; @3er* "N && T()HI*6*T*Z] 6 METHOD FOR REDUCI NG SURFACE RUGOSI TY The present
invention.relates in general manner to the surface treat al s
and'in particular to treating substrates for fabricati ngngmmm mm lmlm

m croel ectroni c and/ or optoel ectronic applications. Mre preci S8

invention relates to a nmethod of reducing the roughness of t he'¥Pee surface

of a wafer of sem conductor material, said nmethod including an annealing

step in order to Srmomm@bdpbnemmtrm‘memnﬂct‘haucesmifree surface" is
used to nmean the_ surface S exposed %o the exfernal

envi ronnent (in %tﬂrfftent l&ﬁep f%?f%\ r}s R R I

I'S'1Th contact with
t he surfacetiod amofdrer twafaemeot soneatothierl gl ementin. pAstegplairned bel ow,

the i nventlé){l g@{hcfe dbrg)clr%r{g%gt gg 1250 Cﬁéa%tdr%étgﬁg{é)loylfe%?gapgggeous but

non-limting nmanne i conmbi nati on W t abricating thin filns
or |ayebs dﬁl@mﬁb&tﬂtdqmm amgly eri abteflader qryige ageddcpbédnNFn French patent

No. 2 68l 472. Agrl Qﬁ%crl%%rlgzdugheglm@nsﬁ%mélgat%fs the .aheveoai bed 20
docunent is known as Smartcut method. In outline, its gzl ns eps are as

fol l ows: a SR&W-HI9 |tr'ftﬂ érﬂqgﬁ‘@eétsoﬁ‘é BRfebitf & Fda¢ 0P fadsiBserFaf
sem conduct &&mededucdor( lnratpa&ntallt;ulsaﬁdsmétw):,ndmoamgl raqnl antati on zone of
t he substrate; %f}a ste ttlngBthelfﬁglant&dfsubstr glntomtlmate

contact wi tHaSt11$ &P léln&rgegt SFOQ Al

avi'ng the inpl dnted substrate in
its inpbant ati onTzene 0 "efg efeo strdnseBris hesqbritd areagf thike ssylisteat e t hat

5 51 Uat ed bel veepL £ by S (308, Ligbaves, 0. Subleciad & haphasgati on and

thelrrplantatlon Zore 't o the stiffener formng a thin filmor
| ayer of sefdopeitctant tﬂ%ra@oﬁnt?ﬁéat?érwffm a'fﬁllcﬁg"lsatl@ném@&?élts any

borbar dnent,, pfp, aE}Qéns‘thcradé)'?alfC a%B%ﬁb?Swﬂlé%a@fescfr@ d’dHerrO@ll@lm@gltsal d 35
species into the material of the wafer, wth the |r;jﬁl ant.ed sé?nﬁm haV| ng a
R e

concentration nme&§ iRlaingd bedop, 2 that BRRFHetPH
rel atiye toiitheaborharded suhacagesasasbho rd@rﬁ-l]h&nja;mma@fneweahrmess.

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 particular
silicon), in an implantation zone of the substrate;

25 - a step of putting the implanted substrate into
intimate contact with a stiffener; and

a step of cleaving the implanted substrate in 1its
implantation zone so as to transfer the portion of the
substrate that is situated between the surface that was

30 subjected to 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

LT
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The depth of the zone of weakness is a function of the nature of the

i npl anted. species, and the energy which 5 is associated therewith for
inplantation. In this text, the generic term"wafer"” is used to designate
the filmor layer transferred by such a Smartcut type nethod. The wafer
(which is made of sem conductor material) 10 can thus be associated with a
stiffener and possibly also with other, internediate |ayers. The term

"wafer” is @bsoriset Id@pttrrewﬂﬁﬁsenthé%feﬁ QcOevekeany waker, |ayer, or
filmof sem conductor terial such as sjilicon, regardle of whet her or

not 15 the NRIFRALIRLE SHERCHrodaced by & e FP Fy BE ?E% ®the object in
all cases being 'Jt}’(’tﬁtde(p)fthr educhagzdhe ¢Dughmiessssofist heffineeisurbhice of the

waf er. For applications of the Exggige%é&naed at, 4 taeﬁ E%pg%n‘gh%ht hi s

text, the roughness specr cat" SSoci dt 6d Wit ee surfaces of
waf ers are veryssevieited ahdrehethuadrt ympiantwt ifonee surfaces of wafers is a

paraneter whi ch gdetigyini nes.t hengughhby: Of  SQIPORARLS tg Bechmds on the
wafer. It is thus comon to'find foughness specificati ons 25 that nust not

exceed 5 ar@@ttemtq A didBorrntanesqtsres (e il gach RAughness

nmeasur errentgmgf@crg@@er@é Mngp_ercfcpr med using an atom c force m croscope

(AFM. Wth that type of a} tus %%lFJgh ess is r(rjelcscured rgg surfaces

that are scanned'™ ‘“ﬂf@rt tﬁ@ BRERF nf ¢ r oS opd A Eovér i'hg T ar 83l in the

range 1lon ccometiers (kgyra)ssoclameutmm prexidfenmy, and poseirdvel y 50 um Xx
50 um or even, 100 mot | 00 . Vt@rmegugpgesg By be characterized in two

ways, in 35° partr cu ar. X3 hest ways, the roughness constitutes

socal | ed "hi gh fTleguarsy " wedeglinessaand eefr?fﬂe-‘sfpdﬂtﬁs SUCESS nﬁreﬁérar eas of

about 1 um X, 1.5 [} %f%tﬂ“eﬁa%rt hgser ey Sor L4 HafRess is said to 5
be "I ow frequency roughness 'and”cof r esponds to scanni ng areas of about 10

um x 10 um BrteFbat efuCiTRS 5iAlspBei FREAFTLRSYi Yerl 5 W&y of
i ndi catson igethusef olad %mne&sdg@éaespondsmrr@w@stwe anezhaf, 10 um x 10

um 10 Wafers produced by known nethods rtcut .type or sone ot her
met hod) preE}e?'r %h‘?‘ffac“e‘ ﬁdﬁgﬁﬁé?ésé?%? gg‘f‘ﬁ thle”c? G gr%egt er than

speci fi cati oosglofie sheo firegri tfude specatbredfaboveyaimtess the surface of the
wafer is subj eCtl-teﬁOE{a%psl%ec%ltf |Gt ro%aftf{E“% é%Qn@%o pal gy ng. A first

known type of ne ucing the strface roughness of wafers consists
i n subj ectipgIihelnafal thg s é@n\tenﬁh@napugheaﬁst?@%ﬁﬂ@rﬂat(lémsg sacrifici al

oxi dat bgn) . aggoép¥§¥§mniﬁ{Q@kﬂ?&%eoguEﬁékeEygg ﬂ@?@r@Qﬁxﬁﬁ&hﬁE t he
roughness of wafers to be brought down to_the Ievg%%of t "hae ove rrentl oned
h

speci fi cati dRESTAN tH¥UgH® ﬂ’rla&rl&ér °ftothGr fREF FRY Si%is
possi bl e t 0a epytsage=1t narieasidyg etrhe negnbee qfiality 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 sqguare
(rms) value.
Roughness measurements are generally performed using
an atomic force microscope (AFM).
With that type of apparatus, roughness is measured
30 on surfaces 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 um, and more rarely 50 pm x 50 um,
or even 100 pm x 100 um.
Roughness may be characterized in two ways, in

35 particular.



