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1 METHOD FOR REDUCING THE ROUGHNESS OF A THICK
INSULATOR LAYER This invention relates to a method for manufacturing
substrates intended for use in the electronics, optoelectronics and optics
fields, including a step to smooth a thitk insulator layer, in other words to
reduce 5 its roughness. The invention 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 10 for making composite "SOI" and "sSO!" type substrates. As
a reminder, substrates known as "SOI" (Silicon On Insulator) substrates
correspond to substrates in which an insulator layer, more precisely
silicon dioxide (Si-'02) is inserted between a support silicon layer and a
15 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 2
"receiving" substrate on the insulator layer, and a layer transfer step. In
this description, "bonding"” should be understood as molecular bonding in
which two perfectly plane 5 surfaces bond to each other without
application of glue, which is possible at ambient temperature. The
bonding quality obtained is characterized particularly by the bonding
engiGydiatioReinEWastite THE ROUGHNESS OF A THICK INSULATOR

LAYER

This invention 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 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 “SCI” (Silicon On
Insulator) substrates .correspond to substrates in which

o

an insulator layer, more precisely silicon dioxide ({Si0s)

-is inserted between a support silicon layer and a

superficial silicon layer. In “sSOI” substrates, the
superficial silicon layer is styained (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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bond force existing between two layers bonded together. 10 This quality

may be improved by applying an appropriate treatment to the surfaces to

be bonded. The insulation used in the above mentioned composite
substrates are particularly oxides, nitrides or oxinitrides. 15 The state of

the art used to obtain these various insulators includes a technique to
deposit a layer of silicon dioxide known to the man skilled in the art as
"TEOSIKRCYD" {tkettasthyorthosilieatéehhole Presslieey«Ghemicdl @ layer

%/ﬁggg%ggpgg%gn"). 20 This technique consists of depositing a film of
silicon dioxide, Using tetraethylorthosilicate as a source material, and a

low pré_ssurél\itapoiwqaha'sptdepos!tiﬁmmhmqﬁe khowhdo tee maderstood
skilled, iy the art, ,as LRGYD, 25 This meihod has.many ?@é 1808%  plane
concerning uniformity and dénsity of the oxide layer obtained, and" in

paricidarsaveitstongusmid thetdubstratethgertom pvhidls eie siticorfoxidae ,

Huslormed,is, supparted, whigh ;is,not fhe.case dyyjng formation of an

oxide by a thermal 30 oxidation method. However, the roughness of

silicondiéxideiapeisndepsiied ising the TREOSA PCVD" tééhiriged fisr ized
HayGh; highgr-3 thap taﬁéogm?ofé%%rﬁwly@@dseﬁlad@@f&& as the

guidance, the surface roughness of a 150 nm thick TEOS oxide is more

RRAKRIS ZO RS B4 SBEn RAGIHESTL Sichy-f Y5k Swhid oo hRess bf

a thermpal exideyis-0lase,to HaboutdS0 A RMSPvar thgsamesscaiwigth. an
Other deposition techniques are also known, for

appropriate treatment to the surfaces to be bonded.

The insulation used in the above mentioned composite
Substrates are particularly oxldes, nitrides or
oxinitrides.

The state of the art used to obtein these various
insulators includes a technique to deposit a layer of
silicon dioxide known to the man skilled in the art as
“TEOCS LPCVD” - (“letraethylorthosilicate” "Low Pressure
Chemical Vapour Deposition™).

This technique consists o©f depositing a f£ilm of

gilicon . dioxide, using tetraethylorthosilicate as a

source material, and a low pressure vapour phase

- deposition technique known to &he man skilled in the art

as LPCVD.

This method has many advantages concerning
unifeormity and density of the oxide laver 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 “TEOCS LPCVD” fechnigue is much higher
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example such as deposition by LPCVD using silane (SiH4) as precursor,

and Plasma Enhanced Chemical Vapour Deposition (PECVD) . Further
information on this subject 10 is given in the article by Wolf and Tauber,
"Chemical Vapour deposition of amorghous and polycrystalline films",
Silicon processing for the VLSI ERA, vol 1, pp 189-207, Process
Technology. However, these deposition techniques lead to an 15
insakatot kayer withgtheassy kigh robghmess1 Furthermhose dhelropghness For

incteases with.the thi ss of the depaosited layer. Consequently, a thic
i(‘ﬂgulator Ig}'lert( ogr e%gr%}g?eéegxiﬁgﬁ?ﬁ%%sesr W%%:isamoﬁ?rgﬁhgr}}mzo%rﬁ? icll?EOS
hide ist 20nfratueritiyrthé cas8Whemvmaneafastaing+-8Q@ktyperéductspy 1
imisughy madeydth aoughness hat is incpmpatible ith gonstrainjy oo ¢,
Imposed by very good quality molecular bonding. In this case, it is

pRIEfable fHat th&lfBughress-souidbe |essathan BIARMS to enable

bonding. g2 r &ygpdess fian 2 ALRMD: oyt scan g obl DBy, sox

pm, in the context of a layer transfer application known under t

BERMESrEialtaihie 2SmaR WL The BiatelGTIHE artalady inthutes {ife Ha)
Rassibility of sypmitting, a subgtialefa a plasma, 30freatpgpt. e vapour

"plasma treatment” of a surface to be bonded is defined as exposure of -
HEBSEHECETo o GBS PRismdthat B edanigef deresddieulany tidey asubject
yacuyiTyehat aiMesphere fIessuUre(prigilodringing tia.sufaces &g cal

JoBont M on S R M i aronans) Cana Pe Yoty stalline
films", Silicon processing for the VLSI ERA, vol 1, pp
189-207, Process Technology.

However, these deposition techniques lead to an
insulator layer with the véry 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
freguently the case when manufacturing S0I type products)
is usually made with a roughness that is incompatible
with constraints imposed by very good gquality molecular
bonding. In this case, it 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 mm by 1
um, 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

reatment .
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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5 exposure parameters such as the nature and flow or pressure of the

gas supplying the chamber inside which the operation is done, and the
power density. The effect is to modify the structure of the superficial layer

of the substrate thus treated. 10 A distfnction is made between two types

of treatment, the first hereinafter called "activation plasma" is supposed

to improve the bonding energy between two layers and the second
Rereifsftareadiet2simoothing Jplasmdethat isviatendeddo retluedthespheric
petdace roughaess, 15 of the layer fhys tigated Blasma.applicatign 1, geq
parameters, and particularly energy, may be different in the two cases.
TRE@rfelB By M. Hansen et al. entitled "Chemical role of oxygen
plasmayify water ponding-ysing orogilicate 20 glasses ARRlied PhysIcs; o s
Letters, Volume 79, number 21, 19 November 2001, describes a metho
BrRCHEIDN PaSHASEEA thinfdyeh of BErosiiates, depogited BpdPGMDY  or
Berasilicate type glassemare horen {rigxide(B203)and silicon digdde s oy,
(Si02) alloys. 25 The experiment described in this article relates to the

RS tRBARESPEpproxithaRly SO AngEFoRANRK (A% Birosilicates

layer byran oxygesn-plasma inRIE (Readtive len Etching)mededor five +he
minutes at 0.6 \W/cm2, with a pressure inside the chamber of 30 mTorr (1
FRRTON 832164 BY). B S hauRshiiebfaiitdsetasahfifoved bond
and shrow thatthereugbress of thexerated gutageds not@affectedypy this ¢

ivati . In the article entitled "Surf ner
ggg\é%uié)enn[gl?sm%{geatment the article entitled "Surface energy as a

rirst hereinafter «called M“activation
plasma” is supposed to improve the bonding energy between

two layers and the second hereinafter called “smoothing

- plasma” that is intended to reduce the surface roughness

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 activation plasma
of a thin- layer of borosilates, deposited by LPCVD.

