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-And a preterred (but not 11m1t1ng) application of

20 the invention relates to wafers of the silicon on
" insulator (SOI) type comprising an assenbly of layers as
follows: | o '
e« a working top layer of silicon;
e an insulating intermediate 1ayer constituted by an
25 oxide; and |

s a bottom support layer.

Methods that are well suited  to obtaining such
wafers are transfer méthods in which zones of weakness
are created. Under such circumstances, the working layer

30 of silicon is obtained from a silicon sSubstrate in which
the zone of weakness Has been created.

An example of such methods are methods of the
Smartcut® type. :

When the wafer of SOI is detached from its substrate

35 in the zone of weakness, only the central porticn (which,

seen from above, constitutes much the_larger portion) of
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substrate. In the peripheral region of the wafer,
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teg&g{lw{cﬁldta%eﬁatgaiagge referred to as "l ow' for
applications of fhe invention. In the cont ext of th

present S4Fent YBFETS | ofF® @XM S ur S4PAFELEES | @ heat
by teeatewrinten as.bei nfokesshtéhapurpeses of wmodifying the

éomposition of one or more layers of the wafer, of
stabilizing a bonding interface bétweeli two layers, of
cduring structural .dé:fect-s, and/or of improving the
surface state of the wafer,

Such heat treatménts (or annealing operations) can
be implemented 1n a w:Lde varlety of manners.

- Thus, some  annealing operatJ.ons are performed in
temperature ranges that are referred to as "low" - for
- applications of the invention.

In the context of the present imlrent'ion, “low"
temperatures are defined by convention as being less than
a value of about 500°C to 600°C,-

This definition is given solely for the purposes of
the present description, and it should be understood that
it does not necessarily correspond to a definition that

~is universally accepted in the field of the invention.
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a val ue of about 500C to 600C. This definition is
given solely for the purposes of the present
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ef fec SUch-annealing is to smoth the surface of
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angstrons (A) 1 n root nean square 55
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exa anneallng of the rapid thermal oxidation
EEYtype ‘Such annealing, which is perforrmed under

an OXi dTnengefﬁémspi@res,ucsker\eemdadmg diize tBe smooth the

surfa e of 5 mg &L . 25 The wafers to which the

i nventf %p i €5 ¢can thus be subjected to various

types ahheallag Jorencappl iteant fHasl obsdeved that roughness

oL aplerks c%%fgﬁéss%ﬁt ey N aRAld NInBRET ALLO0S  exceed
5 angstroms (A) in root mean square (rms) value.

Wafers (in particular SOI wafers) can also be
subjeéted'.to other types of RTP annealing, for example
adrinealing of the rapid t-heljmal oxidation {(RTO) tyée. Such
annealing, which  is ‘perform_ed undef an oxidizing
atmosphere, serves td oxidize the surface of the wa'fe.r‘

The wafers to which the invention appla.es can thus
be subjected to various types anneallng

THe Applicant has observed that drawbacks are
associated with annealing operations performed on such
wafers. | _

More precisely, the Applicant has observed annealing
operations of the RTP type (including RTA, RTO, ...)
generate defects kiown as "slip lines" in wafers.

Such slip lines are generated in particular by
temperature non-uniformities in three dimensions within
an annealing furnace (i.e. temperature is not strictly

- identiecal at all points), ahd they develop under the
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waf.ers. 30 More preci sely, the Applicant has observed
anneal ing operati-ons of the RTP t'ype (i ncludi ng RTA,

. w(ﬂrﬁw’”gﬁ generate defects known as "slip llp@?{im 0935‘{}’5295

fers. Such slip lines are gengrated in parti
tenperature non-uniformities in three dinensions
within 35 an annealing furnace (i.e. tenperature is .
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ancbft hisl iy av\ban&sr sam)r &hgar tpemirarre:;y setvér ethe wafer is’

vva &Mﬂ&%ﬁ@e@g%r he invention (nultilayer waf ers
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stress. because of ry, rapid ature rises
© he BRI GO IR 6 JESERISE AR KISy ofters with
dr ambacledoe  noingl severde W tdf annealdrigiper f eredlRtdad from
radreatrcn O{1ct_wfro LQne,of nore heat sources. A :
ty .6‘31 Mostrat fon=ré iﬁ RTP anneal i ng usi ng
|nfrarec$tllca‘rrﬁseae:mttneaigndrsm sulpkctt i e whfdrt he very high
mahet Y NPl 2aednhac! B0,-LhE 1BEPSnce A APy  rapia
ess severe en annealing I's per ornmed by ther _
corGIEETEE Yres rhEpFehBeyniBfucanneal i ng furnace fill ed |

with a heatsamAICHeNGHIRSved 28hstr EAYBAIRG dPedrawback is
MBE%EL severe with anneallng performed by radiating heat
from one or more heat sources. A typical illustration is
RTP annealing using infrared lamps emitting heat
radiation, with the wafer being placed facing the lamps.
This drawback is less severe when annealing is
performed by thermal conduction  ({as happens in an
' :anneallng furnace filled ‘with a- heat conductlng ‘gas
"surroundlng the wafer) ' ”.'
For anneallng that does not involve RTP. mode (i.e.
- annealing performed at low temperature) this drawback is
less severe. , .