25 appl ications of such conventional heat treatments, and/or conbining them
with other known types of nmethod, that |leads to a nethod that is |engthy
and' conpl ex. Thus, for exanple, European patent No. 1 06l 565 discl oses a
met hod of that type, teaching | engthy 30 annealing (about 60 mnutes (mn))
at high tenperature, followed by cooling under an at nosphere contai ni ng
hydr ogen. A second known type of nethod consists in subjecting the free

surface of the wafesnd %mttemgéalmvechanécabu@ﬁm icsatmismgtutbatsbype of
net hod can |n?ie&h qhe t he rou hness (% ee surface of the wafer to
et d%h

be reduced. eﬁ%?%%ﬁ@ﬁ 5088P88?S et EPGR gr adi ent t hat

i ncreases tewandsng herdree swidoate lofimt kel waf.er, that second known type of

rethod can ai'so seryie. (g ahr ajd said vater domndonmAagnest atapeesent s an

acceptable 5 concentration of ‘de eCts at second known type of
met hod Pr eseat §1otef e autrack’ d@ugbﬁﬁﬁénﬁéﬁr@PttﬁﬁHﬂﬂdﬁoﬁﬁlﬁ?aéﬂlﬂﬁe free

surface of 5?@a§ﬂ$§rab3@@tuﬂﬁﬁM@ﬁQ6 L& BRd r@@ﬁé@ wher 8 karge anmount of 10
polishing is rformed on the surface of the wafer, as wqul d be necessary

in order toSPéééﬁl%HbWhéé]qurb\ﬁétoé’eoPYt KaY kP bl MEHEE (0P8 180 &PES A third
known type @brnmebhigin&ofnsi®irsedpbrelibjgeebi Agstde awderoft A0r api & anneal i ng
under a con éolled 15 atnosphere, known as rapid thermal annealing (RTA).
Below in this t€xt, this form of annealing is referred to either_by its
acr onymoRTA or i Hafets pmpdquﬁtbﬁlh@pwalmanhe@$|t@ﬁ tH313Mﬂn§CmﬁC?d type of

met hod, the, ?@%Oé i 8o gg%l%?négjﬁki F9§s5§9p§£§%é%é%ré%HHH%s%%%s|'e in the

range about 1 second to 60 s. In a
first variant @ﬁlvﬁﬁsth¢ﬁrirq3qﬁﬁaﬂernébﬁ6dspéﬁl%k%ﬁﬁﬂQ?%ﬁoﬁMﬂh@h is to be

found in USmeah%hdébsp@c'Flje&%ovteheutﬂ@%ssgﬁéagterpécéhﬁf wafeer i s snoot hed
25 by perform.ng RTA of .the wafer under an atnosphere constituted by a

m xture gen8RafFyl8ompPiciiRf Hriregst it EorBHARLT ot Wit S eagent gases
(HC1, HE, HBB1liSKEngCFA, NF3, CdzF2, . . ) . Inthis first variant of

the third type o t ho 30 the aggre V|t of the xtyre constituting
t he annealing at%nggﬁ%?dmgﬁgbﬂﬁgmt%% gho ¥ PRcESY gﬁ% wat er to be
"etched", therébyeredu@mmgpstai'waughmeQQHSIhas firsebiertiian tden present
advant ages. ,HoWever aLimtation dies R Len80r €85) Ve DAt €135 of the

m xture of gases constltutlng e atnosphere used in such a nethod, and
el ements ot REAdeRaANt he free surface of the wafer may be exposed to the

actionpphereof 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 number of
25 applications of such conventional heat treatments, and/or
combining them with other known types of method, that
leads to 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 ccoling under an atmosphere containing
hydrogen.
A second known type of method consists in subjecting
the free surface of the wafer to chemical-mechanical
35 polishing.
That type of method can indeed enable the roughness

of the free surface of the wafer to be reduced.



5 (the face of the wafer or the structure to which it is bonded that faces
away fromsaid free surface of the wafer, and sonetines al so the annealing
chanber). It can thus be necessary to take additional neasures 5 for
protecting those el enents, thereby tenging to make the nmethod even nore
conpl ex. The aggressivity of the m xture used can, under sone

ci rcunst ances, also worsen defects in the wafer, and that can |Iikew se

require additioqﬂlr¥ﬁ§1§%9@&§s ;0 FH@E$E¥rHHﬁ%enQQ%E1$§r ARG &8t Ng an
anneal i ng at nosphere nma fferent gases, saone _of which are

reactive, rigeii rJéECf@@%eﬁsttQWPé@ﬁohh‘Fo“E%e prOViagEd Oho L P nBR EfBNL i ng such a
nmet hod t hatygan de-drel atlovel Yy@@nﬁfef%et(}f(&@dﬁarf on séi therentogasesidsaf ety

nmeasures, ... 15 An | enmentation_tau i n European t rdo. 1 061
565 cor resp%‘n%‘% Y 4 r‘I’p i 8t avé??‘én‘ih%f %eset% 5§ tﬁﬁgeggag%h I n that
i npl enent at{tmr;eﬁl'n%tllsarp@rff aeffedtsn an at nosphere that al ways cont ai ns _
hydl’ Ogen In a é:woenderv,ar Ih%@t 581: Bgaﬁn%\m %’&Sé/%% %fetr}'ﬁ%ﬁhﬁgesggtghe wafer is

subj ected to RT an atnosphere es not have function of
attacki ng tthee rmltéevb@k off chapwamésing nthhatn ki, oSmbBEhERESi s t he
result not of . etching ttﬂéewfarfgg surface of the wafer, but of rebuilding 25
the surface of the wafer. In that case, the anneal n at mosp her

typically made uPh@f dHipdksGEn i RadeW RS ar Yo 6 1rﬁrt FoGBRY IEr 8§ch pat ent
appl i cabi onpodND; 5199 4L 066 perFrhednanet né é@ﬁfd&p@ld&&lﬂe diaselrgses an exanpl e

