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SURFACE TREATMENT FOR MULTI -LAYER WAFERS FORMED FROM
LAYERS OF MATERI ALS CHOSEN FROM AMONG SEM CONDUCTI NG

WOBNERSABRS This invention relates in general tpCHIBXOL®4326

treatnment of nmulti -layer wafers formed fromlayers of
materials chosen from anong sem conducting nmateri al s.
More precisely, the invention relates to a process for
treatment of a nmulti -layer wafer with materials
having differential thermal characteristics, the
process conprising a high tenperature heat treatnent
step that can generate secondary defects. Note that a
"waf er” means a structure that may include one or
several layers. Thus, a nmulti -layer wafer is such a
structure that contains several layers. And the wafers
concerned by this invention are wafers conprising a
thin surface | ayer (made of a material such as
silicon) for applications in mcro -electronics.
Renmenber that the useful layer is generally a surface
| ayer of the wafer, on which conponents will be
created. This | ayer nust be very good quality and free
fromdefects. The term"differential therm
characteristics”" will be explained below In the case
of a nulti -layer wafer, the different |ayers nay have
been associated with each other by any type of
BGRBHCQUER$AEWENTerHsMﬂUTI(mayER WABPRS eFORMIL DIi FROM LAYERS

epit ax etc For %epllcatlons In_mcroel ectronics,
i t OF M |QHOSEN OM AMONG SEMICONDUCTING MATERIZLS

This invention relates in general to surface treatment
of multi-layer wafers formed from layers of materials
chosen from among semiconducting materials.

More precisely, the invention relates to a process for
treatment of a multi-layer wafer with materials having
differential thermal characteristics, the process
comprising a high temperature heat treatment step that can
generate secondary defects.

Note that a "wafer" means a structure that may include
one or several layers.

Thus, a multi-layer wafer is such a structure that
contains several layers.

And the wafers concerned by this invention are wafers
comprising a thin surface layer (made of a material such as
silicon) for applications in micro-electronics.

Remember that the useful layer is generally a surface

layer of the wafer, on which components will be created.
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necessary to perform heat treatnent of the wafer - for

exanpl e heat treatnent designed to inprove the surface
wa@oodiosican of the surface |ayer of the wafer OPCT/IB2004/004326

thinning by sacrificial oxidation. Surface treatnents

are al so known involving a high tenperature heat

treatnent. The term "high tenperature heat treatnent”

in this text denotes a heat £reatnent in which at

| east sonme phases are carried out at tenperatures of

several hundred degrees, for exanple exceeding 750 0OC

for sidilconafét Muukh S| FeeoN RBIUAIAZ ySEAd free from
Silicon On Quartz) structure. Note that this high
defperat ure heat treatnent definition is not absol ute:

111 spgl ”Péi‘rﬁgi“\ﬁ%@f%@eh@?a@%@?fna‘if AU S de@tlis t8Rd i Ty 77

can cover other tenperature ranges outside the context
o exreldimeghtiedow.This type of heat treatnment can be

carried t according to_an . RTA_(Rapi d. Ther :
Anneal'l ng “node, - f SrqiL a‘gl imrlﬁqtteld lta&refg (%?E?ﬂengbgerdlo fearent
Teyeseamndhdve ddewasisodtiasednky)rh. Bath RItheddey iany type

not Iimtative and the invention is applicable to a
Ot hereYPEYSE ﬁP&Hntehﬁer%ﬁ?ﬁ¥§'hé&@yFFeaFﬁﬁﬂ?fe?or gtuing,

&xarple, ddd s type of heat treatment nmay be applied to
waf ers concerned by the invention. For exanple, this

type ¥ AR iGaEdORENt By CEECLACERARECE 0 Hodt§ yTEFrRIently
ﬁéé#‘é@a&rﬁ QB tﬁ@rf’éﬁf rﬂeé‘@d t/re%rtmtegt' rEpfo\fﬁet hfafer - for
surface condition of the wafer. For exanple surface

exaag renteatnvbl vd tgeshroctesiigged to improve the surface

condition of the surface layer of the wafer or thinning by
sacrificial oxidation.

Surface treatments are alsoc known involving a high
temperature heat treatment.

The term "high temperature heat treatment™ in this
text denotes a heat treatment in which at least some phases
are carried out at temperatures of several hundred degrees,
for example exceeding 750°C for silicon films in a silicon
on Quartz (SOQ - Silicon On Quartz) structure.

Note that this high temperature heat treatment
definition is not absolute: it is simply given in the
context of this text, and it can cover other temperature
ranges outside the context of the invention.

This type of heat treatment can be carried out
according to an RTA (Rapid Thermal Annealing) mode, for a
limited time (of the order of a few seconds to a few

minutes only).
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anneal ing are also known. In particular, this type of
annealing | owers the surface roughness of a surface

wo 200605789 a sem conducting material (for exanpPEr/EB206/004326

as silicon) to values conpatible with specifications
in force in the sem conducting industry. Thus, one
process well adapted to this effect in the case of a
surface |ayer of silicon, comsists of performng a
snoot hi ng annealing on the wafer conprising the |ayer,
under a reduci ng atnosphere and, particularly under a

hydr ogen atnospher 6)s aio@ hightierper ahdr end hadvdMyion is
be nore than 950 0C - for exanple HOO OC ). "Snpot hing
aPRehFIte it t RDY defhied ta®ehePhig RFHealticRpecatired heat
PUL uhder a reduci ng atnosphere at high tenperature -

and nore precisely at a tenperature of the order of

950 (®wnr aramwlegnoshhbngtepdeadd ndudas t hrsagment may be

gﬁﬁi%&" &l aofeIQSOfciomc%l}nte(anEgr aLure, hedl &;; eat ment .
s Type of annealing can carried ou or a
rel atfoel yedaopd ef,i mehibor tepanpd®e dfedthe tardemeat tmey be

hour s It can also be done in RT de at_a very_ hjgh
PeheRded it FOREH R o s Be TR e GiS AT T Br to
dupabionciod ufewesecondeiba arf emeniagées only. This
type of annealing snoothes the surface of the wafer.

It caffial SFERle sEREL3ER uctiRAINYETCcigVoATE8Rdi AjOPBN1ing

kKnown, processes,sd lrswhype of high tenperature heat
treatment is done on the wafer once it has been

creat®ed (dartcthvderwor iBisnceyepercdt i ciselsdviegbeéawers the

surface roughness of a surface layer of a semiconducting
material (for example such as silicon) to values compatible
with specifications in force in the semiconducting
industry.

Thus, one process well adapted to this effect in the
case of a surface layer of silicon, consists of performing
a smoothing annealing on the wafer comprising the layer,
under a reducing atmosphere and, particularly under a
hydrogen atmosphere) at a high temperature (that may be
more than 950°C - for example 1100°C).

"Smoothing annealing"” is thus defined as being
annealing carried out under a reducing atmosphere at high
temperature - and more precisely at a temperature of the
order of 950°C or more. Smoothing annealing is thus a
particular form of high temperature heat treatment.

This type of annealing can be carried out for a
relatively long time (for example of the order of two

hours) .
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carried out in advance - for exanple transfer of
| ayers and gluing and / or epitaxy - necessary for

wee@ansee of the nulti -layer wafer) . HoweverPCT/iB2oet/004326

known high tenperature heat treatnments cannot be used

on all types of wafers, since there are sone

limtations associated with them The application of

this type of high tenperaturé heat treatnment to the
treatnment of single -layer wafers, or nmulti -Ilayer

wafers in which the different |ayers have differentia
thernal eharagiesi Yd Coneanie RIPObhesat ist Mot @ethathigh
" differential thermal characteristics" neans a
aerreraitical WéhaFhBur OBUST nPexgdHr € ofrt hgore), for a

&&Eé@f&r{‘toﬂ ay ey Qbcbhasweber aly an Ol vals tharyml
budget. This type of differential typically

corr é8pondsyre @fdi #fieeahivey i Amphehevefthieci emrsaed of the

Shermal; expansiian, of, geteriale. (onlog dhe did feren

ayers I rensi ona
char amicemdaMgcswf tknese | pyersssédnd noes prtey,pe;elg/f, high
in the context of this t "differential fher
CHER Sl et S e t&feagmﬁf}l%trls 989%r0’§t hetiR e%r%nce it has

sbad actrekirzed asn f @lthews d®fdd henpdr pasesa Ofortdi ave been
text:- at least sone |layers of the structure are
%%%EkﬁQuQRf\MQI?QYQQQ§renﬁoéoéﬁﬁmEﬂ%nF§a%¥f?%e@?&ﬂayers and

&%@%'Qﬂd - THEtBerpnre, thele ds 4t f&@sargggléﬁy%ﬁs the
a significant thickness close to the surface

m@y@x KaYERINafegase the term "significant thickness"

d t
Io? ngfgn%t dcé gr eaterﬂ}% cli(ln ﬁ:?%%%ﬁatéuﬁ%: hgef‘%zlca?{e]EJI &dtments

tdam)t the dddChkress loftyvipke stir va€ers, since there are some
limitations associated with them.

The application of this type of high temperature heat
treatment to the treatment of single-layer wafers, or
multi-layer wafers in which the different layers have
differential thermal characteristics, can be problematic.

Note that " differential thermal characteristics”
means & differential behaviour during exposure of the
different layers of the wafer at a given thermal budget.

This type of differential typically corresponds to a
difference in the coefficients of thermal expansion of
materials forming the different layers of the wafer,
compbined with dimensional characteristics of these'layers.

