1 RAPI D ANNEALI NG PROCESS FOR WAFERS | N SEM CONDUCTOR
MATERI AL Herein disclosed is the surface treatnent of
wafers of material intended for use in
m croel ectronics, optics and optoel ectronics
applications. It is specified that the wafers relating
to enbodi ments of the invention are nade of
sem conductor materials. The particul ar exanple
described in this text thu concerns an SO (Silicon
On Insulator) type wafer. so disclosed is a surface
treatnment process for a wafer of material chosen
anong the sem conductor nmaterials, the wafer being
obtained via a transfer technique, and the process
conpr|3|ng aliapld anneallng st age conpr|3|ng
A R f AFER 3CO1

[T]

intended to initiate q§g§5 a flrst stablllsatlon
halt intended to stabi 3 tenperature, a second
ranp of tenperature rise. It is specified that t he
mafeg of sgnicfndqgtor mat eri al relatlgg

embolFRENE sTIHFCL AT M nthio s i@ candrsns B‘FaPﬁeHaWﬁS
of whaeshel teedndayerot hade NBRANLIGrodf @Sk sWhioph 1 MO
20047032227 2 PCT/ B2003/ 004590 one |ayer
apoPPERPITTINRGIES aPPLlbfatams.of the wafer) has been
.”anFtEef § gd st) flgam{—;ﬁaéllb%ﬂéatﬁ?%‘fg & SHPPOLS -

is al so speci rapi d anneal 1 ng"” i's ~ anne |ng
emh@dlmﬁnhgsCﬁhdﬂwafensemtuwmrgralghde of semiconductor

materials.

The particular example described.iﬁ this text fﬁﬁé.
concerns an SOI (Silicon On Insulator) type wafer.

Also disclosed is a surface treatment process for
a wafer of material chosen among the semiconductor
materials, the wafer being obtained wvia a transfer
technique, and the process comprising a rapid annealing

stage comprising successively:

. a first ramp of temperature rise intended to

initiate heating,

. a first stabilisation halt intended to

stabilise the temperature,

. a second ramp of temperature rise.

It is specified that the wafers of semiconductor
material relating to embodiments of the invention are
wafers obtained via a transfer technique, that meaning

wafers of which
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. of the wafer - in the case of a wafer of silicon this

5 tenperatures (about 1100C or nore), in a very short
time (a fewtens of seconds). This type of annealing

wonopemnly referred to as RTA (Rapi d Ther mgleriama003/004590

Annealing). It allows the swface of the wafers to be

snoothed. 10 RTA as it is practised in the state of
the art is skeletally illustrated in Figure 1, which

- SHeVBayde (SverdddiiGig tthe d1emsr fdie Jf aeoRAifRg )t Bas

the time t. This figure shows that 'the RTA conprises
beppstrAns kR fuae & isirae subss relte wafter & subpett -
to t RT. ro : te ature t i.ah, .
end- o -ar%'r%ealjalﬁr%g) %ﬁ%é?g%réﬁ%‘,{ in%afjg%—ryaq%rhc?ﬁtl%g 18
dnmenliByg wayhat exanphgs RElean wafigesbet ween.vahout high
20C and 500Cl.and T2 can be about 1200C. This figure,
SHRE A RTREA L HLAP “Co By IMOZE) rwd ™ B0 Viedat PhPREaFime

(2S¢ tehd idSkddMashaki ng the wafer froma
tenperature Tl of about 750C, and followed by a halt

of dBYR UPeeebndyingaliimos ienpemmonly. rEflegrfad dto as

t faollows it allow 25 > heating
%@E(g%ﬁ%%q itlglt%ég],@%%%gtléﬁgér‘at ure foll owup of the.
waf errts alljlests the BlAfheecbefsthet gfups(tbi bel ohbothep.
I's ensured by a, pyroneter which determnes the )
t enp &R Fe %’F. igherRardred Bt thee sheee oA Fhsedditesis
he' er pm.a cegt:akn
skefadalh¢ 9¥1ﬁgﬁr§¥é@m&‘£r§on&%ﬁ1{fe 1 gf[rht].%gﬂf f:ﬂcems the

tenperature whic epends e mat éri

eNgflation oifetbastenperatater Todcsotding tdishe time t.
te ature i s about 40 > the tenperature to be
st ggi e J(glurﬁes Olgo%rgg;t %he RTA comprises ramps of
temperature rise, to take the wafers subject to the RTA

from a room temperature RT to a high end-of-annealing

- temperature T2, in a very short time.