of that second variant of the third_ t od.  _Eur n_pat ent No.
1 158 58l d‘i"%‘éjr‘gg% S TR SHiTHg 1 &4 ﬁﬁn?o%llxg?%%‘ aﬁ?/va(i}lsnecsosrrgr ?%2—% t\?\o

anneal i ng oples akimhsyeritnclnedi agpoore RTA operation, said annealing
operations bel ng, nAL{ Al Ty (3BALTORRDELS CONLALN NG, Baxhudrogen of

argon. The two annealing opera ns tau at docunent both serve to
smoot h t he theewsief doe nﬁpltdh@nw@faéﬂngm@der @ ¢Edualiled in | ow frequency

roughn%s | $ehbdust rat %o% Ta@e L—@%H E%HHmOinnT@éJlﬁqu irrahhat docunent,
whi ch shows in particular th f ect of the second a gneal i.ng operation

fol | ow ng t he RT?Ebperidt |t6HS §eWt'htF?Tﬁ\ tPEEt Ao “iSonpar at i ve
exanpl e )ref@ﬂ\kécﬂ eieNchdoughness aatbaymt REARt GEMN |&1JL &G nanoneters

(nm rns. By | nt| g the two gnnealing operations taught by that
docunent, th&? EI) %ﬂ%né’ﬂ?nre@ dhfess is significantly inproved, reaching

10 val ues of 0.28n ntrhzrsrrstra]ncﬁ @y3@ mih mashod, 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
25 by performing RTA of the wafer under an atmosphere
constituted by a mixture generally comprising hydrogen in
combination with reagent gases (HCl, HF, HBr, SFy, CFy,
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



The teaching of EP 1 158 58| is thus focused on performng two successive
operati ons of ‘snoot hing by annealing (where snoothing is characterized by a
reduction in | ow frequency roughness), with the first of 15 those two
anneal i ng operations being RTA. Howevep, the nethod taught by EP 1 |58 581
is relatively |l engthy and expensive to inplenment since it always requires
two anneal i ng operations for snoothing. The invention seeks to provide an

i nprovenent ({410 the 20 fehkods raent i oned aboxa.udet twowhdcheiadvant ageous to
simplify such met hods further. In addition, it would alsg Ee advant ageous

to reduce &8rad FhatndaceRagvadnt Qﬁbéﬁ?“iﬂiFﬁéSBF§§FﬁlP BBhic 25
structure ofaftde malersioaktahethel vaf e arme@arltnlgcuhambas a result of heat

treatment (such as tha i ht be e er to
cleave it when ﬁﬂff Eﬁﬁs %gnﬁ??%ﬁf ?%pe néﬁh %da@? ﬂ@ﬂ ﬁ%%%u?ﬁgt such
slip lihes KQM\gnﬂnﬂdtﬂm@omhaeeheaembﬂtmg Ukﬁmabwedendmnantﬂomﬁﬁ? in

di fferent rgoions ofy %Q% spo%g g$@€£gxthls is particularly troubl esone in

furnaces presenting col ts) rthermore, the hydrogen used in prior
i npl ement at i ons Wfe A opEiivaky Ps bh@dél%WHﬁe|Q§e§5C@@PaPPQ@FysgyﬁenS|ve

wher eas ef f@fﬁcdn%t%ﬁés”“%‘l%'dw@ké@ﬁt@Qfé@té’ eduainRg whife rcosha associ at ed
with wafer treatnent, met hods. Fi na %% it moul be particularly
t

advantageou%aqcﬁ%ﬁ?%ﬂﬂ%aﬁ%9Ulﬁﬁl@ﬂghfl%n oot 5 §fy|ng t he
above- n@nt|oned mbjteedrsidr , cembitnak i danwi tdireg reet locheafl inke Smart cut type.

5 The obj ect the invention is t od satisfyiLng those
needs. Ir1cﬁ%ﬂﬁSRQ§ cﬁF@GéuPhpg 8 %fe?gnfqgg%ﬁ%egg%%h%gr%blgk ina first
aspect, a netdwdiof, redwdineg eheinetghhessonfta He forew isect 466 of a waf er

of - sert COndyt lnchft /1R &I - ﬁ@;ﬂoaemﬁ@l EQL SIG 3 18higgeabranneal i ng

in order to sal'd free surface e nmet hod being characterized in
t hat the st%&ﬁ?@ﬁ ol i i g rené ﬁﬁééssuﬁ¥%%ﬁyﬂ6%ﬁﬂﬁé§b conpri ses a single

smoot hi ng anneahh“Qu@ﬂQﬁﬁ%h@@1bﬂpk§ﬂgﬂteﬂnIEbﬁéﬁbédﬂﬁauﬁhtrapld thermal 15
anneal i ng under %g éggiphere nagg g excluskfgge/varﬂgﬁ%ec%r%%n Preferred
but non-TiM%ing & G HEREOREFHOE bEat .

third type of method. 1In that implementation, RTA 1s

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 operations taught by that document

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



the invention are as follows: the nethod also conprises the follow ng prior
20 steps:. a step of inplanting atons under a face of a substrate from which
the'wafer is to be nade, in an inplantation zone of the substrate; a step
of putting the inplanted substrate 25 g¢nto intimate contact with a
stiffener; and a step of cleaving the inplanted substrate in the

i nplantation zone in order to make the wafer out of the portion of the

substrate thai,disicy tivated betuesnc§ heosiiiase isubjiectedatedippl antation
and the inplantation 30 zon and transferring said vvafﬁg onto t

e, d e
stiffener; tHe ¥aidi FOLHBRnAF BAREAIZ ng i 94 Psr e tni PR S h?%%w%]errper ature
dwel | |yingin rpdhe qvaagetkk00€r ot | 50T e fsmccmdpennedloigh s to 30 s; the

stage of rapid thermal ;anneal i u r : argon is followed by a
polishing s %ﬁﬁﬁtlfﬁg%B%?PgﬁP%ggg?a§§E#§§$%§Poakd by a sacrificjal oxidation
stage: 5 8 the fibldrowAgtstagesnaralpes f Olamebane tdiyecessmBhe Satrifici al
oxidation, I&P!fLdNRIE BIORALLET,HAGET: RUlGHOQE POLIShing: and S =
sacrificial oxidation; "'the stage of rapid thermal, anneal i ng under pure
argon is follQhetRTIRMetRE Sf dPMOWFRE - st BYe™P LeRgTi NG &h€okilat i on;

pol i shing; ank0i iy speiatiiehal taxydatbenihdtheidalneom, nghsutoessi on of
stages is perfornmed. rapid thermal  annealin under(fure argan; Bolishing;
and rapid thetHH"GhAeRARGSEnder ShEPel Br oty 18X $5E s €855 oF Or api d

t her mal 0 anneal weg amder spume rasgendi 8. PP eveded by a stage of sacrifi cial

oatvatLon, XSGR I, GRRY ot Do a0l S ociiee ahaon 1
performing two successive operations of smoothing by
annealing (where smoothing is characterized by a
reduction in low frequency roughness), with the first of

15 those two annealing operations 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.