Borosilicate type glasses are boron trioxide (B,0)
and silicon dioxide (5i0,) 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 lIon 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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5 function of self-bias voltage in oxygen plasma wafer bonding", Sensors
and Actuators 82 (2000) 239-244, D. Pasquariello et al., studied the
influence of kinetic energy of ions of an oxygen plasma on the bonding
energy of silicon wafers thus treated. 20 Tests showed that a silicon

wafer with an initial roughness of 0.9 A RMS can have a roughness of

about 0.60 A RMS for a scan width of 1 pm x 1 pm. The author also
concludés tha¢ thelkinetivdreigy of plasmad iohsydoes aat havedanynd show

influence whatsoave t oothing quality of the substrates thus
treated. Further%qglreé, %hge g%ic%? éy (?rﬁ:te%‘g et %%P’Elﬁt%relsst ota shao%rht%J ected
Blashidl freatantas aehiaveaglh quatint 8=8102-Si bonded structures”,

Abstragl No 1006, £G3.3003, shower e smoolhjna efiegtof g plasma

on 20 thermal oxides of Si02. However, this article only concemns oxides
iRCE ity |6W inifigilroulghasss (2B ATRMS. for @85em x DISpmato 2@ fer

BBhY 20pm seal)sThis atlicle deas natmentign the possibility of forming 1,
an embrittlement zone by a Smart Cut (r) type implantation in 25 the

8aBSiratkistbbRItifG tha bxide Sandiéersedlientlyi nér worsst nishtidnitet 1c

Setantial beneficial GHEC@rPf%g%ﬁo%tﬂma%ﬂa QR%G%%QISEHBQ &nergy
subsequent layer transfer. Finally, document US-2004/0124416 déscribes

Ama 9p fFEGEENG e réuigtriesd of a layer of dielectric material

that usessa plasma.eeatmeent: 6 Howeverdhis goedmnentdaes 0t i nitia)
mention the possibility of a Smart Out (D type of treatment for

TptEHSLoh 6 atBmic SpENEs BRtwdéT s stddtagpRatat about 0.60

A RMS for a scan width of 1 pm x 1 um.

The author also concludes that the kinetic energy of
plasma ions does not have any influence whatsoever on the
smoothing quality of the substrates thus treated.

Furthermore, the article by Moriceau et al.
“Interest of a short plasma treatment to achieve high
quality Si-Si0,-S5i bonded structures”, Bbstract No. 1006,
ECS .2003, showed the smoothing effect of a piasma on
thermal ‘oxides of 85i0,. HQW@V@I, this article only
concerns oxides with a fairly low initial roughness (2.3
i\RMS for a 0.5 pym x 0.5 pm to 20 pm x 20 um 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 consegquently nor
does it mention the potential 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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treatment and bonding followed by a layer transfer. The 5 beneficial

effects on the reduction of the number of the defects observed on the
transferred layer are absolutely not envisaged. On the contrary,
embodiments of the invention seek tgssignificantly reduce the roughness

of a thick 10 insulator layer that is not required or that cannot be formed

by oxidation on its first substrate and for which the initial roughness is

high. For the purposes of this description, a "rough” layer means a layer
Wi%:’h afﬁgﬂ’fgnvn%%spgre ertharf o 155 qual td % Angsttoins RRgtion  the
poeferatily betweert 3 and 202 Angstroms BMS approximatelys{of A< pm Xor
g?nlgc n. Embodiments of the inventiont%Iso seek to provide a method

0

ANUTACtlfing Ah iRtermiediate SHBSTatB THAtS Fel e P embritditérina
‘zonetohtained: by inpladtation 26 10f atemicispecies age that @@@/ﬁj@d byhe
a thick. insulatorlayer for which the roughness is high, this intermediate
%%%géfjﬁt%lgossfbﬁ? %Cejltn% u%%d%t%r Fnegi%t%n]d?ﬁg gﬁ% layer PARGtEF ©F the
dndthotissohs tovbtdima substrateinafkich ¢he ttansferred-tayebsolutely
rggptaé'g%iesvg L£5 no defects. In accordance with an aspect of the
invention, there is provided a method of manufacturing a substrate
intended forsse i therelegtrorios; wptoelettronics ande opticedietds;n seek

characteyized:in thatit comprises.at 30 leastthe following steps, .y,
performéd in this order: a) deposit an insulator layer with a thickness
igréater Hedn ordetrial tof20-nm Swithpa rolriméss greater 7hthian oregual be

40 FRABOSPMSRMS, fora span WidtR 0f 2. - st rate and for which
the initial roughness is high.

For the purposes of this description, a “rough”
layer means a layer with a roughness greater than or
equal to 3 Angstroms RMS, preferably between 3 and 20
Angstroms RM3S approximately, for a 2 pm x 2um scan.

Embodiments of the invention also seek 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
noe defects,

In accordance with an aspect of the invention, there
is provided a method of manufacturing a substrate
intended for use in the electronics, optoslectronics 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

greater than or equal to 20 nm, with a roughness greater
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pm x 2 pm on a first so-called "donor" substrate,. b) the smoothing

treatment of the free surface of this insulator layer using a gas plasma

formed in a 5 chamber inside which the gas pressure is more than 0.25

Pa, this plasma being created using a fadiofrequency generator operating

under a power such that it can apply a power density greater than 0.6

W/cm2 to said insulator layer, the duration of this smoothing treatment

heing ab A 0dgasti10tseconds.e) fernationaf anegmbritienent zepedy of 2

implantation of atomig species igsid; said donor substrate, to delimit a

S$0-cAlléd *AetivB" faysr ARd &° fernambsr 15RO ding 46 D&t -

advantageoussandmondimitative reharaetetisties ofidhe inveptonstakedce of

%|8£l oriiplsﬁqmjginatmfé theer m%th:ceg includes the folsjowin steps carried 5

out atter step ¢): 20 d) Mgleculat bonding of xecdruiBtrate FRfEH the

rbesiver’ ohrsaidifreeisuirface:bithgdnsutaters layes, e) sithdeawat 9hsaid . 25
ai Wt hod comprises a densification annealing 25 step for

e oslon e By S e R emling Béing dob@ AT P dency

: e
the’insulation déposited in ste annea

. Eseratee ofbetwdemg0®add r1000Cfor a denationtofseveral minutesp 1y

to several hours. in an oxidising of peutral gimgsphere, said densification
anzgli%?gl trh?aat%é% isé(;%%la%%% a%tgrg%he sr?éoo%ta‘f'\;/i%rglri plggmg’%%e% ﬁ)nzf’nu ator
beftre the-sonile spetins impldrtdtonssiepthi®ig treatment being at

least 10 seconds.