However -another drawback remains: even with low-
temperature annealing, wafer deformation can still be
‘observed.

Such deformation is typically associated with wafers
bending or twisting to some extent, as can be observed,
for example by variation in the warp of the wafer.

Warp represents the maximum deformation of the wafer
relative to an "ideal" wafer, which should be absolutely
flat.




For annealing that does not involve RTP node (i.e.

anneal i ng perforned at | ow genperature), this drawback
is less severe. However another drawback renmains:

even with low 30 tenperature annealing, wafer
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the heating of a wafer locally, e.g. by selectively
M GheT YHy "BRE T nfrared | anps piaced facing

In this respect, it is mentioned that certain documents
suggest solutions for adapting the heating of a wafer locally,
e.g. by selectively powering the infrared lamps placed facing
different regions of the wafer.

However, those documents do not seek in any way to solve
the particular problem mentioned above. The teaching of those
documents is in general 1limited to treating simple single-
layer wafers without edges, where the specific problem on
which the invention is based does not arise.

It is also specified that other documents suggest
solutions for adapting heating at the periphery of a wafer, by
using a thermal continuity ring.

However the teaching ¢f those documents is limited to

setting up thermal continuity in order to avoid edge




different regions of the wafer. However, those
docunents do not seek in ang way to solve the
parti cul ar probl em nmenti oned above. The teachi ng of
those docunents is in general limted to treating
eficipke shied edol ayet wafreespyphd haitt edgesspadigrie theoblem
specific groblen1on whi ch the invention is based does
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P ORBERT( A Sol RSP RGBT g whieh dst o€k 2the Mbeoisic
Prodasrene? ortlchnihaeintantabsoid tremd)and to return it to
the. g@sf ezrooht/o§ﬁif@%%sus 5N oRAN { b SUldf WML QUL | Dg A ng
way adapting the ring or its disposition’in order to
heagdreskotaid YsfeEi ¢ ivafepr shieln ion neiti ehmehiel iayesnvadrr;
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propose adapting heating locally for a wafer which is
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whi ch defects appear in a wafer to be characterized,
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as a function of those conditions under which defects
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rings, and ways of inplenenting them None of those

Sldocikmt s REERCS ewi FRETIfe prroBFaitbryY wHitdds t ABd priegient of
imbD¥eEVt 01 ithelased (preventing the appearance of

defects such gges&igﬂéines %enerated due to a  oh

dlfﬁgpgng GP o ents deals with the problem on whic
the present invention 1is based (preventing the appearance of
defects such as slip lines generated due to a difference of
heat-absorption coefficient at the edge of a multilayer
wafer).

Furthermore, none of those documents even mentions the
problem which is associlated specifically with multilayer
wafers.

Returning to the first aspect of the present invention,
preferred but non-limiting features of the method are as
follows:

+ the thermal processing is a rapid thermal processing:;

- the thermal processing is a smoothing annealing;
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heat - absor ption coefficient at the edge of a
mul tilayer wafer). Furthernore, none of those
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_associ ated specifically with mﬂtllayer.vvafers ,

Returning to the first aspect of the present
invention, preferred but non-limting features of the

" method a@r &hes thesmpbvproceseind el smin poxbdmsiag drmemling;
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at ahhedg@eheatmngrﬂerré&lw@péei@@im tarte VR e;

supplyto fraredl ituated facing the edg
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wahefriagegl atatpsv slicnadedt abhg cafikl nedidy is controlled
st éHEEEE‘ivelV‘ order to adapt .the .heating,., the ‘

di nrensions 0 t he 't her mal contan|ty structure are

adapt ed*salwdiniavepynealing, waher vafen S phdezd awd;:hln a

" CRAREMad \Aﬁohhlﬁ&@yr@@a&% A Waf er that does not
present an edge he " thi cknes's of the thernal
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thermal tinui struct ure i s ada ted sel ectively
ql %gr an SO Egr and, comparea w1th
anneallng a wafer that does not present .an edge, the

thickness of the thermal contlnulty structure isg reduced

‘e in order to adapt the heating, the spacing between
the wafer and the thermal continuity .structure is adepted
selectively; . o - -

e the wafer is an SOI wafer and, compared with -
annealing a wafer that does not present an edge, the
spacing between the wafer and the thermal continuity
structure is increased; ,