Tt 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 to 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 (where 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.



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

oxi dation. In a second aspect, the invention provides a silicon 25 on
insulator (SO ) structure obtained by such a nethod. O her aspects,

obj ects, and advantages of the invention appear better on reading the

foll owing descriptiomef i efeniedel g@keﬁr@m@ﬂp%mntta@@dumw iben, given
with reference to the acconpanyin rawin i n which ggrells an

overal | anda}ai%g‘%%n%fﬁ‘?]ieé“e\ﬂte\ﬁ F‘Wt%SﬁgF?EéI?ﬁé}n%et&q G oFE AR RS ng
chanber enabbiage  hen | cutenitriaen ono whehi Aphetes est tand Shiagurat® i s a graph
showi ng the_reduction in 35 roughness obtained by inplenenting the
invention on"&silicon wafer. 9 Wth reference initially to di agrammatic
Figure b, there Tlan dejseemfa thenihiventiing exanpl anoferam tarnetieg! chanber

1 enabling gg@léf‘l}\/ﬁ%l%éé) e dJml ement ed. The chanber is for inplenenting
an anneal i ng staﬁg 5" under pure ar on at nosphere usi ng the RTA techni que.

The chanber 1 cohpreLdar 4P ml@é’@ré 2s gbpegkt ofhe, IV ldYY at e-carri er

tray 6, twWopastayss | oflrhaa agensd apec8, L0medREdtuo lﬂithfcslrﬁj tsnede | anps. The
encl osure 2 conpri ses articular a bottom 10_wal | WaII 14, and

two side aFPRINEE S8 iHredea UrégpEctive v%@h% S AR U he
encl osupe 2maﬂ§lﬁl<ﬁ)f t $vei & inde Nl Icﬁ)mjs@,lslagl actudes @f gatre20ingThen react or 4

is constitute uartztub xt endi ongi tu enthetwo
G e v 1 & GEdeBY: 8 MRIHE 0P KLU0 BN HEL DR Yoo
provi ded wi dzlhaaag*a@rlm@tlrﬂtkaartd ténegazi;ag@t bétr@QUCJTrh@ ges fouad et 22 is

situated insfhe,si dPOlY@'{rleS]SB ddyrikas ¢ h%lﬁ@i@ gx@oogmfrirﬁyesal&nglo of

hal ogen | anps are situated 20 respectively above and ow the reactor 4,
bet ween t heCP@EEE BN aktPkaReBa o &k fopmwaf| s283d dHe a2l Each array 8,

10 of hal ogemnéampsg ot S85 Sevepheed haapsugbedt sposed pespendicul ar to
the longitudinal axis of the reactor 9. 25 The two pairs of side |anps (not

shown in Figu?e'1) are situated parallel to the longitudinal axis of the
reactor 4, each bretsneresi d:&ltt hemredfimigener akbycat ¢hetheonmgthuold raf ends of

the lamps 26, in; Itihgn@{(grgys 51 Q g9f, hal.ogen | anps. 30 The
substrate-carrying tray es Ansidé the reactor 4. It supports a wafer

50 that is to be st e@qtéuact @Jaﬁost@g@r@fseénﬁéal faglanbey rrior

hydr ogepcontaiping at mosphere 100 and enables wafers to be inserted and
renoved i nto and fromthe chanber 1. A 35 chanber 1 of thls tyg? is sold by
Steag under the name ¥ SHSSREGT @Boprplanting atoms under a face

substrate from which the wafer is to be made, in an
implantation zone of the substrate;
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 implantation and the implantation
30 zone, and transferring said wafer onto the stiffener;
the rapid thermal annealing is performed with a
high temperature dwell lying 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:



1001t is specified that the "wafer” 50 may be constituted in general manner
by any singl e-layer or nufti-layer structure having a surface |ayer of

sem conductor material (such as silicon in preferred but 5 non-limting
manner). It is recalled that an objectgof the invention is to reduce the
roughness of the free surface of such a surface |layer. The invention can be
i npl emented to reduce the 10 roughness of the free surface of a wafer 50

that has not been gibjreatiedihg apyqPs i He tyBatmRBY, ianduatsosionvaf ers that
have been obtai ned b%,igﬁgLch_treatnents. In particular, different
ti

variants of the inve Sy ailnopareFtear |y advant ageous manner to
reduci ng the 15 roughhessgiof thkemsdr hagcea din@nuB@r stunecttugenand/ or of a
substrate of sem conduct or. tenialdfron1mhich such a structure is
obt ai ned, in particulaﬁxbfjggnﬁyiﬁa a nethod of the Smartcut type. Thus, in
the context of the Srarsautifmetikddoxtiibet20ni nventi on can advant ageously be

| mpl errent ed for 1t he, purpgse of LLeduciig the Jiahngss alicpnguot the ot her

of the two surfaces o conductor nateri obt ai ned by cleaving the zone
of weakness2ifie idurfirdd omied PirpLhat 821 b SteptaseStor reduci ng the

roughness of both 25 vfsihese swif ax8sati188; di fferent vari ant
i npl ementations of the nethqd of the invention described bel ow by way of

exanpl e are applied to RPEHtN Y wdrs 50 having a useful |ayer of
sem congluct or materi o &cAiefig.almacedatisnti con), said 30 |ayer itself

having a free surface o4 Inecl aver.s2,s sa dp.be  yssluliegince 1t is
to be used for making electronic, op?lcal, or  optoelectronic elenments on
the wafer 50. As nentv oreelididdegmatlhenfhireéisar iader G4urmya 1Ty 35 cl eaved
surface obtained by inplenent; agmartcut nethod. 11 When the wafer 50
is an SO substrate obtained by the Smartcut nethod, the wafer 50 conprises
beneath the useful | dyeFamid Linxmadd aprraéindyerdet sRr¥e V& i'ng a

supporiing substrati frdde sHowhgibetHages stoaekd hialg iundergwieel the
t hi ckness of the wafer 5 hagybeen exag in order .to.show the useful
5

%grated.% Sho
| ayer 52 artF99% T &b SH¥eaLEYs4. STRES| et ¢ oht Laif t Hifs BE WPl enent ed
sol ely by performig ataddBAcst ageidnthbemahf @nn&0liundemday DOirat nospher e of

pure argon._The st f neal i_n er-p n. r4-86%,t;he steps
Bonsi ot ng 0 ShEe g HE el S07Pn Ehe eranpar . K Ehe chanber
bei ng col d awén the wafer is inserted;

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 1is
followed by an additional stage of sacrificial oxidation.