-C) formation of an embrittlement zone by
implantation of atomic species inside said donor
substrate, to delimit a so-called “active” layer and a
remainder.

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} moleculax bonding of a second substrate called
the “receiver” on said free surface of the insulator
layer,

e) withdrawal of said remainder.

- the method comprises a densification annealing
step for the dinsulation 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 smoothing plasma treatment is done with a power density of between
0.6 and 10 W/cm2, a gas pressure inside the chamber of between 0.25

and 30 Pa and a treatment duration of between 10 and 200 seconds. 5 -

the gas pressure inside the chamber i§ between 3 and 13 Pa, preferably
approximately 7 Pa. - the duration of the smoothing plasma treatment

step b) is between about 30 and 120 seconds. the gas used for formation

of the smodtRingprasiaing isichosen fromeamiomoxygen (O2Rargeath 2

#¥)hitragrn ; IN2)-or apixuts offhgse gases; the gas used farformation
of the smoothing plasma (SP) is chosen such that the nature of the atoms

B WhichlEis AatBhs he SAmas wefdastOné of theGtors 1Bforrisy 2
saiddpsulatordayer-(2 1o be tieated s befwegn stepss) aodH)q 2

activation plasma treatment of said insulator layer is performed using a

gas plasntaforfAed iR ahanier ifsideihieh thete 3aedasisressirasn 3
aheut % Pas this Riaema being.greatad: 2Q using ayragipfrequency RF

generator that operates at a power such that it applies a power density

exceeding 82 \WHGAS 16 BaidhsUiiBr ISP e difratorctfis tredtment
smaothing teatment baingatleast® serondlso- theastivation plasma

treatmen%}zecarried out ({%5 with a g)ower,density of between 0.2 and 3
Wicm?2, antFa SR&athiEht diFatioh SFitwesn 8ant 6o SEHdRL DEhdlasma

thickriess @i theriosulatestayerds geeater (tharn oraguehto 200)nm.nihecgen

E‘hs Iag(]):n és obt inedebyég I%\p{gressure 30 vapour phase chemical
ezp'}losmon LB ﬁachnlqu the 8 TATIon is an oxide.

- the gas used for formation of the smoothing plasma
{SP) 1s 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.

- between steps c¢) and d), a activation plasma
treatment - of said insulator layer is performed using a
gas plasma formed 1in 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 tc 200 nam.

- the insulation 1s obtained by a low pressure
vapour phase chemical deposition LPCVD technigue.

- the insulation is an oxide.
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9 - the oxide is a silicon dioxide obtained by a low pressure chemical

vapour phase deposition technique starting from tetraethylorthosilicate
(TEOS LPCVD). - the silicon dioxide (Si02) is deposited at a 5 pressure

of between 40 and 200 Pa. - the insuld&tion is a nitride or an oxinitride. -

said active layer comprises silicon. - said active layer comprises strained
silicon. Other characteristics and advantages of the 10 invention will
become cléer aftet feading the slescrptiondhatwiilbegiven belowiwitle low

reference o the appended 95?34{995’. which represent Ofg%ossibeé%chniqm

embodiment as guidance but that'is in"no way limitative. On thes
Hidvings915 rfiguiestinaeiF nie didgramsilstrating oS difsrént .

successive glensqia e eraliodimedt of ihe, method acegidiopdadne..,

invention; - figures 2A to 2H are diagrams illustrating the ditferent steps of
BTN eratodirient of thEOmesb 20 dttording to the invention; figure

3 is a graphdepresenting dne edog roughness B.of alayer;of silicon,
dioxide after the plasma treatment according to the invention as a
function df i &SPliedephiS Forifferehe applitbdids dmes; 25 - figure 4

is a grapl sepresenting.the.edge sepghnessRR of alayer of silicon dioxide
after the plasma treatment according to the invention as a function of

time aRd 46 diffeféti&siRa boiveF Fangédid figureysah®eare gribhs the
Sirgitartodhose I 30digies S1andk4 rasnestively.for eagurements; o« son
15@%?%&11 be given below with reference to the appended
drawings, which represent one possible embodiment as
guidance but that is in no way limitative.

On these drawings:

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

- figures Z2A to 2H are diagrams illustrating 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 Ffunction

‘0of the applied power, for different application times;

- figure 4 1s & 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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the centre of the silicon dioxide layer; 10 - figure 7 is a graph showing the
number N of different types of defects before and after the smoothing

plasma treatment according to the invention; figures 8 and 9 are. graphs
representing the 5 duration t of a bodding wave, expressed in seconds,

as a function of the number NO of bonding waves in this bonding time,

for the insulator layers (SiO2) that were and were not affected by the
smoothingfplasmea tréatment,arespeqtivel\sanady10 g figuine 10nigrébgrapiN - of
é%%’%é%@mg gg%@%me‘f}; gL %é@%”k%@%%&f Qﬁﬁ?cg*f%%%er\é%%onmootmng

ubstrates o ed either after completion of the method accor Ing to

e Fventior aometer acompdiative tmethiod. Withaeference to figure 1,

the figure %*1%%&? 1p differentgsteps. of ac}t{'%tpﬁ%boqigl??égéwing the

method according to the invention. Figure TA and 1B show a donor
dubstraten] befofe andcaftbkivis davereddsirthe sepdsition ofaanidi, as a

msylatoplayer 2, regpectively, Jhhe face ofthedoner 20 sypsfiate 1, 1pj .
opposite to that on which the insulator layer 2 has beén deposited is said

boPEIRE "BadrdacetAnd i marked Batreferéricést® Thedemor shbstratere

a-nay bea sipgledayeraragulli layge Itdgssualiyade fromac reatment,
semiconducting material, 25 for example silicon. The donor substrate 1

TREPaEbicHptistd strained material such as strained silicon. In the

latter case; dhg-substrateds Hsuaty paultilayerang the strained materal or
D R O e Y S L A e Qlcerved on  substrates
obtained either after completion of the method according
to the invention, or after a comparative method.

With reference to figure 1, the figure shows the
different steps of a £first embodiment of the method
according to the invention.