By way of example, RT can range between about 20°C .
and 500°C,. and T2 caﬁ be about 1200°C.

This figure shows that RTA actually comprises two
réctilinear ramps:

e  a first ramp taking the wafer from a

‘tetﬁp'eratufe T1 of -about 750°C, and followed by a halt of

about 10 seconds at this temperature. This first ramp and
the halt that follows it allow: o

> heating to be initiated,

> the temperature follow-up of the wafer subject

- to RTA to- be started up (this follow-up is ensured by a

pyrometer which determines the temperature of the wafer,
but the wafer only becomes “readable” by the pyrometer

from a certain temperature which depends on the material

temperature is about 400°C),




particularly the role of the halt). A second ranp
with a sl ope of about 50C per second, followed by a
halt of about 30 seconds. This second ranp
constitutes an inportant active phase of the RTA It
has been observed that with such conventional RTA,
defaults appear in the wafers, particularly in the
case of wafers nade fromsilicon (SO for exanple).

Th d [ip. 1] . t .
ey R 8e ol 1 1100 EULL L0900 o
sabjiestlarly dbei ngleRlA thikebelthermal constraints are

particularly due to the very steep ranps of
t enpeY aburseadnse ramp welithag tslapef iofalabrltt 80°@ per
[ at.ur e, of r I LE i
TP s EPREA"EY %, AEIC o oo oEsRbll; gl
FIAnd eperpdiqrgsad tuhes theimpbrbamityedctaipp igthsteo dfhehe
fer. These slip lines are likely to appear over the
0le surface of the wafer, and notably on the
el emart sakhBéen SalRAREdt BRatafalh istehdeohhentitieal rRG,
oven.. Cbviously, such slip lines constitute an
PEREET TRetRPnBfCERb IR AEHISL Bi1 % He ithiPe FEiSEn
A Galr@rsf RdYEeridh S1NERVEBHENES: AckRidng to a
first aspect of the invention, there 1I's provided a
sur f beser dafaehts pkoeessas oslipwaieesofeswht efrah the

igngi%%%gn@m%ﬂgrglgi %‘8%?99 éOE}tag'Pt erbal See, t BE ﬁ’éﬁ%ct
g obtained Via a transter technique, and the

tpr doessg CRiffpri sing a rapi d anneal i ng stage conprising
""'"?ﬁfﬁﬁﬁ%‘aé’f'g%eimai‘ fc'ogﬁs rg@g}gsofartee erature rise

the very steep ramps of temperature rise; as well as to a
final halt at a very high temperature.

Hence, fewer or more slip lines will be observed on
a wafer subjected to conventional RTA, depending on the
thermal budget applied to the wafer.

These slip lines are likely to appear over the whole
surface of the wafer, and notably on the elements that
support the wafer inside the annealing oven. Obviously,
such slip lines constitute an inconvenience.

The aim of embodiments of the invention are to
reduce this inconvenience.

According to a first aspect of the invention, there
is provided a surface treatment process for a wafer of
material chosen among the semiconductor materials,
- the wafer being obtained via a transfer technique, and
the process comprising a rapid annealing stage
comprising successively :

* a first ramp of temperature rise intended to

initiate heating,

A NG e o
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initiate heating, 4 a first stabilisation halt

intended to- stabilise the tenperature, a second ranp

of -tenperature rise, charactefised in that during the
second ranp, the average 5 slope of tenperature rise
has a first value within a first range, of

t enper aj ur es_ kn s low_,and then .ipcreases within

a range of taerrpc%\r%;l‘-tsa}:r es WG 158 APGh H‘?%Fe atBtepfed to

prefabibisgethaxarenyestdtwts ve enbodi ments of the
process according to the invention: 10 the wafer is a

