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This process provides certain advantages in terms of uniformity or
density of the oxide layer obtained as compared to other oxide deposition process
such as low temperature or high temperature deposition processes.

Then, the dioxide layer 2 thus obtained is submitted to a thermal

25 annealing, in order to improve its structural and electrical properties.

However, layers deposited with TEOS have a significantly higher
surface roughness than thermally grown layers. Consequently, an additional
chemical mechanical polishing (CMP) step is required to smooth the free surface of
the silicon dioxide layer 2, before bonding it with another substrate.
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layer 11 on the silicon dioxide layer 2 and the support substrate 3.
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Concerning the detachment, one of the following techniques can be
used, either alone or in combination: application of stresses of mechanical or
electrical origin, chemical etching or supplying energy (laser, microwaves,

30 inductive heating, and furnace treatment). Said detachment techniques are known to
the skilled person and will not be described here in more detail.

The composite substrate thus obtained is referenced 4.

In the above-mentioned process, the polishing step of figure 1B
presents numerous drawbacks such as the lack of uniformity of the resulting layer 2,

35 the lack of reproducibility of the process and the low throughput of the process.
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25 700 °C and 900 °C, for a duration between 1 and 4 hours.

Advantageously, it is carried out in an inert ambient comprising
nitrogen, argon or helium or any mixture thereof.

The following other advantageous but non-limiting characteristics of
the invention may be taken alone or in combination:

30 - the nitrogen / TEOS ratio during the deposition process is

preferably between 2 and 10, more preferably about 3.6;

- the deposition temperature is preferably between 625°C and
725°C, more preferably between 650°C and 700°C, most preferably about 675°C;

- the deposition pressure is preferably between 10 and 1000 Pa,

35 more preferably between 50 and 150 Pa, most preferably about 100 Pa;
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25 Other characteristics and advantages of the invention become
apparent from the following description of the invention.

This description is made with reference to the accompanying
drawings in which:

- Figures 1A to 1E are diagrammatic representations of the different

30 steps employed in the prior art method of manufacturing a composite substrate with
a buried silicon dioxide layer,

- Figure 2 is a graph showing the standard deviation of silicon
dioxide layer thickness (SDT) as a function of the mean thickness value (MT) of the
silicon dioxide layer,this latter being deposited according to various "LPCVD

35 TEOS" processes, some of them corresponding to the invention and other to

comparative processes.
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The reactor used in these trials was a vertical batch reactor, known
under the trade mark of "A400", sold by the company ASM.
25 The gaseous reactants were tetracthylorthosilicate (TEOS), oxygen,
and in some cases nitrogen. ' ‘
TEOS is a relatively inert material, liquid at room temperature.
TEOS vapour can be supplied to the process chamber of the reactor either from a
bubbler using a carrier gas such as nitrogen or argon, or from a direct liquid
30 injection system.

1) Comparative processes.
a) process A.

Three silicon dioxide layers have been manufactured respectively on
35 three silicon substrates using the operating conditions mentioned below in Table 1.
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Si(OC,Hs), (liquid) — SiO; (solid) + 4C>H, (gas) + 2H,O (gas)
In this case, nitrogen is only used to purge the process chamber but is

not present during the deposition step.
The deposition process has been repeated in order to obtain silicon

dioxide layers of different thicknesses..
This process is referred to as process A.

b) Process B.

Process A has been repeated using the operating conditions
mentioned in Table 1, except that the deposition pressure was of 1200 m Torr
(160 Pa) instead of 750 mTorr (100 Pa).

This process is referred to as process B.

¢) Process C.

Process A has been repeated using the operating conditions
mentioned in Table 1, except that the deposition temperature was of 635°C instead
of 675°C, and that the TEOS flow was 50 sccm instead of 70 scem.

This process is referred to as process C.

2) Processes according to the invention.



This process is referred to as process C. 2) Processes
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This process is referred to as process D.
10
b) Process E.
Process D has been repeated but with a nitrogen flow of 250 sccm
instead of 500 scem.
This process is referred to as process E.
15
The main deposition parameters of the five above-mentioned
processes are summarized below in Table 3.