¢ in order to adapt the heating, the shape of the
thermal continuity structure is adapted selectively;

' e+ the wafer is an S80I wafer and, compared with

annealing a wafer that doee not present  an edge, a
thermal continuity structure is adopted whose edges
facing the wafer slope downwards;

e the wafer is. selected in such a manner as to

pPresent in 1its central region and on its edge thermal




25 the wafer is an SO wafer and, conpared with

anneal ing a wafer that doessnot present an edge, the

spaci ng between the wafer and the thermal continuity

structure is increased; . in order to adapt the
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into consideration the natures of thé naterials
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accordaheeni t RoRfynOng fttlreuaboyerf aat UL RS al 'Bnethod in
thermal |y processing an SO wafer. Accordi

n
ACCREDMF AsPrit , t?%ef?ﬁW%n??QﬁFﬁn(ﬁWQﬁiftﬁrfﬁ%?nﬁP that the

digensich tof siHeUucdherRal OBotSEN it ya s*RLBOGd Nire adapted to
cordance with the first aspect, characterized in
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thatr uct umﬂ)safaatadam edqﬁ@x{]amm rtdouttﬁet @e@pbabhishi 8F the
e rature_on the IS
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dlff%ren es o% heat ab%p t|on by .t he, edg% Accordlgg
to A°FRFFHF%hspRct, THES RSt on ProvitdEs taont REPHATES @
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theomdY i buhéitoeity structure 1is adapted to contribute to
establishing an edge temperature on the wafer that 1is
- substantially equivalent to the temperature of the remainder
of the surface of the wafer, in spite of the differences of
.heat absorption by the edge. The section of the structure may,
in particular, present an edge that slopes downwards towards
the inside.

Other aspects, objects, and advantages of the invention
. appear better on reading the following description of
preferred embodiments of the invention made with reference to

the accompanying drawings,  in which, in addition to above-

described Figure 1:




- establ i shi ng an edge tenperature on the wafer that is
substantially equivalent to the tenperature of the

w(ljgﬁﬁ)omgf of the surface of the wafer, in sppte o
the differences of heat absorpjion by the edgéfﬂ%gmos”?

section of the structure may, in particular, present
an edge t hat sl opes downwards towards the inside.
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anneal i ng g. Annealing for snoothing Eurposes
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ch anneal in sl lines, and other
dravvbaca‘gi' Sar &YP Ear??cg’r%?groi/l]saé?v‘é?rb hRgHaheesy §F‘ﬂ9‘3ted to

adidibvageaue appl iimethononfsih€e the drawbacks generated by

20 such annealing (slip. lines, and other drawbacks) are
particularly severe. _ _

A particularly advantageous application of the

invention thus lies with RTP type annealing, e.g. RTO

'annealing, or RTA type finishing anneallng for smooth:mg

" 25 the surface of the wafer.

Nevertheless", it is specified that the invention'is-
not limited to this type of annealing, but appllies to all
of the modes of annealing mentioned in the introduction
to this text.

30 The installation 20 can thus be used to perform
high-temperature annealing which does not constitute an
RTP mode, or even low-temperature annealing.

In addition, in RTP type annealing (which this

installation is also suitable for performing), some of
35 the drawbacks mentioned in the introduction of this text

(in particular warp)} can appear dufing the rise in
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invention thus lies with RTP type anneali ng,. er. g, RTO
anneal i ng, or -RTA type finishing annealing for

W(ﬂﬁ@%ﬂs&g 25 the surface of the wafer. Never{r#{eb%ﬁﬁ%ooszgs

itis speC|f|ed that the inventhon is not
this type of "annealing, but applies to all of t he
nodes of annealing nentioned in the introduction to

- thiger@diat30 Therdnsidl batiingd GRS DE 43t Ge nigh

perform hi tenperature annealing wh

cor<tRSHAE “‘gﬁ’ RTP node, or even |ow tenperature

anneal i nn dmsacfdlghtr@n, aisn 1BT@'1@tﬂ%saB&e%bl RG,(WMHL Kafer 10
thls stallattlon | so sw#}g for performng
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as in Firgur&s,3a EQU§§lyt hee Waher r&ﬁtlﬁiﬁ}om@a‘ﬂﬁﬁ'h with an

only two visi bl e | ayers. Nevert hel ess
ey 96E any¢ y JaLeF gl medmerRd ofelcuBaYE, elerted from

pr eeaiicetdappive ahaoer DA1ghe invention, the wafer 10
is an S coul d_equal |y be any nultilayer

waf er (Pph gﬁlraéaﬁiart hetlaf &2heilify Madedfer ©of silicon
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arexa&pmebynv\a}ye oﬁextew]m‘,e in the text below. In this
respect, it _is also SEECI fied that the descri ption

made belBw Wth rEFBFEhece th ahS s@lSif &Pecdfied that the

description made below with reference to an S80I wafer is,
in particular, directly transposable to wafers of the
above-mentioned categories. , | |

The wafer may also be a multilayer wafer of the 5090
type (silicon on quarﬁz) . A ,

In any event, the wafers to which the invention
‘applies are multilayer _wafers' includirig an- edge, for
which the invention pro\fide‘s an’ advantlageoﬁs solution
céncerning any'differ'ences in heat absorption by the
edge. 7

The wafer 10 is heated by means of infrared lamps L
which are disposed facing the wafer.

