13 January 2006 t METHOD FOR ENHANCI NG SURFACE CONDI TI ON The present
invention generally concerns the surface treatnment of materials, and
particularly the treatnent of substrates intended for thiS Jaaimry606 on of
conponents in  mcroel ectronics and/ or gptoel ectronics applications. 5 Mre
precisely, the invention concerns a nethod for enhancing the condition of
the free surface of a wafer in sem conductor material, said nethod
conprising a rapid thermal annealing step to snooth said free surface. By
"free surface" is nmeant the surface of a wafer 10 . which is exposed to

t he outside environnent '(as conpared with an interface surface which is
in contact which the surface of another wafer or another elenent). By
"rapid thermal annealing” is nmeant rapid annealing in a controlled

at nosphere, following a nethod 15 that is usually known as the RTA nethod,
t he abbreviation for.Rapid Thermal Annealing. In the renmainder of this
~description, this nethod shall indifferently be. called rapid thernal
annealing or RTA 13 January 2006 2 To achi eve RTA annealing. of a wafer
of material, the wafer is annealed at a high tenperature, possibly in the
region of 1100C to 1300C for 1 to 60 seconds. RTA annealing is conducted in
a controlled 5 atnosphere. In the preferred application of the invention,
this at nosphere may for exanple be an at nosphere

METHOD FOR ENHANCING SURFACE CONDITION

The present invention generally concerns the surface
treatment of materials, and particularly the treatmeht of
substrates intended for the fabrication of components in
microelectronics and/or optoelectronics applications.

5 More precisely, the invention concerns a method for

enhanqing the condition of the free surface of a wafer in

_semiconductor nmterial,'said method comprising a rapid
thermal annealing step to smooth said free surface.

By “ﬁyee surface” is meant the surface of a wafer

101'which is -exposed to the outside environment (as compared
with an interface surface which is in contéct which the
surface of another wafer or another element) .

By = ‘“rapid thermal annealing” is meant rapid

annealing in a controlled atmosphere, following a method
15 that is usually known as the RTA method, the abbreviation
for Rapid Thermal Annealing.

In the remainder of this description, this method
shall indifferently be called rapid thermal anneaiing or
RTA.




t ai ni a mxture of hydrogen and argon, or an atnosphere of pure
;?Sgﬁinigg this pkeferredyapp?ication of the invention, said 10 b&;f?hlon
is inplemented in particularly advantageous manner in colBolanedry 300G | af
method for fabricating thin films or. |layers of seniconductor _rraterlha o]
the type described in patent FR 2 881 427_2. One et hod reproduci n%t et, Hod
teaching of the above- 15 cited docunent is known as the SMARTCUT t net .
Its main steps are schematically as follows: an atominplanting step to
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we n ry 2006 The depth of the weal _
?gfhggeﬁden?kﬁgg%ﬁe?%egfy%g}%fg%%%?ies i npl anted, and on their inplanting

In this preferred application of the invention, said

a

10 invention is implemented in particularly advantageous
manner in combination with a method for fabricating thin
films or. layers of semiconductor material of the type
described in patent FR 2 881 472.

One method reproducing the teaching of the above-

15 cited document is known as the SMARTCUT® method. Its main

- steps are schematically as follows:

— an atom implanting step to implant atoms under a
surface of a substrate in semiconductor material (silicon
in particular) in an implantation zone of the substrate,

20 — @& contacting step for close contacting  of the
implanted substrate with a stiffener, and

- a spliﬁting step of the implanted substrate at the
implantation zone, to transfer that part of the substrate
 located between the surface submitted to implantation and

.25  the implanfation zone onto the stiffener thereby forming
a thin film, or a layer, of semiconductor upon the latter.

By atom implantation is particularly meant any
bombarding of atom or ion species able to insert these
species in the wafer méterial with a maximum'

30 concentration of implanted species located at a

‘determined depth of the wafer relative to the bombarded

- surface, so as to define a weakening zone.




energy. It is specified that in this description by the 5 general term
"wafer" is nmeant the filmor layer transferred by said nmethod of
SMARTCUT(r) type. The wafer (which is in sem conductor ndBdamaby 2008y

t herefore be associated with a stiffener3and optionally wth other
internediate layers. i0 In this description, the term"wafer" al so covers
any. wafer, layer or filmof sem conductor material such as silicon,

whet her or not tithaafiepthas p y met hod of ARTCUT(r)

type, the objective in gl I ca_sglg% bi’?ﬁ’ég?gn nﬁgﬁge %%egﬁBﬁ%&??EnUBf’g‘t he
free surface™®f LKB® of v@pegieFoimphanteg) i eat wis tROL omﬁ.glahttj_{q? start
of this desgddR})on, the roughness specifications associated with the free
surface of wafers are very stringent, and the roughness of the free

surface of waferdt sia paremefisd 20hwhi chn &G id . §86L AL e erm nes
onepts_which are to bé made %ﬁigaféﬁmg%%reﬁét I's.

