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(57) Abstract: The invention relates to a method for reducing the rugosity of the free surface of a slice of semiconductor material.
~f Said method comiprises an annealing step in order to smooth said free surface. The invention is characterized in that the method
Af) for reducing free surface rugosity comprising a single smoothing anneating step which i$ carried out in the form of rapid theqmal
annealing in an atmosphere which is exclusively comprised of pure argon. The invention also relates to a structure produced by said
-\ method.
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(57) Abrégé : Linvention propose un procédé de diminution de la rugosité de la surface libre d"une tranche de matérian semiconduc-
teur, ledit procédé comprenant une étape de recait afin de lisser ladite surface libre, caractérisé en ce que le procédé de dimination de
rugosité de surface libre comporte un unique recuit de lissage réalisé sous la forme d°un recuit thermique rapide sous une atmosphere
composée exclusivement d’argon pur. Linvention propose également ine structire réalisée par un tel procédé,
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T 4 January 2006 METHOD FOR REDUCI NG SURFACE RUGOSI TY The present i nvention
relates in general manner to the surface treatnent of fe@B¥d®RE%6.ang in
~particular to treating substrates for fabrrcatrng conmponent s for 5

Mvent i on 1ol atce to a WEOha/005ARadhg SRENTOTAMBAGURNRR WERI WU
surface of a wafer of sem conductor naterral said nethod including an

anne skE ﬁ'nz%& S vl QrBIRL %M riiEe surface. 10 The term "free

sur f AP G St & %ﬁ,a& GBEns o Bkt o B VBHST 4o Wheh e S n@%ROSEA ripiikene

eXternakm%nyqumnemum;tammamnﬁmasmmkn an ensesbese. spok ace which is in

contactemmm@mmIMEBsm}ﬁ@rezmﬁIHhEiH%FImafer or sone othe P

. expl ai ne#. cwe‘p%\w; T IHBYE el otk Baryetye ﬁo se 54 erer aux Nales lzca}zz ivgdje“ N

advant aUBE SHGE ot . PhgodaLr L0 S nAl et
fabricatl tHl Ims or layers of sgm.eengdect or naterral of the type'

descri bed |n French patent No. 2 6.81 472. A nethod reproducing the

t eaching of the above-cited 20 docunent is known as the Smartcut(r)

“method. In outline, its main steps are as follows: a step of inplanting

atons beneath a face of a substrate of sem conductor material (in

- particular silicon), in an inplantation zone of the substrate; 25 a step

of putting the inplanted substrate into




intimte contact with a stiffener; and a step of cleavi 094 BL%YQH& ant ed
‘substrate inits inplantation zone so as to transfer thé portion of the
substrate that is situated between the surface that was 30 subjected to
i npl antation and the inplantation zone, to. the stiffener, thereby formng
athinfilmor layer of sem conductor “thereon. The term "inplanting” atons
covers any bonbardnent of atomc or ionic species suitable for introducing
said 35 species into the material of the wafer wth the inplanted species

having a concentrati oAU ERR A RERY %W&*%BHG?SEHH m ned depth

wi thin the waf er Thelgtdsemt dniveatibanbariess s igeeeraiomasnéo define a zone

of vveakness ghgugggteh togegittrgﬂen%on% of é/\]/:eiaa ness | ;@ EHQER&QP Pft t he nature
of the inpl an Speci es, thé efie gy FsPass0Eiated Therewith

for inplant atfﬁéhlmhnsutbﬁisratt@st forhéalgerraumq @qmﬁtm@ﬁéﬁ"f@s used to
desi gnatse tﬂ?cﬁ:béﬂé@ﬁrérﬁy@ ankd/8RSbEES Sk Yy GHAGH ai‘;lpl%EElSHé(r) type met hod.

The wafer (which is made of sem cohductor materia can t hus be
associ ated with ¥oxg |Hrfeéﬁ'é‘reh’anéhﬁoéﬁ%%/loralrsﬁi%etsht8t Aefetipt ePhedi at e

llayers. Thertausin eg\afrﬁ:_r "rddi;mle%@ gseghd netde prgsent ofeXtwarép spver any
wafer, layer, or fil mof m G duct or te ial &Hlédh as _silicon,

regar dl ess OFThHBEALTtYr rig théaﬁ\%f% Fddf8Bed by a
Srrartcut(r)amyeelmag fE‘.IIZb,p itherdbpetd sno@id caAseLribe Bgrfhae of reducing -

the rgyahness ofy g e ff o8aur £ace. ol (e vty R apRLl catigps of the

type nentloned e ginning o hi's t ness specifications
20 associ atef ai ‘t’c‘thtmethltOéle isuekpeoeed dfo vvdfeer%ct@trea\leWVlE@lv@@@t and t he

ual ity of 1he domaaa kacen SheuRlals dib AAWMIRNCLsWIACOofehsE I nes the
wal ity of corrponents 0
ith the surface of another wafer or some other element).
As explained belbw, the invention can be implemented
15 in particularly advantageous, but non-limiting manner, in
combination with a method of fabricating thin films or
layers of semiconductor material of the type described in
French patent No. 2 681 472.
A method reproducing the teaching of the above-cited
20 document is known as the smartcut® method. 1In outline,
its main steps are as follows:
a step of implanting atoms beneath a face of a
substrate of semiconductor material ({in partlcular
) silicon}, in an implantation zone of the substrate;
5?/ 25 - a step of putting the implanted substrate into
intimate contact with a stiffener; and
a step of cleaving the implanted substrate in its
implantation zone so as to transfer the portion of the
substrate that is situated between the surface that was
- 30 subjected tec implantation and the implantation zone to
the stiffener, thereby forming a thin film or layer of
semiconductor thereon. |
‘  The term "implanting" atoms covers any bombardment
_ of atomic or ionic species suitable for introducing said
35 species into the material of the wafer, with the

implanted species having a concentration maximum at a




be made on the wafer. It is thus common to find roughness specifications
25 thatf nust not exceed 5 angstrons (A) in root nean sq43dakuarf PosG Vval ue.
Roughness neasurenents are generally performed using an atomc force

m croscope (AFM. Wth that type of apparatus, roughness is nmeasured 30 on
surfaces that are scanned by the tip of the AFM m croscope, covering areas
inthe range 1 microneter (pm) x 1 pmto 10 pmx 10 pm and nore rarely 50

bm X 50 Py 0 eYER IR PUXNIAOCHY FORGANSSSTRL B8 characterized in two

ways, in I cul ar. anuary 3 I'n one of these ways, the
roughness bombarted eirf@cepaspeds” hpgefiwryerr@re PEUYRALRESAnd corresponds
to ' scanning arers Mptabit thePibieloPMredihdSte i@t Refuattibrsefways, the
roughness is said to 5 be "I (F)?:fl freguenc‘%[!' rough 253 and. cor‘,rgﬁlsglg?nds to
scanning 5SP8atabiresdutthfo 1P RN EEC piRD legsr'ea?S@:. Phe"ETAY ¥petification
gi ven gbovesbyswayiafed nticdawiion Fsrt hmsiadiatiomughness corresponding to a

scan area of 10.pmx 1 Wafers. pr ed. [y kn hods of the
Smartcut (r) ty{)'g %l}lss%r%rpdt qug're ﬁ%?ﬁ%? %?%@eﬁqta%séﬁrfgggurg%%gﬁnessses of
val ues t hatleaigngredther filan ogpéaiyerchtanakenfed by swehnit ude specifi ed

above, unl _ ®uf Sfhdhe wafer is subjected to specific treatnent,
such as 15§%%ﬁ£ﬁ|: ng.}[,%é:ﬁ?rst C{znown type of nethod for reduci n?bt he

surface roughneBe ofafigat didiichndpsrade o5 uAAYCLRE MREPELS
"convent i opah"tReAtnd RRIMAkelewdthsacst{ i iralr, axiddpbienply20 However,
treatment of Snal ol Y510 S nt2m 2L S 1 iers.

The term “"wafer™ is also used in the present text,
to cover any wafer, layer, or film of semiconductor
material such as silicon, regardless of whether or not

15 the wafer has been proauced by a Smartcut® type'method,
the object in all cases being that of reducing the
roughness of the free surface of the wafer.

For applications of the type mentioned at the
beginning of this text, the roughness specifications

20 associated with the free surfaces of wafers are very
A severe, and the quality of the free surfaces of wafers is
a parameter which determines the quality of components to
'be made on the wafer. ,
It is thus common to find roughness specifications
25 that must not exceed 5 angstroms (A) in root mean square
{rms} value. |

Roﬁghness measurements are generally performed using
‘an atomic force microscope (AFM).