A unit 200 serves to control electrical power supply
to the lamps. . ,

- As explained below, the unit 200 is suitablé for

controlling  the supply of power to the various lamps
sélectively and individually so as to control the power

emitted individually by each of the lamps.
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20 in particular, -directly transposable to wafers of
the above-nentioned categories. The wafer may al so be

w@2idlolidshayer wafer of the SOQ type (silicon PEEIB2003/005295

quartz). In any event, the wafegs to which the

“invention CN 25 applles are nultilayer wafers

i ncludi ng an edge, for - which the invention provides

.an advanAgeopsssot Ut ienlscg%%%&@,ueg @%éﬁéf&f SHf@fvidually
i n heat absorptl on b t he dge. The wafer IS

hedt ¥y RRMSTe §7E L6 réfrag& La8MBs L 30 whi ch are
di sposedrdraci fgrter \Nafd%fscr/ipluﬂ.bh 2bsisf Veshli@  technique,

exmrer B S8R SS0E Al (off e rend o 01/69656

contlrigitl i rgidwe saxppéqlimﬁg‘po&ppar@tm@e \ﬂﬁbrOU$aIpaJm$ thermal.
35 Aeatingg! Vs anduhl ual@@b%ﬁg 1%&”%% 'Ptrotled

power ted I ndivi y gach

-'2004)!(1}4’253@‘21@@/182003/ 005295 11 As aresult, it is

possi bl @He@eCoaly Al1dNdbyi geah | yn £ uEQV‘@r (%mlkhe%h%s the

each |lanp. For further description about this

 SRRAGREUS 0t FESLOR hn 2o HRRIS (FORKMHA & { gEructure 21
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doGHimd AR HLIGS6Shhe Swabe£hishowsmdanneat Nfs spaced apart

- appgratys. {“for rapi d thermal anneallng) in which the

15

vari ous T arrps are controlled individually. There can
aI so be T@eemhmdﬁw e22. (hwhi dimshons titee fapmarcﬁ‘i uUs- closed

aﬁg Ladkn {ag Loah seﬂ%ﬂeg%ag# Uaggc;{gtes(%g% e‘«aafer 10.

surroun s waf er
apart {Thépefstamctage sthimt uie gomnenifiugeferred fornas an -

of vaggle0sedngki N L ds Bhagsdisancgnt cTaTolRN
t he v?g‘eer 1r01 This structure whi éh is coén%ﬁéiry ¢ of
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cerdaZier aoount of continuity in heat absorption
beyond &he gdgegsencg of such a structure, interfering edge
. effects are observed at the periphery of the wafer.

An example of such an edge ring is to be found in
document WO 01/69656 (edge ring 17).

Some of the drawbacks which the inventioﬁ seeks to
solve originate in the peripheral edge region of the
wafer (this épplies in particular to the generation'of
slip lines). |

However it is emphasized that ‘the mere fact of
placing a thermal contimuity structure around the wafer

" does not, of itself, solve these drawbacks. ‘

In the prior art, the function of edge rings is
limited to establishing a degree of thermal continuity in
absorption beyond ﬁhe borders of the wafer.

For this purpose, edge rings are generally of a
"basic" section that is rectangular in shape.

As explained Dbelow, in an embodiment of the
invention, improvements are proposed for such edge rings

-in order to perform a sgpecific. function of local and




wafer 10. In the absence -of such a structure,
interfering edge effects are observed at the

W&%M}B@%{O(’f the wafer. 20 An exanple of such an edge

ng 1 s be found in docunent, WO 01/ 69656 PEAFB2003/005295
ring 17). Some of the dravvbacks whi ch the invention -

' Seeks to solve originate in the peripheral edge

| f. t he fer Iresrn articular to |
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spemeffrfach@mxl;t ian ofie | edge arﬁd t\We 20084 D42802the purpose of .