the qual gty { COl |
therefore fﬁgﬁﬁgﬁﬁ'téx?{%d r%%@%ﬁesslssp@@ﬁﬂtcaﬁm@nsiWHMChcﬁm nbayexceed 5

Spaci fiod that raughnecs monsar Boenbe 2P ShRRrelEd It s ng an Ao o
Force M croscope ThEAM@erw t#hidii sisype ferdppadaictsr TRHEMNIRSY igyreasur ed
o PRt I i, O L G e ek i
100x! 00 pnt WiRbughhessivtarhedtdes aripszed according to two nodalities in
partlchﬁr- In this description, the term “wafer” also covers
~any wafer, layer or film of'semiconductor material such
as silicon, whether or not the wafer has been produced by
a method of‘SMARTCUT® type, the objective in all cases
| being to enhance the condition of the free surface of the
15 wafer.
For the applications mentioned at the start of this
description, the roughness specifications associated with
the free surface of wafers are very stringent, and the
roughness of the free surface of wafers is a parameter
20 | which, Fo a‘certain extent, determines the gquality of the
components which are to be made on this wafer.
It is_ - therefore frequent to find roughness
specifications which do not exceed 9 Angstroms in rms
#alue (rms standihg for root mean square).
25 - It 1is specified that ' roughress measurements are
-generally made using an Atomic Force Microscope — AFM).
With this type of apparatus, roughness is measured
‘on surfaces scanned by the tip of a AFM microScope; and
| ranges from 1x1 pm? ‘to 10x10 pm®, and more unﬁsually
30 50x50 Om?, and even sometimes 100x100 ym?.
Roughness can be characterized accordingA to two

. modalities in. particular.




13 January 2006 4 According to' the first, roughness is said to be high
frequency and relates to scanned surfaces in the order of | X i pn2. .

. According to the second nodality, roughness is said 5 ti3 Jasudrp2006 equency
and relates to scanned surfaces in the order of 10xlIQunR2 or greater. The
5- Angstrom specification given above py way of indication is therefore a
roughness corresponding to a scanned surface of ~10xI Qon2. 10 And wafers
whi ch are produced using known nethods (SMARTCUTO or other nethods) - have

surface roughness ues mhrch reater, than those ntion d. ,above, in
the absence of &ffP gf?% the 'tE?QQQP%Eﬁe%S %ﬁh4ﬂ§ %ﬁ 9k

pol i shing. £l &icd | 415d ﬁé/pst@é D Wb ARSI 0sh i fa sl UiGe e orfdeugliFess of

waf er surfaces conslsts of submitting the wafer to "conventional" heat
t r eat ment 1&hdﬂﬂf|cral oxi dation for exanple). But treatnment of this type

does not make uicpds rble 020 éosgcbﬁ m§ﬁgFlE§?gQ%%5ﬁaeggnlgoS%Qg | evel of

the above menti‘Gnet |ca irons possible to
consi der wlbeplmwngffé@é:ﬁ@psmﬂ saildteenvient soashelicatirfaeasmint - and/ or
conbi ning them wi th ot her d{ es of, known net hods, 25 to further reduce '

surface rdtihnessderhi Ofnolt IR r €%  TERILCEonplBE prood@IStroR second
type of k%f&%&ﬁ%&?r GEAUs nghsYEfage  (,8yghpess ineRehet snof jgonducting

chem cal ani ca
therefore a roughness corresponding to a scanned surface
of 10x10pm?®.

10 And wafers which are produced using known methods
(SMARTCUT® or other methods) have surface roughness
values which are greater than those mentioned. above, in
the absence of any specific treatment to the wafer

_ surface such as polishing.

15 One first type of known method to reduce the
roughness of wafer surfaces consists of submitting the
wafer to “conventional” heat treatment (sacrificial
oxidation for example).

But treatment of this type does not make it p0551ble

20 to bring wafer roughness down to the level of the above~
mentioned sp¢c1flcat10ns.

And while it is indeed possible to consider
multiplying the steps of said conventional heat treatment

" and/or combining them with other types of known methods,

25  to further reduce surface roughness, this would require a
long, complex process.

A second type of known method for reducing surface
roughness consists of conducting chemical-mechanical
polishing of the free surface of the wafer.