Table 3. Comparison of TEOS deposition steps.

Process name | Temp (°C) | TEOS flow | N2 flow 02 flow Pressure N,/TEOS
(scecm) (sccm) (scem) (Pa) Ratio
Process A 675 70 0 25 100 0
Process B 675 70 0 25 160 0
Process C 635 50 0 25 100 0
Process D 675 70 500 25 100 7.2
Process E 675 70 250 25 100 3.6

20



The results are shown on figure 3. The graph of figure
3 represents the roughness RVS value (R) in angstrons
W@ Q0d/0288F1 ver sus the mean thi ckness after depoBCT/ERI004/011616
(MI) in angstroms (0. 1 nm, for the SiQ2 |ayers
obt ai ned by processes A to E ghe aimof such
roughness neasurenents is obviously to characterize
the ability of the oxide layer to be directly bonded
to the support substrate. The bonding is typically
?! | ovved3by L’ﬂl@hﬁ%ﬁfﬂﬁ@lﬂbﬁli@oﬁﬁim&ﬁﬂe lagers dnvbbeanesnyited to an
i qure,. t he. t hi Lt ] ' o]
¢ S, ot L ALEERh ¢ eDRPRS b Qherks pARrt MO Ypmperature
gi batweerhd0thansk 900&s, during 1itoe hause | ow r oughness.

Addi tional | ys g RndSHBHGE 18 kilREn td{o@;ade*(gitbz) Q{]ye@ BBtafiied by the
e acnl ev

both of the surface(s) to_bhe _bonded
Sor seaking Figpy Her Sﬁc%jgﬂ%% |$b(8h gaY@h g?% ;‘7?%?11?&?1}@9 %ty Ihagl ADE
?ﬁg@tmgp?gﬂéworﬁaeﬂiti ons accogdi ng to the process of
e invention can .be s riz as, foll ows: TECS:
preferably b@l?w&?%?%e&ﬂ%”%%%%%% nore preferably
bet ween 50 afihke 8fiphedfiguno? trepesshty tblsiandiydideviation of thickness
se ) N f e, :
ol E AR (0 RS TP S0 AR Rk, RARRhe mean
10pr gficmet aftenidepositim @EEMn auesirerge (0-1 mBw, for Hhe$ilhdpyeps obtained
begygg&egsgsmg];gooo seem nore preferably between 100
an 0 seem nost, preferably agbout 250 seem. Ratio fu
nitrogen:t et A&eqaﬁyb%ﬁ?%gmlsﬁ%%ﬁ@m’ BPYUt &S ﬁf Van 3@?’%\@&& ckness
0. ﬁ?ﬂ@ﬂgme omﬁrakdgﬁ%ﬁ groabisyD et beter r2sudiscird Obtaimed twith process
preferabl.y . arou . 6. 0Sd i tenperature :
pr &5 8t 1%}‘@&89\@%%%6%@%’?@5%@ nore prefer abI(%/
150et ween 650CFarilkry Of@ghnesst meaghrsmeblsy wioupedpazd by AFM
Be Q&Mq‘lgg BorAr £ z%ﬂ{fs'c%rp [&he Eé}géryof{%gé WeRfent QeibdlB8&: 1ayers.
a, nore prefer etween 50 and 150 Pa, nost

pref erably aBbeteswlipapghownradiguiys-conditions :
preferably aThenpgiiebitigukRes WesBscafiOGieaddgid@) BMS aalue (R) in

RN R N TEM T, -
20dur@t i@y, R tNESID, layendobtainedibs prodbishoAdh B he anneal is
most simply GHe’ iauenclj %lflt sﬁcﬁl %u%l%%é" meH@iuts s obviously to
characterize the ability of the oxide layer to be directly bonded to the support
substrate. '
The bonding is typically allowed by roughness below 0,55 nm.

25 As can be seen on figure 3, the thicker the deposition is, the rougher
it is. Nevertheless, at a given thickness, process E gives the best results, i.e. the low
roughness.