P 0 2 el.ect adapt ation of .h
tCI{ellgg'%glgrr phgr%r} #P {;S BPyEEq 3t ?’ﬁé‘t to the
cemaérerof(ltﬁﬁeﬂe'dg@rm@ﬂge hﬁaaddrhtamri;hé oepkning edgecen the

ri pgge LHegSREAG R8e rrskr_v@emstgﬁ Fﬁgg ring and the |
waf e it _sdrrounds is eneral T'y di mensi oned sol el y

for the"bgFpdde bF QPPbﬁF gtot Haqusase theakpimdat the edge
dublfngﬁdﬂauaﬁéherlgjﬂ u@i@@eeﬁraglobelt hed o0 bodifi®ient
a

g%{sn n be ted sel terave nasl%\ cnctron o
f&%ﬂﬁ{ -enPPatt e COBGERBY  t HE the
\Nafabrsofr@ltlbhe cmmf;fas:&enf: bR reetaureddng @f gthat @afek requires
nenr-Ghal o LR R sl ilroe - Thede HHRG e Phecins 1o
waflerregssaal | er) When it is desired to increase '
heat i ngrnalo A8 @dPCake account of the peripheral edge of
the wafer, the lamps L facing said ring are powered
selectively so as to adapt the heat power they radiate to
the intrinsic heat absorption characteristics of said
edge. ’ |

Thus, with an SOI wafer:

¢ the central reglon having an $S0I multllayer-
structure presents a thermal absorption factor lying in
the range 0.4 to 0.8, depending on the thickness of the
sOT; ' |

.« whereas the peripheral edge represents a different
thermal absorption factor. For example this factor may be
about 0.7 when the support is made of silicon.

It will thus be understood that the central region
and the edge region neither absorb nor reflect infrared
heat radiation in the same manner.

These differénces give rise to localized temperature
differences on the surfaces of these two regions, thus

encouraging the appearance of slip lines.




'

df the wafer- by using this | ocal absdrption
coefficient, 15 then the spacing is reduced. On the

 WOCIB04/02802, i f the absorption coefficient at thepHs6eAfusos
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the wafer requires heating atighe edge to be

‘decreased, then the spacing is- i-ncreased. In order.to

t ake account of the peripheral edge of 20 the wafer, :
t he |arrmf Laﬁaptmggsathélatfirl@ afte w&er@dgeseé@péwﬂéay and

t the heat
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ha%mgg aQ §C]sﬁﬂg€d t3%R§h Sé&HEEHiSutpﬂﬁﬁgpt%h% §P¥face of

her mal sorptlon acto
o Qotaeﬁefndqhﬁfeorxeeﬁ@nﬁhpékﬁ@@s wHfethel s smcouxm@deaghereby

t hg reseinphe |th§d§§ Eﬁﬂfﬁéﬁnéﬁ a18pfiepegt 30 thernal
absorptlg' actor exanpl e this factor nmay beé

about 0TPSWAEP Ufup%jbr%s 51&&&81 dfl‘éﬂ%@ﬁsewsvvmﬁture
thﬁ&rb@xwm@ﬂkskom&ﬁdﬁﬁetdﬁéﬁ¥ﬂ&¢génr§ﬁd0ﬂrg@ﬂﬂ dheit could
g egi%g nei hher absorb nor reflect infrared heat
|a€|on n ¥ e RARE ¥EFMer. 35 These differences
g| ve ri $bet wafecaliisz deatedpdicat uriee o $f epancesy onhéhdirect

S f 4 i ops, s n I pg th
SpiCaFERcll TAERRIND LEHLLS Sl oypBo i BY Mfever o
P@mﬁéiegsp@@mgé its Bgpahdagt cegeRedwriong thermhd edyduction

sebggttﬁglgag@guslﬁgg%ﬁyéto take account of this
dlfferenﬁe |n rnal ahsorption by the edge, the

establi g ﬁ?ntaﬁﬂ ﬂ@ﬁﬁ@?a e QQQﬂrQ%eP%%%sF%%tFGWP?rature

equlfvahen&va@eef biyheesuet 20019f cbnbebh19hgt BREEVALISOSSI amps
encouraged, thereby preventing the

apﬁé |t|8ﬁe §a§? P*t¥hes. The apparatus 20 is filled
wth a gasewderntxtdeé;nefbheesampbelaentmmmaﬁd@fappl1ed to

hyghgge@aQEQu@rgeamer 'Lc60he  BS TLLLE] WAlAY %f  the
.respectlve heat absorption coefficients of  the central
region and of the edge of the wafer. . .

These heat absorption coefficients are essentiallY'
determined on the basis of the natures of the materials
constltutlng the layers of these two regions in the wafer

-and the respective thickness of said layers.

- Figure 4 thus represents the simple case of a wafer
éompfising a layer of silicon on a layer of oxide on a
silicon substrate.

. In this figure, it can be seen that the heat
absorption coefficient wvaries as a function of the
relative thicknesses of these two layers.