And more precisely, 1in the context of this text,
"differential thermal characteristics" of a multi-layer
structure are characterized as follows for the purposes of

this text:
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| ayer) that is associated with a coefficient of
thermal expansion significantly different fromthe

weomshswBeNt of thermal expansion associ at ed wWahIB2064/004326

said surface layer. An SOQ type wafer, conprising a

thin surface layer of silicon directly associated with

a Quartz support layer with a significant thickness,

is thus a typical exanple of Juch a structure for

whi ch the | ayers have differential thermal

characteristics. In the case of this type of wafer

t hat rebtxesast t somexposirse d0 thd artgectheemalrebudgetiated

such .as_ thermal budgets .that cur with the,

§' %ggt %%%%r%%t?%?fg%qﬁbe% of %ﬁ‘@rf“ﬁme%??%%ni ayer

of siticontheammes,s ansirgnifd cant paddt obnkh€layer with a
mechani cal stresses generated by exposure of the wafer
POIRhEL EReE nhl 1 blaget . CLASEhILS e, SuH@qehi Frwan f bive this
Layertpé §é£ﬁchﬁﬁﬁfﬁi8!Héﬂiﬂﬂ8%n%%%ﬁfH%'aekigg Fgﬁrggkng a
expansion is of the order of 2.5 x 10 6 K 1, ichrs
Fhyekpeaes ofr édt ekeastanarherderr efpormtimiguds ugréarer than

j age [ i s.0of .the order, of
%H%m?{i&?og% ﬁ{ri(%lﬁi]{%aréa%y%}ae dgckplteo%él%ﬁgﬁgstsoogel[%?( surface
sdyesseshedusesl bgsheabitnd. wathe & habettieccoatfici ephermal

f_th I ' ' fined bei di mensj onal
SLPHAIAR! cSAREPRLeN |5 SSbkipdyes behng, ompel ol e

atTon _
degreel odxparmeatay®didftbar anen. t1bi sac@efiici@tider.
therefore expressed in K 1. But at the sane tine, the

subj dEentOP ayEre of 2 Exfar t SORRE Inhith @ hehkur saekadaykgyer of

of 18¢dd con resthixeds does, et Lepd to gxRapd iR g&%t layer
same way, and tkl s applies stresses to tﬁg surface

4} th consigyéficant thickness, is thus a typical example of
such a structure for which the layers have differential
thermal characteristics.

In the case of this type of wafer that relaxes after
exposure to a large thermal budget (such as thermal budgets
that occur with the treatments mentioned above), the thin
surface layer of silicon recovers a significant part of the
mechanical stresses generated by exposure of the wafer to
the thermal budget.

In this case, the thin surface layer of silicon, for
which the coefficient of thermal expansion is of the order
of 2.5 x 107® K!, which is five times greater than the
corresponding value for the subjacent Quartz layer which is
of the order of 0.5 x 107% K7}, naturally tends to expand to
relax stresses caused by heating.

Note that the coefficient of thermal expansion 1is

defined as being a dimensional variation compared with a
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In the frequent case in which the surface of the said
thin layer of silicon includes defects (corresponding

wWo eoosiosicdd al ' defects that will be defined i n POT/EB2004/004326

detail in the remainder of the text) , such defects

vary under the effect of the said stresses to produce
secondary dislocation type defects. Note that the term
"secondary defects" will be defined |ater on. A wafer

for which only a very thin buried layer has a

coefficient of thermal expansion significantly

drfeErept fiBanshencoetfi deenteobft hempakaenpandi 6feoénce.

Fal: in the rface |ayer would, not_;correspond
A T T T v r “whi ch the
| ayerButhaate thdi ffeareerttined, tcher sBbjeBanacteyestb€Sguattz to

' il On | | at t fer is
R bh X ahETe ! TaVRAT BF CoMpErs: g ¥ W aes ayes tend
06 skpaodnn urdersard Gyt hane iks ki EFE}hYeél YEFYsEBLi e the

| ayer of &I Q2, then a thick support layer that Is
??%f%%ﬁli}%ﬁﬁﬁ? &@Y§Fkicon.lln this case, the buried

| ayeriSi(Re | Sransof alad Wi g Goehid claifa of dhergmel,,; 4
expansion that is significantly different Tromthe
ot f Lavent off $hkrorrl expandéondassotiat @ rwictsbohbeng to

j b su a nQ secondary def ect , ,
o O B YLy PR ETDS BBbsederail in
the cemeinfleSObf tttee SEORt) ayenchs duAd@ad beiweenntw® the

tlicon | ayers that _have thicknesses conparable to the
%é#:cayef)%gr W% t iftRer SEFRESESry i nPrajiEFeof S@mdary

dindercatiese tgpaddbirepss .

Note that the term "secondary defects" will be defined
later on.

A wafer for which only a very thin buried layer has a
coefficient of thermal expansion significantly different
from the coefficient of thermal expansion of the material
in the surface layer would not correspond to the definition
of a wafer given above for which the layers have
"differential thermal characteristics".

A conventional SOI (Silicon On Insulator) type wafer
is thus an example of a wafer comprising a surface layer of
silicon, under which there is firstly a very thin layer of
Si02, then a thick support layer that is typically made of
silicon.

In this case, the buried layer Si02 is associated with
a coefficient of thermal expansion that is significantly
different from the coefficient of thermal expansion
associated with the silicon surface layer, but no secondary

defect generation is observed like that mentioned above.
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cannot "inpose" its nechani cal behavi our when exposed
to high thermal stresses. Finally, note that it would

W@ eosasmBy be possible to observe secondary deP@DiBRoof004326

the dislocation type in the |layer of Si02 itself. But
since the material in this layer is anorphous, it does
not generate any dislocation type crystalline defects.
Returning to the presentatior of the problemthat the
invention is intended to solve, when a wafer for which
the layers have a differential thermal characteristic

recei vesthel ange tiferstal, buggetioatldeastioneudied hBetween
hi gh nechani cal

ayers._of the wafer e affected b

bV cstbtatiotobethe thrt f BRERCORE R expaRS] BT g to the
dotfespgat dayers wdeded .he effect of the received heat

| oad. Renenber that the different layers in a wafer

r enai A€ | X84Vt ot hlayher ofThel@ppringgnt trpe conditions
eRsREYes ke saPPEAANGE- QL n i SPCOPBAAL Y o (T GRLA hpedda o

wafers follow ng high tenperature heat treatnent
hhalt Heernohetk mbaes -(for exanpl e, possibly a

snoot hj neal-i ng heat treatnent _under .neutral.
gas, Eg%]%la%p’on?é%?cwgtV\é%vmwlolu%%ovgeﬁécﬁtlin o tqweatp?%selble to
dtesariquartohdanyt hicfedescrdpt tion arRaDScaDLdENtpki Ga the

n the ex e, of S structure, the obpserved
%?’%Jétggasg&o&g?%ﬁgi n]%gﬁesﬁ??? cbn f e e et i this layer
par tanetpabuan e of ygbakl il dgéest st £ORheSpANAINGthi®n type
"secondar ydefects”, since they are generated during

thesk bhiterrbiettif-e heat treatnment and are related to

the iﬁ@édfﬂing to the presentation of the problem that the
invention is intended to solve, when a wafer for which the
layers have a differential thermal characteristic receives
a large thermal budget, at least one of the layers of the
wafer may be affected by high mechanical stresses due to
the difference in expansion of the different layers under
the effect of the received heat load.

Remember that the different layers in a wafer remain
fixed to each other.

The applicant thus observed the appearance of
"secondary" defects in SOQ wafers following high
temperature heat treatment like that mentioned above (for
example, possibly a smoothing annealing, a heat treatment
under neutral gas, oxidation, etc.).

We will now mention that the term "quartz" in this
description means molten silica.

In the vexample of an S0Q structure, the observed
defects are located in the silicon film and in particular

are crystalline defects corresponding to "secondary



10

15

20

25

defects already present in the wafer. Note that in
particul ar, secondary defects nmay be dislocation type

waledosns®39 or ot her crystalline defects associ ap@mIBME4004326

initial defects. "Initial defects" neans defects that

are already present in materials fromwhich the wafer

is conposed, or defects generated during one of the

steps in initial manufacture %f the wafer, before
application of the heat treatnent associ _at ed with
appearance of secondary defects (in particular, these
dﬂfeti:ads",defed;nsermyhbg slmarephe;ig@:mdsf hecﬁlh%/irtdﬂf the high
tron es fter detac nt of the wafer froma
gelﬁ%rgas% 'S ?%? %r?\ﬁgm?ﬂtgéﬁg‘rséir,e 45 3455 i tanthdagnitial
abse«sw@oblmcqpmsaﬁ&e iof tpecqadary defects in multi
-layer wafers with differential thernal

char 2% i deés WRerPaHe SR s é?@oéﬁﬁégedjetﬁ?%tsm ghy be
hegperal e hegle t yeabpent step {f 111108 N§8teces

treatment may be a snoot hi ng annea |ng
preathird wthan roxiiddt idefieghneal i ng, or in general a

hi gh JfHﬁ%ifﬂl”é%ﬂgﬁg'Jrﬁéggga éeﬁeg IS ﬁﬂd ;Léggnfalready

effect” I's Shown in figures
Iabs@afrvlat1mnmabbraahedfbymTEMi(:fEr alfll&mv&SEIeQﬂ i e@&xi(i;&fﬁeca or
gLoscop on.a section through OQ waf ers (one
CcI}:/‘lE)n o %e)(ﬁ}egﬁtteﬁlg ?Hﬁlggal @Nof <Pjhe tfqegurséffepﬁ i 8 initial
hotdfatdefd 60r nee) wafBgSepd Mir-d i gUp EScSHOW ao§eocth'eorheat
thro h the upper part of an SOQ wafer on which a high
Sttur@Sheatatydarheht 2RRSaBBERAS c & | WFVtarthi defects

tﬂp Eé‘fﬁl@@IéﬁSpQHg§et inQeia%urcIéafe%ésaylﬁgy ofoeS's’harp edges

caused by the strong roughness after detachment of the
wafer from a donor substrate).