Additionally, a plasma activation treatment of one or both of the
surface(s) to be bonded may be achieved in order to further enhanced bonding

30 energy.

Finally, the best operating conditions according to the process of the

invention can be summarized as follows:

TEOS: preferably between 10 and 200 scem, more preferably between 50 and 90
35 sccm, most preferably about 70 scem.



operating at atnospheric pressure, the anneal can al so
be carried out at a | ower or higher pressure.
wa@p@catieny conditions within the range defi ne BUDEPR2084/@11616
dependant on specific deposition reactor conditions,
as for instance reactor geonetgy and di nensions.
Further the anneal anbient appeared not to be very
critical. Although inert anneal anbients such as
ni trogen, argon or helium have the advantage that the
s ubsyget fowngteferdbiebetwpas Stand 168 iscen, mgrerpreferab between 10 and

o%(?%(:zc&d mosk@\g?ﬁqmgﬁﬁguttﬁ%ﬁzmﬁm h anneals in an inert

anneal s 1 n oxidizing anbi ent such

asNitiagen dlowipreforgbly Yetwipan 1 3ad 2009 scemgmersprefeeably between 100
Suaﬁm JehORRSSSreftatly8odut 8B scduf, Wi | | be clear that

rmnuf act O
: ur| ngtrﬁssl 1 I neéqr?@yﬁﬁ%g%ﬂ?sn‘pl entd 160 moTe
dUpfef@ampe)emﬁal anuaoumdetspreatdbey arboad Bidvent i on al so

pr wdesarrethdof turln

o RN SRS TP, s oty
f i hetivesn 65‘0‘103aﬂdE70@ﬂ€ mnst\md’ctabbh@oslt 6[°6F LPCVD is

re hgﬁgozﬁﬁf@%%%efe&bﬁhﬁet%@{ g0 ‘i{\fxé 950624, Iﬂﬁ&cﬁéﬁrably between

figure€ TBis
10del5@tae@15(B§?a, %t@fef@fﬁ@mﬂbém Wsﬁrat es knovvn under the

CIADR ¥£Hnﬁ#ﬁndltlon§c':9referabl§§gemp%ﬁdme%wee‘ﬁfﬂ(n‘)hc aan200°c, for a
r es pec Ve S|

i con on i | a
ge ARRHPY ;hewpepﬂé)uqng}%qs «and Qgggsn@arequefe(g%y 8:}emperah1re between
| Ng0b ah®900°@) for "2Odir e detwesn 1 asid hows! can thus be

obt ai ned, by l‘%ﬁi’l H%b{@sﬁ%%l n1¥ gllh%t §1|njlﬂ ngg&‘ﬁeé lolut ﬁloﬂl anneal furnace

germani um s um as sou
158 u bptmthe afl ai@lospihdsicl pressAramhdwmﬂle@]f camaa-lgq be curied @ubat a lower or

llnéat%p ijésgﬁ'ls d@%érgﬁfrg cén%ﬂtld}lfs Withh rﬂ%’ﬂl'ﬁ@@ ﬁéﬁn&é’dﬂ%h% Bﬂnendant

ting | ayer I'l'i con dioxid
(2)onosmp1ﬁ@ é@n@gmpat Tsagtay cagdlaom%ws pfoéégﬂ?@ec]f?é?f% a%leometfy and
Vap@uEni&ROSi tion (LPCVD) process, the deposition

process errpl i mul t ane us a fl.ow f
t et raet hyl ort HE}E%I t?" ‘T‘E&P epgrd n%ﬁ)r every, pificaly Although
20 ofindrhgnrienl ﬁl’nbh@ﬂt@ Suth aymiaogers afdomvordfeliamdialve éhet ac@'astage that the

; gatyl 5,100 L SRE NSt 0'3(1545@& £0 rc,lw%dl‘z&? énnh%if’e'élfed that both

saiatinedl$ iccaminditosuitdent) aywell ap aanqalﬂmem@amé agthicqd HCh as air, or
60%@%&1 / %?r%?ﬁturf:? Eﬁ(ﬁlg@&'?ﬁ shﬁﬁc&%ﬁﬁﬁf‘e@s ampifnys es and

6 hou claim1l erei.n the dil uent
gas i s choosédh ngDlp@ clear that in a manufacturing process an 1nert anneal

25 ambient is preferred as oxidation of the underlying substrate during the anneal is
undesirable.