In a second aspect, the invention provides a silicon

25 on insulator (SOI) structure obtained by such a method.

Other aspects, 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 implemented; and

Figure 2 is a graph showing the reduction in

35 roughness obtained by implementing the invention on a

silicon wafer.



15 ~ introduci ng an anneal i ng at nosphere of pure argon into the chanber at
a pressure equal to or close to atnospheric pressure. It should al so be
understood that this pressure could also be set at a |ower value, lying in
the range a fewmllitorr (mlforr) to atnospheric 20 pressure; sw tching on
t he hal ogen | anps 26 so as to cause the tenperature inside the chanber 1 to
rise at a rate of about 50C per second, up to a treatnent tenperature;

mai ntai ni ng the w@rerreﬁgrbﬂcéhﬁnfbm th 25 ayheeMghout riferdur ation of a
hi gh-tenperature dwel | ; and smntchln off t he hiloggn Iaqgs 26. and cool i ng

the wafer 50DV medhdeofeENT FolPdf LT Y §%PRPECoP L s2Ve? AT eHE of degr ees
Cel si us percmﬁﬁﬂnd]_wmbblhegpenelum@ewmmynm@ be applecatted. of any desired

rel ati onship. 30, C%ageege§ge &%bcgkagk ﬂgh%tgpé for the

argon that is use as'pur@ as % 1T cant has found
that thée pr@@@mmeaaﬂugnakgoquahmo$p@@rqﬁu$ymm ﬁh@n&FAetéﬁﬁﬂ%%u%such as

oxygen in parti cpldighcan qaeoﬁlgrw@sr@{%wcqlosgfret he ysetubrbayer 35 being
attacked (by formn a surface_area icon is

exposed to %wﬁ%ﬁﬁﬁi‘qﬁh§arr12raﬁﬁ6§pﬁer%ﬂqtﬂﬂ?%yﬁcpédéé aggﬁaf?mﬁﬁantlty of
oxygen, fOF8ﬁXﬂ@p|£ﬂd 5E66ﬁéﬂﬁblgﬂngl@@SLi@ﬂﬂd that such a stage of

anneal i ng under an e, of pure argon enahl es_the ughness of the
free surface SOtﬂb nﬁ@éPéﬁs@dcg ght f7¢ %fﬁgﬁ?ésaIEQEQ%%alned were in
particubar wdlimch, betb@rwqualﬂuy hhantwmemkﬁdumﬂﬂenlﬁn d8ughness that can
Op oDt al ned. s0nBlda . SURAL] e oKL PALATEIL SHER B3 bRA! () hraaLment of

the sacrificral OX|6§i|on orm the useful layer is also
much better2thahwruﬁhdwdebéelWaﬁhe héfeﬂ3weﬁéuﬁ@sbé sabpeéfed to a

pol i shing oper atf,n. .Lhe o5t QQESOEOBI&H@Q&I HAUTE @Lgen rarmzsecorrprl se, for 15
exanple, a high tenperature dwell having a duration of and a

treat ment tehPRRAF dANFihGItR2L hE P%EME?@J?R%:HW? fé@@cwazﬁﬁuﬁ 2 shows t he

reductisn IPBI’OLFQ@I“LGﬁaS r@l@tp@bm@debyla@cmmmm@md Marelmr eecisely, this
figure sets_out, npr.ovene e" obtaln b$ app%xlng a net hod

of the |nve%{?%h VH%’CFIQ@& éBE@E Eﬁnaq i% F9%90He S hé%abs i 'Ssa axi s
relates to ghéf@mmﬂﬁt\&Qfassslmuahehaze thﬂlﬂmﬁhea&uﬂed8f@haéabﬁomafer bef ore
appl yi ng anpeal i gﬁ?cg the invention (top 25 neasurenent) and after (bottom
neasurenen??ﬁ igure 2, the top curve thus corresponds to haze as
measur ed at the %hﬁf%ﬁﬁ§Y@f8$Cﬂospfub@@©@%nah¥@¥3ﬁﬁéySH§W@t6€en cl eaved, and

the bophom cukyef BlalLS o et RS BERLTERSAIN AIRALS: Per hariRdrafer RTA under

argon at 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-
containing 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 1230C with a high tenmperature 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 haze is representative of surface
roughness. 35 This characteristic whigh is representative of the surface
roughness of the substrate was neasured in the present case using equi pnent
of the KLA Tencor type, and 13 of the Surfscan 6220 nodel : the haze as

measured is thusHJqgﬁgggcq¥lgget5§{e{@§0q,fg%ze5@2g9" pdt can be seen that
the reduction in haze I's of an anount that is cong)arabl e to the

resul ts t hatoesnt thE &l 4Bt SPAEE2 by T RTAWeSRRPYERS2YEbrO®xanpl e RTA
under an atppsphers drade rotrarsi Khuley of dindregenaged afgon. Mre

precisely, the i ovenent i n. haz rresp ds to.haze being ded by a
factor of a%%c%ﬁ{uoc% mﬂa\%ﬁf‘z zﬁﬁ% Il&%lntlf‘nﬁr?ﬁerr gﬂ())%{ of the 10

i nventi ®n nmedeesl dintitpossimaneet o . obt ain results with this high | evel of
quality while avgl ding he,Lympat! ons, %fége ed 2boyeohelahing 1o prior