Ffigure 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 o¢f the donor
substrate 1 opposite to that on which the insulatorrlayer
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 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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30 support material. For example, the insulation 2 may be a nitride or
oxinitride layer, or preferably an oxide layer. 11 The insulation layer is
greater than or equal to 20 nm thick, preferably 200 nm or more. Its
roughness is greater than or equal tol3 Angstroms RMS, for a scan width

of 2 pm x 2 pm. 5 According to the invention, the next step is a smoothing
plasma step for which the methods used will be described later. This is
shown Ddfigune 1 G Then réference iSP garespondsta thestermgual to 290

“smopihi I =, Finally, omic species implantation step is 10 ,
é%\ﬁ;:ie o%t%fsﬁ@o%vfr? ﬁ]%ét?rea?gc.sﬂ%n imopﬁan?afffé%prc?ﬁges%ﬁg %"l%é}aensssof 1S
forminigean Embritttementzene tinsidefthg slonomsubBMate 1fwhich scan
gelimits an Ltp%trynéa)ﬁ{.ll from the remainder 12 of  the substrate. 15
The expression "thin layer" refers to a layer of a few tens or a few
hundredigaaidhiaters thickhRefdritsahg book "Siticen orelmsulatoep is a

- Irehnelegiesy; Materials 1o VLS, 2nd, Editiop,(Jean: Rierre Colinge) ar; ; .
Sp § rk)

literature concerning the "Smart Cut" 20 type (registere tyadema
AfetRod Hofa gbnkrdl - deSdtibtion bFthesBdmplantation Tigthbds. 1C.  The

Acgarding to the invention, dhe threg steps that have justheen described,.

namely the insulation deposit, the smoothing plasma SP treatment and '
the iméléﬁ?a]ti]oﬁrof 23 atGHhRIEe ciePSolfiFon IBRlentB ticandstBr  is
Fasnectiyely, areypecessakily parded.out imthis order. However, as will be
described later, complementary steps _

This implantation "provides the means of forming an
embrittlement zone 10 inside the donor substrate 1, which
delimits an upper thin layer 11 from the remainder 12 of
the substrate.

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, 2™ Edition {Jean-
Pierre Colinge) or literature 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, 1C 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 éubstrate 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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may be inserted between these three steps. At the end of the implantation
step, a substrate 4 30 called the "intermediate substrate" is obtained that
can be used in bonding and layer transfer methods that can be used in
electronics, optoelectronics and opticé fields. 12 These steps are
illustrated on figures |IE and IF. As illustrated on figure IE, the method can
be continued by bonding a receiver substrate 3, on the free surface 20 of
the institetoelayer 2 of the intérhmediatet S ubstritecd e Hteved 1F.

substrafe 3 j§ A A.semiconauctor, mategial. The ne (%%DO'% can be
a

detachment of the remainder 12 of thie donor stbstrate 1, along the
embritteraeniozorect0li g Thus teefival composite stbstiate &n  the free

tepreseatedond'figure IF;isqbfaipgd, i which the jnsulator layer 218, 45 . o

inserted inside two layers of semiconducting material 3, 11. Although it is
FBP8REWHA Dntthe figures, the 15 receiver substrate 3 may be multi layer.

Figurep, llusteates-Aovariant embodiment of the, previgus.pracess. . quctor

Identical elements are marked with the same numeric references. This
RakisAtémbodiment is distinguished from the 20 previous embodiment in

that it inclides fwo additional siepsenadensificatienheatiigatioit 12 of

shown on figure 2D, and the other a activation plasma treatment

iMRuAREP 5 FigRrd SR T Phé otfer Aeh S hthepréddst rsaénticant 10-
what 2hwastdrscribed abevenfos digure LapdhayedhessaBeresented on

figure 1F is obtained, in which the insulator layer 2 is
inserted inside two layers of semiconducting material 3,
11,

Although it is not shown on the figures, the
receiver substrate 3 may be multi layer,

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

This variant embodiment 1is 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 plasma 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 optional but is
recommended.

This densification annealing step 1is carried out

before the atomic species implantation step.
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numeric references. The densification annealing step of the insulation 2

that was deposited on the substrate 1 is optional but is recommended. 30

This densification annealing step is carried out before the atomic species

implantation step. 13 Itis also preferably done after the smoothing

plasma (SP) step. However, and although this is not shown on the

figures, it could also be done after the insulation deposit but before the

smoothing plasma step. Spke aetvatipn Qrim%r?% (é?%ér_@tﬁ_tr’egglt ISsmoothing

optional. It be done on the face on which the smoothing plasma
Strrneaatr%w&ré% )\/Nsagecfbhe%lﬁ%fﬁ%‘? WHaS ofi AL ¢ s tohcivrt Bnighreshown

2F. It cheld afsojbe-dene onithe face1 30 of the substrate;3.that wikber the

bondeld gnto the face 20. %O It ar% also be done on the two faces 20 ar?:d

30" Thé reference AP staridsfor S&fifatioh Pasiis tidt gehsteg ama step.

activatibneplasrma treaiment Fsally, alroughrit isoretishows aiptheonal. Tt
igures, a pre and/or post-activation plasma (AP) cleaning treatment 15
&%% b%éedoﬁg?cﬁlo?\/?ng ﬁg mg?hcoeds%?ésc‘%%%natéi , 3ftesr%%?> Rffoniprasma
atdmic specismand befose attivation plasiiacar afteractivationfdasma o as

f |ng_of the receiver supstrate 3, We will now describe the
%He%r‘%?dg{ §f ?rfi]% épnlggntlzr%' thggzﬁ i eﬁr?t’%gpsb r%e?%%&eedc é’bﬁc\s}%? in(%ace 30
flrthdreletaib MEthoels df Hbpositng thedasilatodéayeorifhe inselatorce 20
loyes2-is Jgamedhon thedonar sHbstrale 1x.deposiion, pagieularly by
vapour Ehase 25 chemical deposition, and preferably at low pressure,

The reference AP stands for activation plasma that

denotes a activation plasma treatment.

Finally, although it is not shown on the figures, a
pre and/or post-activation plasma (AP) cleaning treatment
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 is 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 plasma
enhanced chemical vapour phase deposition, known as
PECVD. Further information on this subiject 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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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 30 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 14 includes a
treatment chamber inside which the substrate is contained. The different
therhicit seagertseaertieert intnadused insidd this clamber ththefatpofate
ggs ous A DIgN [eRPErANIFANL AN RIESINE, S0 A2I0JOIP N 2 then
insulator layer 2 after chemical reaction between the diffetent gaseous
tohstitdenmtsdOne of dve applcatibrsbimediat int-the ifvention fcomsiststafows
king.an ra this ¢ referred yvariant
gﬁbodimerﬁ%’#‘{%{%%ﬁ%%%d%e%‘g; %?6 fes i making a deposit ™™ &1
knewhatinder ievalsové mehtieredaben IEOS LREYDmNgbetween the
etracthyorhgsilicals {TEQR).aqaeLdipg fo the following chemical
reaction: Si(OC2H5) 4(gas) - > Si02 (Solid) + 2C2H4(gaseous) + 15
2CH3ER20Rfgasssusk Fheistasdwesnsidénié LPCVDreadter chansivarion

- hetween 300mark angrl.8Jore (Ramelybetween.40 and 200 Pa) and

preferably close to 750 mTorr, (namely close to 100 Pa). 20 The
thicknéss of §ififon @fifde i¢adiiEéGiFBE atlBadD T nnEHapRdlent of

greateshan oaaual 1&200,nmoaRd Y40 feWdRICIMEte iR rosit known
&%ﬂgyma%%;anﬁﬁﬂg% mentioned term TEOS LPCVD using
tetraethylorthosilicate (TEOS) according to the following
chemical reaction:
81 (OCsHs) algas) = > 5i0,(Seolid) +  2CyH4{gasecus) +
2CH3CH,0H (gaseous)