30 With this type of method it is effectively possible

to. reduce the roughness of the free surface of the wafer.




polishing of the free surface of the wafer. 30 Wth this type of nethod it
is effectively possible to reduce the roughness of the-free.surface of the
wafer. 5 13 January 2006 If the defect cgncentration has BriJanway 2666 ng
gradient in the direction of the free surface of the wafer, with this
second type of known nethod it is also possible to abrade said wafer down

to a zone having an 5 acceptable defect concentration. However, this
second type of kndhn ﬁ%ﬁhodﬂﬁagﬁthemnﬁenﬂhaﬁﬂdnﬁeﬁ&scqurOﬁﬁéféQbigg
uniformty Obrhﬁgenkhﬂﬁ¥” %% of.the effective layer of the wafer, that is
to say the layer which wTh efteetiifyObe thedfreecruamBace oofononent s.
And this di swa¥ent ageths treightanard idy @i Of kRBlLSHLPg.Af ;1he el el

d, which would be the case in order to achieve =°

surface is p K )
roughness vaﬁééglggﬁhtgbéllﬁﬂgé $td | bageradowa. i Aceondi hgviega ddi rd

type of rfet hadcepbgbyaf@erbst SiE t o RTA annealing in a controlled
at nosphere. Wth this third type %ﬁ%ééhﬁﬁgﬁ it is possible, in generally

satisfactory manréweyersetibie tseeomdr ftagse bEUGHRIRES Wirmed engs (| e
20 the thickness uniformty of the

Y R LI o e A
Hoviever , . whi i Gknass iolasite ROSERIdY i a1 NS S0 Ghaf¥De (BT TELNOG 1O
achleye gIoq%glXH%?tég%ggtgéﬁdggghvgufrGQUenpy and | ow fe& c§ r §8ghness
val ues, the | h efidld efisectibalyt beg udwel ves eertatBTA

10‘ components.

And this disadvantage .is heightened if major
polishing of the wafer surface is performed, which would
be the case in order to achieve roughness values such as
those mentioned above. '

15 According to a third type of method, the wafer is
subjected to RTA annealing in a controlled atmosphere.

With this third type of method it is possible, in
geperally satisfactory manner, to reduce the surface
roughness of wafers (in particular without deteriorating

20 the thickness unifqrmity of the effective layer) and this
therefore offers a solution of interest. | |

Howeve;,,while it is indeed possible with this third
'type of method to achieve globally satisfactory high
‘frequency and low frequency roughness values, the

25 . Applicant has observed that submitting the wafer to RTA
annealing can lead to a disadvantage.

On fine analysis of the surface condition of wafers
(silicon wafers in particular) which have undergone such

_ trgatment, the Applicant found that holes of very small
3Q -size were superimposed‘ on a surface whose general

roughness was otherwise satisfactory.
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2223?L:22'8? wafers (silicon wafers i'n particular) which have unggégoagre
such tréatnent ‘the Applicant found that holes of very sisalahua9?2

t herw se

d on a surface whose general roughness was o

:;FF;;QE?EEy 13 January 2006 6 Such ?Ral@SIiaf?nhgfegasgpPgaFFieL;SLIgn

e s
through an atomc force m croscope. es f ales typically have :
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It is specified that while the term “pitting” will

5

10. be used in this description for reasons of practicality,
the depth/diameter ratio of these holes is less than the
ratios usually encountered in conventional cases of
pitting.

More precisely, the “pitting” with which we are

15 concerned here does not have the - same cause as the
“pitting” phenomenon which is generally described in the
state of the art.

Pitting in the state of the art is generally due to
defects embedded in the thickness of the wafer material.

20 . These defects may be attacked by heat treatment (for

| example heat treatment to improve the surface condition
of the wafer). '

' Therefore, in the state of the art, the phenomenon
of pitting relates to holes generated by the attack of

25 embedded defects.

In . this respect, reference may be made to patent
application EpP 1 158 581 which specifies the
characteristics of these embedded defects - in particular
defects of “cop~ type, COP standing for Crystal

30 Originated Particle. Reference may be made for example to
~the passage on page 1 lines 48 to 54 of this. patent

' application.




Therefore, in the state of the art, the phenonenon of pitting relates to

hol es generated by the attack of 25 enbedded defects. In this respect,

reference may be.nade to patent application EP 1 158 581i3vllaidny 20Gci fi es

the characteristics of these enbedded defects - in particular defects of

"COP" type, COP standing for Crystal 30 Oiginated Particle. Reference may

be made-for exanple to the passage on paged lines 48 to 54 of this patent
also be noted that this a

application. 13 _Janua 2006 7. 1t wll J |'i cation
only sets out tré: i'?‘rbi%v@q‘tsl‘i’e be o AP LSS | Rt c&ﬁ&&neﬁ'ﬁ?@lb‘?at%‘%gﬁﬁggs, whi ch
relate to lsaud requencgy rowshiess tHeScanggyd spefaces idbddimeaider oef 10x10
pn2) whereas high 15 frequency conponents of roughness are not treated (see
in  particdioINREFS 10 Whitds Srebatef i slewpl fraghenyy Yspughhess