RTA techni ques. 1n pa rticalar, srnce argon is an excel [ ent conductor of
heat, usingrednes ngsphenghorssups ahgofr ehablrdsdeeqft $3cko?be spread in a
nmanner thatgsras unjformas possible inside the chanmber |, thereby
reduci ng the Sl“f | ines that can be observed when i npl enmenti ng those prior

net hods. As mentiGhed'VsBdvden care Pﬁvéﬂ?%%ﬂ??ﬁﬁ?tﬂ?|rﬁ6P§ﬁeE%%d 20 solely by

the stage ofolifitnduplest ﬂ:lhreef&l’egoﬁurfhlté &t agevamkes0 thpossabl roto obtain a
i the surface state ,of th fe 59a Jegsaddltl on,

consi der abl e |npr e
this inpro %%&eﬁ ﬁé’da\ﬂyt REpPRCYT &S o &ri aI EBel ng renoved
fromthe vvarf}eart Hmte 2 eon obha icent bar ypaki hid herestinfeacs .54 bei ng rebui 1t

ey b ool ow Bl piAhall, WIRCEFEAL 2 oMl de @ raTtheRon" o

descri bed bel owin vi'ng not e stage under pure argon, but
al so addlt|@W@ﬂytmeakﬁﬁnKU§@aé§sadS@nFﬁG%p¢$r@ﬁnﬂﬁﬁﬂéhFEdﬁﬁén§t588 of RTA

under pyre asgohdss fod loped RY adeSbagen ofo Pl st f&%ds(@ﬁ:f ageaof the
waf er 50. This” polishing stage is inplenented by convention

chenmi cal - methHt e R issilsgndsstpe Bakees?t of Qﬂnﬂﬂ%qgaﬁgfgaﬁ fromthe
wor ki ng | ayet rib2sid uad etbtcliosel,t ant perf i eel surdwace B4 iand awhiechodi ght

still contalp s#rf§%§}é¥§§gntyp 14

Thus, in the context of the smartcut® method, the

20 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 for 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.



I n. a second variant, the stage of RTA under pure argon is followed not only
by a polishing stage, but also by a subsequent additional stage of
sacrificial oxidation conbined with heat treatnent. 5 The sacrificial
oxidation stage is intended to reduce Eny defects that mght remain after
the follow ng stage. When inplenenting the invention after a Smart cut
net hod, defects may be associated with the inplanting stage or the cleaving
Zt age. le The saggdd ihtqiealwaq@rdat)i 9B Shager cgmyﬂrsa&? %@t@xhdat iﬁgn stgp and a
e-oxidation step. T eat treatnent i.s_ipterpose et.ween .t oxi dati on
step and thgh%egrg%ﬁ%%%r{“estt%ﬁ THhE 82§t Sgnmgr{‘%]bl?ess &eerﬁ‘egrta{’bﬁc;}?eperfor med
at a 15 tenpesftUriaten g ianbuleedangedd 00G/¢ 0 ItRICE. cTNeroripdati on step
may be perf%)‘}rlé(ig: rp%lma dArsteghni que or by a wet technique. In the dry

ati

t echni que, oXI on step i's perforned, for exanple, by heating the
waf er 50 under 2Dt gawvbgs bexygerrstaodhehaletin deliiingud, the oxi dation step

i's performedy;fgfe &xaplige QY rRRABONGaL NS ¥af 8fa pfl1idt 2 iat BRERRer e charged
with steam In both thﬁb%#y techni que and the wet techni us, in 25
convent i onaf© n&Rfbdis& ulo legerpar soid skif 1 8PS P4 Héar £ -t he oxi di zi ng

at nosphere may afis® herahaogedan thubyde othb Démentaei ko lHlg @wi dation step

| eads to an_oxiLde 60 bei Q%Aﬁrgr med covg{\i n‘ga%hg ?d”facfeer 5aérl1 of the useful

| ayer 52. 30°The heat 1 95t 88e P8 Batored By "aiy' heat treat nent
operatiibn sernosmghdice icprove Bhrgogual ities of the material constituting the

useful |ayer 52. e hﬁ;ﬁé { - p r At tant
t enperature or a%g%asrw g&f{g%g%%g?tﬁpgwgggwytg#%ar ng e erature, heat
treat ment iShpepfewsetbnSigtiegadpl-e, by progressively raising 15

tenperat ure betweem I W alhdesiarer Wot nt eppesdmser osciyiltat itk cyclical ly
bet ween two val ues, etc.” The heat treat n?nt stage is %{ff erably perfornmed
at |east inCpaPrenatPeinemrddatiticd hP§hEREhah® 100V Shd 5 nore

particubarly arounthtlt&0Eitne; E20QGnedhi 8gheamotpleatarent dusrepraafgemabl y
perfornmed under non- oxi di zi.ng at nosphere ich may. conprdse argon,
ni trogen, hydr3geht éehaé“?%,erorati %dé’é&sﬁpl}:nex? F%{]o Ot?r:lgscelogsg%ées? The heat
treat ment naymassioebec perdssumed | dtashouvdcause B songrrefterasblihatt he

oxidation Stgps! - HLLAl M Rf 1% Bel BEL NGl o LIGALIBL S a08, g thi s way,
t he oxide 60 protects the remai nder of the useful layer during the heat
treatment ahd BRI HBNIhe BvpHeddiERsn GRTPrEL | By atmospheric

20 pressure;
switching on the halogen lamps 26 so as to cause
the temperature inside the chamber 1 to rise at a rate of
about 50°C per second, up to a treatment temperature;
- maintaining the wafer 50 in the chamber 1
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 used to be as pure as possible since
the Applicant has found that the presence of small
quantities of additional elements (such as oxygen in
particular) can lead to the material of the useful layer

35 being attacked (by forming highly volatile SiO if a

surface area of silicon is exposed to an annealing



Pitting is a phenonenon that is well known to the person skilled in the art
and occurs at 'the surface of certain sem conductors when they are anneal ed
under a non-oxi di zi ng at nosphere such as nitrogen, argon, in a 20 vacuum
etc. It occurs in particular with silixgon 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 tenperature of the heat treatnent

and it termnalgsmdef ehgrt Racendeof at iga 2D rittheatmeRygedhecbeat
treatment serves to cure at least in part the defects generated during the

precedi ng stEY¥sLS)n the nethod of fabricating and treating the wafer 50.
More particul arlphe tApp1heahtt heat peahd neyatbesdth pestagpedffor a duration

and at a tenperature such as tp enable it .tqo cure cry f s, such as
st acki ng de? ?é&lHQHﬁn%ﬁéf88t§?m8?%geﬁ%ﬁ%?é?gﬁaFﬁgfﬁe%bgé%gg ?géer 52
during $he oxuglatéon oft ¢épe Theet ennfa&E"Stef@dte idecysedetlo desi gnate any
defect 35 . or e is revealed by a decorative halo in the buried
oxi de mhicﬁ@?§$§?¥%§§g§'under t he useful |ayer 52 (when the wafer 50 is an