The pressure inside the LPCVD reactor chamber 1is
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

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 is 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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25 This is done by a heat treatment at a temperature of between 700 and
1000C for a duration of several minutes to several hours in an oxidising

or neutral atmosphere. Its purpose is to make the insulation densgr and to
eliminate carbonaceous species. 30 Cahfiguration of unit for carrying out
smoothing treatment or activation plasma treatment: 15 The treatment is
carried out with a unit comprising a plasma chamber inside which the
pressurehanc m@mﬂh ittoni Gf tk;@ gg@r@r]wmtmﬁsphgreaﬁ:grgg@trgl&ggz rising
Several types of those units exist. e invention may thus be

i %a%% ha“?%%ﬁtivejigﬁ ething W iritknowh 15y its EBFSH&ton, and

Implemen ea witlT &

RIESCENE Loit canfiprisee a singledRE (radiafseguency) ge;@raﬁt;@n% rolled.
lying, via a capacitative coupling, an electrode located inside the

%ﬁ% grg w }gﬁegup%afgr@}ﬁgelousgu]b%ra?é{ 1 ¥bvered with the insulator

layer 2Tbde activated and/arsmoottiads ThisssingleRi=generator calth a

g r e plasma (i.e..excite its specjes). The term, "power" as used in

th%g%%%v%chz%%ong éfgl of the activa iori? If)%l‘?'e{lmekf rs,lc%fre§ &ﬁ%‘_‘fﬁw%}:el O,

predisely to thepowertofthemgeneestor Coitrolliag ke p@waﬁefﬂh@?eﬁcy)
rater.can cite the plasma and control the kinetic energy of the

%%%gﬁ%%g%;as?rggbwfrﬁgﬁ%bmk?a} thg1 su(r:f%lgea %%ﬁ]aeglzmnsﬁlaﬂﬁ$ et an

¢d BE Hetivated oThéE prhsiassiienben alsofvomiprise s isecormiplectrode the

which isnq cnnegied ta jhe,substratg fo he activated. yer 2 to be

activated and/or smocthed.

This single RF generator can generate the plasma
(1.e. excite its species).

The term “power” as used in the text, which 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 alsoc comprises a second electrode
which is not connected to the substrate to be activated.
This second electrode is earthed.

In a further variation, 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 (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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This second electrode is earthed. In a further variation, it is also possible

to 25 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 (connected

to the electrode with which the insulator layer to be 30 treated is not in
contact) generates and maintains the plasma. This second generator is
thereprogrdmmeéet to fcantrol theedensityoof the splasma.lGontrelling fhe:16the

the first generatpr can only requlate the kinetic energy of the
E)%\%Igogf%e %Pa%ﬁg W%lchgégmégp th%%gu%rtl%cée 8 t%senfgyer‘féqbce?trea?e _ard
S8meuthiag plasid parahagters: tkhe-RF poset ofithe plasma is high. It is
from 200 W to 3000 W, for substrates with a diameter-of 200 mm
[millimeters], giving a power density of at least 0.6 W/cm2, and preferably
CivrefetL BI\Y/dph S19yTED 06 WfeatX The Applicant has shown that the

higherife RE pawerior (e plasma,yeaimen, the lower the roughness, .

of the insulator layer. Further, the period of this plasma treatment is

AB0attagRodSh atleastan setoresapreferabltinheliBneige 1€ 200 mm

pRsANds o 20Q secongs, typically in the fange 30,secopds t-60 seconds, ..
The A})Ilczant has also shown that the longer the plasma treatment R
%eﬁoﬂ?fﬁ% smotRler BiESGHacL 8 thelinsBr 18RRIFhe Bad uBégmo  to

forng thenplasmarhay hgoxyaen.: 20 A8rogen @ akgoR:Or aOMBIRAtaN of;,.
RS Eney or PRl Taes N Rt he Tt the
roughness of the insulator laver.

Further, the period of this plasma treatment is
advantageously at least 10 seconds, preferably in the
range 10 seconds to 200 seconds, typically in the range
30 seconds to 60 seconds. The Applicant has alsc 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 + Oz; Ar + No; Op + Npy Ar + 0O 4+ NiJ. 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 feorming 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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treatment may also be carried out in two steps, namely, for example, 60 s

in argon plasma at high power, then 30 s in 02 plasma at a more

moderate power. 25 Preferably, the smoothing plasma treatment is done

with gas atoms of the same nature aslat 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
nitrogehtpldsma tee 30rstndethrepsilican nitritteflgyerh47 dtispretenabley and

Rettppadify the togngom?gﬁyrgndo@erg{%e tche cai'@éncjstr a%f eth?[ érleatggring
material during this type of plasma treatment. The pressure vallés
fibically YsedareverRanTora Bupreferably in the range 2 mTorr to 200

mTorr,fref | 0 oI, -more preferably close to.50
mTorr Tg?g.%g\?g}goségg;%%%%ab ﬁ]ﬁ tﬁgel:g%ge 82% gé %o Oéf)eﬁa,; mlorz,
Praéribhp kithéraide 3 Panwel FPalinore prefédblyrflose to PRajel@bly

Whilerhe,smopthing plasipa ,”%HP%”%%&%@P%O};}% al fudh energy t%nrq'l‘orr_

for a particularly long period, which is not necessarily compatible wi
obtfinin@¥6énd b%%di‘?@r, thezstfbatien £5nnbt be breludeedia whichithea to

mitialyoughpess apd the choice githe-fagedo be 15 implanted gould allgyy, .

parameters of the method to be employed which function both for
BhRftothiagah P Ssetivatidn, Ba barticular if smoothing is carried out in

two steps as des@ibedabovenghe smaehing plasmatreaiment may alsq, ; +
deliberately 20 be stronger at the wafer edge (05t resEectlver at the

TenterPio SBIERE uRRSHfifal folgnesS Whshlthe Long period, which

is not necessarily compatible with obtaining strong
bonding, the situation cannot be excluded in which the
initial roughness and the choice of the face to be
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 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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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 25 (center/edge) correction in order to vary the plasma
uniformity (pressure, center/edge powér density differential, different flow
rates between the center and the edge, etc). 30 Pre- and/or
post-activation plasma cleaning: 18 Deep cleaning of the surface to be
activatedepaychegained o, fonexampizusing a chemicat treatraentuay be
n_as "RCA" void.any contamination, YRCA" treatment consjsts in
e e B b, - Rt Balirora o
zplutiBazKhown ley thiedaerony e SElt i(standard. clean 1), which comprises
a mixtuig:f-ampuaniynydigyde (AEQH). bydiogen ngfexde (9209), 4,
and deionized water; 10 - a second bath of a solution known by the
HerSRAS (ST R {Standard Elbhyiwdich comprises a mixture of
hydrochlogic acid(HG]) hydregen peraxide (H202) and %yw&d WRIELr v

15 Activation plasma parameters: This is advantageously done at lower

"PET thesthed aFdothifppladma, fordeimpiemith BseRF powdrdansity of
Srnahiabetyeen 9.4 apd 3lem?, prﬁ%@@}ééﬁ?‘)lﬂg@r@x\%@“% #9,) and

further increase the bonding energy with the 20 receiver substrate.
FefitakidtiEtr&tment duration used will be between 5 and 60 seconds

and the gas geessie inside the chagbarmilbhe phowh7 Ba (3§ TOM}onym
(8CZ) (standard clean 2), which comprises a mixture of
hydrochloric acid (HCl), hydrogen peroxide (H,0,) and

deionized water.