With that type of apparatus, roughness is measured

30 on surfacés that are scanned by the tip of the AFM
microscope, covering areas in the range 1 micrometer {pm)
"x. 1 pm to 10 pm x 10 pm, and more rarely 50 pm x 50 pm,
or even 100 pm x 100 pm. '
Roughness may be characterized in two ways, 1n

35 particular.




-"roughness of wafers to be brought down to the | evel of the above-nentioned
speci fications. Although, in order to further reduce rodganesg2008 is
possi bl e to envi sage increasing the nunber of 25 applications of such
conventional heat treatnents, and/or 3 conbining themwth other known
types of nmethod, that Ieads to a nethod that is |lengthy and conplex. %
Thus;, for exanple, European patent No. 1 061 565 discloses a nethod of

that type, teachhngntengtitesdD aRAcakhadrbahids SQLHsRyt8EeENEH)) at high
tenperature, ~followed by cooling under an atnosphere containing hydrogen.

A second kiGwhefypBigh HERRHBNTONSOMIENLAS s} KQL5GPOPAE FPee surface of
the waf er seaehenycalteaechmnialt 35ppoki shimng. That type of met hod

can-i ndeed enable fhe rqughne of the free surface of .th fer to be
reduced. 4 4 Jiﬂuggﬁ WﬁZ%hFﬁgrga§§r5¥ eef?ﬂgﬁggfscéﬁcgﬁ Fa %on

gradi et beal'loncferagesnddharadsihinke sf red swrfespengfs theswafeing t hat
second knoggeggpgfo£bég%Iygplﬁgq:q@sgmsg£v§iéé£éyqrakgg ?agd wafer down to a
abl e 0 e

zone that presents an accept ncentration of defects, However, that
second knowRetrjpecatiomttistbrprabodet &Y vhE of alistidatdpncdfpEBHFsi ng t he

uni form tyref tBEghhESs W dagRefingheoval &tan Hata dranbagk ks made worse
when a | ar anount of 10 polishing is perfornmed on the surface of the

e
waf er, as gﬁoﬁmd be necessary in order to reach roughness |levels of the
kiind mentioned mboyes prddidedi byownokyipre biodet fud thensiarscun®subj ect i ng

the uafer 10pLapLd ANNCaling el 2p200L ke LSS FLTBRRNSE,s known as

; of values that are greater than specifications of the

magnitude specified above, unless the surface of the

wafer is subjected to specific treatment, such as

15 polishing. '

A first known type of method for reducing the
surface roughness of wafers consists in subjecting the
wafer to "conventional™ heat treatment (e.g. sacrificial

. oxidation).

20 However, treatment of that type does not enable the
roughness of wafers to be brought down to the level of
the above-mentioned specifications.

Although, in order to further reduce roughness, it

"is possible to envisage increasing the numbéer of

25 applications of such conventional heat treatments, and/or
combining them with other known types of method, that
leads tb a method that is lengthy and complex.

Thus, for example, European patent No. 1 061 565
discloses a method of that type, teaching lengthy

30 annealing (about 60 minutes (min}) at high temperature,
followed by cooling under an atmosphere containing
hydrogen. : | N

A second known type of method consists in subjecting
the free surface of the wafer to ghemical—mechanical

35 polishing.

' That type of method can ‘indeed enable the roughness

of the free surface of the wafer to be reduced.




Below in this text, this formof annealing is referred to either by its
acronym RTA or in full as "rapid thermal annealing". | 3 Jahiigryt2bog d type of
‘method, the wafer is annealed 20 at high tenperature, which may lie in the
~range about 1100C to 1300C, for a pegiod of 1 second (s) to 60 s. In a
first variant of this third type of nmethod, an exanple of which is to be
found in US patent No. 6 171 965, the free surface of the wafer i s snoot hed

o e Lot AR U5 URCSL HORRC. AoRIARIARGER oLamalit ! ed by a

m xture general 'y conprisin gen in nat reagent gases
(HO, HF, HBat BrFerecRs, towﬁgdscnwzmree syrfacenofhtBefyakervari ant of the

third typergfe MBiAGMh Krdfnt B¢ @gsfelﬁé&mayc&f alike gbxwr@o capsaiduting the
anneal i ng at nosphere enabl es ? free surface of the % to be "etched",

~ ther eby redREdntrFes q%ﬁ'gﬁﬁeészo“rﬁa‘fhéf’? rReSEtSaAl RERCRYERERt advant ages.
Howeveg a tontémttidn @F ti@ftabﬁsaggr e55| ve nature 35 of the nmixture of

gases constitutjng the sphere i,n_suc glements
ot her than the fﬁ?‘gee ers’u%ﬁqg’geg%o?ﬁ %W%rt:‘f%ey e‘“&%%@e‘gf?o t he action
t hereof 4 thaudrawl2006 & Cbhprimteind tie weifformékyt € the uExere to which

it is bonglﬁgfé tof ages ,away fromsaid free surface of the wafer, and
sonetinmes a e ‘anneal i ng chanmber). It can thus be necessarE/ to take
addi tional neasThals drawbpek pFonede | TREIhINEeRekehfs, AR ebYL t endi ng to

make 1hhe pEi o Ry ek PREEEABR! 6. tHD R RS SV Ehy @éféfle asxture used
can, under some . clrcunstances, also worsen _defects in and t hat

fe
can | i kewi $@1}2drf MECEPIREY 0Bl CE St R iACh FORGPPRET ‘F‘ée]\',\%ah%f vari ant
(using an armeatiny meattiesphespovade up of different gases, some of which

are A third known type of method consists in subjecting
the wafer to rapid annealing under a controlled
15 atmosphere, known as répid thermal annealing (RTA}.
Below in this text, this form of annealing is
referred to either by its acronym RTA or in full as
"rapid thermal annealing™.
In this third type of method, the wafer is annealed
20 at high temperature, which may lie in the range about
1100°C to 1300°C, for a period of 1 second (s) to 60 s.
In a first variant of this third type .of method, an
example of which is to be found in US patent
No. 6 171 965, the free surface of the wafer is smoothed
257 by performing RTA of the wafer under an atmosphere
constituted by a mixture generally comprising hydrogen in
compination with reagent gases (HCIL, HF,'HBr, SFer CFyy
NF;, CCl,F,, ...).
In this first variant of the third type of method,
30 the aggressivity of the mixture constituting the
annealing atmosphere enables the free surface of the
wafer to be "etched", thereby reducing its roughness. .
That first variant can present advantages. '
However a limitation lies in the aggressive nature
35 of the mixture of gases constituting the atmosphere used
in such a method, and elements other than the free

surface of the wafer may be exposed to the action thereof .




reactive, requires an installation to be provided for inplenenting such a
met hod” that can be relatively conplex (feeds for diffeddatugpgess safety
nmeasures, ...). 15 An inplenentation taught in European patent No. 1.061
565 corresponds to that first variant.of the third type of nethod. In that
i npl.ementation, RTAis perforned in an atnosphere that always contains
~hydrogen. In a second variant of that third type of nethod, 20 the wafer

i s subj ect to. RTA r an.at nosphere .that _do e function of
att acki ng fﬁ%e A iozgldc‘g‘fe VAR \RF e Isntﬁ%cé:tur\?ar%lgaﬁﬁcgfri/o%tﬁlng is the
resul t. nobomded etietii gcelseakagef som fsecial direchsundfies, obuth®df rebuil di ng

$25 the surfag ,Ofaﬁchgoﬁ%%es'Qlégaﬁglﬁaﬁﬁ]eélqggaeﬂ%éﬁg. at mosphere i s

typically made up o rogen m xe or nitrogen. French patent
appl i cati on No.IDDgar0é&Rs| Ret RRCHBFALY dio tifkeagdrii EhAPali BRI YIERS an exanpl e
of that segond 3R aindninebet Beeddits toRa-Bfy FBhAOEGEUs apelan patent No. 1
158 581 discloses fjnishin treatpent which al ways conprises two anneal i ng
oper at i onstP§ ﬁ'&‘?%%&vﬁﬁem&fﬁ P&t on, said annealing operations being

perforned in amrred negpkese veopt af nting midduredusgdncan, angdar Sdee t wo
anneal i ng opetatdons Laught by that gosurenty, haLh,sprye L0)simath the free

surface of e iardieesth lioJanuary eduction 1n | ow frequency
roughness ¢an ildhsstisat eggbyret add] abnaloltumatoentable 2 in that docunent,

whi chy ghows I n-panld:Gil-ar  thee ebd etln oty difg %ﬁcgﬂﬁeﬁmﬁl ing operation
follow ng the RTA operation. 5 Wth RTA treatnment alone [!conparative
exanpl e |G TRRIE &RdeouBhREsdiBferant: gasesenfore at euhhEh ers (nm

{fns;_By | iRl prEntd NGelfi@ rb¥Woan installation to be provided for
| implementing such a method that can be relatively complex
{feeds for different gases, safety measures, ...}.