Naturally, it is possible to establish equivalent
charts for any type of multilayer wafer, as a function of
the natures of the various layers.

For an S80I wafer which is a composite structure
{(i.e. built up as a stack of different layers), it is

genérally found that the central region corresponding to
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10 The wafer 'i's heated for the nost part by the direct
infrared radiation comng fromthe lanps L,. however a

C woiRkhERgPart of its heating conmes fromthert

- conduction via the gaseous m xjure. This faCI?P$%?gngw5
‘local control over the tenperature 15 of the wafer by
sel ectively controlling the various |lanps that face

Salgghe \é\’?ﬁ J.th e qﬁfs;c;ﬁsqufés%e Hdi& s8lgetd V%(gtﬁ{%leqfl he.rall'

apph

e various |anps, account IS T
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These heatjg ﬁ?rpt%én coefficients are essentlally
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reglgﬂgthgethe waf er and the respective thickness of
sad "ayers.” 25 Figure 4 thus represents the sinple
case of Farwaf erultilayesomafiesi it |ayeedgd sindi-medeobut of
a hA¥e5-18h O)geq%f:%@da £Sohd € QRS RL G yve! n{n%tt]_'e.sflals, the

figure, It can seen that the heat absor
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the waf er ﬁrerethaancbﬂeeﬁgge,sﬂéuseﬂaﬁr e&lpmigs S {hén the

heati ng that woul d be ied to a non-conposite
eatgng Z:_:Lls stronger :?gpthe central reglorltlp

7 Determining the heat absorption coefficient.s of the
layers of the multilayer wafer thus makes it possible to
~adapt the heating applied to the various regions of the
multilayer wafer. -

It should be understood that this adaptation of the
heating can be performed, as explained above, by
selectively ,adégpting the power fed _td the wvarious
infrared lamps. ' ' ' '

However, heating can be‘ adapted by ‘other means,
either as an alternative or in cowbination with such
selective power supply to the heater means. _

In any event, the heat absorption coefficients can
be determined in particular by using charts of the type
shown in Figure 4, which, for a multilayer wafer, plot
the heat absorption coefficient ag a function of the
nature of the materials of the wafers and as a function
of their thicknesses. ‘

Thus, with selective power feed to the infrared

lamps, first means are made available for making the




structure. For a nultilayer wafer with an edge and

-made out of material selected from sem conducti ve

. worRdoemi®hs, the power supply to the |anps of i@ﬁmeosmnszgs

apparatus is adapted 10 sel ectigely to heat the
central region to a greater or |esser extent than the

- peripheral region as a function of the heat

abSé]ﬂicﬂIdtOnoﬁoﬁEEtClaQﬁh&lQﬁr tesa-Had BEIERS vaxllfodshereglons
rﬁhﬁ ant abso;&tlon coefficient that i's
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onyv.er S o-a" , .then_the
nearionentRsRORT AR Sbial: O f’@%.l‘%%daswﬁi e vee
t heothddie divompdi eonsdapityi ehrycbirehe 20 | ayers of '
the nulhhiaxghsmaiﬁﬁléﬁéﬁt&@ﬁﬁ§ | 4, JROSlebl gL o $§¥Gﬁgure is

t he heatlng ap to the various regions o
mulRhigREt wdFeFanIPesﬁﬁﬁFHEBe understood that this

adapt at iHywefert;he a@eateb;pga@ﬁ@dbe BET P MGuchS - a  thermal
expl ai ned bov by 25 sel ect er adaptln t.he power

f e FPE P Var SEESCEUES | GPPar B§ , implemented

heatsitng edan tioe caciaptiedtby set:bﬁd means, foel inh&lings t&8 amount

al tg e N oi, ¢ N such selectlve

A A S TSI T TG SRS e

heatfaas oopei gnifoehiicients can be det ermned in

part | CUlSticrbY HALBO2EIGH] Pbfeddifcdyt UM ie  chermal
er, plot Tthe

Fi gure 4, which or a nultilayer wa
heéieﬂék}%‘rlﬁﬁ" G TAGEERC | GaTtS tAd Uk e t BBROBE - ﬂﬁ@lementatlon

natigs e nef ihkenfabari al s of the wafers and as a

function, .35 of thglr t hj cknesses. Thus, with

sel ect i V& FonEFoPRed P IREN R IGRd Catambs,  pPFépnally  be
meanmbdnedradehavhe | &btet f Diip Tekdritga v WO 2004/ 042802

PCT/ 1BZQ€%%€19‘%§§85 t015 the thermal. contlnulty structure 21
shown in Figure 2, 'this structure can be placed around
the wafer and at the same height as the wafer, as shown

in Figure 2.