Activation plasma parameters:

This is advantageously done at lower power than the
smoothing plasma, for example with an RF power density
equal to between 0.2 and 3 W/cm?, preferably about (.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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Different tests have been carried out to demonstrate 25 the effectiveness
of the method according to the invention: Test 1: Tests were carried out
on several substrates, 30 varying the different smoothing plasma (SP)
treatment parameters, so as to studylfe roughness of the insulator layer
thus treated, both at the centre and on the edges. 19 This roughness
measurement was made by Atomic Force Microscopy (AFM). Tests were

carriedout onmanigstlaser layerscermpesed atsilicaadioxige abtaitied b rce
position. The thickness of the S O2 insulator layer

ATEOSLECVD, 5 de
was 1451 and its i?’n‘tial roughness before the smoothing plasma
treatmémtaias oftheorderofrd toid. 5AuRMSofor aascaniwishttl 6£2 pm X 2yer

Bg}n% sma pawers. 0f,250, 60Q and 1000 W were used for 10 times of
, %ﬁ 60 seconds ?ggpe&ﬁ/%i(ylf e Pﬁ%ﬁsma?r%e gi%cgn if th@$8§omﬁh%CVD
e fortarpoxy demeplasmariers20@ it diantater wiafersl Tabte 1 Power was
yged Treatment M@QSU{%TEEE%XLZ duration locatio g(%/lSéA S
Centre 3.64 Edge 3.77 250 W o&%%?%éeﬁﬁs %%5%%@.2& s Eélr%l)t?]é&mg
BlFERIger3 LD s Gastreo8.60he 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 | CTreatment Measurement 2 X 2 pm
duration location rMs fA]

10 = 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 pum by 2 um.
These results are shown on the graphs in figures 3

to 6.
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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 $ Centre 2.43 Edge 2.55 60

$ Centre 2.07 Edge 2.07 15 Roughness values are expressed in
Angstroms RMS for scan widths of 22m by 2 pm. These results are

shown on the graphs in figures 3 to 6. 20 These results are also shown

in the graphs of Figures 3 to 6. They show an initial improvement in
roughrigsss ¢his riesprovement eirgleinfordedWy theruse:-bfa higrepiwer of
1_51%{]9 thing plasma (preferably at least 600 W or, more preferably, 1000
W) and a long period. At the end of this plasma treatment, the Applicant

also of$erved fivat the silicdrt: diokidemetaiiedgosd unifortit)iri®sFhe this

Iﬁ%‘i‘f}@é}r@@ﬁ{?u V\faesl%rt@%%? @J Cec%temWstgmcpfraaturﬁi%}g power

avoid a subsequent chemical- mechanical polishing step. For this reason,

$He trehictbingtlaMmyef PEaf BEakised taiprodkasfery $igh Yuafiy, more
HPDEINGPNE a FREEIVEE) and a long period.

At the end of this plasma treatment, the Applicant
also observed that the silicon dioxide retained good
uniformity.

The reductlion in roughness was real, takes placeAat
low temperature and avoid a subsequent chemical-
mechanical polishing step.

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 2:

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 support 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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15 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. 20 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 silicon layer and a silicon support layer. In this
case, 25 the smoothing power is dlzdut4 000 W for about 60 s, for 200

£ 2D \A// 2. . Th
IIIII diameter-wa: €S, CoOrre€sp UIIUIII to-a powerae ASt 'thO v/ :{‘u"“r_E 1 .eumz

has Pressire G8ed durlﬁéurﬁooofth?ﬁﬁﬁﬂ?% mTloH(about. Zréa) (]
[esults obtained are shown In.Ine Tollowing 30 apie 21, Lable 2 4.94
Densificgtion Nature of treatment Location of 2 X 2 }im2idqaeasurement 3
RMS [A] Control Gaobie,4:94Nzdge 5.280 Smoothirgtplasmd at 0G0
or 60 second§iEskye2:83 Implanted c&Af®dl Centre 5.37
dge 6.3 YES Smoothmglpalasmacatﬁ(aeﬁ) W Centre 2e36458r 60 sechnis

Furtharmmorae pn.hngr:ﬁ'ﬁ&?fncfc \I\Iﬂrﬂ6

mnlantatian X
O||OW€‘,9E:Qy Edg\_ |||| |u|||.u.uun ot un,nnun,, WTH |u é& ntre > \A R~ =

arried out on t?; 588 ﬁ;@j@ﬁéﬁ’é@ ?%Owe uau%&?é after-5 Lrans?er
d Silcon Jgyet 1L, Same 6

Furthermore, comparative tests were also carried out
on the above mentioned sSOI type substrates, after
transfer of the thin strained silicon layer 11, some of
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 ¢ 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
)

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

c: micro untransferred zones (diameter less than 0.5
um )

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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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

10 N represents the number of defectsZand 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 15 mm) b: small untransferred zone
(diamelt%rétgetgv:een 0.5 and 1.5 mm) c: micro untransferred zones
(diametertess than 0.5 mm) 20 d: blisters e: micro blisters f: pitting
(untrafidféged tondés avedge obwafery Thils, thie mumber dftvefeciE pek of

waler.is#8dugad. fram ahopt a hadiacio abopt ten or even less, due to

25 smoothing plasma according to the invention. 22 Test 3: Other tests
were cEifedoRd B3 SRIEGIEE efftdof sinBsthiifeplashia ofiehe Bbhtimg the

IR SnEhe-mpasurementsmade, copsisted, of measuringthe Logdipg nqing

time, in other words the duration of a bonding wave between a substrate
YRdfe SRR coderéd by it SIoPIsifer Bbtaihéd by PCRAY BEpEsitioh an
&g, TEQSs and B+ Fegeiver sybsitate alsgdpads ef siliconn 40 Fhedestang 2
were carried out with different batches of (200 mm diameter substrates,

recel el oS MhgsLRLE also made of silicon.