And 1in general, the Applicant has observed the
appearance of secondary defects in multi-layer wafers with
differential thermal characteristics when the wafers are
exposed to a high temperature heat treatment step (for
example, the heat treatment may be a smoothing annealing or
an RTA treatment, or an oxidation annealing, or in general
a high temperature heat treatment).

This undesirable effect is shown in figures 1 and 2,
which represent observations obtained by TEM (Transmission
Electronic Microscopy) on a section through two S0OQ wafers
(one control indicating the scale of the figure in its
bottom left corner).

These two figures show a section through the upper
part of an SOQ wafer on which a high temperature heat

treatment has been carried out.
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and to (at least part of) the SiQ2 | ayer inserted
between the surface |layer of Si and the Quartz support

wobkooshsTesmf er (support not shown) . Thus, Fi gur@r/iB2004/004326

illustrates a dislocation passing through the entire

t hi ckness of the surface |ayer of crystalline silicon
(separated froma quartz layer that is not shown on

the figures and is | ocated b€l ow an Si O | ayer) . This
type of dislocation is obviously a very serious defect

for the silicon surface layer. Figure 2 illustrates a

| oop This ooat i war 20cortdmioralss @ ocrgad esurf 88y i ldifer of Si,

di sadvantage. Note that this type of defect generated

B3 ot At nd AR heRFFg O4nd GetiGfes: SAorth RF 194 oRgheen
the entide thyekness saf dhbetsur Hagetbayehpbd APl AMAL wafer
the exanple in Fkgure 1) cannot be conpletely

EP PR Vet PP NMiini ng the | ayer, for exanple by
DO"Sﬁhﬂg a&ﬁ%&r%he1$aﬁql@§@§?£égg'aThgigPQéégfgﬂ rﬁﬁﬁsing

denonstrated that this type o ef ect appears
Parcugul arley whenrehetsuckaess ofoft heheul shrfFayer Wajer of

i nitial defects befare, bei exposed to annealing. .
?ﬁ‘??%gl]lsllcnaeses,ﬁt e n&telpéalra&g e(r:%%s?marae I SA e 4ST thit is
secortawy det echegenegatdOnafechiani s6B8atef tdhelow an Sio2
ﬂislocation type in Figures 1 and 2 ) under the effect

FYSPechani cal ~ stresses resulting fromexposure to a

heat fHidgetyd édhegiylbbatrlsyelsWabeiowsid a very serious
differential thermal characteristics, starting from

PnteGtal L eftée $idiceadyurface layer.

Figure 2 illustrates a loop dislocation 20 - that also
creates a serious disadvantage.

Note that this type of defect generated by smoothing
annealing and sometimes extending through the entire
thickness of the surface layer (400 nm in the example in
Figure 1) cannot be completely eliminated by thinning the
layer, for example by polishing after the said annealing.

The Applicant has demonstrated that this type of
defect appears particularly when the surface of the multi-
layer wafer has initial defects before being exposed to
annealing.

In this case, the 1initial defects are involved in
secondary defect generation mechanisms (of the dislocation
type in Figures 1 and 2) under the effect of mechanical
stresses resulting from exposure to a heat budget of the
multi-layer wafer with differential thermal
characteristics, starting from initial defects already
present in the wafer before the high temperature heat

treatment.
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present in the wafer before the high tenperature heat
treatnent. For exanple, the initial defects m ght be

walk®bustsances on the wafer surface. These i ni t PEI/IB2004/004326

defects may have been created during previous
treatnment steps applied to the wafer. Figure 3 thus
illustrates the layer of silicon in the SOQ wafer in
Figures 1 and 2 before a highOtenperature heat
treatnment was applied to it, this Figure 3 show ng a
di sturbed silicon surface. The disturbances on this

sur f ats: | AYBip 1Y ther ieanphe segerespRnght Opé Ndis@hrbances
defects that will be involved during a high

eRnps atafer HerttaGeeat nent in the generation of
secongalae d?ﬁ?ﬂél Q?eefe‘?:‘{rspoﬁgytha%gel%é‘é/ﬁ”tdr%ﬁttﬁg t®uiring

be able to elitmnate such secondary ects in
rugel @fs & mdtment |sgpps webéiefiotowbhewater materi al s

have differentj.al th I har acterj stics.. Anot.her .
pur poEgleguo €t et}imrlsve% |lgsﬁtr|agc Soaér:lno lg"jeyneerr a?fe Sollgfleccqtrl in the
sopesa fitr | 11 B RigHs tlenper &t bedoheat hight tempefihere heat

neani ng of these defect |ines bei expl ai ned _|ater in
FRFSEREXE ) W.asThépBi?:ﬁ r otfhd *dmd Fﬁgsp POYSS renfioheRd @

aes € BhQy & @A drhusirvacyk . specific. And it shall be
noted in this respect that known docunents such as US

6 S00TE3 s HPANEPPE P akd 18SSE {50230y ed HeY Bef ompmple
L0- 18 PC DAY UG G b S8 818 i
@périgthi ohsmperature heat treatment in the generation of
secondary defects.

One purpose of the invention 1is to be able to
eliminate such secondary defects in the case of a multi-
layer wafer for which the materials have differential
thermal characteristics.

Another purpose of the invention is to not generate
defect lines during a high temperature heat treatment (the
meaning of these defect lines being explained later in this
text).

The background and the purposes mentioned here above
are thus very specific. And it shall be noted in this
respect that known documents such as US 6 500 732, WO
02/27783 and US 6 150 239 do not belong to the specific
background which has been set here above.

US 6 500 732 is generally focused on the operations
which allow to form the cleaving layer of a structure, for
a subsequent cleaving in order to make a multilayer wafer.

This document thus proposes means for suppressing (or

reducing) a cleaving layer.
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which allowto formthe cleaving | ayer of a structure,
for a subsequent cleaving in order to nake a

wordosiosmyer waf er. This docunent thus proposesPOEEB2O04/004326

for suppressing (or reducing) a cleaving layer.But it

does not nmake any nention of any background or

obj ective of avoi di ng forning secondary defects during

a high tenperature heat treaftkent. Furthernore, this
docunent does not even nention any high tenperature

heat treatnment of the wafer itself. This docunent only
mentiBus ihedopsi notohakevahhi Agnbyoa BEgBnieppekgtytifd or

heat freatnent_(through_the reference to US 6 171 _
3635t bR ForatHE DAt (N of SPREMRESY dGETGFLE dbiigng 3
WGB!I tefpsrat Srd e i@ arMgtt hi s docunent_does not

ei ther nention any background or probl em which woul d

be asSoeiRREwED athid t fPayeenhaflepswino rateay igmtion any

Hgghnge%te;swpéi gkathermal char agt facrﬂeStvirac%\ﬁD Wei. rhis
02727783 di scl oses a step o? pol i shing by after
dhreanemy anliyeentfionsr gdwci ot itdre sfir bacethonghhgssa high

v ayer._.But this docu does_no nore
PR R g0 55 s i Gy TP SR e oBRERRE R~ to US
6s30Li #6%)1, wohhya fighthenperaitretheat tyreat pedtdudlSor a
150 23% does nat in any _way aimat preventing
83@%5i?%.?%’é%?%6§§ §§€H%&§n9he apparition of

seconmad y €efect aoduhbng adBegh tewperatWs heddntion any
treat ment which would be applied to a nultilayer
RRafesrowmf t IRE cHFOPAFY, VYhighdoiureht Bsr opesesimbads to a

M@i@fﬂayer wafer with materials having differential thermal
characteristics.

WO 02/27783 discloses a step of polishing by CMP after
cleaving a layer, for reducing the surface roughness of the
cleaved layer.

But this document does no more than US 6 500 732
mention any problem or objective associated with a high
temperature heat treatment.

US 6 150 239 does not in any way aim at preventing
undesirable effects such as the apparition of secondary
defects during a high temperature heat treatment which
would be applied to a multilayer wafer.

On the contrary, this document proposes means which
precisely aim at avoiding submitting a multilayer to
temperatures which would be too high. In this respect, the
objective of this document is to allow reducing the
temperature of a heat treatment in a transfer process (and

it shall moreover be noted that such heat treatment for a
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precisely aimat avoiding submtting a nmultilayer to
tenperatures which would be too high. In this respect,

w0 besobjeerti ve of this docunment is to all ow r ePiB2g04/004326

the tenperature of a heat treatnment in a transfer
process (and it shall noreover be noted that such heat
treatnent for atransfer is in any event not a "high
tenperature" heat treatment)12 Thus, and as it shal
even better appear when reading the description of the
present invention, US 6 150 239 not only does not

bebwaget 0 isheispeeif i evdrackgpeund daf et dnPetdt@re” heat
i nvention, but it furthernore teach the nman skilled in
tRe2ERreNBMway from any high tenperature

treatFmd . Comm ngs backs RO tOvdhepDEESENL L LR Phed NPeading

background of the invention and of its purposes, In
oheedesoraphi@veof heke pueposiesinvéetiovenis om 150 239 not

f 0po r eat r ss._for. Lti -1 r fer
PAPP 35 En ok Rl U VR ErshredecheblprpifnafBlfa cor
cthar aotent 5én cshut het pfoceEssrmomprisdatyg ehdimgdn skilled in
tenperature he treat ment, step that could generat

LEE orfdr y“teY octi&™ CHAY adtli 26T T TS ¢ FiboprBERSsComing

baEk UdRsy arwafede sprbaeatheepar afi ORhst epadeffrd h8f the
hi gh tenperature heat treatnent step. Preferred but
ABRCTF H9 aBde C4spdct sSPOFPRIRT alpr BEESE & Fhieve these

{)QJ_:}IJQ_&@S', 'tﬁ@eiﬁ@égt%r?p@f@ﬁc;% s etpré.ﬁ&llé%ptespﬁ)cess for a
hi'nni ng operation on the surface |ayer of the wafer,
mui bie- bayer prafear didronliisdl Gdes mpskirshilaghavet et Safential
PRLLEDI ng, 13 nehani Gal - cheri calo Rold Shing, s=ihe o hign

preparation includes an ionic or chenmca
temperature heat treatment step that could generate
secondary defects, characterized 1in that the process
includes a wafer surface preparation step before the high
temperature heat treatment step.