The invention also provides a method of manufacturing a composite
substrate 4, as previously described with reference to figures 1A to 1E but in which
the step of LPCVD is realized according to the above described process.

30 Further, the CMP prior art step of figure 1B is deleted.

By way of example, substrates known under the acronym "SOI",
"SGOI", "sSOI" and "GOI" which mean respectively "silicon on insulator”, "silicon
germanium on insulator", "strained silicon on insulator" and "germanium on
insulator" can thus be obtained, by using respectively silicon, silicon germanium,

35 strained silicon and germanium as source substrate 1.



nitrogen, argon (Ar), helium (He) and a m xture
thereof. 3. The nmethod of claim1l or 2 wherein the
wapweakieny i s perforned at a tenperature bet weROT/EBD0L011616
and 900 C, for a duration between 1 and 4 hours. 4.
The net hod of any precedi ng cliai ns wherein the
annealing is carried out in an inert anbient
conprising nitrogen, argon or heliumor any m xture
thereof. 5. The nethod of any preceding clains wherein
the nitrogen / TECS ratio dULAIMS he deposition
process is between 2 and 10. 6. The nethod of claim5
wherein the nitrogen / TECS ratio during the
deposition process is about 3.6. 7. The nethod of any

precedi ng cl i % NIREE LN ﬂﬁa&@amg % isﬂ’i;éoﬁ Ielﬁmﬁde’;lay%ﬁ (B)sof low
0 0 Clalm

bet ween 625C and 725&?
wher éPyghngss, gempdsing Sfeé’r&fer ature i s between 650C and

7000C 9. dé@oﬁﬁﬁ@@daﬁ of Isficon Sliowiés @)mvtehe sdbgizage (1) doy a low
. s.about 675C.,. 10

er at u N
g%é%’rrﬁ Tnéﬁaﬂrs BPRET 3?39 RGN T AN ?Fpon r’gtfgg ad%omtlon Process
SbGEM?mm@smwtaﬂ@iih@lyPaﬂom of Tdﬁ@eﬂﬂ&’idnth@smﬁatm@EQSi@s the source

nELELN HISHIRRASLAL Ao PEREPHES, df% ARRIPER (A 96! 8ive with
pr @Eﬁﬁr so that gisgliuantops PAEOS ratip és batvee- ﬁmgi&?SI i on

precedi ng Céxﬁlﬂeﬂﬁn%/\%lﬁd Qilitoh moﬁmyfef @iVa | tSmpeteeE beth@en 600°C
e

and 200 seem a nitro et ween 10 and
D06 LRE tor 3 Crrmdiamer o et i ST 1 t he. TEOS

10f I ow is bet \Neenn&ommdd 96 claire telnateinfike dildend gamis chowen among
et ween 10 500 hod of claim
Bi $18¢TH v?/?l S a%‘gl ELJ o5k

seem and t he
n| t rogen fl o® i Eheantneﬁlnbd p60laie & or 21eherdindhagnngalingos pgigrmed at

%‘E&ﬁ#&gnﬁé %‘c@g’@@ & P PHOPAY, 965 @i Eetﬁz@&?ﬂ ah®4 hours.