~wafer nde faom setbndn, rddie wabgr iscampShtwaber, rige,

t ' hal t. t.ak | ace at a_tenperature of about
7%85&{&{%1%%91@ St Yrigerthieusesond: apaw f tde average
ablidpeBOB Lt - epfiidia thibQOCr3 e WHAU Nt %g&ng@ggﬁehl&hthin a

tenperatures, the tenperature Increases |
coitiftuo&ersgnnef, temparatehesr doyswiof dowlow, and then

t QIR LAWEL S 1,5 t rature increases wth-an .
interrre‘asigaste.gmﬁgtflfl, aZ%gpl e"?aEFﬂp‘éﬁﬁg‘éF?ﬁg PYBeaBnhsgh-
with d'HA tareasong peapermdireetofnabaubt 1150 ¢0 1M iments
the gpeond-ranp ends with a, -slope of about 25 to 50C

per SecoRECCerRe?CaRpeind, tyoere Hmdenttiamt ages of the
invention 25 w1l Dbecone. clearer upon reading. the

fol l ow ng d&sdfA T o F ey Mpdit ifgiem giddeam
reference tyg tq‘%‘ annexed drawi ngs in which, in

addi tion to ¥ JFER KAt FOh a8 e eady been

comeng ed Wi, ef.erence to the state
) né Uhe ffkéf‘ha € takes pface at a temperature of

_.about 750°C, |

4 the range of low temperatures extends from

. about 800 to about 1100°C,

. ' oy y_ . 5 3 2 ) .
within the range of  high temperatures, the
temperature increases in a continuous manner, -

| * . within ‘the zange . of low temperatures,_ the
temperature increases with an intermediate'halt,- '

B the rapid annealing stage ends with a halt, at
a temperature of about 1150 to 1256°C,

.. the second -ramp ends with arslope of about 25

to 50°C per second.

Other aspects, goals and advantages of the iﬁvention
will become clearer upon reading. the following
description of the invention, given in reference to the
annexed drgwings inrwhich, in addition to Figure 1. which
has already been commented on with reference to the state
of the art: |
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of the art: WD 2004/032227 PCT/1B2003/004590 5
Fi gures 2a and 2b are graphs. showing the evolution
WQr004/B¥2%enper at ure during two RTA stages carRGTAB2ea31004590
respectively in a continuous5manner, and according to
. the invention; 5 Figure 3 is a graph show ng the_
effect, on the nunber of slip lines, of the length of

the igterv ed urln RTA

certain teﬁ%%uﬁ?ﬁre aga &/ r%¥%$%%cen?%wlng the
Evglueiona afd 2he themp&bamméhedﬁmhglt | OB Of RTAIE stages
tmmm%UMedunngtwatmmmaUMe 10 rises for two

(CEEFeeH VRNRTASSPRREE vedat r ied dutcoatdangigg menner, and
kRew-addg of the §£@éﬁtggnthe art (Figure 2a) and

according to the i nvention’ (Figure 2b). It is

speci i ed f#hatrd he §Lour %%E)ﬁ A, ?Wlhge%hw t\Jffectl Ssueé:he

reference to the RTA annéaling o waf er
a_lstmbﬁéwpi tsrldaps f eings ocefs thiet hl elggtic hmienthel dmdgeawal of

E e A S SR e e

type mf)wtfvﬁﬂlsf eerpirences tdf el R &HIRAY, Othey show
of her), _and that dqo not necessarily have an 20 So
Fbﬁee¥?FHE%%?e°fTH€“?nV%ﬁ@@%#FW?@sdﬁﬁﬁm9e§WPobﬁﬁmﬁﬁgture

bogsk! i 20R, Plo t &S Jmdeypf %Qf% eSEM 8995.‘

. materials. Theterrp ature rises in . ures aan
@@q:ane@mmd:o ddvisedde e\t Heceat gt df thet mtlegure 2a)

TR e Lo PR AT B4 8% o 2P Emper at ur o
rI SeSItf oughdpe st Bidd i Phdbethe flgures are described with
reference to the RTA annealing of an SOI wafer, 1$sued
from a transfer process with detachment along ""an
embrittlemént zone (SMARTCUT® type process) . |
| However, the invention also applies to wafers
obtained wvia any type of transfer process (for example
_ELTRAN° or other); and that do not'necessarily have an
S0I type structure. | I |

The invention thusxeppiies to wafers in silicOn;xor
to wafers made of other semlconductor materials.