phenonenon desjigRat e o ting:, i ' i REi2on alsg relates to
hi gh frequency roughngﬁgée%nl%%ﬁgfeégﬁ%%%ﬁ?gﬁﬁéééhgﬁg Egﬁfrgig hﬁéﬁor FR 2
797 105713 redhiescyacenpoeahirenio foljoeghinessf are” pbtt khgatad (deéi fed by the

state of the art is also fqound., And | ese docunents, the "pitting" to
ohich r of GRERIETETMRGES S thaiidie SErdT | gt RohCRPRLICBYLRE:  HFEsent

i nvention. thd5 Fghef¥aBRbR ERudsPRatdd spaci f ings ¢ithafy hejtar gef ed
defects are of jCCP" FyEe, these defects being, as we™ have seen, enbedded
def ect s whEe&caiphéRn| 3Lepkepyates genbiaheffajuénpcrerpudiohess.

In other documents, example EP 1 045 448 or FR 2 797

10 ~ 713, this same treatment objective for ‘“pitting” as
defined by the state of the art is also found.

And in these documents, the “pitting” to which
reference is made is not the “pitting” concerned by the
present inventioﬁ.

- 15 For example EP 1 045 448 specifies that the targeted
defects are of ™“COP” type, these defects being, as we
have seen, embedded defects whose attack is likely to
-generate fairly deep holes.

EP 1 045 448 therefore specifies (column 2 lines 55

20 et al) that COPS may  extend down to the embedded oxide
'laye& of a structure of SOI type (that is to say that -
these defects’ may extend into the thickness of the
material as far as this embedded oxide layer which is
located undefneath an effective léyér of silicon whose

25 thickness may typically reach a few thousand angstroms).
| The corresponding “pitting” holes, in the case of EP
1 045 488 therefore have a depth possibly reaching these

values of a few thousand angstroms. _
Therefore “pitting” as understood in the state of
30 the art designates holes that are:. '
- generated_by the attack of defects embedded in the.

‘thickness of the wafer layer




EP 1045 448 t her ef ore specifies (colum 2 lines 55 20 et al) that. COPS

' i ‘ ‘ f 301 type
may extend down to the enbedded oxide |ayer of a structure o |
(tKat is to say that these defects' may extend into the Bhiaokag280®f t he

ial as far as this. enbedded oxide |ayer which is .|ocated under neath
gﬁt g;:‘gcti ve | ayer. of - silicon whose _25 tthi _ckn_essn may typi pal ly reach affé\é)v
thousand angstroms). The corresponding "pitting" holes, in the case ?
1 045 488 therefore have a depth possibly reaching theee val ues of a femgo
thousand angstrorms.thRee ehotes” possibly aavingeasStRYFH Nin t PBe SHRLE O
the art desi at es h%l es th%g are .r%glgerated by the attack of defectrs]
enbedded incgﬂe. it QNS0 ARGRE er layer 13 January 2006 8 - these
hol es possi bly havingTaedepvﬁitaiﬁQe‘orégﬁcefgeda'f%y thgﬁgandﬁggg%éﬁgnsdoes
The "pitting", concerned by the résent invention, “on the other ’I
not result gPHWHQHfS%t & 6thprelavidt idupdehett xeshilics Midnt i Aige ONl y

‘ ich [ t hi ng
relates g0 gka -wafer; sunface, on which reconstruction smo
by RTA E;nnggﬁﬁﬁg ?g %2? %%F?;lgghggggaFSCau5|ng the onset of the snall

hol es mentioned &bbse pillifhe Splyt imgateences ngd ¥t hen i RUENt LA, S
therefore a g%el suIFrfiCLaL phenonenon. In thls respect, re_erenﬁemg?gr
be. made to ?ﬁe %F%gl figire WhitErasdwici ioact | wpatlemaf bysi IRTD

10 whose S@ﬁﬁ@@ﬁiﬂ@oisiﬂbﬁiEﬁidegéﬁié@eH¥iéﬁhéﬁ&&éyﬁg(ghset of the

| small holes mentioned above.

10 The “pitting” concerned by the invention is
therefore a purely superficial phenomenon. _

In this respect, reference may be made to the single
figure which shows a section view of a silicon wafer 10
whose surface 100, initially determined. by a transfer

.15  process with detachment, was then submitted to RTA
annealing.'

The figure shows a Ssuperficial zone 101 having -a
thickness of less than 100 nm, in which the silicon
structure is no longer crystalline.