15 An implementation taught in European patent
No. 1 061 565 corresponds to that first variant of the
third type of method. In that implementation, RTA is
performed in an atmosphere that always contains hydrogen.

In a second variant of that third type of method,

20 the wafer is subjected to RTA under an atmosphere that
does not have the function of attacking the material of
the wafer.

-In that variant, smoothing is the result. not.of

etching the free surface of the wafer, but of rebuilding

.

25 the surface of the wafer. _

In that case, the annealing atmosphere is typically
made up of hydrogen mixed with argon or nitrogen.

French patent application No. 99/10667 in the name
of the Applicant discloses an example of that second

30 variant of the third type of method.

European patent No. 1 158 581 discloses finishing
treatment which always comprises two annealing
operations, including one RTA operation, said annealing
operations being performed in an atmosphere containing

35 hydrogen or argon.
The two annealing oﬁerations taught by that document

both serve to smooth the freg surface of the wafer. The




anneal i.ng operations taught by that docunent, the |ow frequency roughness
is significantly inproved, reaching 10 values of 0.28 nmjaAgargdod. 30 nm
rms. The teaching of EP 1 158 581 is thus focused on performng two
successi ve operations of snoothing by, annealing (where snoothing is
characterized by a reduction in IOM/Prequency roughness), with the first

- of 15 those two anneal i ng operations bei ng RTA. However, the nethod taught

by EP 1 158 581 i. relati | | th d i i | t si it
2l ways r eqEPRBSt 15 Hhdgh FR5BEEr L Fordefd SR ariRsb 2=k Rl BIUCL Fon seeks
to provi dethe lapr cwememt cfoTehée 20imetiwdsdemmanénedthabbvehove woul d be
advant ageoys . Qrfiéﬁﬁif3&H%”%@f€€#h895théL%ééﬁﬂd drhedddhgion, it would. also

be advant ageous to reduce an¥ slip I'tnes that can appear in the

cryst al | ogpBphR 1B ildeetingethe RAR PRRERTHIMof the wafer, in particul ar
as a gesult ofyheatrily e3lARRENE SHEBNAS (tdahipaticivereghinphe 1applied to the
wafer in order _to cleave it when erformng a Smartcut.0 type nethod). It

i s known thaY E{ﬁﬂP%ﬂqﬂaHQUHEEGEanaEE§ﬁ|Yr??ﬁﬁSQﬁ)H?eat bei ng recei ved

non-uni f or il §0i Madridterent(nmegicmas oby imel emdraringMibeetwhis is
‘particularly trpublesonme. i.n_furnaces, pr td l.d t $)y FUrthernore,
t he hydrog%ﬁn?% %P?r?ﬁﬁ%%gﬁonﬁngﬁgﬁgﬁt%fi@%%po ot é%?tﬁaﬁpgnt ?s a gas that
i s 35 rel af reghgnexpensitvesswher eagnefiorntly dunavedouseypchéNfected to

reduchng thgr GOSt S ApIACkA SflaVbhll YaIE i LERAL TENt MEthods, 4 January 2006
7 Finally, 1t wuld be particularly advantageous tag be. able to inplenent

a nethod sati sfiqdaaskiagoes- BBnti bred>8bblcts FocyrtAngtion with a
{ﬁEthOd of LEEFSIMIAS W buccessive operations of smoothing by

, annealing (where smoothing is characterized by a _
reduction in low frequency roughness), with the first of
15 those ﬁwo annealing opérations being RTA.

However, the method taught by EP 1 158 581 is
relatively lengthy and expensive to implement since it
always requires two annealing operations for smoothing.

The invention seeks to provide an improvement to the

20 methods mentioned above. '

It would be advantageous to simplify such methods
further.

In addition, it would also be advantageous to reduce
any slip lines that can appear in the crystallographic

25 structure of the material of the wafer, in particular as
a result of heat treatment {such as that which might be
applied.to the wafer in order fo cleave it when
performing a Smartcut® type method).

It is known that such slip lines can result from

30 . heat being received non-uniformly in different regions of

. the wafer (ﬁhere this is particularly troublesome in
furnaces presenting cold. spots).

Furthermore, the hydrogen used in prior
implementations of this variant is a gas that is

35 relatively expensive, whereas effort is continuously

 directed to reducing the costs associated with wafer

treatment methods.




- be made, in a

type. Disclosed hereinis a method satisfying those neﬁﬂ S.élrst
aspect, there is provided a nethod of reducing the roug ég ? Me.. free
surface of a wafer of sem conductor 10 material, said nmethod conprising a
stage of annealing in order to snooth said free surface, the method being
characterized in that the stage of reducing the free surface roughness
conprises a single snoot hi ng annealing operation inplenented. in the form

of rapid thernal neajlin nder an atnosphere made u exclu5|vely of
pure argon. Pr e?é?? putt ﬁ‘g?f’r‘lilquﬁet Pﬁ‘étéﬁb‘zgi:fr%n?%"%‘?ta[%é’ ol are as
- follows: theleetbobnplacerconpmicdod Batfisitlybug ngheratmrvéesttagared a step

f I f f
o 1P B8O W 8,365, 9y pSHBERGE 5 APt val e L Lo

on Zone 0 e subs
I mpl ant ed sﬁh@@rate 25 into intimte contact mﬁth a stlffener and / a

step of cleavi nqglgg]gsédrné}éqms%émggtrate in the inplantation zone in order
to make the wafer he portion of the substrate that is situated

 between theBaE&ﬁ$¥&ﬁ9sﬁﬂﬁ%ﬁﬂqﬁfdﬁo i mpl antation and the inplantation 30

zone, and transferring said wafer onto the stiffener; the rapid therma
Sl 119 1 B ol o e SIS il Y1 19 11 he range
anneal i ng wweghmmese of3Xher dorel sukdbhtewefl bywafgaolasHeang coinglgetort he
gg{)gsgwg WAL 11 | Y WL P BRBEELELAL s 2 S Yhrthddeyy dntanuary
order to smooth said free surface, the method being
characterized in that the stage of reducing the free
surface roughness comprises a singlée smoothing annealing
operation implemented: in the form of rapid thermal
15 annealing under an atmosphere made up exclusively of pure
argon. \
‘ Preferred but non-limiting embodiments of the method
are as follows: |
~+ the method also comprises the following prior
20 steps: , o
v a step of implanting atoms under a face of a
substrate from which the wafer is to be made, in an
implantafion zone of the subétrate; .
v a step of putting the implanted substrate
25 into intimate contact with a stiffener; and
v a step of cleaving the implanted substrate in
the implantation zone in order to make the wafer out of
- the portion of the substrate that is situated between the
-surface subjected to implantatidn and the implantation
30 zone, and transferring said wafer onto the stiffener;
the rapld thermal annealing is performed with a
hlgh temperature dwell 1y1ng in the range 1100°C to
1250°C, for a period of 5 s to 30 s;
_ | the stage of rapid thermal annealing under pure
35 argon is followed by a polishing stage;
the polishing stage is followed by a sacrificial -

oxidation stage:




5 10 15 the follow ng stages are performed in succession: [/ sacrificial
oxidation; / rapid thermal annealing under pure argon; 4/jap@iry200é19; and J
sacrificial oxidation; the stage of rapid thermal annealing under pure
argon is followed by the followi ng stages: / sacrificial oxidation; /
polishing; and / sacrificial oxidation; the follow ng succession of stages
Is perforned: / rapid thermal annealing under pure argon; / polishing;

and / rapid thermalhanaaldRtguldggeBUife PFHFbrmed BR 8haseseiohapi d
-thermal annealing under pure argqon’is preceded by a stage of sacrificial
oxi dation; the stage of25Edii¢iederrdrakafBal i ng under pure argon is
followed by a stage of sgeid ftheirdlalovhdabilong wedkr Zird legringge of rapid
thermal anneal i ng undgr 3%@%$. i s _preceded by a stage of sacrificial

oxi dation, and said St& 094ipP8% her mal anneal i ng under pure argon is

foll owed. by an addi M oredridtiagelobxddetibnei al oxidation. In a second
aspect, there is prQvi a.siLL o t ( S ture
RHE Sh§§? ogxtégfa Eﬁk%ﬁbi() é%l%hgaﬁghég bhye

obt ai'ned by such a net aspects, | ects, advant ages of .t he
i nventi on &sdy Ietfioddogrdrbrdihg fablewinpwitagesdescription of preferred

i npl ement ations of tRhe gddMentian, oaiMepivhth reference to the acconpanying
30 drawing, in which:, Figure 1 is an overall and diagrammatic view in

| ongi t udi nal secti on ofP shARgal PRE chanber enabling the
10 . v sacrificial oxidation;

- the following succession of stages is performed:
v rapid thermal annealing under pure argon;
¥ polishing; and
v' rapid thermal annealing under puré argon;
15 - the stage of répid thermal annealing under pure
argon is preceded by a stage of sacrificial oxidation;

+ the stage of rapid thermal annealing under pure
argon is followed by a stage of sacrificial oxidation;
and |

20 - the stage of rapid thermal annealing under argon
is preceded by a stage of sacrificial oxidation, and said
stage of rapid thermal annealing under pure argon is
followed by an additional stage of sacrificial oxidation.

In a second aspect, there is provided a silicon |

25 on insulator (S0I} structure obtained by such a method.

Other éspects, objects, and advantages of the
invention appear better on reading the following
description of preferred implementations of the
invention, given with reference to the accompanying

30 drawing, in which:

Figure 1 is an overall and diagrammatic view in
longitudinal section of an annealing chamber enabling the
invention to be implemehted; and

Figure 2 is a graph showing the reduction in

. 35 roughness obtained by ihplementing the invention on a

silicon wafer.




-ipvention to be inplenmented; and Figure 2 is a graph show ng the reduction
in 35 roughness obtained by i mpl ementing the inventionQ3ngary3bbd con
waf er. 4 January 2006 9 Wth reference initially to diagramm 'ch Figure 1,
there can be seen a non-limting exanpl e of an annealing chanber |
enabling the invention to be inplenented. The chanber is for inplenmenting
~an annealing stage 5 under a pure argon atnosphere using the RTA :

t echni que. Thewfmrﬁé@frer%ne@nmm@félw @ﬁfal%w@ﬁmztla FEQEtOr 4, a
substrate-carrier tray 6, two arrays, hal ogen | a 0, and two

pairs of sFHRr?afPs beTﬁéeénél B@ﬁr%lQl@d}gpﬁ@g@lﬁnoﬁa??l%rm%ﬁ H%ottom 10
wal | 12, achepoaall chvhblang tWe Shékentiad 3:0163 1ﬁp1§mémremd at respective

I‘ongitudi nal engs of the enclgsure f of _the_si 6, 18
~includes a gate 20.¢ erreéétg L 4R %‘beﬁ’s ntguta@daﬁrﬁe% %qrtlj r ube
ext endbng hoagr tadinal laygbet aeeospherd we isigdéhwaRT3 uﬁcth;LCBlaﬁ At the
respect i ve sl depeldiinR andodfippl Lol Supihded. bl bh 2 Basiqt e, 21 and @

gas outlet 22 as oufle IS situate n e side wall 18that has
the gate 2®. qur%tlaﬁtr%@@rgleIOtBWhﬁi ogpeh drgimys afehaleyaR ebPBRE r especti vel y

above and pel pyw tdyn rt%cbgarg obetvgen i . reactor and t he bottom and top
wal I's 12 and 14.. Each array 8, 10 of hal ogen IarrBi nprises seventeen
| anps 26 di sposTsIEF FAHERHTEUR af TR 1§65 H”or?g"lrf:&ﬂ ar %xl?%t‘iﬁ t he reactor 4.

25 Theot wowgrl ru2 ofa sogewhalps4 ( N@hd stz iide Eagmsem) mre si tuat ed
of th r.eact.or

prcal Lol o, L0580 WUALTaL 78 Pobl IR ORI o RSO ATE SIS
{8 10 of hal ogere lefmibe side walls 16, 18 includes a gate 20.

' The reactor 4 is constituted by a quartz tube
extending longitudinally between the two side walls 1%,

15 18. At the respective side walls 16 and 18, it is
provided with a gas inlet 21 and a gas outlet 22. The
gas outlét 22 is situated in the side wall 18 that has
the gate 20. ,

The arrays 8, 10 of halogen lamps are situated

20 respectively above and below the reactor 4, between the
reactor and the bottom and top walls 12 and 14.

Each array 8, 10 of halogen lamps comprises
seventeen lamps 26 disposed perpendicular to the
longitudinal axis of the reactor 4.

25 The two pairs of side lamps (not shown in Figure 1)
are situated parallel to the longitudinal axis of the
reactor 4, each on one side thereof, generally at the
longitudinal ends of the lamps 26 in the arrays 8, 10 of

, halogen lamps.

30 The substrate-carrying tray 6 slides inside the
reactor 4. It supports a wafer 50 that is to be
subjected to a stage of annealing under a hydrogen-
cbntaiﬁing.atmosphere 100 and enables wafers to be
inserted and removed into and from the chamber 1. A

35 chamber 1 of this type is sold by Steag® under the name
"SHS AST 2800". ' -




30 The substrate-carrying tray 6 slides inside the reactor 4. It supports
a wafer 50 that is to be subjected to a stage of annealyijgguarig9eoe a

hydr ogen- cont ai ni ng at nosphere 100 and enabl es wafers to be "inserted and
removed into and fromthe chanber 1. # 35 chanber 1 of this type is sold by
Steag(r) under. the name "SHS AST 2800". 4 January 2006 10 It is specified
that the "wafer" 50 nay be constituted in general manner by any '

singl e-1ayer or Mkt péf@lv lePIhUEL VRE MRYEDD B BYkape |ayer of

sem conductor material” (such as silicon in preferred_but 5 non-limting
manner). | Eonstibebedeln t9pnerad BBpeer BY ame SingdfrilefsC¥o reduce the

roughness ghithelivee sthdacsohasing 2 sﬁltlfafc%?qaf@}t%f The invention can
be i nmplenmented to reduce t hejég rougnness of. the free su

| e fr ﬁ rfaéeboit_ a wafer 50
. that has ndt™LBRRAUSHR] dAtEFiad dAYCRr 28rot et PrERGTEFL0° 0 wafers
t hat have heernlbhial mededrynespecific treatnments. In particular, different
variants of the jinveniio Ly.in. p Lcul arly a usg nphner to
reduci ng the 1££r%)%gﬂénceasnlslegf%th%g gﬁr?%i%g%foa%nt%oq%g?bgg?ﬁrgsand/or of a
substrat e pedgesi Conduugmars ofi dhef foae whiechaasuelt aushracture is ‘
obtai ned, %Hrggééifé@@f_ by applying a nethod of the Smartcut(r) type.
Thus, in the context” of the Smartcut(r) nethod, the 20 invention can
advant ageous| y Bee | ipyeHeifreganobet eplyngpiort tof teddaei Myt he roughness of
Olne onot heﬁ@ﬁ@lﬁﬁeﬁfoﬁ hﬂlké \&Qe%uégaﬁgée%f%hmiﬁ_ld%@t @hatiBhes i @bt obt ai Ped by
cl eaving the zone of weakness made during t [ antatjon ste or for
r educi ng tlﬂ%e’?o‘?f‘a?m:é%%ecgftoo@fw P5gohi Ly r§cm fag@leg.ls?h{éod‘i’#%&ént vari ant
(i pl enent athanshatfe theemetttadned by specific treatments.
1 np y sp
: In particular, different variants of the invention
apply in particularly advantageous manner to reducing the
15 roughness of the surface of an SOI structure and/or of a

substrate of semiconductor material from which such a

structure is obtained, in particular by applying a method
of the Smartcut® type. }
Thus, in the context of the Smartcut® method, the

Zb invention can advantageously be implemented for the
purpose of reducing the roughness of one or the other of
the two surfaces of semiconductor material obtained by
cleaving.the zone of weakness made during the ‘
implantation step, or for reducing the roughness of both

25 of these surfaces. '