The temperature rises in Figures 2a and 2b
correspond, as has already been said, to two RTA stages,
one of which (Figure 2b) is carried out according to the
Ainvention. a | | | '

These two temperature rises roughly start in the
same way, with a first ramp R1 taking the temperature to
a value of about 750°C,

A first constant temperature halt (at a value of

" about - 750°C) follows this first ramp.
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sane way, with a first ranmp R taking the tenperature
to a value of about 7500C. 30 A first constant

WOMIORETre halt (at a value of about 750C) HG@I/IBI0ES/004590

this first ranp. WD 2004/ 032827 PCT/|B2003/ 004590 6
The difference between the two annealing stages lies
in the second ranp of tenperature rise, which foll ows

the fitestdiFEet d
il ent80BEEweth PRS @\ﬁ Iy rectlrﬁjne&geé h€es

ranp_of Figure 5 2a is substantia

.éec;&maﬁ@@omdt FaWpa®l fempeyatidye knbvw,. winich skddms the

FapRet pUsihas a constant slope of about 50C per

second. And this conventional annealing ends with a

hal t Ghdeﬂ:dt, mSCbaa@Clﬁem olsiigd Whah dHe AfppefafilRire
% nt ai neg oast ant val ue of about 1200 to

- 336 APSaRtif 1¥e’c’8ﬁ81 ARgaRe AR Ppger@a;z@e pithg what
et al&%%ldy' aRA., QhildesEOBhd ak¥hmpt g5 9GA0 r@gﬁ tant
generally has a concave shape, &t msanl ng t 't
FerRe abfyaboue i C Bbelanendthe strai ght I i ne

(repr n a ot 4 ed ne jnin P1_at

t he 33513‘? Eﬁ? ?rg"éri%rrpo?aib ?Rl)‘ A?:g s'lfh‘% %&‘?ﬂh@kt of
nt the and efecbllﬁi§ r adipr { M C‘hhl&ﬁpl EH&' Ytbfp@bRthire is
1150- 1250C) More precisely, during the second. ranp,

TR LRARSG At o congitape ypluenpér abort L2868 hasial0°C.
firstayakye %Ehs@cgh&yrarrﬁva'}ng St k¢ %éa%Br S KN ¢

as low, and then I ncrease a ra

It%qﬁﬂehamﬂrles known as high. In other terrrs during the

te atyre ris this. second ra roporti onal |
_m)?g ngfl?scgpg}‘?{‘:g g‘éﬁt second ngp pgegerally hays a

N :concave shape, that meaning that it generally extends
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below the ‘straight line (represented as a dotted line)
joining the. point Pl at the start of this ramp (about
750°C} to the point P2 at the end of this ramp (which
typically is about 1i50——i250°(‘.‘) .

More precisely, during the se‘c'ond_ ramp, the average

- slope of temperature rise hag a first value with a first
- range of temperatures known as low, and then 1ncreases '

- with a range of temperatures known as high.

In other tems, during the temperature rise of this
second ramp, proport:xonally more time is at flrst spent
for a g:x.ven temperature rise (first range), than during
the latter part of the ramp (second range).

Moreover it 1s spec1f1ed that in the case of the
invention, th:Ls second ‘ramp Rz is aseoc:.ated w1th a
duration At2 of temperature rise which is greater than
the duratlon of the t_emperature rise of a second

conventional ramp, for the same difference in temperature.
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25 for a given tenperature rise (first range), than
during the latter part of the ranp (second range).

WO RIPH68328T it is specified that in the case ofpdi1®2003/004590
invention, this second ranp7R2 is associated with a
duration At2 of tenperature rise which is greater than
30 the duration of the tenperature rise of a second

Cemperater o P00 DUEd/ 532007 TReT HhauG4 bosEE0° poPas; oin

Feguref i2dd tdathehitd meurditfl fmreanfe dsponds | the Fgahe s2kp1
start,

(t?t'Ee gi rrEL di ffergnce bet ween the points P1

Bt 2t he °5et8fid SPERPIRI BB SPdATT G iPAe £Oi fentimsigntion)
asad 92 (@hd 0brt hehseeeBAnKaMPaRE Q@zcoégb&gdiggt h& Zhe
_invention). For conparative purposes, a secon |
ineeyesPRbnal ranmp Ro2, as practised according to the

st at f . | so been represented in this .
fi gulfece):].9 ﬁ%ﬁag‘ge%o‘ﬁ% ag%r&%vs:en i (ﬁwﬁecrdg*r‘?p REFEOEAPEE Laramp

Rizhe saneryoi idePlhcdusddily ensisthd Hbe W ChhéSart, has
di stinct fromP2 and precedes it in. time. Thus it