Preferred but non-limitative aspects of such a process
are as follows:

- the said ©preparation step includes a thinning
operation on the surface layer of the wafer,

- the said preparation includes polishing,

- the said polishing is mechanical-chemical polishing,

- the said preparation includes an ionic or chemical
etching,

- the said differential thermal characteristics
correspond to a combination of the following two
conditions:

at least some layers of the wafer are associated

with different thermal expansion coefficients,
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etching, - the said differential thermal
characteristics correspond to a conbi nation of the

wo odososdeBy two conditions : at | east sone | ayepPGI/iB20041®4326

waf er are associated with different thermal expansion
coefficients,there is a layer with a significant

t hi ckness close to the surfaﬁ% | ayer of the wafer
associated with a coefficient~of thermal expansion

that is significantly different fromthe coefficient

of thernal expansi on associ ated with the said surface

| ayer, there %éférl@ﬁ@FuHé§haasﬂlg®0ﬁl§appo¢thkness close

@bsgf]@te surface layegy, f Ge or Si
t%he hi gh ?Lgpn%ae?eatur é%heat&tréa man‘%l /focrﬁ’\ae%zeldi nyith a
copRéipightt e@r@ertétam@lheakpaneabﬁenthats a ssmeaghlifigcantly

R E8eo P R B heot B Hiton < optOBETghod Fgansion

In“assocrlation Wlt the pe?'
psevenatédneﬂaupetafeal’mmfstdefa%@t 1kiyags during the high
t enper ure treatpent, - the said second

treat me |"iﬁ% eLEJIe]sn%lh’éjeet,sorf’d HdCcHy saPrest, subshsatai dnd a

secoadk heafe t meadd®IYt des HorRgcRef ore the preparation
step, - the said second heat treatnent is carried out

wi th a tHer miit9Budgeempovmirutan heaki ni tiemtdrer malis  RTA
bhdegt i heyond which defects will appear during the

hi gh tenperature heat
- the high temperature heat treatment is a smoothing

annealing,

- the process includes a second treatment in
association with the preparation step designed to prevent
the appearance of defect lines during the high temperature
heat treatment,

— the said second treatment includes a second heat
treatment,

- the said second heat treatment is done before the
preparation step,

— the said second heat treatment is carried out with a
thermal budget lower than a limiting thermal budget beyond
which defects will appear during the high temperature heat
treatment,

- the wafer is an S0Q wafer and the second heat
treatment is carried out with a thermal budget less than or
equal to the thermal budget corresponding to two hours of
annealing at a temperature of 700°C,

- the wafer is a Germanium on Silicon wafer and the

second heat treatment is carried out with a thermal budget
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treatnent, - the wafer is an SOQ wafer and the second
heat treatnent is carried out wwth a thermal budget

wo ews/ostsan or equal to the thermal budget correspB4®4326

to two hours of annealing at a tenperature of 700 OC,

- the wafer is a Germaniumon Silicon wafer and the
second heat treatnent is carried out with a thernal

budget| ess than or equal to the thernal budget
corresponding to two hours of annealing at a

tenperature of 500 OC, - the said second treatnent
Laebudesna osecond lchendad theataenbudget heostésbonding to
geco d che cal treatnent is carried out afteg t he

Feparat? o sﬁQﬂ?allnﬂhétsélEeQBSBﬁHuEﬁeﬂ¥c%9 tGeat nent

uses thendl &ty predhdelirelaBnhg iat1d6¥sehCBbR8nd - cﬁgﬁlcal
second chemcal treatnent is associated with an oxid

4epBENERbn and then selective etching of the oxide so
as to_dgfd ng;a8 %%%Q'n@lg cﬂ’?érﬁi%arl’ £rd ec‘r‘rf‘ﬁ d; §e(‘tocf}que out

chem cal treatnent uses etching on t prOJectlng bac
fhter th@fﬁ&%ﬂﬂnﬁﬁi@@oﬁ@epneatnent i ncl udes a second

mechani dJ tgggghd il %ﬁcgﬁl se%ond mechanj C$|%IE type
€

treatment i's carr i ed ter the pr rarfon
bﬁeweécﬂndxn&ph&nma@letbeahgent uses attack by a
di anond Iasenﬁg{ i.oni.c honbardnent of neutra

mol ecul @& SELTHE e A R & ridatdiRciided with an
becat @obpéshiing aind heidn RE1cteiaketanbgyebs the oxide so

as to define an etching pattern,

- the said second chemical treatment uses etching on
the projecting back face,

- the said second treatment includes a second
mechanical treatment,

- the said second mechanical treatment is carried out
after the preparation step,

- the second mechanical treatment uses attack by a
diamond, laser or ionic bombardment of neutral molecules,

- the second mechanical treatment uses local polishing
at the ring, to make a bevel,

- the second treatment includes the definition of
regions that are to be isolated from any singular points in
the surface layer of the wafer,

- the second treatment uses a photolithography that
etches grooves delimiting the said regions in the surface
of the said surface layer,

- the said isolated regions correspond to required

locations at which chips will be formed on the wafer,
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- the second treatnent includes the definition of
regions that are to be isolated from any singul ar

w@eioshsieBN t he surface | ayer of the wafer, - ther/moon®4326

treatment uses a photolithography that etches grooves
delimting the said regions in the surface of the said
surface layer, - the said isolated regions correspond
to required | ocations at whith chips will be forned on
the wafer,- regions are defined such that their
contour does not forma projecting angle, the top of

whi ch- cead brfDrana & figiddarsupal fhathahegoub&nbéur does not
associated with a defect line. Other aspects, purposes
BAEM adv APt AHRSE 019 t ABIL Avertticont W | PEbedbid cFeater form a

aihgn1seadh NG thed AJdaw Be deseri RELONOEh td&iefect line.
invention made with reference to the attached draw ngs

on which, apart fromFigures 1 to 3 that have al ready

been nt ab o Flg 4 4b2,
4cl a(?ltgkv%gZ glrgggg?g’gr a%ﬁgﬁogetsopua\(/r?éemsggﬁgjcan‘ﬁ??i %% the
ihayetioaf gill hdkechas mdtealreen dfiteat eceaaticony dilng following

the i tion_ In th fi . Figure 4a sh th
UBFRFLBBT 7 o Sfhe 15 epll &0 F 0% SFEE° It e ABF ARG 462 ©h

shodchde SaaRingd esn afih £6h I hepprieparad i DIy EiedP - to 3 that
"singul ar points" type defects being shown in figure

hpve Wit EPR % REFTRMCHFGEF SFalPPal 20PE% deri ved from

Fi gure Aallyrdd gurgs 4dpiand,4¢2 ape, di agranmghlic VIeWs are
of the same wafer, which have al so been subjected to a

Al ghir aepglerat e hweelts t ebad newnt t bf tayen neafrepdiatt ilas not
gégg't£%5%%d according to the invention. In these figures:

Figure 4a shows the wafer before the preparation
step,

Figures 4bl and 4b2 show the same wafer after the
preparation step - "singular points" type defects being
shown 1in figure 4b2 which is an enlarged partial view
derived from Figure 4bl,

Figures 4cl and 4c2 are diagrammatic views of the
same wafer, which have also been subjected to a high
temperature heat treatment after the preparation step. Once’
again in this case, Figure 4c2 is a partial enlarged view
derived from Figure 4cl. These figures diagrammatically
show defect lines that form secondary defects.

~ Figures 5a and 5b sﬁow two diagrammatic
representations of steps in one embodiment of a treatment
according to the invention (the wafer treated being shown

in section in these figures),
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again in this case, Figure 4c2 is a partial enlarged
view derived from Figure 4cl. These figures

waolagnsmaat i cal |y show defect |ines that form BermBrdewy4326

defects. - Figures 5a and 5b show two di agrammtic
representati ons of steps in one enbodi nent of a
treatnment according to the invention (the wafer
treated being shown in sectilf in these figures), -
Figure 6 is a view corresponding to the views in

Fi gures 5a and 5b, illustrating another enbodi nent of

t he invanRtir@n, ¢- ikl QIr eseda do rkepshawnthr@e the views in
di agrammatic representati ons of top views of wafers,
Figweas atd ngnd vhri ditl VeME8GLRENA NG PeRe Tppeifieds. oAs the
A@Qngd above, the invention is applicable to multi
-layer wafers with differential thernal
char actfEgusteiscs 72" Di fter efiti al shher nakhree  diagrammatic
characteristics" have been defined above. In .
%%Eeisceuecfrﬁl%rﬁeyogor?%péﬁ&wtso %Edi"f%tgerresrfcelil%utsﬁéatlng a
eoef {rtcicamicsliafenttherfmaheexpaast bon of two | ayers in the

wafer, if this difference is Iargfe enough, t o genera ﬁ
secorftfar JeREFRRES HRAY SrhetHaf e Vite téRPosed # pélﬁlaé e to

henperai e heatatreeat mentyid ordeyi fre raveidithe  thermal
generation of such secondary defects and to apply the

Aenirsigststdfsof the "starti ng point" effect nmentioned
above.fdemnstiated by, %ﬁaﬁf%h%‘%tékfé%i@é“ defng%s been

in a wafer - for exanp ects on 1ts disturbe
def frack -alfoven st ant i pgrpocntsrfr otmheli clromrelspladgerto  a

f¥¥g¥¥%-e q%fegﬁg gg§%§¥%¥g§g§x%fh%ﬂé¥%§1Igéggnsion of two
layers in the wafer, if this difference is large enough to
generate secondary defects when the wafer is exposed to a
high temperature heat treatment.