The different variant implementations of the method
of the invention described below by way of example are
applied to treating wafers 50 having a useful layer of
semiconductor material 52 (e.g. made of silicon), said

30 layer itself having a free surface 54.

| The layer 52 is said to be "useful" since it is to
be used foi making electronic, optical, or optoelectronic
elements on the wafer 50. '

As mentioned above, the free surface 54 may be a

35 cleaved surface obtained by implementing a Smartcut®
~ method.




of, the invention described bel ow by way of exanple are applied to treating
waf ers ‘50 having a useful |ayer of seniconductor nateridhn gepg. nade of
silicon), said 30 layer itself having a free surface 54. The layer 52 is
~said to be "useful"” since it is to bejused for making el ectronic, optical,
or optoelectronic elenents on the wafer 50. As nentioned above, the free
surface 54 may be a 35 cleaved surface obtained by inplenenting a

Smartcut (r) neymed. tl‘}eJ@é‘f@f Y52 006 a%lsté\!ﬂeguls@@ra@é Ibt2Q st &y, SO
substrate obtained by gthe Smartcut(r) method, the wafer 50 co%l ses

beneath thé eu§§lfﬂarccv5ye?‘e‘5120<a bEhS SH SR G4 FayBF LT3 PEnctert

suppor ti ng usalFsllr ahger 552 ta Buniladi beidadenge ootk ddiat davehiiggre 1 the

t hi ckness of thetmafer go hq§ been exaggerated in order to show the-useful
layer 52 andPPPEHHPEe Tt 54. The invention can thus be inpl ement ed

sol el y Sy perfétrnshgubah T Airsteagdoon thatwik efidilraeudddihean 10 at nosphere
of pure arg %&ckllag sSbEORON,AUICA g RdsUB0EH HUAALAMN GOMARes Lhe steps
consisting in acl ng e wafer a w th the chanber
bei ng col q thhehorhehan et s ey t5@dan451tﬁtfreﬁmcﬁm@fa§ﬁ &fneal i ng

at mosphere of pwhg #heom:idM it hdushBabehp Béméh e SUlea vedyal to or close
to atnnspherlc ressure, It should abso b erstood that this pressure

coul d al soPEELEENIRG ap |RifeStAg &P F f’nﬁag‘?lh SNAG g™ few millitorr
(mTor 10 t oaghephbes i 6f Ay essre; smntchlng on the hal ogen | anps 26 so as
to cause the t erat ure dnside.t .1 9 rise te of about
50C por second, TR YR8 (HLAGRL Eanpiaar rre 2tder” Eobrdskd

the steps consisting in:

P

- placing the wafer 50 in the chamber 1, with the
chamber being cold when the wafer is inserted;

15 - introducing an annealing atmosphere of pure argon
into the chamber at a pressure equal to or close to
atmospheric pressure. It should also be understood that
this pressure could also be set at a lower value, lying
in the range a few millitorr (mTorr) to atmospheric

20 pressure; ‘

- switching on the halogen lamps 26 so as to cause
the temperature inside the chamber 1 to rise at a raté of
about 50°C per second, up to a treatment temperature;

e + maintaining the wafer 50 in the chamber 1

L 25 throughout the duration of a high-temperature dwell; and

- switching off the halogen lamps 26 and cooling the
wafer 50 by means of a flow of air at a rate of several
tens of degrees Celsius per second, with-temperature
varying in application of any desired relationship.

30 In this respect, it is particularly important for
the argon that is uséd to be as pure as possible since
the Applicant has found that the presence of small
quantities of additional elements (such as oxygen iﬁ
particular) can lead to the material of the useful layer

35 ~ being atfacked (by forming highly volatile S5i0 if a

surface area of silicon is exposed to an annealing




‘mai ntaining the wafer 50 in the chanber 1 25 throughout the duration of a
hi gh-t énperature dwell; and swi tching of f the hal ogen 4l Apay260&nd
cooling the wafer 50 by neans of a flow of air at a rate of several tens
of degrees Cel sius per second, with temperature varying in application of
any desired relationship. 30 In this respect, it is particularly inportant
for. the argon that is used to be as pure as possible since the Applicant

has found thabsbRerPrEsaNGeQlhgesnhl smﬂﬂ?n&ﬁéﬂﬁ%yotafaggi:ybbﬁDako@| enent s
“(such as oxygen_in particular) can lead to the fmaterial of the useful

| ayer 35 bEFARPAEt acked (by forming highly volatile SiOif a surface area
- of silicon is expesmshiticant dansedbung #hdansiasly a28@6gd2odt nosphere that

i ncl udes a smalé). uantjty of %xgg_eg Lor . exanplg). Ihe, Appljgant has found
that such BPEPAYENHAUNAGTNER PHECGRAGFS o HWos HEPE SF9BUFE &rgon enabl es
the 55 oughngbsess dfhelfer deesushiacecs059 ctbeoaldecaassdd significantly. The

results obtai . in particular of nuch better quality than the
reducti on %%bgggéﬁﬁyt hat can be obtained solely by conventi onal

- treatnent such Behesulic obsatnedt woret e martiovlaraPfoRialti on type. The

uni form typatcbheqisefd) thavetnks rabger it in bejugBhekBaghht wadl d be if the
wafer were to be subjected to a polishing operation. Thg stage Ef RTA
under pur eP8rgbhd SHslivsBy FeRrversl reatpeptqFUEBNPEr 8Fake dwel |
havi ngoa durahigsn®fo’ thet 8adRisicanl exideaisrentypkenperature lying in the

. range 1100C to 50C.. Figure 2 slegws the ucetion ia'i ro Q ess obtained
by such a net hoﬁ&e I\}HPEtFoﬁ%é&YS(?Fy, ?hP%ef‘f‘%ﬁf%Y er'€ Suf %g he i nprovenent
(in "haze" bbtaenethay iappiopildgba it hvel wafer were to be subjected
to a polishing operation.

The stage of RTA under pure argon may comprise, for

15 example, a high temperéture dwell having a duration of
5 s to 30 s, and a treatment temperature lying in the
range-_lldo“c to 1250°C.

Figure 2 shows the reduction in roughness obtained
by such a method. More precisely, this .figure sets out

20 the improvement in "haze" obtained by applying a method
of the invention as described above.

In this figure, the abscissa axis relates to
different wafers, with haze being measured for each wafer
before applying annealing of the invention (top

Lo 25 measurement) and after (bottom measurement).

In Figure 2, the top curve thus corresponds to haze
as measured at the surface of SOI structures after they
have been cleaved, and the bottom curve felates te the
same measurements performed after RTA under argon at

30 1230°C with a high temperature dwell of 30 s.

The term "haze" designates the optical signal
diffused by the surface of the substrate 50 in response
to being excited by light. This hdze is representative
of surface roughness.

35 This characteristic which is representative of the
" surface roughness of the substrate was measured in the -
present case using equipment of the KLA Tencor@’type, and




‘of the invention as described above. In this figure, the abscissa axis
relates to different wafers, with haze being neasured H#QaneagR00&f er

bef ore applyi ng annealing of the invention (top 25 neasurenent) and after
(bottom neasurenent). In Figure 2, thg3top curve thus corresponds to haze
as neasured at the surface of SOT structures after they have been cleaved,
and the bottomcurve relates to the sane neasurenents perforned after RTA

under argografye %%@&%‘a \Mztzfo@ nl?Jc@l t%ﬂeeﬁgggrssc&x@éelu@d 3@ gnukhe term

"haze" designates t tical gnal diffused by the surface of the
substrate S@b$he¢é@bdﬂ§ére@@rBéFﬁg B%é?t@%ﬁ%y light. This haze is
representative 1@fca%urﬁea%%ernowaﬁeﬁﬁe B5ddd sorc hial acizer ibgeDcivhbEh is

representative of .t surface roughne f the ate S asured in
~the presen?ndﬂg%pQEléh?ﬁuiﬁ ﬁﬁ@ﬁ?ragT?h§°K@A ‘%ﬁf%?ﬁfypcgﬁan 4 January
- 2006 18 of obheirGed fisearn @22 R(TR) taodeliguedhe ﬂazea&mmﬁea§ﬁﬁedndsrthus _ _

| abel ed by trm%£§%P Q§%1d@@%% 8220 rukd gﬁqu a%@agfggg_reductlon in

haze 6220 that i s conp results that can be 5
obt ai ned by otH@wréﬂnrqqyﬁﬂﬁquQQE ﬁmpr@wgm@m@ $ﬂ¥haﬂﬁd€Prr§ﬁP§Pﬁﬁsphere nmade

of .a mxtufg 1l , Oyl Qgeny ;3N dear B9Na £ABF & R LISl 6 ke 1bmpr overent in
haze corresponds to haze being divided by a factor of bo t 6 to 10.