20 It is this zone 101 of very narrow thickness which
generates the pitting under consideration in this
description.'.

| This figure illustrates the different nature of the
respective “pitting” of the state of the art and the

25 “pitting” of the invention.

And in the remainder of this description, the term
“pitting” is_ to be understood as specifically defined
above and not as understood in the prior art (unless
otherwise'indicated).

30 The Applicant has ' therefore found that the

application of RTA annealing to a wafer (in particular a.




| 5 process with detachment, was then submtted to RTA annealing. The
figure shows a superficial zone 101 having a thickness of |ess than 100
nm in which-the.silicon structure is no |onger crystallii3fanu292006i s.
this zone 101 of very narrow thi ckness which generates the pitting under
consideration in this description. This figure illustrates the different
nature of the respective "pitting" of the state of the art and the 25

“pitting" ofsitliedmventfiear). Anbridtddie digami ghesr of of hi §h9§scé%9ﬂ8 the
term plttln% i S to be understood as specifica Iy def I ned Oove gnd not
as under st o6& Dorior art (unless otherw se |nd|cated) 30 The
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wafer (in particular a
of this pitPA§LSphetibitsmm- Oﬁﬂlﬂsmﬁga:ro&at | RALMBS) Pabli Cléio’ﬂ' szErPQPsW' th

SA - wafers g | n lat wafers) or SOA wafers
(Si.licon- o %%F gn8§h58¥E5 SﬁFéVﬁQtﬁgﬁmbﬁ SN%FH%iﬂQf SNARTCUFd
i nsof ar as B¥Aeannealing fornms the ultimate step in -wafer treatnment to

i mprove its surfacg condition, the pitting of a wafer surface after RTA
anneal i ng r ai sesP 1%)“%?%%4‘6% sttt eanmeal pig t Sotms urieoel ganerateepy RTA

anneal.i ng Wiﬁ'w§fé§ttk@a%ﬁgnﬁngopgﬁggove its surface condition, the

pitting of a wafer surface after RTA annealing raises a

10 .problem since the “pitted” surface generated by RTA
annealing will exist in the end product.

It is of course possible to contemplate re-treating
the wafers derived from RTA annealing to correct this
phenomenon and to endeavour to remove the pitting by

15 polishing a sufficient thickness of pitted wafer.

But this would again give rise to the polishing
disadvantages mentionéd above (as with the teaching of
document FR 2 797 713) and in this case the benefits
connected with RTA annealing wouid be lost. |

20 One purpose of the 1nventlon is to improve the
. methods for enhancing ‘the condition of the free surface
of a wafer 1n -semiconductor material by RTA annealing.

More precisely, one purpose of the invention is to
free such methods from the disadvantage related to the

A gboveﬂmentioned pitting.

And as already said, the invention applies more
particularly to surfaces of wéfers of SOI (or SOA) type
derived from a transfer method with detachment ({for
example a method of SMARTCUT® type).

30 A further purpose of the invention is to put forward

~an alternatiﬁe to methods comprising a polishing step.




It is of course possible to contenplate re-treating the wafers derived
from RTA annealing to correct this phenonenon and to endeavour to renove
the pitting by 15 polishing a sufficient thickness of pil3tlkduampeds But
this would again give rise to the poli8hing disadvantages nentioned above
(as with the teaching of docunment FR 2 797 713) and in this case the

benefits connected with RTA anneal i woul d he | ost. 20, One purpose of the
irwenﬂ(ﬂlisto‘?mﬁ%%&qh§h§mf%ﬁ%§%&5%nﬁ§&iﬁ%QQMe%%WEWig €of the
free surfagce ; er._Ln. ' ogﬁ% eri y <RTA ii,Rg. More
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- di sadvant agge r elsar@dck0 tdihdidd AboverMenidned pihti n@midshdastakr eady
said, the invention applies nore particularly to surfaces of wafers of SO

(or SOA) tmygeeridelr, vedafdommetthcansf eompet o wi tsh dedpthnerntheffiad  exanpl e
a nmet hod of SMARTCUTO type). 30 A further purpose of the invention is to
put forwarzhnemligla ertem itve Ieafdt vodst domgsr isinfgcs pehasctgrdeed. 10 13
January 2006 To attain_the objectives set _forth above, the inyention in
one aspectlﬁroﬁ%§%5a255%¥%odr?8%denﬁgﬁemﬁé fhecg %?acetESnd' ¥gﬁdof waf er s
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anneal i ng ST 0 . sai ree ‘surface, . i that before
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superficial zone of the wafer to prevent the onset” of pitting during rapid

thermal annealing, and rapid thermal annealing can be
conducted in a non-reducing atmosphere.