SO waf er obtai et Higsaltsiebspanredureret HodarEiqudatt Ré RAFBr has been
treated in gebadh afaiedr ehlaworhe ashdet b heatodghealsienhaal sanpresents

t he advant age of reinforg%ag éhe bonding %Qterface,ﬁg.%. Retmeﬁna%he | ayer
5 transferred RFIHES K8 n&¥eFOBY P hEC&iar t At et FEG afd t'he
supporiong stbstmaite.ofThéedeaoxidatioh stepat sSompriafeer.ably perfornmed in

sol ution. By way,of ex le, th | ut] | S roof_luar i 0 acid
solution at 10 d?“idEF- Iﬂ%EynP%uﬁgg v ??%el$%g¥gﬁb€é%§ngﬁf ousand to a

f ew t housanckeargystrtoms idf woxildeb60ifwhea vhtenafare 30 s duppested such a

solution. Ipja,t {Eﬁﬁﬂ? QgﬁTagggnstages of the second variant described
above are prece by "an additional stage of 15 sacrificial oxidation of

i
ed
the surface of tHee idfere 54, RTAI YndaEr PRI@| aF IYXiMfat iICONPELdent €&l to t hat

described abeygd1or ef eriapl xeﬂ?ie@gtg@abam@mvm\hirrge@t dureatigenbf The stages
of RTA under pure rggn and of chem cal pechani cal 5§yisthg gg this variant
are identical®te® 200 thod@désEFFBERCRbr “EHRS BT her® varight'd” §éScri bed above.

As for the aboye-deECtd bed 1280°ctici al oxidation stage, the first and
second sacri i ¢i &), gl dat,on Staaes AGLR; COMPET 85, had dalkiancsl ep and a

de- oxi dation step. first "and second sacrificial oxidation stages 25 and
t he heat trleatsesh stuepdoar.e ¥oakogsasiselrioskhbrestrdwed SedE ¢ second

above- dgscri bed; Mardapeaf itbthenaethodyt i A64opHasGe Yidd o e tpicesent
| nvention. 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

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 relates to 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 haze 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



In a fourth variant of the invention, the stage of RTA under pure argon is
foll owed by two stages of 30 sacrificial oxidation of the free surface of
the  waf er 50. These sacrificial oxidation stages are identical to those
descri bed above and are preferably conbtned with heat treatnent as

descri bed above. 35 In this variant, an additional chem cal - mechani cal
polishing stage is interposed between the two sacrificial oxidation stages.

17 In a fiféih vasiantsQfant ke 20 enidaan, thwonhstages mdaRiAdRder huw e ar gon

are perforned on the wafer 50, with these , St ages havi ng interposed
bet ween the]rﬁkéejc?férﬁyc\%l%-enﬁéﬁé’ﬁie&‘ﬁﬁ pgf‘?gh?%%wst age. 5 1n a sixth variant of

the invention, arssac fdecisalenoxhdat ton st¢dgetion per frerzeed28A ttheosur f ace of

the wafer 50 (é/\r@én‘%& scté‘%gce s C%;n%[,jl%ak(fgnrcgf?l\e ;#)%gerocsse_t escri;ned.above, and

is preferab?rg/ conbi ned wi th heat treatnen which the wafer 50 is
subj ect Bd teoRIMerhder camel0 RIEmbsphaiaues, plee ergore RiPaU§6@&nt h vari ant

of the invention,,ihe o defye0f it Renti W Bl Br St Agesyaf drle asigehh variant is
reversed, with RTA 'under pure argon being performed before sacrificial
oxi dation. 15 | MeFe SIfRIFIani 4RE SFPPERECTEREM T It 2D NEETPONG Sst ages of

sacrificial toxhgad i @f diha W baca ahctbe yafgsod) d Wi alb .st ages are
still identical with those descr.i bgd above g}gd r&rl%goe# a@n% conbi ned with
heat treatnent), THIEILY Har J06EGTE St 5FetoF 5t ¥he ™50 wafer under
pure atgon.ihteshioot dndiee sobsempesdithat tbhebtaff eresulbamiidmt $héfs t he
Lvention ag; gesclibed, Abava 3l JBke Useiing ShOo fnANNadling operation
f or snoot hi ng” pur poses. I'sS si'ngl & snnopﬁ|ng anneali ng operation 25

corr espondsnent tapid abvsrarale laniedl itegpyhdsr REA Beasihtie nade up solely

of pure argon. Spie,oft{he Mariane Mmyoal 89 FRkexssE &ft Adirtudtypes of
annealing, wth those annealing operations not servi ng tgezs oethC the free

surface of ?hehemferusidw 139 pdrMmaselicde, othBUABat F ¥ d ciated with
the sackifi€dabe 0xhEatd O Cpelaaiiconshserie he whihdravadraterdialland to
reinforce the bonding interfaces, and not to snmooth the free surface of the
waf er . AIthb’&ﬁhg? he" a%ﬁ“f%iecﬁ r HCdaPYori SOBEF AT bRS Timy’ B]Slerheas?/e an effect
on the roughnesscaf tdhedsaersumiace iolblehentaher fthose shiold be under st ood
that this effgctyis not in any way conparable with the effect that is 18

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 of
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.



expected during "snoothing" which seeks, as nentioned above, to reduce the
| ow frequency roughness of the free surface of the wafer in significant
manner. Thus, typically, |low frequency roughness of the free 5 surface of a
waf er can be reduced by a factor of 1110 2 by a sacrificial oxidation
techni que, whereas the reduction is of the order of a factor of 10 when
performng RTA (in this respect reference can be nade to the table on page

19 of French patgnty No.codq?794,-7h3; &R Idtdgs @les@rat ghgdripuparticul ar that
the teaching relating to the heat treatnments associated with sacrificial

oxi dati on sHIINT y:Sa fedd@weHanoF soruby ty di ekt NEr 8 ¥Re BYm 35S noot hi ng.

In particul@gy,a the deepehitngdet + FeeAChs RAjerts Fachafidid¥7oddfatebmting to
such heat treatnents . ncluded in a sacrificial oxidation operation and
ment i oni ng ﬁ‘?{%lp%?éiwﬁitlhi 5 25f CGEF AN at mosphere of argon cannot be
transposSed to tHhecisacnigtianaésoriddthisoprasert iisnvenendadi howhi ch an

essential ele t 1 i a e t.in .20 . teristic
which is esllseedrgélbalanﬁgieg%%%ntc?%{aﬁ&g(? E%%l\%]arﬁ%g%trrsr@ggsgﬁlgg\gia ve is
thus that oftadre nétheed ioblesdoting theelmsiafdes rdighnasSMAAVFRE only a
si ngl e smoqfdimng anpedldiRgngperat E98ct Nated Syilthereakhgdarbihg the form of
rapid thermal anneal ing undef an at nosphere made up excl usively of pure
argon. 1@ M8 LtheachseRéa%90ftfeRuci ng t he roughness of the free

surfacepof a wafefe ¢facsamicenduekoiatdderdadge SainghbriteeBodnconpri sing a
stage of annealing in order to grmoth said 5 free surface, the nethod being