In order to avoid the generation of such secondary
defects and to apply the demonstration of the "starting
point" effect mentioned above demonstrated by the Applicant
(initial defects in a wafer - for example defects on its
disturbed surface - form starting points from which much
larger secondary defects are generated during a high
temperature heat treatment), the high temperature heat
treatment according to the invention 1is preceded by a
surface preparation step of the wafer to be treated.

This preparation corresponds to a thinning step of the
surface layer of the wafer.

It may be achieved by polishing (but the preparation
step may also include thinning of the surface layer of the
wafer by ionic etching - ion or ion cluster bombardment, or

by chemical etching - dry or wet).
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tenperature heat treatnent) , the high tenperature
heat treatnent according to the invention is preceded

wy00a/051684 ace preparation step of the wafer toPdEIB2004/004326

treated. This preparation corresponds to a thinning
step of the surface |layer of the wafer. It may be
achi eved by polishing (but the preparation step may
al so include thinning of theldurface |ayer of the
wafer by ionic etching - ion or ion cluster
bonbardnent, or by chemcal etching - dry or wet) .In
the chsetioéd paepacat bospdyaPdd Shy Ngolidhsng ypeniof type of
pre aratjon polishing is preferably a nechani cal

A GOt cRPY L pBI RS hilky. Prisr abiye df ME6hRBAFAY-chemical
@Mpye§o1££K¥hjfOﬂE$§et§¢6f@§e $§Y§E1§5‘¥@m6¢b§hbeOA from
defects are |ocated. It also eﬁ)lmnates initial
tlet e sl 3¢e thRyssurdrae@ilchy heoflef het naded tdratasbul d
gener A e 5eeondatys felect § QRgenvede AULLOO @ htcgh surface
tenperature heat treatnent such as snoot
aapeal pifig. thﬁweﬂa&p@tl that Iwasldbsmneecd:’dehadectdreiam @ffects
su i.m nar | shi ng or e e
e TR T Tl o L EeRE g BB b8P b SRR such as a
J;ny@ldsﬁgﬁ@te&dqe'ﬂumﬁgphere for a durat| on of about two
hours, on_an_SOQ wafer. And this t%/lpe of snoot hin

anneal 1hgPHPYLABET g&idsT aP RS S DcaPrEn tifelsBcatidasyich a
ged eohisnd %ﬁiﬂﬁgﬂf%d %t%@a@%¥‘%§bﬁﬁl§|gﬁEEQQh@ntly enabled

m croscopy) , defects which are observed in'th

%m@@ﬁR%PQﬁa@@$%ﬁl®®|P%ﬁ@ﬁgao@Y§¢@9E§ﬁtﬂdf@ﬁQOSPNéﬁe for a

beleide & 3qeoRdLAY (8L hE s8YSUEQn My be

used tac ment - o the nu ayer wafer froma
And thls type of smoothing anneallng did not generate

dislocation type secondary defects (observable in

transmission electronic microscopy), defects which are

observed 1in the absence of prior polishing on similar
wafers.

Note that the process according to the invention may
be used after detachment of the multi-layer wafer from a
donor substrate, for example detachment by the addition of
heat and / or mechanical energy at a weakening interface.

Thus, the invention may be used for example in a
Smart-Cut® type process.

Remember that the Smart-Cut® process can be used to
build up multi-layer wafers and requires a step in which
wafers are detached from a substrate.

In this context, it is possible to use a Smart-Cut®
type technique to make multi-layer wafers with differential
thermal characteristics, then to treat these wafers by a

high temperature heat treatment such as smoothing
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donor substrate, for exanple detachment by the
addition of heat and / or nechanical energy at a

woweakesicsy | nterface. Thus, the invention may beT/IE8H/004326

for exanple in a Smart -Cut(r) type process. Renenber
that the Smart -Cut(r) process can be used to build up
multi -layer wafers and requires a step in which

waf ers are detached froma sibstrate. In this context,
it is possible to use a Smart -Cut(r) type technique
to make nulti-layer wafers with differential thernal

ShdActRf | stilttout! R er@ ihgedkcbhagseyaéeest HY (fohi @bample
tenperature heat treatnent such as snoot hi nganneal i ng,

of tHrutdissakiing Sséeefdary defects (for exanpl e of
the dislggal 'eg&%ptl%p%)nbodhﬁehp_' 8fe’éﬂ5p£§v§HPP§rh e st ion

the invention, 1nsertion of a preparatl on step
¢haeat malparrlaylby ;s@lepshamg)tll@e:tlweém’ wryerpcthesfvmgér sbetween

af!l' dteh Chege nd me@e%ahc e& gahn niper aél%lé% ?m er%ture
Treatment"1s° ap can avoi d the appearan e of '3

Is@i:mntd:&reytméeftemss a(ﬂipﬂlil@gl,thenhiagblﬁeﬁnerappe@rdme@é of such
treat . d nore generally, th vention can be
R e TR TR T R Lot i PP oot raRaE S2gre” heat
mddimed@yer wafers with differential thernal

characteristics: the inventionis not limted to
mfer@%@t%%@@nwaélSwaFPe @VFP}l??p@afbr%%e‘é%ed to apply

HREE G, éﬁ},actuxteh%e%'tgfﬁrte%%%h%urt‘é RS@EJ[&%M&M with

be” any type of high tenperature heat treatnent. It may
&l fee fyn tdierle thﬁmatl arfred d ey irddes : Afdher egaraditéss dgfs not

1m1tee@chc§ T Ferd br{%}{ngg gysgogﬁgrpgcgt%ecype %rocess

Remember that the high temperature heat treatment may
be any type of high temperature heat treatment.

It may also be done in RTA annealing mode.

And regardless of the embodiment, it may be a
smoothing annealing.

Note that a second treatment can be associated with
the preparation step (which then corresponds to a "first”
treatment), designed to prevent the appearance of defect
lines during the high temperature heat treatment of the
wafer.

Note also that the terms "first" treatment and
"second" treatment do not involve any chronology or any
systematic sequence between these two treatments.

The Applicant has observed that the preparation step
itself can cause singular points on the wafer (for example
at the wafer ring), and these singular points are revealed

and amplified during the high temperature heat treatment.
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Note that a second treatnent can be associated wth
the preparation step (which then corresponds to a

WO ooses7634 r eat nent) , designed to prevent the PCT/IB2004/004326

appear ance of defect lines during the high tenperature
heat treatnment of the wafer. Note also that the terns
“"first" treatnment and "second" treatnent do not

i nvol ve any chronol ogy or amy®systenmatic sequence

bet ween these two treatnents. The Applicant has
observed that the preparation step itself can cause

Si Ngutcy PRAM Be ONthdge Waigulbor pexafbl @adt ddieraieid to
ring) , and these singular points are reveal ed and

BARET 3 od MG St NI glﬁ’otléﬁﬁer afQreck@gple micro-tearing

Lreptdgpds o ¢xanpl e, these singular points may
correspond to material "mcro -tearing" points - for

exanpltee nhppbicamiar hag dthusheohméevedi AdgfeThe arranged in
plic h bserved defect in | s
e$‘dZ(foect ﬁleﬁe(gé)olt gppggﬁ%dugﬁbﬁég?hgﬁ%m@ LRg high

tempaefattuﬂeeHmt ttrleeatnmant These defect |ines are due

to singul a nts inerated durlng t he prepa tion
(parti earI eo? t hetta3e BFpoFiiEhi . s fReints

4bhe vt bR r 4 ﬁ%@d5&%%a@b@@6ﬁ”ﬂ§bk@@EhYati§Uﬁéfaﬁﬁé case
er ec

generatl on of these lines: Figure 4a shows a
off AR BTt top view of a multi |ayer wafer 100

COMpI &1 NG 2 @Jbsmlata%dll@oé Or4‘&1‘%&5‘64J:Q"‘@Ea!;f‘éﬁ%ﬁatlcally

and a surface l'ayer 120. The |ayer 120 has a di ameter
sllghttatd msletrhia;nomh@fdrtaﬁ%edeéécthJelmexyer 110, and

thus gﬁ&ﬂgaa4£rgh8%gi%gchagrammatic top view of a multi-
layer wafer 100 comprising a substrate 110 forming the
lower layer, and a surface layer 120.

The layer 120 has a diameter slightly less than the
diameter of the 1layer 110, and thus forms a projecting
peripheral shoulder that leaves a peripheral part of the
surface of the layer 110 exposed.

This annular peripheral part is known as "the ring".

Figure 4a shows the wafer 100 Dbefore polishing
corresponding to the preparation step.

As can be seen, the contour around the ring is
regular.

