pressure is approximately 7 Pa.
. 8. Method according to one of previous claims,

characterised in that the duration of the smoothing

- plasma (SP) treatment step b) is between about 30 and 120

seconds.

9. Method according to one of previous claims,
characterised in that the gas used for formation of the
smoothing plasma (SP) is chosen from among oxygen (02),
argon (Ar), nitrogen (N;) or a mixture of these gases.

10. Method according to one of previous claims,
characterised in that the gas used for formation of the
smoothing plasma (3P) 1is chosen such that the nature of
the atoms from which it is made is the same as at least
one of the atoms forming said insulator layer (2} to be

treated.
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that operates at a power such that it can apply a

power density exceeding 0.2 Wcn2 to said insulator

| ayer (2), the duration of this snoothing treatnent

being at least 5 10 seconds:g 12. Method according to

claim1l, characterised in that the activation plasma

(AP) treatnent is carried out wth a power density of

bet we 0. nd. 3 Wcn¥,, and a treatnent. duration_ of

ot veon 5 Hrh SECGRALN1 5t 43 Oy Rod SkedFa dg £8 10

eherebtprevkaus il aikmBr ehardeher issedd n hhataddhe q), a

thickness of the insulator layer (2) is greater than

gEtagaaionor2esmam (AP, tvseho@nic cdr diaig tihohetofr layer
Vi:Qu i - racterjsed,i hat insul a

?%i ﬁ% gﬁ%g?he c%ﬁﬁgﬁngdgléégp %égﬁ%e%ggpggrl%hgéeéﬁé%ber

¢herdbealthdeposhtiren iEPEVQast eahnisguue. oiib.dfkidtod? Pa, this

gﬁcordiggfto one of previous clajns characterised in

aPMEh@CHRIUCAERASRY BP9 an %&quef_re_fal_eqvé& Hgd generator
aaaer dbBgateschai m InuLharact efh3ed; N eadd Jhat, ltat(;\;e\glaower

oxide is a silicon dioxide (S Q2) obtained by a
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13. Method according to one of previous claims,
characterised in that the thickness of the insulator
layer (2) is greater than or equal to 200 nm.

14. Method according to one of previous <claims,
characterised in that the insulation (2) is obtained by a
low pressure vapour phase chemical deposition LPCVD
technique.

‘ 15.Method according to one of previous claims,
characterised in that the insulation (2) is an oxide.

16. Method according to claim 15, characterised in
that the oxide is a silicon dioxide (Si0;) obtained by a

low pressure chemical vapour phase deposition technique

~starting from tetraethylorthosilicate (TEOS LPCVD).

17. Method ‘according to claim 16, characterised in
that the silicon dioxide (Si0;) is . deposited at a

pressure of between 40 and 200 Pa.
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characterised in that said active |ayer (11) conprises
strained silicon. 10

30

18. Method according to one of c¢laims 1 to 14,
characterised in that the insulation (2) is a nitride or
an oxinitride.

19. Method according to one of previous claims,
characterised in that said active layer (11} comprises
silicon.

20. Method according to one of previocus claims,
characterised in that said active layer (1l1) comprises

strained silicon.