The tests were carried out with different batches of
200 mm diameter substrates, in which the oxides ‘had
different surface roughnesses from 3 to 6 Angstroms RMS
fo: a scan width of 2 pm x 2 um. These oxides had been
subjected to & smoothing plasma treatment at powers of
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 1is 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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different surface roughnesses from 3 to 6 Angstroms RMS for a scan

width of 2 pm x 2 pm. These oxides had been subjected to a smoothing
plasma treatment at powers of 15 between 1000 W and 1500 W, namely
power densities of between 3.2 W/cnaZand 4.7 W/cm2 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). 20 Figure 8

Hlustrates therrgsults mbtained forekidesd ontwhich tite smoothing plasma =
Lreatmentvas pot, perlomedolt senigagpis he duration tof a bonding

wave, expressed In seconds, as a function of the number of bonding
wavesN® 5gfiothis bohlding sneationl 25 FiglesQallustratesities: teshltss  the

obtained far-oxides, on which fe smaoRing plasma tregtment according.
to the invention was carried out. It is observed that when no smoothing
plusita JtemEmss bomel the arsrage uratién of thé lbbrdibhg 80 wavenuch

Rk ihe Q@Q,giggrgigg%isa%7 lsgl_ggg%w'itglaegtandard deviation of 33

seconds, while after a smoothing plasma, 23 the bonding time is reduced
to 8.6 seconds with a standard deviation of 0.5 seconds. Therefore, the
smoothing:plasma treatment has the effect of reducing the bonding time

and consequently 5 increasing the bonding energy making this bonding
much Thére h&MbEENoFEEAG FEFRBUCHIE Tel ¥ THB teStbaMeibatatesS0T

W€ 200 MIhdiagmeter $SRIAL0 wadersa Thyhweresmade fropea dongk-i sing
substrate comprising a strained silicon layer with a strong surface
%0&56&¢HEd silicon layer with "a strong surface topology
on which a silicon oxide layer of the order of 1650
Angstroms (165 nm) (between 1600 and 1700 Angstroms,
between 160 and 170 nm) thick was deposited by TEOS LPCVD
deposition.

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
deposite& on it.

The initial roughness of the silicon oxide was 4 to
6 Angstroms RMS for a 2 um 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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on which a silicon oxide layer of the order of 1650 Angstroms (165 nm)
(between 1500 and 1700 Angstroms, between 160 and 170 nm) thick
was deposited by TEOS LPCVD 15 deposition. A distinction should be
made between the topology conceptéhd 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 20
differefices betweehahd highestqseaksangduowsstageaks of! thesurface the
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Standar

d 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 R¥ generator that operates with a power

density of the order of 3 watts per cm

duration of

60 seconds.

2

and a treatment

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 cm

duration of

00 seconds.

2

and a treatment

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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species species species Activation Activation Activation Activation No
activation plasma (AP) plasma (AP) plasma (AP) plasma (AP) plasma of

of the of the of the of the receiver receiver receiver receiver receiver
substrate substrate substrate substrat@ substrate Standard smoothing

was obtained using an oxygen 5 plasma formed in a chamber inside

which the gas pressure was 50 mT (namely 7 Pa) . This plasma was
createdusingca sadiofrequencyeREgeheraterthatyopenateswithra pewen of

‘_ji%%%ty Cg)%thg}%q%r og Wgtet§ per cm<23 fnd atre tmgnt%(%ur%t}ijoen oé f'ﬁgﬁerd of

secoqgs. The oxygen flow was 75 'séem Y10 Mild Smoot ing Was obtai
@sihg arﬁofiygeﬁ plasma formed in a chamber inside which the gas

pressufrasciofl, JLL (A ARoUt 4B P THR DIASHA S, CTERISd. ot e
using a radiofrequency RF generator that operates with & power density
BRthe®braer of 1. S2watieperiem? afd & freaffvent 45 daration of 6Ga) at a

)
S86Nds, A hesoxygen floy was 200, 8660}, Fe%%iﬁ%aéi%o"é@b%r?x‘g%b dard

thermal annealing was achieved using a heat treatment at about
SURHGr< OBt AlsHhiIESpekies ibretimplénted yradsimplantation of ions of

about g &eV, namely 3 dosgefthgosder of, 61016 Hy/eon2. TR« as
activation plasma (AP) of the receiver substrate 5 was done at a pressure

oF 8BFhFons taldir ZParatd aiciverast 250N andér-an oxygen flow of
75 scepm (gfardayd reubie spatirngke)fonaboutdP secepds.sThaesilisy by
é)btained after this layer was_transferred are illustrated on figure 10.
efect category for different substrates of the same type
cf test,
The legend of the figures is as follows:

+: pZNT {micro untransferred zones; size < 0.5 mm)

e: gZNT (large untransferred zones; size > 0.5 mm)
£.:  pINT (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 €, 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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10 This figure shows the number of defects observed by defect category

for different substrates of the same type of test. The legend of the figures

is as follows: +: pZNT (micro untransferred zones; size < 0.5 mm) 15 (r):
gZNT (large untransferred zones; siz€% 0.5 mm) .a: pZNT (small
untransferred zones; 0.5 mm < size < 1.5 mm) x: scratches (to be

ignored) After seeing the first results, particularly for 20 tests Ato C, it

gah Yercorrelwist thed vegardlessoinie applied plasnictrohtpsarited after
dstandargd.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 defeks, picvidedHECS A0t iRG 25 pladtha IS 864 BEfoPE theresulting

ime@&tmﬁof atamic specles, 1Afler seeing tested2 andi kit igehserved ¢
that when the smoothing treatment is done after implantation of atomic

ShEgiRethe vesultyB6taiR8d aFe STHHIRGEMIY SR ssigbod etEGthefhore ven
S16eMparisen behreendesigl and E rehaws thafactivationplasma ARk nt s

of the receiver 26_substrate can reduce the number of defects observed

e 1GstalitheRt 16 deficBBUAAE Achv@INresGRAGTRRrectly

from smoothing: dare before impdaniation of 15 stmined Si typeloner  the
bstrates is reduced or even eliminated due to the different successive

s
HELRMERE Larted 86t afterThE& SRibothing plasma treatment. The
differenhtesis cavriedogutishoweddbehing plasma (SP) treatment is

to reduce the roughness of the thick insulation, and the
fact that it is followed Dy 'a Smart Cut® type
implantation can eliminate the chemical activation effect
that it would otherwise have on the insulation.

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

Furthermore, with this type of substrate, strong
topclogy 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 c¢f steps in the method according to

the invention that prevents activation is quite suitable.
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advantages of the invention. 10 The effect of the smoothing plasma (SP)
treatment is to reduce the roughness of the thick insulation, and the fact
that it is followed by a Smart Cut(r) type implantation can eliminate the
chemical activation effect that it wouldotherwise have on the insulation.
15 The method according to the invention is also particularly suitable for
substrates with a strong topology with high "peak to valley" values, since
it has been shown that the roughnesg gf;such substrates can also be
reduced by this method. 20 Furthermore, With this type of substrate,
strong topology zones are usually located on the edges and these are

the locations-afouhieh defects,appear.duting the Javentransfer, fdheey £or
substrate was activated. Therefore, chaining of steps in the method

HeCordily to B the SnsHtionthatprevams ARAiAtIcPR difte stitdblecprics
CLAIMS 1.Methogdfer manufacturing a-substralerintended for- usesinghe + ne
Fl tronjcs, ogtoelectronics and optics fields, characterised in that it

C ?ﬁp‘ﬁ%@%t &4t Trie 60w Steps! peffbim&d #¢this order: 5 a)

deposit an insylatordayerwith athickness gregter than erequal tor20-Me < s
with a roughness reater t?lan or 9% ual to 3 Apgstroms RMS, for a scan

Sidth 6F2 prax 2°pm BSR4 first So-calldddofoP substraled by e 9reater
gmaoothing ¢reatrhentSP) ahthedfreensurface, 1@ of this insulatorlayer or 2

puﬁ:;:irg\g as plasma%qrénS d isnoa_ cgf?ebgr\ln%d%gybich1 he gas pressure is
more %gﬁ%.fg Pa, this gtlasmacbelng created Uding At %Fgf?eid%éncy RF

b) the smoothing treatment (SP) of the free surface
of this insulator layer using a gas plasma formed in a
chamber inside which the gas pressure is more than 0.25
Pa, this plasma being created using a radiofrequency RF
generator operating under a power such that it can apply
a power density greater than 0.6 W/cm® to said insulator
layer, the duration of this smoothing treatment being at
least 10 seconds, and

=

c) formation of an embrittliement zone by
implantation of atomic species inside said donor
substrate, tec delimit a so-called “active” laver and a
remainder.