Figures 4pb1 and  4b2 show corresponding views,
representing the wafer 100 after a polishing step has been
carried out on it (typically CMP polishing).

Figure 4b2 shows that the polishing has caused micro-
tearing points 130 at the wafer ring (these singular points
being represented in an exaggerated manner enlarged in the

figures).
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peri pheral shoul der that |eaves a peripheral part of
the surface of the layer 110 exposed. This annul ar

w@eoospbmBal part is known as "the ring". Fi gurBCHBB2004/004326

shows the wafer 100 before polishing corresponding to

the preparation step. As can be seen, the contour

around the ring is regular. Figures 4bl and 4b2 show
correspondi ng vi ews, represeﬁ?ing the wafer 100 after

a polishing step has been carried out on it (typically
CWP polishing) . Figure 4b2 shows that the polishing

has chigedesn écd antiedri2ng ldaisttratd3Qegtedthel Waferi40 that

h I ts b t ed
RB0BBI B Ea® RRRNETS oS gute T AL PGUPLTCoF] BipRsa high

dehpandtdee hekhystirakemdatect IJuedddttilatagitAned to the
appear starting fromthese singular points, when a

HigRT t enperature heat treatnent is subsequently

appl i ekt o d:he W@f%%co%ﬁer@£85€héh§6989d a3t pent %ﬁ the

performed on the wafers to prevent the appearance o
vhéses défcecprevars durd ngrpeerdmigh tdnpehaser eldfeat lines

%g?€#€FQ%% é%gﬁ?%@ﬁé@%é?ur&”BQaEP?rQaFﬁarat{°£n§§§$%iation

expression "Irn associa
vheh prtleparadparatsitcep sdees not inply that the

conplementary treatnent. is necessarily, done at the .
sane %%n%&gé ?ﬁesﬁ?%pa£5?|Sﬁprﬁﬁ%9%%cohﬂ £F At HRmOhayt th "
ghsopbepspnei bef ot ep otodd t st t NEp Py epREat tRA SbBPlementary
treatment 1is necessarily done at the same time as the
preparation.

The second treatment may also be done before or after
the preparation step.

In particular, the second treatment may include:

~ a heat treatment, and / or

- a mechanical treatment, and / or

— a chemical treatment.

This type of second treatment can limit the generation
of singular points (which as described above correspond to
points that can give rise to defect lines during a high
temperature treatment) during this preparation step.

In particular, this limitation of singular points
enables limitation of singular points at the wafer ring.

Thus, this type of second treatment minimizes or
completely prevents the appearance of defect lines during a
high temperature treatment.

It is said that this second treatment may be done
particularly by a thermal, and / or mechanical, and / or

chemical process.
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In particular, the second treatnment may include: - a
heat treatnment, and / or - a nechanical treatnent, and

W0 2005/057639 chemical treatnment. This type of secP@mIB2004/004326

treatment can limt the generation of singular points
(which as descri bed above correspond to points that

can give rise to defect lines during a high

tenperature treatment) durimgtthis preparation step.

In particular, this limtation of singular points

enables limtation of singular points at the wafer

ri ng.ThEhUgaid hergoee of seaond ds@idrenteindnd zi8S tF cut
conpl etely prevents the appearance of defect |ines

HRUHY Bhdi yRIEENPARGt U 1HERTEMRTAT t SPst8AFd ithdorms &

this seqand J8at ment may be done particularly by a
thermal, and / or nechanical, and / or chem ca

pr oc s ssThendratepirostr o trarch ks seeofrrarleat premigd out
%fte‘f:f"tth%rgaur;]e%at eci\g%f esrtggl.ng (in other words so that

or s gul'ar contour) . A second chem ca
treatTreird | sygpe ef ef ablsgcoadr i etheouttadf t érreatent may in

reparation step. This .type of second chemc
BT e Mt olar o8t NeE LeRERf nG. TOF G¥grele an
I@il@hitgge' cﬁ? exanphg amaRl Bndypepdhpaetinbhig dyhaparticles
uses bonbardnent by particles that are chemcally

Fealeta e SHaH e YooRB&AEE WATRr Ehe PRHPRr b &vdfide
exposgf fiace ofsd,hend RGpReeds rheberPERtect 84 hfeds to be

advance. This type of protection is necessary
pevtecigdriy ddrande. cBvies ofyrs &F EPrgpectdign etghiiegessary
particularly for the case of an RIE type dry etching.

The back face of the wafer also needs protection for
wet etching.

It is important to avoid using a high temperature heat
treatment when performing this type of protection.

Therefore, this protection of surfaces to be protected
cannot be done by oxidation involving a high temperature
heat treatment.

One preferred solution for building up a protection
layer consists of depositing an oxide on the surfaces to be
protected.

In particular, this oxide may be a PECVD (Plasma
Enhanced Chemical Vapour Deposition) or LPCVD (Low Plasma
Chemical Vapour Deposition) type oxide.

The choice between these two types of deposition will
depend on the type of operation selected to cut around the
wafer ring afterwards, and also on the difference in the
coefficient of thermal expansion between the layers of the

wafer:
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The back face of the wafer al so needs protection for
wet etching. It is inportant to avoid using a high

W0 eorpes®mBUr e heat treatment when perform ng t hPSTAB20E/004326

of protection. Therefore, this protection of surfaces
to be protected cannot be done by oxidation invol ving
a high tenperature heat treatnent. One preferred
solution for building up a ptdtection |ayer consists
of depositing an oxide on the surfaces to be
protected. In particular, this oxide may be a PECVD

(Pl asmy, Bsfrancad,dehefigd: (Mapours Repesidd o)t QfpdPB\Re of
(Low Pl asna Chem cal Vapour Deposition) type oxide.

Frreute MR € beab ettt higwr afigr e Yiresioid desfsdsian orpfgng with
on.the type «of: i 0RQ; d . d
jt?' end onsth é’@loé‘lc%glgt’ﬁ%}' &f?&e&{@ E%g?#%c?@glﬂg of

e wafer ring afterwa and also on the erence
expareiaoefficient of thermal expansion between the

| ayers of -t fer:- _a PECVD type deposition is done
ot ot AR SVBF H6BRrTRo0n O HRAT A ¢ P BReT e e of
asetk eveoD ‘@) walner s tietrl fbager samwi t bnsygnibé i casddy if the

di fferent coefficients of expansion, - an LPCVD type
Pt 4 BH T sChsdd S t BRPRRAL R e O EB%uth%C}n the

ekt herefrie16ariqnh%be used if the coefficients of
thermal expansion of the layers in the wafer are

fairl§n sithiel acaspn fPhe @daseeW amfsoQ waher, tvhe tviees of
& c?sc‘iipfdor{jeeg§i&i ol C&?\Lijsﬁgeec?ng.ﬁﬁégeqty fgeoibtseir%ed that
observed t hat

defect lines start to appear from a temperature of about
750°C.

In the case of a Germanium on silicon wafer, the
defect 1lines may appear at temperatures lower than in the
case of an S0Q wafer. Therefore, it will be preferred to
use a PECVD type deposition.

The next step after depositing an oxide on all faces
of the wafer, is to selectively etch the oxide near the
edge of the ring, so as to eliminate this oxide.

For example, this selective etching may be done by
photolithography.

In photolithography, the deposited oxide 1000 has to
be covered by a layer of resin 1001 as shown in Figure b5a.

This figure shows a wafer 100 in section, in which the
peripheral edge 1101 has been exposed by such a selective
etching.

The other parts of the wafer remain covered by the
protective oxide 1000.

The next step 1s to remove the resin 1001 and

selective etching of silicon around the peripheral edge of
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defect lines start to appear froma tenperature of
about 750 0C . In the case of a Germaniumon silicon

wowdosns;7eshe defect |ines nmay appear at tenper apCr/EBR004/004326

| ower than in the case of an SOQ wafer. Therefore, it

will be preferred to use a PECVD type deposition. The

next step after depositing an oxide on all faces of

the wafer, is to selectivelyz%tch t he oxi de near the

edge of the ring, so as to elimnate this oxide. For
exanple, this selective etching my be done by

Phot olng hogy apftown 1im fHetualel thogbaphyist fegdeppsth&€darrows
oxi.de 1000 has to .be covered by a |ayer of resin 1001
RLRYGIFE | T Fi "G OPFRAELP gur e shows a wafer 100

In segtd bsd1t W@i%hrﬁﬁ%_ﬂ@%hpaeﬁﬁéaﬁdgﬁdléﬁéobﬁsp$%¥5hery
exposed by such a sel ective etching. The other parts
B LR Hee v eginiod néSver ed by the protective oxide

1000.5 THEi ReXl BEEP ti$el Qecc%ﬁ%ve%tt h?r%%isg&rjegﬁlt%péjemark) ,

sel ective etching of "silicon around t periphera
eigeetofd Ney rilng, SBE shopany ncbifdr elSb penusskids to do this

i qur r.r nmbaol i ze,_t he_et ching operation) .
{r}ﬁgéjrogfsuﬁtteelcglé’%\r,\%ﬁ%%\hn?hog E%%aﬁl%%d smoot h peri phery

W t h Imo shixgubaripet neBowA Ipi Ifikghahkers t ypee equiERRENDO is

i st dtrad k) ,.marketed by the SEZ conpan
5&%6 o 3 e ESed a)taobﬁﬁf‘sfegﬁe oPPeeletiyetne face on

W i Rheofritne thi BE. chi hhbsnyard aicsthoywn in figure
6, the wafer 100 is

The said back face was covered by a protective layer
1002 before this etching.