char act eri 284 9H 1Hat> e 24 agde 67 ¥ tHUct HY Y& free surface roughness
conprises a sindlhe s$rrdt hiregtarneal s ngnoper@td drbdtmeleamtheed in the form of

rapi d ther n&lﬂmqﬁlloga%ggggglr rt]g@ aLn §p(§1§{leor{msdcee¢1p exclusively of pure

argon. 10 2. A net to the preceding claim characterized in
that it al so corfhrd ses ddtd ohobleni hg preérratlepPerdfagmes 8 Pnpl anting
atoms undery @ndace ofe a kagsubsthat eahgomadich d heogalcer is to be made, in
an inplantation zone of the substrate; a step of cP tting the inplanted
substrate into i'MtS MECEAEIRNact R F‘ﬁyab%tﬁ’?lf‘g?ﬁﬂe, d%a®tep of cleaving

t he i npl antwestistibfta aire dyn at khet2@echpianéati on zone in order to nake the
waf er out of theld‘ootrk{tei opn. of t e.substgﬁte thélttli S sg'tte ated between the

e

surface subjected to 1 mpllantatt éi and the® hpf ant ation zone, and

t ransf erri neesfaimhasaf @oorenphe, sbiyf heaeing 26heg wa aretWodngedor di ng to

either2@rec&:¢§'&g1scl ' characterized in that the rapid thermal annealing
is perforned wt acgﬁ{ageﬁl t enperature dwel | I%%ng in the range 1100C to

1250C, for a peritodhs Wts teghsdaye, 3bha, oAl fat Horl H&or'di ng to preceding
claim charget®ided ifbd Ratanbhe, sbagreof i h@ptige tdhefamlsanmealn ng under
pure argon is followed by a polishi stage. 5. A nethod according to the
precedi ng ¢t @HEEE ¢ iﬁﬁé&e riz& isgg?ﬂat the polishing stage is followed
by a sacrificialIrodicdat itde strggéechnique and the wet technique, 1in

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 is

performed, for example, by progressively raising



20, 6. A nethod according to any one of clains 1 to 3, characterized in that
the follow ng stages are perfornmed in succession: sacrificial oxidation; 5
~ rapid thermal annealing under pure argon; polishing; and sacrificial
oxidation. 7. A nethod according to any one of clains 1 to 3, 10
characterized in that the stage of rapid thermal annealing under pure argon
is followed by the foll ow ng stages: sacrificial oxidation; polishing;, and

15 ~ sacri fi ghal - i datje@fheef- £ Ao ML had aceondicpgtbRpapyt@Ae of claims 1 to
3, characterized in that the follow ng succession of stages is perforned:

20 ~ rapi d Her At i sacilhgalihdePe PR dribr¥aly6si shfFRg; and rapid therma

anneal i ng under TH @ caktg®ReaBmet NBEHQH iaC qordiengbll @ anyfonecofaclains 1 to

3, 25 characterized in thztgtge st age of .rapid thernqboﬁngeag%gg under pure
g 0" A

argon is preceted by s FPRIEF T Ti 9T GAEToR! net hod
accor di fig troommypaorte cofl agllgi peolntol B)0 3D twhar2dét’€r.i zed in that the stage
of rapid thermala Li.n u ' Il -ewed Ay ,Aqstage of
sacrificial oxi a_Eg%%aflgr%ggg%ﬂgdig&%%%%?ﬁgﬁﬁiggﬁy toean§ one of clains 1
to 35 3, chaprcexvdizédd atmegrhehe, svageh glay sinprilkér AEBCAnneal i ng under

argon is pregedsskhy 13 8Ree,obtsacrbii cidded dakitone 8ndrprakd stage of
rapid therrggses. The heat treatment may also be performed in a
10 vacuum.

Also preferably, the oxidation step is performed
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.

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
defects, "HEF" defects, etc. generated in the useful layer
52 during the oxidation step.

The term "HF" defect is used to designate any defect

35 whose presence is revealed by a decorative halo in the
buried oxide which is situated under the useful layer 52

(when the wafer 50 is an SOI wafer obtained by a



21 anneal ing under pure argon is followed by an additional stage of
sacrifi'cial oxidation. 12. An SO structure obtained by a nethod according
to 5 any preceding claim .AU. A5. Af 3E. A@r. ASFE. A, ' E. A, F. AS5F. A3. A, 5Y. A@H
A, 3. A ! Y. AHYe. A5Y. ASF. A52. A A3.A Y. AL . 2 46 8

i K9B8Y ) *,, X-/1/09%9<3>3p359zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca] cal cal] ca] cTa] cal] ca]cTa] ca! 99??@F-J:J

NNWT[[ZF;__Smartcut® method), after the wafer has been treated in a
\bbcff>|A|j:oNngCpmmmwigxsnyd_Z]g]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] bafeapEa]xH|dd]@4li€apeafiea] ca] ca] ca] ca] ca] ca] cal | | b~e~50?1 Qu(~pQ
DW }fs ni d_Z7] cTﬁ@]Kﬁrﬁ&]&@k@@h@%@@& cal €dicad g?]%&;]d@gh%:ahgabcﬁfi] c% %g] ?;3.] <2:
aJ ca] ca)l ca) ca] ca]ca)calcalcalcalcalcalca ~]< ,3'10%0& ()2 ; 0 () -
13!10%Uu&.(fggn?%yi%@%jéé%ghéydng lngirgac , €.g. %etween lhe lgyég
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solution.

By way of example, the solution is a hydrofluoric

10 acid solution at 10% or 20%. A few minutes suffice to
remove one thousand to a few thousand angstroms of oxide
60, when 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 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 abcove.

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

oxidation stages.
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chemical-mechanical polishing stage.

5 In a sixth variant of the invention, a sacrificial
oxidation stage is performed on the surface of the wafer
50 (which stage is still identical to those described
above, and is preferably combined with heat treatment),
after which the wafer 50 is subjected to RTA under an

10 atmosphere of pure argon.

In a seventh variant of the invention, the order of
the two main stages of the sixth 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 above, 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 operations serve to withdraw
material and to reinforce the bonding interfaces, and not
to smooth 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
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different from the aim of smoothing.
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
single smoothing annealing operation that is implemented

25 in the form of rapid thermal annealing under an

atmosphere made up exclusively of pure argon.
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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 1is
performed with a high 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 polishing stage is followed by

a sacrificial oxidation stage.
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sacr1f1c1al oxidation.

7. A method according to any one of claims 1 to 3,

10 characterized in that the stage of rapid thermal
annealing under pure argon is followed by the following
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 1 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
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