he hitrogen mxture, tHe oxygen flow bei

bet ween 5 andr 10e methpd qﬁanyrggwﬁ@pg 1@ wherpig, t:{]l% annealing is
13V 4&81ea dulf & AXHBANNILISW cbSpHASihg@erogks, argon or helium or any mixture

thereof.
5. The method of any preceding claims wherein the nitrogen /
TEOS ratio during the deposition process is between 2 and 10.
6. The method of claim 5 wherein the nitrogen / TEOS ratio during
20 the deposition process is about 3.6.
7. The method of any preceding claims wherein the deposition
temperature is between 625°C and 725°C.
8. The method of claim 7 wherein the deposition temperature is
between 650°C and 700°C.
25 9. The method of claim 8 wherein the deposition temperature is
about 675°C. '
10. The method of any preceding claims wherein the deposition
pressure is between 10 and 1000 Pa.
11. The method of claim 10 wherein the deposition pressure is
30 between 50 and 150 Pa.
12. The method of claim 11 wherein the deposition pressure is about
100 Pa.



and 40 seem 18. The nmethod of claim 17 wherein the
oxygen flow is about 25 seem 19. The nethod accordi ng
wo ovcaiywse of the preceding clainms wherein thePCT/EP2004/011616
t hi ckness of said silicon dioxide |layer (2) is between
10 and 400 nm 20. A nethod ofi1 manufacturing a
conposite substrate (4) wth a buried silicon dioxide
| ayer (2), in particular for applications in the
fields of optics, optoelectronics or electronics,
charact eri zets. Hhehimhod of empnpreceding chems vibiersin ﬂ@ BE@pdlow is

| gtg;%p'St | g}garbcfnbog Ofﬁkrggéfgﬂ(ﬁ?[% l!)ét%@éh 0 %iii S0 scem.
substrate", bk Tihhenﬁrtb@& oficlate dﬁowhﬁjemothar’afﬁ% Bewc %tween 50

cl BlaS scc %dltﬂ@hm éﬂ‘ﬂo@tlmtﬁ’e&Pm 25 0L ek, sal d
source su strate (1 £4\g{1hereh

Sweakness ( 10}5 \mlﬁeéﬁe ¢rRin ?gngi@%‘? 1s(a£)f}1t 70 sccm

fr@{@lthéﬁltf Iﬂaelelrs a()dlﬂ)QSOfsc@ﬁll d substrate, said thin
Ej,ogm ggelr ay efg (1 mgthgé' ﬁ%‘;eﬁfe%edm %% I&gﬁ’ L gvh%{énjl gﬁ’gxygen flow is

s ufirkletl ab ghd Bitroigen MEEQheixtsrep riim oxmbsﬁqwab@mg évgafver@gtS and 100
theCS| l'i con dioxide layer (2), by nolecular adhesion,
- %f)mdet aching the remainder (12) of the sourc

10substrate ( 117. Emgthgépﬁ clagp 6dthx@akth%g§ygqldfow is,between 10

orﬁﬁfﬁdé’c tgl n said corrp03|te substrate (4). 21. The
met hod accor di n_.source_substrate
(1) is conpri 'ﬁ?f ﬁ’@ﬁ &‘ﬁ éit r??&ﬁ‘? ??‘P’ge&’oﬁow 1 Gbout 25

gegdi um  si I i con germani um ( Si Ge) or strained
silicon. 19. The method according to anyone of the preceding claims wherein
15 the thickness of said silicon dioxide layer (2) is between 10 and 400 nm.

20. A method of manufacturing a composite substrate (4) with a
buried silicon dioxide layer (2), in particular for applications in the fields of optics,
optoelectronics or electronics, characterized in that it comprises the following steps
consisting in :

20 - a) depositing a silicon dioxide layer (2), on a first substrate (1)
termed the "source substrate”, by the method according to any preceding claims,

- b) implanting atomic species within said source substrate (1), to
define therein a zone of weakness (10) which demarcates a thin top layer (11) from
the remainder (12) of said substrate, said thin top layer (11) being in contact with

25 said silicon dioxide layer (2),

- ¢) directly bonding a second substrate (3) termed the "support
substrate" against the silicon dioxide layer (2), by molecular adhesion,

- d) detaching the remainder (12) of the source substrate (1), along
said zone of weakness (10), in order to obtain said composite substrate (4).

30 21. The method according to claim 20 wherein source substrate (1) is
comprising material selected from silicon, germanium, silicon germanium (SiGe)

or strained silicon.