Figure 6 shows arrival 20 of the etching product on
the back face of the wafer 100.

The chemical etching product may be allowed to overlap
slightly on the front face of the wafer (facing downwards
on the figure), the path of the chemical etching product is
shown symbolically in the Figure by arrows.

This makes it possible to attack the periphery of the
layer 120 and to make the ring uniform.

Note that a neutral gas flow such as nitrogen is
applied onto the main face of the layer 120, during this
operation so as to avoid chemical etching solutions running
on this main face.

Etching done according to this +variant will be
referred to as "overlapping back edge etching".

A second mechanical treatment may also be applied,

using mechanical cutting around the ring of the wafer.
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chem cally etched on its back face, opposite to the
face on which the ring to be cut around is | ocated.
wa bmsesicsy back face was covered by a protecti vBCT/BB2004/004326

1002 before this etching. Figure 6 shows arrival 20 of
the etching product on the back face of the wafer 100.
The chem cal etching product may be allowed to overlap
slightly on the front face o#4the wafer (facing

downwards on the figure) , the path of the chem ca
etchi ng product is shown synbolically in the Figure by

arr owsi kel Nt Be MBkeSNHt PRSSIANe treaitatk dhecded | REREYoned
of the layer 120 and to nmake the ring uniform Note
ghave a Held ralPy & f95RsuERCASPACRL0§ERCPESappl PEgferably

bt o 1Hhe Al ];%ClQ.s%fin%h%tleﬁyer 120, during this

operation so as to avoid chem cal etching solutions
runnifigi onmehhsnimah fracatmEnthiney dopetacebading meke use
this variant will be referred to as "overl appi ng back
Q > H n H

edge etching". A second nechanical treatnent may al so
be applnethanisialg meotanieal cautinggaabaudd tihke fimg This
of the wafer.Like the second chem cal treatnent

BRHcBEsIRBAL 688 Ve This & VIS Gt Feconiic Pombardment

BEChaM £ I1eCRSed TaRieher abkinindope alierridie.
pol i shing step. This nmechanical treatnment may
par t i TUldly RedkENISE aft: thepBehani £F s g

cutti a{PFst%E%nB!%%atTmf%a%ﬁﬁnQepQQQ%s%Sﬁnglﬁged, this

di anond, a | aser or ionic bonbardment of neutra

topecof esreziustmy il aarwiegadfl vt kioser brgore the preparation
step.

Note that a second prior treatment carried out in the
form of a heat treatment can also consolidate bonding
interfaces of the wafer layers (for example between a
quartz layer and a silicon layer) before the preparation
step.

In the case of a second heat treatment, the applicant
has alsco demonstrated the existence of a limiting heat
budget beyond which a subsequent high temperature heat
treatment would cause the appearance of supplementary
defects, and / or encourage the appearance of the defect
lines mentioned above.

Therefore, the second heat treatment must be carried
out with a heat budget that remains less than or equal to
this limiting heat budget, which corresponds to a maximum
heat input that can be applied to the wafer during this
preliminary thermal heat treatment.

The limiting thermal budget depends on the nature of

the layers of the treated wafer.
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- local polishing at the ring, for bevelling. And if a
second heat treatnent process is used, this type of

woewabsmsd | s preferably done before the prepar@t/iB2n04/004326

step. Note that a second prior treatnment carried out
in the formof a heat treatnent can al so consolidate
bondi ng interfaces of the wafer |ayers (for exanple
between a quartz |ayer and a28ilicon |ayer) before the
preparation step. In the case of a second heat
treatnment, the applicant has al so denonstrated the

exi stengeiafl padtidutlbng heat dppdgelarbeynd abi€hnfaed that
subsequent high tenperature heat treatnment woul d cause

FHéSabb%aFlametf&frr%%}pﬁ%ﬁt 5Py r8&PRBES, tahd / or

enCOULaﬁ@rt§6Q399§@£§nc§n§€aifﬁbC%%f%% dines ﬂ@Ptt@@egours
above. Therefore, the second heat treatnent nust be

éérﬁlé@mnﬁraWW¥¢1Qilﬂﬂﬂ:Cbudget that remains |ess than
or equalk_fo n b wh
corresp%'nn%lsgg%gn}uﬂﬁ]%h 43% ngg%ﬁlt %@ﬁe?}lng carried

appl fed twntmmumwﬁ&ﬂ aﬂnemmgrahusepbélﬁnohary t her mal

heat t t th udget de ends. on
the. b EReTER s neticiia's 5% e ch Bat B et 6 SRRACRRe | the

parktcuhabr bhRecapphd Ccamt bascgdeteasd nedrt baé t8h& thermal
limting thermal budget corresponds to: - for SOQ
REfers, 2RAN | FRPRSAGUEE 6aP P6r LPRBTABurer afice versa.

tenpef@tuﬁ§SOfbégH)(g%en dybv@er%ﬁ@%uwﬁgﬁfékghgontypes of
waf ers, annealing carried out for two hours at a

{ enperdl ureeatmsnos Ocan minimize or completely prevent the
appearance of defect 1lines during the high temperature

treatment applied to the wafer.

Note that the invention is applicable to all types of
multi-layer wafers for which materials have differential
thermal characteristics.

The invention may thus be applied to an SO0Q type
structure as described.

It cén also be applied to wafers comprising a surface
layer made of Germanium or SiGe (particularly SiGe rich in
Germanium) on a support substrate (possibly silicon).

According to one variant embodiment of the invention,
it may be required to treat these defect lines only in
regions of the wafer in which chips will be formed later
(particularly in the useful layer of the wafer).

In this wvariant embodiment of the invention, the
second treatment includes definition of regions 1200 that
are to be isolated from singular points (singular points
that are formed particularly around the periphery of the

wafer ring as already mentioned), in the surface layer of
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Qovi ously, during the second heat treatnent, the
duration of annealing can be extended for the sane

wo b@snosicsbudget and the tenperature can be | oveeEB2001004326

vice versa. It has been seen above that different

types of "second" treatnments can mnimze or

conpl etely prevent the appearance of defect |ines

during the high tenperature 2¢eatment applied to the
wafer. Note that the invention is applicable to al

types of multi -layer wafers for which materials have
ehd f epesti aliatber nelo char acgerést ues.colheci nventihan 6, the
may thus be applied to an SOQ type structure as

AR rFHRE SIS OfF N4l $5Ke 1ApHEPBESE 0/ MaF@r & )conpri si ng

a surdaceslayel,Jmde of;i Ger proi Wa of ;SI{& in each region
(particularly SiGe rich’in Germani um on a support

52bstrate (possibly S|I|con) . Accordi ng to one
var i t e@béﬁ&%?“ bnvggtlgeieCE olated by
ec

reqU|red t'o Treat t ese i Res “ont % reglons
p)l’ﬁo’d:dﬂhltlbaf(_.ﬁfapkfy whbgh eG'J'a:IhFlSIgWI dtodnes o Odé@ﬂmi*aileg the said

artic A the useful |a f the fer) . In
% %PQ&:ﬁéﬁd rerit 26F Pﬁegpﬁv %¥?5n1¥$ he second
t r eat1iyHe i nﬁé@lﬂ@‘&s defpopti QBeresbéﬁdon?tolZQ_Quet hat c@d€ions
to be isolated fromsingular points (singular points

THa 28% FUr Rkl BFarlto @ﬁléPF?eﬁréﬁnﬁh?rﬁﬁ i phery of
the wafgr-d 79 agual ready gy faﬁ’r@r%@lcal'lga {lgLuZéétrzrfaac%% two

| ayer o the waf er (layer 120 1n figures
entess 1he sereh ref evkhele bethydesethiee freuress 782¢b that

ﬁ&ée be%l}}dogolaec %’aéro%hlse%gﬁgrbgokgggt ?90' D88 &lj] the edge

of the ring, the said singular points being capable of
generating defect lines 140.

Concerning this variant embodiment of the invention,
the applicant also determined that defect 1lines were
preferably oriented along given crystallographic
directions.

In particular, this has been observed on S0OQ wafers on
which a high temperature heat treatment has been applied.

Preferably, the contour around regions 1200 is made
such that these contours do not have projecting corners
that could form a singular point, that could alsc
correspond to an "initial defect”.

Therefore, contours without projecting angles are
preferably made for regions 1200. For example, these
contours may be in the form of a circle or an oval.