Some preferred, but not limitative, features of the
method of the invention are the following:

- said prior treatment is high temperature annealing
intended to reconstruct the superficial zone,

- said high temperature annealing is conducted in a
neutral atmosphere,

- the temperature of said high temperature annealing
lies between 600°C and 1300°C,

- the'temperature of said'high temperature-anhealing
lies between7800°c and 1100°C,

- with said prior treatment it is possible to remove
the disturbed pért of the superficial zone,

- said prior treatment is chemical attack,

- said prior treatment is of wet etching or dry
etching type,

" — said prior treatment is sacrificial oxidation,
- the rapid thermal annealing step is followed by

sacrificial oxidation,




thermal annealing, and rapid thermal annealing can be conducted in a
non-reduci ng at nosphere. Sone preferred, but not limtative, features of
the nethod of the invention are the follow ng: - said priBdandare2006ent is
hi gh tenperature annealing intendedlOa reconstruct the superficial zone, -
said high tenperature annealing is conducted in a neutral atnosphere, -
the tenperature of said high tenperature anneali lie et we 600C and
1300C Tt he. t o THREHHGIAT S etmar ot BTSRReaT | 6o ) FBE bet ween
8.00C and QG - with said prior treatnent it is possible to renbve the
di sturbed ‘part of the superficial zone, - said prior treatnent is chenical
attack, - saidzid orcHe eatn@mMt iios Ohilwet ptebbBesor adr goret ghi ngosype, -
said prior treatnment is sacrificial oxidation, - the rapid thernal
anneal i ng stewtivgef cbitaviegdbysisgceri fiethald exicdatiion, te0ang3cJanbary 2006 -
the superficial zone _hgs a thickness of less than 100 nm And the

i nvent | on BRSSP 62645 -SO or SOA structure obtained using a met hod
according to one of the preceding clains. 11 13 January 2006 O hers
aspects, purposes and advantages of the




invention will be nore clearly understood on reading the follow ng
description of preferred enbodinents of the invention. 5 This description
is made with reference to the preferred application of tiseJahturen0dé®n,

whi ch concerns enhancenent of the surfat® condition of a SO or SOCA wafer
derived froma SMARTCUT(r) method. However, the wafer nmay be of different
type. 10 One common characteristic of the different enbodinents of the

invention is that Othersurb&apeco$, t hgurpabet i re ( rior t RTA
anneal i ng sthv\éhitch i's .lhnhended to r%%uce ﬁ‘é&ﬁ?ﬁ%@# %Sghn% s ot€the
waf er. RTA anneal I ng“nly *i*n°fafereulcdieasd s antismtsedbdch can rekhiatgmapher e of

a hydrogen/ afgdMowt KUrds s i AU, 230 his RTA annealing nmay therefore
be conducted,in a _non-redué#ﬁg'atn%gpﬂgf%géffegmIq EiRene§ tﬁgt'ﬁhﬁs
forms an additRY8R&ECN fference conpared with the teaching of documents EP

1 20 04% 448 andp 954 014 (cited . for the record only as these docunents
are concerned by "%ﬁ%tié&fﬁgﬁé§+QEs 1fef PREQ | Hithe sebexente t Hm arttheand not

by the "pittp¥gfersedhappidebtngd id¥ t phe dgsaliptdon) . 1t is
al so' speci fieeq_ét hat EP 1 Q45.488 at all events dtgémdoe"‘srhh%lf‘ CERF e at ment
i nt ended t o PreVERT™ i He Bhsdiheof supfacengromdit i@t hef cur 8birvess r ganment

i ntended towidfe ®&¢SEHNE LGS Clogra .S al so specified that EP 954 014
does not teach the applfcat?b% to,ngﬁg%éﬁgﬁiqg’tﬁéﬁﬁﬁﬁﬁt tpecivpifeal |y 30
i nt ended t oMAewentott Wd féesentotypay pitting before RTA annealing. The

above dpgunent ng%ts E%%m%gaChLngggtéggstic of the different
embodiments of the invention is that the surface of the
wafer is prepared prior to a RTA annealing step which is
intended to reduce the surface roughness of the wafer.
RTA annealing may in particular be conducted in an
15 atmosphere of a hydrogen/argon mixture, or pure argon.
This RTA annealing may therefore be conducted in a
nhon-reducing atmosphere.
It will be noted that this forms an additional
difference compared with the teéching of documents EP 1
20 045 448 and EP 954 014 (cited for the record only as
these documents are concernéd .by “pitting” such as
defined in ;he state of the art and not by‘the “pitting”
such as defined in this description).
_ It is also ‘specified that EP 1 045 488 at all events
25 - does not teach'treatment intended to prevent the onset of-
pitting, but rather curative treatment intended to cure
“existing defects.
It is also specified that EP 954 014 does not teach
B the application to a wafer of a ﬁreatment specifically
'30  intended to prevent the onset of any bitting before RTA