2150 e PSR haf CPRESERRN | sbR WFRhSa §&6@6RRl- cBhvent Fesend

codfght i IS esans RFPsB2r-eecopdi ! QahdCpolifye B OMbut
not only is not” rectilinear and has an average

engdsppid vihiZeh whicheasedibbineenfrom Bicaed spvecedagest in

t’ibrfg al so corresponds to a tenperature rise which is
globally slower. Mre precisely, in the exanple
repridsent el iappEagur echadd, ihhegRandomanPi hias .2 sLopsa

_Which .increases 20.progressively and continuously,

COYENEOPsd neRthg She cEESPRE| yratiie B3| pewbrdingl Ges: the

inkRnBI P RRC AR is not rectilinear and has an average
slope which'ihcreases between two successive ranges, but
also coérresponds to a temperature rise which is globally
 slower. o
More precisely, in the example represented in Figure
2b, the  second ramp has a slope which increases
progréssively and éohtinuously} thigs slope having
successively the following Valueé: 10-15-25-50°C per
second, _ - ‘
Thée second ramp in Figure 2b thus ends with. a.
- maxinum slope of abouf 50°C per second, wﬁich corresponds
to the sécond ramps of RTA stages according to thé state
of the art. | B ' | '
A major characteristic of this ramp is that it
allows thé_time passed by the wafer in a range of low
temperatures of this second ramp, which starts around

750°C .and ends around 1150-1250°C, to be iricreased.
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3 second. The second ranp in Figure 2b thus ends with
a maxi mum sl ope of about 50C per second, which

womos/erprmds 25 to. the second ranps of RTA YAUS2003/004590

according to the state of tHe art. A mmjor
characteristic of this ranp is that it allows the

~tinme passed by the-- wafer in a range of |ow

t enpereiair e t bhs Sb i Ay, Lchy . gf oynd
30 750C and é%ffs ar ouc%gélwolﬁl%élc\,m%eo %é%%:%é%ieg?l the
IFSBIT 0309971 pst/ hBre03=0 0259 sBoriting abge tenperatures
eSid WerSARDSHARN G0 S LS, exqpphe descri bed

p dFre yrn

here Tas corresponding to tefnpera g bet ween

‘about I300Ds ambtaiouthdtl 0@Ccoking nad eghbthatnaeEae, NOthe

t he i nv ton, the_ S tipe passed_by the wafer
tstﬁbfﬁ‘ee&“%%s?x itRea REGRTr SRGS 6t t?eﬁﬁgraﬂu?el@‘ﬂ ¥aprge of

alt@FR, offS thBCEBasAd. +IMbS 1 BCLLASE LSa.
"absol ute", in the sense that fhe” tinme actual ly spent
in thif8isr dmgraasewisas slosolsted ncirashd isense that the

QrRar | 1 h conventjonal. RTA. 10 Thjs increase can .
SR atEla e SRNE AP ol « 5aneke BEBRA FAnpio is
gererabedi Lini sompaetsdhali €l COsaeE {shal herd nventi on,

duri nght his second ranp, the ratio of the tinme passed
i n t hé"$8- LBFFEASE ofPRafdECt bet Wensiidergds dod relatibe to

8ReC3bb8Ha N, A ich gor t.o.the 15.
tenperatures o thgf%é%%%%, ?‘gn{agtsxgog{]eqfartehag% SHt% rr%lﬁ’gn to
the invepeienurderingt hhi¥l secoadgehmpl S thecraasedolfn the

COFR LSRR 1A M B e Mot G 1 B0 S fPmmrses
in the so-called high range (which corresponds to the
temperatures of the second ramp that are greater than the
temperatures of the *low”. range), ' is increased in-
comparison with what is practised in the state of the art.

In other words, according to the invention, more
time is spent in this *low" temperature range of the

second ramp, in comparison with the total duration of the

.second ramp than in annealing stages with a linear ramp

as per the state of the art.

- Indeed, during the'secénd ramp, the average slope of
temperature rise has-a first value within a first range
of temperatures known as low, and then increases within a
range of temperatures known as high.

It is specified that the ranges of “low” and “high”

. temperatures are defined notably  according to the

material of the wafer. _
Moreover it is possible to implement the invention
with another “second ramp”, from the _mOmeht that the

condition regarding the ratio of time paésed in the low
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time is spent in this "low' tenperature range of the
20 second ranp, in conparison wth the total duration

wotooshr25econd ranp than in anneal i ng stages WdCiTB2003/004590

linear ranp as per the state of the art. Indeed,

during the second ranp, the average sl ope of

tenperature rise has-a first value within a first

r : : . as | ow, d. t hen .