Figures 7b and 7c thus illustrate poor configurations

in this respect in which the regions 1200 are blocks, in



The regions 1200 can be selectively isol ated by
phot ol i t hogr aphy, by etching grooves delimting the
we 200d/0578% ons 1200 in the surface of the | ayerpd2iB2004/004326
These regi ons 1200 correspond to the | ocations
required for chips to be fornmed on the wafer. Figure
7a thus very diagranmatically illustrates two wafers
100, each of which includes 2hree regi ons 1200 t hat
have been isolated from singular points 130 around the
edge of the ring, the said singular points being
sRpab! e-frgengiat agndetectin | ings Jp&ip@@&%er RhBE should
this variant enbodi nent of the invention, the
Bppfeeamty dts@vetd®dri ned that defect |ines were
preferably oriented al ong given crystall ographic
directions . In particular, this has been observed on
SOQ waf ers on which a high tenperature heat treatnent
has been applied. Preferably, the contour around
regions 1200 is made such that these contours do not
have projecting corners that could forma singular
poi nt, that could also correspond to an "initia
defect”. Therefore, contours w thout projecting angles
are preferably made for regions 1200. For exanpl e,
these contours may be in the formof a circle or an
oval. Figures 7b and 7c thus illustrate poor
configurations in this respect in which the regions
1200 are bl ocks, inwhich there are corners in the
peri phery that should preferably be avoi ded. CLAI M5 1.
Process for treatnment of a nmulti -layer wafer with
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materials having differential thermal characteristics,
the process conprising a high tenperature heat

wop@ansmBe step that can generate secondary dePELAB2004/004326

characterised in that this process includes a wafer
surface preparation step before the high tenperature
heat treatnent step. 2 . Process according to the
previous claim characteriseffin that the said
preparation step includes a step for thinning the
wafer surface layer. 3 . Process according to the
previous claim characterigedMan that the said
preparation step includes politshing. 4 . Process
according to the previous claim characterised in that

pol i shi @&Jc%sge%i@ au&é}@an G2l aPahi13hing e vafer with

Process according to claim1 or 2, characterlsed
mmmridﬂ@ Stad i gy e@afmnmlﬁlepthemmesh@rﬁqustoms, the

hem cal etchln e dlngtoayoe
Ff%ocepsrsev?%lﬂ%rlc? ?‘aict e% LEGUFR TIRSE ¢t réeaséneélt step
thdd efemt gézheteh@é nﬁéc@twa@ct@ﬁéﬁus:,s @mnfaemid;etdo im that
conbi nation of the foll ow nggtwo con |t|ons -

Heast PEOMESPay st ¥1et hé WAFEFT ard BFSBaﬁFFhOH step

Wi £ .8 efie M Rlen®@) @aeak@nhégefﬂ@a@ﬁg@u stddhere is a
| ayer with a significant thickness close to the

sur f &ce E]%?;F@lssof taﬁ-‘é:q}éélfl@ﬂ asd6xi atté‘d3 WI tFPﬂ-’@aVlOUS claim,
éﬂﬁ¥iéﬂ%f¥g érﬁﬁapallﬁ¥gﬁﬂ§%e s n step 1nclu%es a

signifi cant | ferent ¥ CI ent of therm
@b(enan@mrtfasmcngatt@e wefhrt berfatd kaydmce | ayer.

3. Process according to the previous claim,
characterised in that the said preparation step includes
polishing.

4, Process according to the previous claim,
characterised in that polishing is mechanical-chemical
polishing.

5. Process according to claim 1 or 2, characterised in
that the said preparation step includes an ionic or
chemical etching.

6. Process according to any one of the previous
claims, characterised in that the said differential thermal
characteristics correspond to a combination of the
following two conditions:

- at least some layers of the wafer are associated
with different thermal expansion coefficients,

- there is a layer with a significant thickness
close to the surface layer of the wafer associated with a

coefficient of thermal expansion that is significantly
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7 . Process according to any one of the previous
clains, characterised in that the wafer includes a

WG Rlososmm3sSUpport substrate and a surface | ayerpPaEIBRIGH004326

Ge or SiCe. 8. Process according to any one of the
previous clainms, characterised in that the high
tenperature heat treatnent is RTA annealing. 9.

Process according to any oned®f the previous clains,
characterised in that the high tenperature heat

treatnment is a snoothing annealing. 10. Process

acfoedemy t dramy ahe ofcddfe iprievitousof| ath8yrmal expansion

characterised .in that the process includes a second
??Eﬁ?%ﬁ?diwgégﬁﬁ astailéﬂ SR Ehé2BFEpar ati on step

desi gnedetrdyLVerdcdha nappear aneg obndef gt khBeSprevious
during the high tenperature heat treatnent. 11. o
ProtRSs GRRBAEF ML I tHe Pravi s ¢rbem iephedes eri sélicon

spbbat dhessald second heataeqt, EP%&'@SS%@ SECANG; e .
heat treatnment. 12. Process accordi ng to the previous
cl ai n§- Hrererstser iswwridinghattot hengai dnsecohd hkat previous

nt..i . ore t reparati.on step. 13.
%%%{égg é:élg%ra ?%gl géonler1 OPE?Eeet?l\/\e/o %%%gi otuesfrppcﬁrﬁ%r%,e heat
thaaaodrer | sedRin drhnataltihe .sai d second heat treat nment

i s caS%ried out with a thermal budget | ower than a
t

li i t1 nd 1 H&t el BTGGEL "Fey5Ad @AY chOBEf efs Wf| previous

appeRs, duhiargctBeibigh itrenprEat Wi hgagnht reatig®itcurts. heat
Process according to the previous claim characterised
FRETHERD Y he® \afBoateias sonraates- and the

10. Process according to any one of the previous
claims, characterised in that the process includes a second
treatment in association with the preparation step designed
to prevent the appearance of defect lines during the high
temperature heat treatment.

11. Process according to the previous claim,
characterised in that the said second treatment includes a
second heat treatment.

12. Process according to the previous claim,
characterised in that the said second heat treatment is
done before the preparation step.

13. Process according to one of the two previous
claims, characterised in that the said second heat
treatment is carried out with a thermal budget lower than a
limiting thermal budget beyond which defects will appear
during the high temperature heat treatment.

14. Process according to the previous claim,
characterised in that the wafer is an S0Q wafer and the

second heat treatment is carried out with a thermal budget
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second heat treatnent is carried out wwth a thermal
budget| ess than or equal to the thernmal budget
waeosesesndi ng to two hours of anneal i ng at a PCT/IB2004/004326
tenperature of 700 OC . 15. Process according to claim
13, characterised in that the wafer is a Germani um on
Silicon wafer and the second heat treatnent is carried
out with a thermal budget |e$% than or equal to the
t hermal budget corresponding to two hours of annealing
at a tenperature of 500C. 16. Process according to one
DEst hengh Xopr e4uaus t& ainss, t Khafactwidgead dortddoddigig to
sai d second treatnent includes a second chem cal
Ereai it .00 2NBRddEgs 2coF BMRAGLE B Eh e prdil Sus

clai My charackari $edoi g ddhak ot rLejhasfi‘fi d;second ,cherGaky in
treatment Is carried out after the prepar ati on step.
t1l8at Prrbeessfaprot di g Eermdvel wr evhousi lglcwinm wafer and the

haracterised | h t he sajd sec enj c
FreafTeitt Sbet Ay e VBB RN cfhaya buage
eéehi npan189r RBroeésscacde ditgrriad dned@dft tderteMponding to

revious clains, characterised in that %{e second
a

Benf &S 14 g &5sBcFEPBET R & e

deposid i oG st haacsehesyi veo etgtd ng rof thBe gxkdepsS&vious
as to define an etching pattern. 20. Process according
EH2ENE heFP@FAFRPIFSBE 18 ERaFadhéri seddi Faaead thesatment

$AL P SEC N LREMN Clenli QL FRBLcHSHS, Overl appi ng back
face etching. 21. Process according to any one of the

el evel prisvdceys cl @iceprdéhdr acteri sedei n phaviehe safthim,
EPSETALAAAIL, o) wies S CaRty e AT Rl preatnent 1
charg@d out after the preparation step.

18. Process according to the previous claim,
characterised in that the said second chemical treatment
uses the RIE type of wet etching or dry etching.

19. Process according to one of the two previous
claims, characterised in that the second chemical treatment
is associated with an oxide deposition and then selective
etching of the oxide so as to define an etching pattern.

20. Process according to either c¢laim 17 or 18,
characterised in that the said second chemical treatment
uses overlapping back face etching.

21. Process according to any one of the eleven
previous c¢laims, characterised in that the said second
treatment includes a second mechanical treatment.

22. Process according to the previous claim,

characterised in that the said second mechanical treatment

is carried out after the preparation step.
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characterised in that the said second mechani ca

treatnent is carried out after the preparation
WGEb@p/02839 Process according to one of the two PCEB20MS004326

clains, characterised in that the second nmechani ca

treatnment uses attack by a dianond, | aser or ionic

bombardnent of neutral npol ecul es. 24. Process

according to one of the thredlprevious clains,

characterised in that the second nechani cal treatnent

uses |l ocal polishing at the ring, to make a bevel .

25. Pr®cemso@enor didugridangl ate 1éhe chaff acdrey | $&d i Previous

that the second treatnent includes the definition of

FegiBhs t 67BEAFEEFated from dM?tsi ndif arSpoPits MRChprical

sueiaaent aygEeof Lbeavrfepy 28. B 96688, acCOEE NOoEO jonic
the previous claim characterised in that the second

bpriat rénen i sels %ﬁ%ﬂﬁﬁkﬂmQM%ﬁyﬁﬁﬁhy t hat etches grooves
del L 41 ng-d DR SaLACEeaaRs & bhe U Tese alptde 5ALYious

surface | ayer. roces according to one o
plevmsus chamastechae@ctenlsemaU1tﬂnﬁ t hecerd d mechanlcal

soI ted regi ons,correspaond.t.o req d Iocatlo
KRER R p el B8 R s PcheTharaie | S885py qabake 2

Bé@@tdlng to the one of the three previous clains,
characterlsed in that regions are defined such that

t hei réTomdTeHoedCRoE 4RI mte prjEet tlg dMpdctardsed in

tRRt of LM che &Mt d B NAWAK R nthtehaaewﬂt@ll@@ of
associated with a defect |ine.
regions to be isclated from any singular points in the

surface layer of the wafer.

26. Process according to the previous claim,
characterised in that the second treatment wuses a
photolithography that etches grooves delimiting the said
regions in the surface of the said surface layer.

27. Process according to one of the two previous
claims, characterised in that the said isolated regions
correspond to required locations at which chips will be
formed on the wafer.

28. Process according to the one of the three previous
claims, characterised in that regions are defined such that
their contour does not form a projecting angle, the top of
which could form a singular point that could be associated

with a defect line.