Advant ageous| y,AYvRM@ESRUSAy -t REBPHBRABELYT tife MRV &4t F8f nakes it

pﬁss: bhe tﬁ]&@d@idh st %twgbbsﬁ.bllié t@lcﬁtﬁtéﬂve&eﬁlt@uaﬁthﬁtmm e avoi di ng
the limtatjans nt i oned .above atin rjor hpiques. In
particul ar’* éﬁ %ﬁg; quala YeYEéﬁ?eﬁYo QﬁﬂﬁuﬁQﬁ' S?tﬁegﬁ usi ng an
(atnospheren@ﬁtXnHéﬂzﬂnmme emébtésghéatprﬂdrtREAmquhnaﬂﬂeﬁn a manner that is
as uni.formas pgssiflsg JAgidetRE.CRI0ET 4 ad NBIRAY HdUEhALCEBE Sl TP

l'i nes
of heat, using an atmosphere of pure argon enables heat

15 to be spread in a manner that is as uniform as possible
inside the chamber 1, thereby reducing the slip lines
that can be obsérved when implementing those prior
methods.

As mentioned above, the invention can be implemented

20 solely by the stage of RTA under pure argon: this stage
makes it possible to obtain a considerable improvement in
the surface state of the wafer 50.

In addition, this improvement is obtained with
practically no material being removed from the wafer, but

25 on the contrary with the surface 54 being rebuilt and
smoothed. '

Several variant implementations of the invention are
described below involving not only the stage of RTA under
pure argon, but also additional treatment stages.

30 In a first variant, the stage of RTA under pure
argon is followed by a stage of polishing the surface oﬁ
the wafer 50.

This polishing stage is implemented by conventional
chemical-mechanical polishing.

35 It serves to remove material from the working layer
52 situated close to the free surface 54 and which might

still contain surface defects.




‘that can be observed when inplenenting those prior nethods. As nentioned
above,*the invention can be inplenented 20 solely by thejsireezors RTA
under pure argon: this stage nmnakes it possible to obtain a considerable
improvement in the surface state of e wafer 50. In addition,. this

i nprovenent is obtained wwth practically no material being renoved from
the wafer, but 25 on the contrary with the surface 54 being rebuilt and

snoot hed. Several variant,inpl.enentatio t N jop,ALe described
bel ow i nvol vi ngﬂho&f' Soenaofdt ﬁ%&gggé %}{;é Ré%(ﬁ%ﬁeéri%féu\régagr on, but al so
- addi ti onal atgeat e rfolstaages no80ohhy ab¥ i & froMighiast stefe, sPapebFO RTA under

pure argopyis élﬁ&s!éqéf&ltbxldaﬁaaagloét@@éiéﬂwig&ﬂi&qcmfaﬁd@tiomhe waf er

50. This polishing stage is inplemented by conventional
~ cheni cal - neeHaHITAIVIFdl ineRitn§reabmert serves to renove material fromthe

working |ayer i dddatadiahoseilisribe dtap S fiacenled and which might
still contain surface fects, 4 January 2006 I.n S iant, the
st age of 'Iﬁ%d%%eq“%ﬁ%%cgﬁgéiﬁaﬁm%%? lﬁbta]f%r%ry%? ﬁgggﬁgﬁ“gﬁ{’ g stage,
but al so #yage subteguempladdintiogathst agerdfisaadtkirchafmart datr on

conbi ned w at, treat ment . LG i dakh dRe shage is intended
to reduc\éﬂl%%%efdeéc es%ﬁ%?mbghggg%%#%f@e@t e ? oHlovm' ng(‘gll stage. Wen

i npl enent i lgpahecd MkentdigavangestagSnart cut O net hod, defects may be

associgted wi thpihe  mlartiangoxshagfoR stdife UapriRgsshage. 10 The
sacri-ficial oxidation stage conprises an oxidation step and a de-oxidation

step. The febatidntshan angl pnelar pBsert Bt vidER t he

The heat treatment is interposed between the
oxidation step and the de-oxidation step.
The oxidation step is preferably performed at a
15 temperature lying in the range 700°C to 1100°C.
The oxidation step may be performed by a dry
technique or by a wet technique.
In the dry technique, the oxidation step is
performed, for example, by heating the wafer 50 under
20 gaseous oxygen. '
| '~ In the wet technique, the oxidation step is
performed, for example, by heating the wafer 50 in an
. atmosphere charged with steam.
_ In both the dry technique and the wet technique, in
25 conventional methods known to the person skilled in the
 art, the oxidizing atmosphere may also be charged with
hydrochloric acid. '
The oxidation step leads to an oxide 60 being formed
covering the surface 54 of the useful layer 52.
30 The heat treatment stage is performed by any heat
' treatment operation serving to improve the qualities of
the material constituting the useful layer 52.
The heat treatment may be performed at constant
temperature or at varying temperature.
-35 With varying temperature, heat treatment 1is

performed, for example, by progressively raising




oxi dation step and the de- oxi dat i on step. The oxidation step is preferably
perforrred at a 15 tenperature lying in the range 700" C4Uanuiatp2088 The
oxidation step may be performed by a dry technique or by a wet technique.
In the dry technique, the oxidation step is perforned, for exanple, by
heati ng the wafer 50 under 20 gaseous oxygen In the wet technique, the
oxi dation step is perforrred for exanple, by heating the wafer 50 in an

‘at m)sphere char oth the dr o nd the wet

t echni que, tFPPC ’%at %’&‘ff"lec?ﬁg}:wﬂe}’ﬁg'ﬁ%s’k Wlt E%%Bp!é%'glgnéask| lled in the °
art, the oqscch]zlengr@t myspihienédlpayetlam ltewccrv@rlgeélv\ﬁtﬁ hydr ochl ori c acid.
The oxidation ﬁ}%" he%%dzfteggg\@ﬁlﬁxéﬁe? e6Qtsb | G AbTEdne FRYAREAGE he surface

54 of the usef ayer t tr atnment s 8 LS perforned by any
heat trealt¢asi Up@aa”ttl gt seterpgrav s prighen f8agua p@l%s M9 the materi al

consti utipgrd fkﬁafti%wlaﬂl@vygrroéad ﬂ@o*@&{o tipggtgent may be performed at
constant tenperature or at var ? %%%T %B eé ]yl ng
tenperature, hedtis rhé’é’ttr’r@ﬁteatg‘e ¥t Y BRERPIRS b‘f/rl Fogt essi vely
raising 4 demust iz himbepsneret uwlei dretnweecompeivel aegenor Wit h
tenperature., oscillatin cI| ally bet t S he heat -

treat nent %{fa 5y g‘réjrr%g& g(érfo‘:r)rmel e‘teqi I‘_ﬂ\(,avszhél%/{%ngg g?'?{lg?Séla- t enperat ure
hi gher thaqnaa@@OCwandheEtnmmeapaentduﬂlardeCaMUQGtrfg?@@@dtw 1200C. Thi s heat
‘treatpgnt is.pieferably performed under a non-oxidizing atnosphere, which

~my conprise argon, ni trogg gdr ogen, etc., or indeed a nixture of these
- gases. The heatAksce srederabay  al8e o6l F@p| Saperformed

prior to the heat treatment stage.

In this way, the oxide 60 protects the remainder of

the useful layer during the heat treatment and avoids the
15 phenomenon of pitting.

Pitting is a phenomenon that is well known to the
person skilled in the art and occurs at the surface of
certain semiconductors when they are annealed under a
non-oxidizing atmosphere such as nitrogen, argon, in a

20 vacuum, etc. It occurs in particular with silicon when
| it is bare, i.e. when it is not covered at all in oxide.

In an advantageous variant, the oxidation step
.begins at the beginning of the rise in temperature of the
heat treatment and it terminates before the end of the

25 heat treatment. 7

The heat treatment serves to cure at least in part
the defects generated during the preceding stages in the
method of fabricating and treating the wafer 50.