R QoA R WAL 1P el TR, v, 10

hregpedtted.s specified that the ranges of "low' and

“high"_, te ratures are det£ned notably according to

the Mt i diC%of*ATPLRaPEFs1blgotRpAEE}ER #R 1BteTmediate

Resfithine { OrbipbeaeRte [ NG RVEN{ ON ¢ 3t h derof 10w

"second ramp", fromthe nmonment that the condition

r 2igrese (fori exofmpilene paltedti A theptoar W between
41032 BCTLLB20Q3/ 004590 .9 and high-tenperature

A R o e st

for eganplelpgssibbekingdefitne ign ipRkeikRdi at6 give the

constant tenperature halt in this range of Iow/_%

tséﬁﬁé‘aatrﬁf% Wor texunpbéch mdilown thisnpenrditien to be

bekpeepeg800 and 1100C in the exanpl e described here).

General ly speaking, it is possible to give the second

ranp Bhgceedimghiich atithws timmeaondilfiben tthebenumber of

r ectyed._ 10 Proceedi ng in such_a manner al.l.ows the

ﬁ§§ er 1§$1essl i P %Z? ogw‘i‘ﬁeer waPEFeEf t @PREHERG ngt?o Pe

bBebssahsi &Ly atdguseduced. The applicant has notably

-observed that the slip I|ines engendered on the

suppofieg 6ﬂﬂiu%?aﬂifeha$r1qgﬁ@b@VEn0bserved that the slip
lines engendered on the supports of the wafer in the oven

are considerably reduced (whether these supports have the

form of separate points of support, or of a continuous

‘circular ring, concentric to the wafer).

This effect is explained,by the fact that the slip

lines observed at the end of RTA originate in defaults

engendered during the part of the RTA of the wafer that

corresponds to the “low” temperature values.

This effect is illustrated in Figure 3, which

- represents, for four conditions of RTA carried out on

four respective wafers, the number of slip lines produced
on the wafer after annealing.

The four ammealing stages correspond to the series
of points spread out'in abscigs - each different absciss
corresponds to an annealing.'

Below ;his graph are lines of data.

The first line of “time” data indicates, for each
annealing, the time passed in the range of “low”

temperatures of the second ramp - the four annealing




15 are considerably reduced (whether these supports
have the form of separate points of support, or of a
wEslpsaeus circular ring, concentric to the p@qfﬂg&am,omsgo
This effect is explained by the fact that the slip
. lines observed at the end of RTA originate in defaults
20 engendered during the part of the RTA of the wafer
bRabesCoElEsBORMS LAnENE; Hlsewi ra%;‘irrrﬁl‘éﬁj oS that of
Thi 5 efrect I's | Iustrate ure
FégnreeBbs, for four condltlons of RTA. carried out on

f our spectlv fers e nunb;r of ip lines

pr odu& E’;OBﬁ rﬁ ev%’?er LFa9e arfiftd cffbg OIS, o the

annBaki Bg sllagel ekl eppeRdelio dnhe Wuqetleh R Waiers,
gread out in absciss - each different absciss -

ebFpEspBAEalingan anneal i-ng. Bel ow this graph are

li nespQf gﬂ?.@d §9n%h8ff WD U'” a% hﬁ%at@@t ghe number

i ndi cates or eac annea passe e

oﬁnvgefefs"dmv\ﬁhmlermm ai]ﬂ;eslnies hmv&aedmuﬁ fcagm tedt Hehis

eall (§£04/032227 PCT/ 1 B2003/ 004590 10

@@ %W%gf’c‘ﬁ’et e SN &P R2SSSi/nilar to t hat

of FrOugen 28 diieSRePthdt R oe‘he" ABhRge'i nddbdses, the

_corresponds to the nunber of slip lines observed on a

Iﬁmﬂaﬁﬂawﬁrﬁbipvﬂafm decgegfsesr. anneal ing. The third

line of " nt." data |nd|cat nunb r of wafers

on Wh:IP %Uh SH ES RETE % 8u%f3§d (this

nunber bei ng Ilmted to one in tw cases). It can be
observed that as the "time" |(ncreases. . the. 10 nunber

of sTipel paEsedetn claesiow Average number of slip
- temperature range (in seconds) lines observed