~annealing. The above document limits its teaching to the




13 January 2006 12 application of RTA annealing. This also applies to the

t eachi ng of document: FR 2 761 526. If a wafer has been produced by ‘
splitting using the SMARTCUTO nethod, the surface of_thqaw@mgﬁyRQWEhe _
surface. 5 "as splitted"; this surface has- irregularities which |t‘ s
sought. to reduce through RTA annealing.1&According to one first embodi ment
of the. invention, this preparation of the surface of the wafer is nade by

hi gh tenperature annealing in a neutral atnosphere, 10 before RTA

anneal i ng. hpplacarsphe’dr OkTANafinkEhahANNA/ 4 NG DRY Jbeqan argon, or '
ni trogengat rrggpher e. This prior aarrllngal [ r?g is applie F%ptlﬁgswg?cgr? fhose -

surface to b&afPéagerfi dogumangedRsAcA6LhaR6Lt i s gxpozed 15 ggogﬁnegling.
During this priokeagn .09, -the tenperature lie between an
1300C. Prefer abl y. tghielg!ff%rrf)lgrsat%ﬁreé‘ |Rf_e%f}‘ﬁ?e%£‘4{ Hob e uaber. the Thi s
prior anneaSMABTOHY®ahethbe, cCONGUstiedabd af HﬁéuwﬂfefhfspEﬁ§5§§§f98§S'b y
at nosphere. Wth said prior annealrng it is

borelf &Y Bl b ol HOPESES e e mabbhcmnbaon w25 1o
remove the fefgeshghihish-yputd il‘gP@uil‘? ﬁﬁlté nr?eéh {ﬂ%reﬁﬁsgpcggl wgt h-(la- ese
defects, particularly generated during splitting,

Appl i cant using &¢cording to one first embodiment of the invention,
this preparation of the surface of the wafer is made by
high temperature annealing in a neutral atmosphere,

10 before RTA annealing.
The atmosphere of this prior annealing may be an
argon or nitrogen atmosphere.l
This prior annealing is applied to the wafer, whose
surface to be treated is arranged such that it is exposed
15 - to annealing. .
' During this prior annealing, the temperature may lie
“between 600°C and 1300°C.
_ Preferably, this temperature lies between 800°C and'
1100°cC.
20 'This prior annealing may also be chducted in a
| vacuum, the pressure possibly having any value of up to 1
atmdsphere. |
With said prior annealing it is possible to
reconstruct the disturbed zone of the wafer surface and
 25 to remove the defects‘which would lead to pitting during
RTA annealing. |
These defects, partiéularly generated during
splitting, were observed by the Applicant using an
electron transmission microscope with which it is

30 possible to visualize details in the order of magnitude

_of one atom, in the form of cavities in the superficial




el ect.ron transm ssion mcroscope with which it is 30 possible to visualize

details in the order of magnitude of one atom in the formof cavities in

the superficial 13 January 2006 .13 zone of the waf er, o3 Jawdry 20@s of

- wafers derived f roma SMARTCUTD nethgdy These cavities are grouped
together in a super ficial =zone of the waf er having a thickness in the

order of. 5 several dozen nm Omng to the presence of these cavities, the

zone under consi%er%%ngggs a disturbed zone relative to the |ower
regi ons of tRBSwAfel Sy K PRk uefuratpss ferigest Jrsey.a 10

These cavit gearPAyTHaHE IBod anmeter in the order of 10 to 20 nm The prior
anneal i ng may be conducted in a conventional furnace (RTA annealing for

surface snoot hi ngedRi RV Stlse auentdyowesrt uotakhiar airs pecidper firidce) or
in 15 the g f A.anneal i ng., ;/According.to second enbodi nment
of the inveﬁgg%n?%rpﬁggpgﬁgggr%ﬁﬁ%ﬁ%taoﬁ:*é?%%ﬁ%rlﬁo &t §% Frcdﬁgucting
cheni calb at sewdrat ddwemafer surface. This chemical attack may be of wet or
dry etching 20 type. In this case, the effect of the prior treatnent is

to remove the sUPerid chal BEnePTIsanMRe Qhf dheamd PRvileirad nsheheateviti es.
noAtloned abeye: ABSIUCTL @I on LIS 2CURR Hpdd 'S Bld 1109, PRERORBNGRUNdEr

RTA annealing. In all the enbodinments of the invention, e purpose
t he treat mekvWedt ixg9itansRPL dihealdfiey ivhase tomattatildne structure is

not disturbed.
10 - These cavities may have a diameter in the order of
10 to 20 nm.