More particularly, the heat treatment may be

30 ‘performed for a duration and at a temperature such as to
enable it to cure crystal defects, such as.stacking
 défects, "HF" defects, etc. generated in the useful layer
52 during the oxidation step. '
The term "HF" defect is used to designate any defect
35 whose pfesencé is revealed by a decorative halo in the
buried oxide which is éituated under the useful layer 52

{when the wafer 50 is an SOI_wafer obtained by a




. 10 vacuum Al'so preferably, the oxidation step is performed prior to the
heat treatment stage. in this way, the oxide 60 prot ect 4 Jaheary@0®é nder of
the useful layer during the heat treatnment and avoids the 15 phenonenon of
pitting. Pitting is a phenonmenon thatqis well known to the person skilled
in the art and occurs at the surface 0 certain sem conductors when they
are anneal ed under a non- oxidizing atnnsphere such as nitrogen, argon, in

a 20 vacuu 0 r articul ar o] s bare,

i .e. when irgf"airgccr%t 8‘5’&@ 6‘3 ?f R the (‘)”)ﬁf&e rhg'Isn anﬁagilan ageor%Js'El vari ant,
t he oxidatmanhsbéphbdgbﬁkuaxl¢henbbginning of the rise in tenperature of
the heal treatiRalnalfl tielGfdficnangs BELOLRLLNEnEMhRinddad o25 heat

treatnent. The heat treatnment serves cure at least in part the defects
- gener at ed G@ﬂPﬁQIFHEGpF%%eﬁwﬁﬁfﬁgté@é@rﬁﬁc?hee I TR HOE BT qaﬁbﬁﬁgﬁfing and

treating thewakerrb8. albify PaHd icedhakky, of hehbestatitaa®renitiray be 30
perfornmed for, a duration and a&ﬁg tenperature such as to enable it to cure
crystal defP&¢ £hesGERPAEE LG JragEfects, "HF" defects, etc. generated in
t he usef ul IayemheSaeduxid@kidnagm&pdakipneﬁeeablgimenﬁnnméﬂﬁﬁh defect is
used to desi te any defect 35 whose presence is revealed by a decorative
hal o in th&°*H % M°8d oxide which is situated under the useful | ayer 52

(when the waf er BSOwag afi SGmplf,ethebsalnbionbyia & Mednaiyordss 16

Sart o (ThoTel Badhc L8 14 Habes hag Pegmnl Avdledirtide BALN of

hydrofluoric aci he heat” treat ment al so presents the advant% e of
rei nf or ci ngempaEehenRai Hepwsang fiece, fevgthpresRe 2 ReE- 1R 9% Fansferred

{during the 6o, aRakAr tRE dde SN tigUHippedBiROGuCh a solution.

In a third variant, the stages of the second variant

described above are p;eceded by an additional stage of
15 sacrificial oxidation of the surface of the wafer 50,

this sacrificial oxidation (identical to that described

above) preferably being combined with heat treatment.

The Stages of RTA under pure argon and of chemical-
mechanical polishing in this variant are identical to

20 those described for the other variants described above.

As for the above-described sacrificial oxidation
stage, the first and second sacrificial oxidation stages
both comprise an oxidation step and a de-oxidation step.

The first and second sacrificial oxidation stages

25 and the heat treatment steps are analogous to hose
described for the second above-described variant of the
method in . accordance with the present invention.

'In a fourth variant of the invention, the stage of
RTA under pure argon is followed by two stages of

30 sacrificial oxidation of the free surface of the wafer
50. '

These sacrificial oxidation stages are identical to
those described above and are preferably combined with
heat treatment as described above.

35 In this variant, an additional chemical-mechanical
polishing stage is interposed between the two sacrificial

oxidation stages.




and the supporting substrate. The de-oxidation step is preferably perforned
in solfution. By way of exanple, the solution is a hydrdfJanoaiy@0080 acid
solution at 10%or 20% A few mnutes suffice to renbpve one thousand to a
few t housand angstrons of oxide 60, yhen the wafer 50 is dipped in such a
solution. In a third variant, the stages of the second variant described
above are preceded by an additional stage of 15 sacrificial oxidation of

‘the surface of &;; avvg fn lb I §¢SAf Iiﬂ&éﬂlcﬁ?( datl eRaGkdeptical to that
e h

descri bed _abov pre erably being conbined wt eat treatnment., The stages
of RTA und&TApipdesr gore aariazqsf aEReRREAPTIOR T FineaWag6ri Shi nglFH this

variant arehegentiveabrigehdhiogeidesepbhed datuddie tokehen variants
descri bed aﬁove As for th ab(ile descrjbed sacrificial oxidation stage,

“the first SHEMSERIATCSHAMH 5Riadt P6#%%t ages both conprise an
oxi dat i%on step andaasﬂetmmaiaianmnoft ehe i]'ﬂihﬁalftl;\l’cﬁt andasedcdndigdcrifici al

oxi dat | on si3ges; oA5<AN0L LIE Nsab SLaabIele SLaAS A 8:2RALOAAYS L0 hose
escri bed for € secon 6. deSeribed Variant of the .nethod in
accor danceb@i tkWhifab pt@q;eems iahidat identipah fotdsey deisanibef the

i nvention, abB@eStéﬂé of ﬁ%f&%@ chHBS‘?n?& gﬂrtH = 'tQ\é@@!mQMtWD st ages of
30 sacrificial oxidati on of rée surface of the wafer 50. These

sacrifici aPtbgrdubich %ﬁ%g‘@sf‘“ér 80 denpikifciss th&Ié dederi BRd above and

are pnefer aa}ﬂyspﬁ@bén@g Iyurt@ar@@at treat msnt as descri bed above 35 Inthis
variant, an add&tl onal chem cal rrechgnl cal i,shi ng stagg $nt er posed
between the twolBar FTTLIE vagirREr PHnths ajdésentiojlan hey o568 Ina fifth

(Variant of thhetwovealn mtadaso oft ahessbkth variant is reversed,

' with RTA under pure argon being performed before
sacrificial oxidation.

15 In an eighth variant of the invention, between two
stages of sacrificial oxidation of the surface of the
wafer 50 (which stages are still identical with those
described ébove, and preferably combined with heat
treatment), there is interposed a stage of RTA of the

20 = wafer under pure argon.

It should be observed that the different variants of
the invention as described above all make use of a single
annealing operation for. smoothing purposes. .

This single smoothing annealing operation

25 corresponds to rapid thermal annealing under an
atmosphere made up solely of pure argon. -

Some of the variants may also make use of other

_ types-of annealing, with those annealing operations not
serving to smooth the free surface of the wafer.

30 | In particular, the heat treatments associated with
the sacrificial oxidation opefations serve to withdraw
material and to reinforce the bonding interfaces, and not
to smcooth the free surface of the wafer.

Although the sacrificial oxidation operations may

35 have an effect on the roughness of the free surface of
the wafer, it should be understood that this effect is
not in any way comparable with the effect that is




RTA under pure argon are perfornmed on the wafer 50, with these two stages
havi ng’ i nt er posed between them a cheni cal - nechani cal poKiJankany 288&ge. 5 In
a sixth variant of the invention, a sacrificial oxidation stage is
performed on the surface of the waferig50 (which stage is still identical
to those described above, and is preferably conbined with heat treatnent),
after -which the wafer 50 is subjected to RTA under an 10 at nosphere of pure

argon. | N BSeven MArAManbe it RN Qberdie gl dhtobned e two main

stages of- the sixth varicant is _reversed gr g g argon bei ng
perfor med BRPHRe ERAERICE &heotPHafFeAuenTy I’i?“&ﬁ“@?@h? Gari Bht®of the

i nvention, shefyeend Whe shdgesiaf s ﬁifid:eﬁliﬂmd?mle(i}atl on of the surface of