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

d} molecular bonding of a second substrate called
the “receiver” on said free surface of the insulator
layer,

e} withdrawal of said remainder.

3. Method according to claim 1 or 2, characterised

in that it comprises a densification annealing step for

the insulation deposited in step a), this annealing
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generator operating under a power such that it can apply a power density
greater than 0.6 W/cm2 to said insulator 15 layer, the duration of this
smoothing treatment being at least 10 seconds, and c) formation of an
embrittlement zone by implantation of @atomic species inside said donor
substrate, to delimit a so-called "active" layer and a 20 remainder. 2.
Method according to claim 1, characterised in that it comprises the

Hallowing steps, canied-qii after step cf d)dmoleculas bending of &g 2o+

second substrate called 25 the "receiver” on said free surface of the
InsHiafGitByer, efwithelrakarof Bdidtemainder. Zvethod aboiting o an

slaimik on g, eharaeterised inthatitgamprises a densification annealing
step for 30 the insulation deposited in step a), this annealing 28 being

done &t a &fipEfaturé 6EB&RVEEh 700 ard-2000CHor slFardresrised in

isexeral minutesrie severat NOUrssiAa DXidising ok pRUNE! atmogphere, Ao r
%{Ihethod according to claim 3, characterised in 5 that said densification

F %eﬁﬁﬁ‘@oﬁ%&rﬂénﬁs‘f‘c‘f&ﬁe dfter’ the SifodtinG PRsARNEE) stéleb)adidnic
defaredhe atprpion species implantation step c). 5. Method according to

one of5prev}%gslg:la'ms, characterised in that the smoothing plasma (SP)
treatment 10715 Hohe With & Tower dersity Bt betiiéenF6 ahaUH Wicmains
Ehgas presstiresitiside thechamber ofbetween;0 2510630 P8 and @atment

freament duraion of between 10 oy

9289 between 0.6 and 10 W/cm?,
a gas pressure inside the chamber of between 0.25 and 30
Pa and a treatment duration of between 10 and 200
seconds.

6. Methced according to c¢laim 5, characterised in
that the gas pressure inside the chamber is between 3 and
13 Pa.

7. Method according to c¢laim 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 (Os),
argon {Ar), nitrogen (N} or a mixture of these gases.

10. Methed according to one of previous claims,
characterised in that the gas used for formation of the
smoothing pilasma (5P) is 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 fo be

treated.
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seconds. 6. Method according to claim 5, characterised in 15 that the gas
pressure inside the chamber is between 3 and 13 Pa. 7. Method
according to claim 6, characterised in that the gas pressure is
approximately 7 Pa. 8. Method accordimg to one of previous claims, 20
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 ofprevious:clajms. - eharagterised-in that the gas useglfarformation of |
the 25 smoothing plasma (SP) is chosen from among oxygen (02), argon

TRAC ARTTHERTRD) of B mikitie of BiesBifses. S 16PFletiod aceefdingto &

oneiofprevioupclaims, characterised:r that the gasiused-forn farmation of e »
the smoqthing plasma (SP) is chosen such that the nature of 30 the

Hon& o hich it madeds tHE Sarke 38%E led<t 856 of tie atonfghamoer
ferming said insulator tayerdo begtreatede 29 1k Mathad aceording=to +n1 s
one of cl%ims 2 to 10, characterised in that between steps ¢) and d), a
Fctivafion padfa (APY teatmEnt & sAidiRSuIRtor TS hefforegecator
wsing agas plasmasformed iwa chamber 5 inside:whieh theseds @ gas power
ressure of about 7 Pa, is2 p\ll\g ma being created using a radiofre uencgéhe

géngra%{fct?%?jé%gra 6€ at 4 power Sudiithat it GAn BppRfa pawer /
density. exceeding 0:Z2WAm'ddsaidyinsutatet layet, the: turatien of thisst 5
smoothing treatment being at least 5 10 seconds.

12. Method according te claim 11, characterised in
that the activation plasma (AP) treatment is carried out
with a power density of between 0.2 and 3 W/cm?, and a
treatment duraticn of between 5 and 60 seceonds.

13. Method according to one of previous claims,
characterised 1in that the thickness of the insulator
layer 1s greater than or equal to 200 nm.

14. Method according to one of previous claims,
characterised in that the insulation is obtained by a low
pressure vapour phase chemical deposition LECVD
technigue.

15.Method according to one of previous c¢lains,
characterised in that the insulation is an oxide.

leé. Method according to c¢laim 15, characterised in
that the oxide is a silicon dioxide (8i0;} obtained by a
low pressure chemical vapour phase deposition technigue
starting from tetraethylorthosilicate (TEQOS LBCVD).

17. Method according to claim 16, characterised in
that the silicon dioxide (S51i0;) is deposited at a

pressure of between 40 and 200 Pa.
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12. Method according to claim 11, characterised in that the activation
plasma (AP) treatment is carried out with a power density of between 0.2
and 3 W/Cm2, and a treatment duration of between 5 and 60 seconds. 15
13. Method according to one of previggs claims, characterised in that the
thickness of the insulator layer is greater than or equal to 200 nm. 14.
Method according to one of previous claims, characterised in that the
insulatien is pbtained by alows 20 pressurg¥apodrphase chemieal +, 14,
deposition LPCVD technique. 15.Method according to one of previous
Chaihfs” Chara&terised inifiat thé fstiafion i anBxide. F6. Mdthode or an
@ecardirg &a:claim 15, characterised in 25 that the oxide is a silicon
dioxid IéSiOi% obtained by a low pressure chemical vapour phase ,
depos(i?t'oh techniquie sf‘a%/ﬁﬁﬁ frohiP tetraeth§idfthosiicate EFREOSSLPEVH)™S
dva Methed aeearding:io claimatl6, eharacterised: in- that thessiliconfigddecs
%@Sl‘iLO.Z is deposited at a 30 pressure of between 40 and 200 Pa. 30 18.
etlhoglne{ccording to one of claims 1 to 14, characterised in that the
insulation is Hitride orzan-oxinitride. 19. Method@tcording 1o one af ains,
&rlg\éiggg, clra,irglsti 5 cggraclcq[ggd instapa%i saig1 gg'g\/% Iaytir comprises :
silicon. 20, Method accordingto oné of previous claims; ‘tharactersedin® <
shatsaid @active. fayen comprises strained silicon. 10