Depending on the constraints associated with the

annealing furnace used, this thermal continuity structure
may alternatively be placed airourid.the wafer but below
'it, so as to enable the wafer to be moved: J.nto its
‘annealing p081t10n by follow:mg a horizontal path

Figures 3a to 3c show. three types of thermal
continuity structure.

Figure 3a shows a conventional ceonfigquration for
such a structure, where it has a rectangular cross-
section of constant thickneés.

In the second embodiment  of the invention, it is
possible to use such a thermal continuity structure by
selectively adapting its dimensions so as to adapt
temperature locally at the edge of the wafer, taking
account of the local difference in heat absorption by
said edge.
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amount of ‘heat actually absorbed by the various

regions of the wafer nore. uniform These first.
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I nvention, which does not makejgse 5 of the
continuity structure. In this inplenentation, use of
the structure is optional: it can be onmtted. o
However i am fRLA Bedabalaw o SUED & L BErBRlceion as shown in
continuity structure can be adapted and inplenented
10 Figtuned Ba otondei 1At e95REAE ek X ot emdld nfot Hancrease
amt.léﬂ{pe(&fafthﬁ%traa;ctt?@ Ie)ag@baerplfae hb(f%?@ various ’
regions of the _wafer nore uniform Suc .
adapt at i%n/ +fipl ht BPF8HP LT » CPhe aher Frg‘P - EeiiRAs yof the
St A commit intidsy a senadird npdeneat atfupatidh Obf the
the_i_nvent.i on. LS cond .i npl eneptation can.. b
B e R
Retuacrdiong angl e thieeedigle. ofoné nuafgrstructure 21
shown i Bt QUES 2ot Mg StpUet U & be pl -
around @{f&dt hg %af grj an%e azcatg%e égmg hei gr{)g’gﬁgﬁe the edge
wafdieseas sstiovpeat narFgtpeion epbhiffhgnbngrRater than that
cort r ahlt scaneesi ateshyidd h the ennerhkBy fernags thermal
used, this therpal contl-nwt% suucture may :
al CORNATAEYy BETPFERED drfouRBRtheTwafled? bttt pepbifioPe for
i t ars@add o acnaliee thatwabes not beaveoved éage. its  }

anneal i pasi tyion by f.oll ow ng .a _horizaontal Rpath .

Fi gur esri%a o aslcsosl?(i&éwst’%ll?ewf’y%g?pgf S ﬁ&cﬁve’iy the spacing
comt ibalivaerstthet water Fagdir eh8atbhone la comtientitgnak ructure -
configuration for 30 such a structure, where it has a
rectangul ar cross- section of constant thickness. In o
t he secdngreaFéapmiil sofshasdnpnveantwibutigs j so reducing the
POEiPle ai-Rrdsatrsual adgéhef nBile GRMEd AUty structure

by sel ectlvegg 35%?“ nrgqut,s di mensi ons so as to adapt, ,
35 tenp&P&t uFae VS HnGi0ResygeCdt FRECwaflhe spacing e

t akihd@ld be increased compared with annealing .a wafer that

OB@9p40s respond to a first inplenmentation o?ﬁlé‘}riﬁn%’f’s”“"ﬂ%

does not have an edge.

It is also pOssibie to adapt the shape of the
thermal contiﬁuity structure selectively so as to adapt
heating at the edge locally and selectively.

Figﬁres 3b and 3¢ thus show specific shapes for the
section of the structure 21: |

¢ this section may be shaped  to slope downwards
towards the inside as in Figure 3b; or

¢ this section may have a rounded top, likewise with-
a surface that slopes downwards the inside as shown in
Figure 3c.

In particular, adopting a thermal continuity
structure 21 whose section presents a downward slope
facing the wafer, contributes to reducing temperature at
the edge of said wafer.

This solution is thus well adapted to the above-

mentioned case of an S80I wafer.
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Intmrt watflear , mdo:pmda@@ avidierfaicipnt | |31lr|1|dtythe respective
thicknesses of these layers. )

In particular, if a wafer having layers made of -

20 ‘given materials is to processed, it is possible to adapt
the thicknesses of the layers so  as to achieve
substantially equivalent heat absorption coefficients in
the central region and in the edge of the wafer.

_ - In this third impleméntationj it is also possible to

25 add selectively layers or layer porticdns in such a manner
as to modify the heat absorption coefficient of the wafer
(for the entire wafer,-or locally}.

This can be done to obtain wafers having thermal
characteristics that are modified.

30 In particular, this makes it possible to incréasé
the ranges of thicknesses that are possible for the
various layers of the wafer, for the purpose of obtaining
a desired heat absorption coefficient for the wafer.