" the wafer 50 (which stages.,are. sti i denti cal th _thos descLi bed

" above, and pref €4l Y %ﬁ'ﬁt]ré(d \J&PY’hfﬁ%‘&'fen?yr &&'ﬂ?gﬁ?ﬁs ?ge&é |§§Tgnt erposed a

stage 6f RIérbHicd he a2®:a\ﬁafcer:anntler rpduecdrigorm fhctshoakdlbeoobserved t hat

the differg 2 %ﬁéfﬁ?ﬁ%f& £9¥ﬁn£é8ﬁ% desplhpgd apgve all meke use of
neal | g

a single ng operatlon ‘purposes.. This single
snoot hi ng am!e@tlcng isperathenozdesopf eapbartdn ®fr 48i HheRer mal anneal i ng

under an gﬁR@dQ1ﬂpt§9§ek¥sﬁécp%@fé{&@@ cS8MBeOhadbetyari ant s ‘may
al so make use of ot es of anneali ngtqvm th tho%ggag?ﬁ?l i ng operations
0

not serwﬁ@et’@@iﬁ)&nhpﬁﬁé flPeafsbrench e NRaf &r particular, the

heat tpeat ment sx@sl%om@be@t\atbh ihhgasetdifdcitblatoxhdateachoper ati ons serve
to withdraw . nateri,al gnd 0 I’%I nfgrce t he bondi n im% rfaces, and not to
heghe

smoot h t heFHRe ¥ P 8¢ pentyg t‘?‘ﬁﬁ?&}attﬁ’ ificial oxidation
(oper at i onssamyi fi’d5 dlaveidatebheshtdafy he nedglobess isf ghheefree surface of

the wafer, jfesNQW 4,85 YAdeLThos? LRSS Afis effect is
In particular, the teaching of French patent
15 No. 2 777 115 relating to such heat treatments included
in a sacrificial oxidation operation and mentioning the
possibility of using an atmosphere of argon cannot be
transposed to the circumstances of the present invention
in which an essential element lies in heat treatment in
20 RTA mode.
A characteristic which is essential and common to
all of the variants described above is thus that of the
method of reducing free surface roughness having only a
s single smoothing annealing operation that is implemented
L 25 in the form of rapid thermal annealing under an

atmosphere made up exclusively of pure argon.




not in any way conparable with the effect that is 4 January 2006 18

expec‘t ed during "snoot hing" which seeks, as nentioned 4 dmwary2086r educe
the | ow frequency roughness of the free surface of the wafer in

si.gni ficant manner. Thus, typically, {®w frequency roughness of the free 5
surface of a wafer can be reduced by a factor of 1 to 2 by a sacrificial
~oxi dation techni que, whereas the reduction is of the order of a factor of
10 when ﬂigl ng RTA (in this respect reference can be made to the
tabl e on page of French patent No. 2 797 713). 10 It is also stated in
particul arlt Hatmatied edciedycingl bhenoughnass edatther daereAbsiassoci at ed

with sacryfigigraXic¢ategl c8abhef¥r andesd 41NatsHis gkhgq different from
the aimof snmoothing. In particular, the teaching of French patent 15 No. 2

777 115 r SRR G suehageaPtt ARREARIRS Jl%cﬂr@(%d toj gmgokhcrpifci al

oxi-dat$on fwﬁagumcandtﬁanmeanbagbéh@ mdyémtzyédofinushag aheat nosphere
of argon cannot transgo}sﬁie %o the circunstances of the. Esesent
a

i nventi on ®T3° Wi ﬁeghlci—'fg TSP MM qs dSUINNREST COPRAERERt Sin 20 RTA
node. A chairragiteersmebitbinki ehnesl esgempedt iamd iopiemented ahl thé t he

variants dese 0SdgbaVEnSubUSADAL ) IR TR UOMOpEERURRRY {1 oo

surface roughness h snoot hi ng anneal I ng operation that
i's inplengm eﬁiicislsllﬁeﬂ«heofopﬁféfarﬁfpﬂd t her mal anneal i ng under an
at nosphere made up exclusively of pure argon. 4 January 2006 19 CLAIMS 1.
A nmet hod of reduci ng t he roughness of the free surface of a wafer of

a

seni conducto® MELEPHaRCCRBF NGt AotNS FHifsEdingy C42dRage of annealing in
(order tO Ymotdetealided in that it also comprises the following

prior steps:
- a step of implanting atoms under a face of a
15 substrate from which the wafer is to be made, in an
implantation zone of the substrate;
- a step of putting the implanted substrate into
intimate contact with a stiffener; and
- a step of cleaving the implanted substrate in the
20 implantation zone in order to make the wafer out of the
portion of the substrate that is situated between the
surface subjected to implantation and the implantation

zone, and transferring said wafer onto the stiffener.

25 3. A method according to either preceding claim,
characterized in that the rapid thermal annealing is
| performed with a ﬁigh temperature dwell lying in the
range 1100°C to 1250°C, for a period of 5 s to 30 s.

30 4. A method according to preceding claim, characterized
in that the stage of rapid thermal annealing under pure

argon is followed by a polishing stage.

5. A method according to the preceding claim,
35  characterized in that the pollshlng stage is followed by

a sacr1f1c1al oxidation stage




5 free surface, the nethod being characterized in that the stage of

r educi ng the free surface roughness conprises a singl et s’ﬁB‘dﬁ”H?ﬂ%ﬁ anneal i ng
operation inplenmented in the formof rapid thermal annealing under an

at mosphere made up exclusively of pumg argon. 10 2. A nethod according to
the preceding claim characterized in that it also conprises the follow ng
prior steps: a step of inplanting atons under a face of a 15 substrate

fromwh Chel.NR #BERDA! ScdOr@ndMaifaryt AL JeMB1amhali oy, zgne of the

substrat e; tepo putting ante strate into intimate
contact Wi Fﬁaéa%?ﬂéﬁ@rln drthta e g Dilowiiegy Phgathea Fopamtadihbst rate in
the 20 inmghaghatbenigene in order to make the wafer out of the portion of
the substrate that is, sjtuated between the surface subjected to

" inplantation and FRETHhpTiht L% R 8e, and transferring said wafer onto
the stisffener. 25r3pid\ fiéhedl anoerxiing uadeirt pare pasgadi ng cl ai m
characterized in {hat hle raaﬁcg thermal annealing is perfornmed with a high
tenperature dvel | P ?g % range 1100C to 1250C, for a period of 5 s
to 30 s. 30 4. A aechbﬂltaxﬁsbrcmlr@tti@rpr eceding claim characterized in
that the stage of rapid thermal annealing under pure argon is followed by
a polishing stage 5. A nethod according to the_preceding clal m 35
characteri gedAl nAethed a¢opinsingrst 96 S £bpEBRel By 3a sacrificial

oxi datiipon shaggetdripdaly 2006 2@ Gtafjemethedpag condhinigl t 0- any one of
claine 1 to 3, _characterized in that, the EO||8V\Q) r§taigoﬁare erforned
(1 n successPBRea1ing iRl Pursiddgaiofs tollowe e owin

stages:
sacrificial oxidation;
- polishing; and,

15 « sacrificial oxidation.

8. A method according to any one of claims 1 to 3,
characterized in that the following succession of stages
is performed: '
20 - rapid thermal annealing under pure argon;
- polishing; and

+ rapid thermal annealing under pure argon.

9. A method according to any one of claims’'l to 3,

25 characterized in that the stage of rapid thermal

annealing under pure argon is preceded by a stage of

sacrificial oxidation.

~10. A method according to any one of claims 1 to 3,
30 characterized in that the stage of rapid thermal
annealing under pure argon is followed by a stage of

sacrificial oxidation.

11. A method according to any to any one of claims 1 to
35 3, characterized in that the stage of rapid thermal

annealing under argon is preceded by a stage of

sacrificial oxidation, and said stage of rapid thermal



-

‘rapid thermal annealing under pure argon; polishing; and sacrificial
oxi dation. 7. A method according to any one of clains 14wangry 2006
-characterized in that the stage of rapid thermal annealing under pure
argon is followed by the follow ng st@ages: sacrificial oxidation;
polishing; and, 15 sacrificial oxidation. .8. A nethod according to any
one of clainms 1 to 3, <characterized in that the foll ow ng succession of
stages is _ : r.api ] j nder L n;
pol i shi ng; agﬁégﬂgr%idudmt;%%_r%éjaalt’#%gcgﬁnsgaft}{r}g@rde%P g?‘ggg.&ﬁ .lg%\g?ret hod
accordi ng sbagfycbnea@fiiciak oyidakipn. 25 characterized in that the stage
of rapid thernmal annealing under pure argon is preceded by a stage of
.sacrifici gl oxidation. 10. A nethod accordi ?[%é&lo any ong,of clains 1 to 3,
30 char act efi 288 TR tHFuTHE S RRf@ Bret & & RE 25RREGEPAG Ander pure
argon Bs fahiopeecdyimg sélagan.of sacrificial oxidation. 11. A nethod
according to any to.any one of clains 1 to 35 3, characterized in that the
stage of rapid thermal annealing under argon is preceded by a stage of
sacrificial oxidation, and said stage of rapid thermal 4 January 2006 21
anneal i ng under pure argon is followed by an additional stage of
sacrificial oxidation. 12. An SO structure obtained by a nmethod according
to any preceding claim