7 ‘ : g C - B 46.5

2.5 T | 30

19 L ) 14

26 ‘ 6.5

| It is specified that in the example of Figure 3, the

~range of “low temperatures” extended between 800  and
'1100°C. |

The application of a second progressive ramp of RTA,

. 'which corresponds to ‘a high ratio (time passed in the low

temperature range/time passed. in the high temperature

range), is thus beneficial for reducing the number of

‘slip lines,
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I ndeed here are the results obtained: Tine passed in
the | ow Average nunber of slip tenperature range (in

W@ 2edax27 | i nes observed 7 46.5 14.5 30 19 Ipt1/mB6003/064590

1t is specified that in the élanple of Figure 3, the
15 range of "low tenperatures” extended between 800
and 1100C. The application of a second progressive
ranp of RTA, - which correspeadsgto’ a high ratio (tine
passed in the low tenperafure range/tine passed. in
the high tenperature 20 range), is thus beneficial for

- reducing dilper Aniers of i ' Foy 2004/ 03222 .
'PCT/ | B2003/ 00490 11 (’:“Lei{fcéwéﬁéfe%arffogc\eéotwf‘gﬁfné’ t‘“arzenal

prRRes Fena tied erewifcarsluertioal matkedelsanens wh€er being
& ctar. materials,. the wafer, being qbtained via

at ré:alns% er LVtqi.eachﬁif qid 2netE s h@?ﬁ&&é@é@f cBRfri hag Brocess
reqpperizingnl i ng St 2893 80NPENeRd iy SUGRERRI Vel ¥omnBiging
first raqp of tenperature rise inténded t inifrate
FERISFIVed Y rst stabilisation halt intended to

stabi lise the tenperature, 10 a second ranp of

“tenperatur8 riget EMER afferiemmeiatuneat riee i niptended to

dedendceanBatifg, average slope of tenperature rise
has a first vallue within a

* a first stabiligsation halt intended to

stabilise the temperature,

hd a second ramp of temperature rise,

;:haracterised in that during the second ramp, the average

- slope of temperature rise has a first value within a

first range of temperatures known as low, and then
increases within a range of temperatures known as high.

2. Process according to the previous c¢laim,
characterised in that the wafer is a wafer made from
silicon. | '

3. Process according to the previous c¢laim,
characterised in that the wafer is an SOT wafer. |

4. Process according to one of the two previous
claims, characterisec:i in that the first halt takes place
at a temperature of about 750°C.

57 Process according to one of ﬁhe three previous
claimg, characterised in that the range of 1low
temperatures extends from about 800 to about 1100°C,.

6. Process according to one of the previous claims,
characterised in that within the range of low
temperatures, the tempefature increases in a continuous

manner. .
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first range of tenperatures known as |ow, and then
increases wthin a range of tenperatures known as

whe@ivos23fy 2. Process according to the previ ouseElin:/o04500

characterised in that the waber is a wafer made from
silicon. 3. Process according to the previous claim
characterised in that the wafer is an SO wafer. 20 4.
Process cording to one of the two previqus clains,
Ltert whedt | Fer 08 Otfaké’ﬁaﬁi"&a?cel dto a5.
trapacd i £o®f abput thalC. witH¥PCeRACCOLALRT [ OF ONG oy
of the three previous clains, characterised™ n that
teEPRERGE DT | 0D D5 tiemRaratvres extemésidaom abddt an
bég#g C. 6. Process according to one. of the
%?g‘\e/%%u% C aiﬂrfaélgp' characterised in that within the
ranges of Pravess enpeoaditi®@sto die &£NPRE APt ildier @ASess,
i, a continuous manner, . WO 2004/ 032227 - )
BEFa A Fhaf the papdds aPREEALBENFLaES GHESorith
£1T8 bt & TemfhARRLUSEoLE 108 Bht hbBobie range
of low tenperatures, the tenperature 1ncreases wth :
an it duasHss adrerdig 8.0 Rmoeest e optengote oheims,
V| cl.ai s characterised in that the
Hardi B BIBUP I A thacRPoR “EoRR nds Wik 'S slope
dfergrenat a6e tof 5abQuipetl®8cbad1250C. 9. Pr.ocess
according to one -of the previous claimns,
characterised in that the second ranp ends with a
sl ope 10 of about 25 to 50C per second.

Loy