Adding a layer having selected thermal

35 characteristics can lead to greater tolerance in the

thicknesses that can be gelected er other layers of the
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characteristics that are nodified. 30 In particular,
this makes it possible toincrease the ranges of :

of the wafer, for the purpose gf obtaining a
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can be i npl enmented in conbination with all of the

abgve- ngnt i i spositiqns (selectjvely powerjn N
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di-fherenges Between t he respective heat. absorption
coe fi%?ll%en g o% tEegéentral regi on and of the edge.

of the wafer to be mnimzed. ~i WO 2004/042802

PCH/ | B2R03/ Q05285 1ddNliMg leoA mehdod Qg  claim,
treatin arrultlla%er fer (10) th _an’edge, the _
wafErTBErRgirEde ¢ miﬁgrt'i al el RGP Y r oRFOCessing  is  a
segmoonttuat wensal ¢éngal s, the net hod bei ng

characterized 5 in that during annealing, heating is

adapted locally and _
4. A method according to claim 2, characterized in that

the thermal processing is an oxidation annealing.

5. A  wmethod according t6 arny preceding claim,
characterized in that in order to adapt heating, account
is taken of the respective heat absorption coefficients

of the central region and of the edge of the wafer.

6.. A .method according to the preceding Claim,
characterized -in that said heat absorption coefficients
are determined on the basis of thé hatures of the
materials constituting the layers of the wafer, and on

the basis of thé respective thicknesses of said layers.

7. A method according to any ©preceding claim,
characterized in that the wafer is an S80I wafer and,
compared with a given heating reference for a wafer that
does not present an edge, heating is reduced selectively

at the edge.
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sel ectively at the edge in order to take account of -
the local difference in heat absorption by the edge.

w@zoo@mﬂ%ﬁi‘(’d according to the preceding claim Pg’l‘%ﬂzooslooszs's
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~rapid thermal processing. 3. A nethod according to
the precedi ng claim character| zed in that t he
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ed of therng@tltl 25 6, cﬁmth d accordin
al

pr écedi g c
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respect ive thicknesses of said layers. 30 7. A nethod
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that the wafer is an waf er._and npared w_ th

\ffé]ﬁrﬁé%ﬁmgzefieﬂ&etﬁ@et gt SrdEr efot AAEPLGEs MERting, the
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the eg}% o 2084 2802 PCTI M20031005295 20 8. A
cc Xny precedi ng claim

.characterl zed in that in order to adapt heating,' the
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thermal continuity structure 1)1
edge, the thicKkness of the thermal contlnulty structure

is reduced.

12. A method according to any one of the three

immediately preceding ‘claims, characterized in that in
order to adapt the heating, the spacing (e) between the
wafer and the thermal continuity structure is adapted

gselectively.

13. A method according to the preceding claim,
characterized in that the wafer 4is an S80I Wafer andg,
compared with annealing a wafer that does not present an
edge, the spacing between the wafer and the thermal

continuity structure is increased.

14. A method according to any one of the five immediately
preceding claims, characterized in that in order to adapt
the heating, the shape of the thermal @ continuity

structure is adapted selectively.

R erlgzed i%h t RAY sa sﬁeh% tng claim,

o




10 10. A nethod according to the preceding claim
characterized in that in order to adapt the heating,
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are adapted selectively. 15 ipa A nethod accor
the preceding claim characterized in that the. vvafer
is an SO wafer and, conpared w th annealing a wafer
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respective thicknesses of said lavers,

18. The use of a method according to any preceding claim

in thermally processing an SOI wafer,

19. A thermal contlnulty structure for use 1n a method
according to any one-of claims 1 to 16, characterlzed in
that the dimensions of the thermal continuity structure
are adapted to contribute to establishing an edge
temperature on the wafer that is substantially equivalent
to the temperature of the remainder of the surface of the
wafer, in spite of the differences of heat absorption by

the edge.

20. A thermal continuity structure for use in a method
according to any one of claims 1 to 16, characterized in
that the shape of the thermal continuity structure is
adapted to contribute to establishing an edge temperature
on.- the wafer that is substantially equivalent to the
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substantially equivalent. 17. A nethod accordfng to
the preceding.claim characterized in that the
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central region and on the edge,gf the wafer |§'CT’IB2°“3’°°529°
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the materials constituting the Iayers of the wafer in
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to any one of clainms 1 to 16, characterized in that
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contan|ty structure for use in a nethod according to
any one of clainms 1 to 16, characterized in 35 that
t he shape of the thermal continuity structure is
adapted to contribute to establishing an edge
tenperature on the wafer that is substantially
equi.val ent to the WD 2004/ 042802 PCT/1B2003/ 005295 22
tenperature of the remainder of the surface of the

‘wafer, - in.spite of the differences of heat absorptlon

by the ri edge ng. 5 21. A thernmal contan|ty
structure according to the preceding claim
characterized in that the section of the: structure
presents a surface that slopes downwards towards the
inside. r ‘ : ‘