The prior annealing may be conducted in a
conventiocnal furnace (RTA annealing for surface smoothing
being subsequently. conducted in a specific furnace) or in

15 the same furnace as RTA annealing. '

According to a second embodiment of the invention,
the prior treatment of the wafer. ¢onsists of conducting
chemical attack of the wafer Surface.

- This chemical attack may be of wet or dry etching

20_ type. In this case, the effect of the prior treatment is

‘to remove the superficial zone of the wafer which

contains the cavities mentioned above and which are the
cause of thelpitting phenomenon under RTA annealing.

In all the embodiments of the invention, the purpose

f25' of the treatment prior to RTA annéaling is to treat the

superficial zone whose structure is disturbed by the
presence of cavities.

_ This treatment of the zone may tconsist of reducing

‘ or removing the zone cavities (this is the case in the

30 first embodiment)kof of directly attacking this zone to

reduce/remove this zone itself (second embodiment and as

will be seen later, the third embodiment also).




superficial zone whose structure is disturbed by the presence of
cavitie.s. This treatnent of the zone may consist of reducing or renoving
the zone cavities (this is the case in the 30 first enbodi3famigry 2066 of
directly attacking this zone to reduce/renove this zone itself (second
enbodi mrent and as wll be,se.en lateriathe third enbodi nent al so). 13
January 2006 14 According to a third enbodirnment of the invention, the
wafer is submtted to sacrificial oxidation prior to RTA annealing. In

this third enbodinent...the effect.. of the prior, 5 treatnent is,again to
reduce or to regﬁg rﬁ&PgO§¥§'?hgﬁuﬁﬁii?$8886T6?5e05f§§ﬁ?béﬂvgﬂ &PPr ci al
zone cont aicRengalfRe GAddbreiSstdiittd Os&4€HUEEC DAL I 8RDYEL 1 Bh Speist-utbed

superficial _zone itself. Therefore, by submitting the wafer to sacrificial
10 oxi dat i BARbanbealRM&-anneal ing, this contributes towards

reduct i on/renmoval, %chﬁé]etﬁifﬁﬁuk%gdéﬁ%ﬁt(,i Ll é?f—‘%&{;i o¢ datplighs also
possible for this sacrifrciral oxidation "to contribute towards reauclng or
renovi rtg t heeatimehtes s acigdin steomeducks din dboe rpmefrer medt vaiiw@nthef this

third enbodinent,. .the sacrificiagl oxidatign_step is divided into an
oxi dati on SPEPCHR REdEBST O4FFBRDERefUPREALCEAEAPABRL COBER MR LNASERE ed

bet ween the,oxtdati onpsiep @d thgucdeoyirdatidn, & epeniZ) Thesexigagi on step
is preferably conducted at a tenperature of between 700C and 1100C.

: superficial zone itself.

Therefore, by submitting the wafer to sacrificial

10 oxidation before RTA annealing, this contributes towards
‘reduction/removal of the disturbed zone (it is specified
‘that it is also possible for this sacrificial oxidation
to contribute towards reducing or removing the cavities
of this zone).

15 In one preferfed variant of this third embodiment,.
the sacrificial oxidation step 1is divided into an
oxidation step and a deoxidation step, heat treatment
being inserted between the oxidation step and the
deoxidation step. |

20 The oxidation -step is preferably conducted at a
temperature of between 700°C and 1100°C.

The oxidation step may be performed by dry route or
by wet route.

' By dry route; the oxidation step is performed for

25 example by heating the wafer under gaseous oxygen.

By wet route, the oxidation étep may be conducted
for example by heating the wafer in an atmosphere
containing water vapour;

Whetﬁer by dry route or wet route, according to

30 conventional methods known to petsons skilled in the art,

- the oxidation atmosphere may also contain hydrochloric

acid. .




The oxidation step may be perforned by dry route or by wet route. By dry '
route, the oxidation step is perfornmed for 25 exanple by heating the wafer :
under gaseous oxygen. By wet route, the oxidation step ndy Jasuatp2oléct ed %
for exanple by heating the wafer in an jaf nosphere containing water vapour.

Whet her by dry route or wet route, according to 30. conventional nethods

known to persons skilled in the art, the oxidation atnosphere may al so

contain hydrochlgric acjd.. 13 January 2006 15 The oxi dation step |leads to
the formation of@%éﬁ 05331&(?8“(%1 tﬁgegur‘?/%%‘gs oft%t hehGaffarmafiomeaf tatkat nent

step i s condxitledonsting @yricator OREer@di#op, i ntended to inprove the
qualities of the 5 material form ng the superficial zone of the wafer.

This heat treatnEM Regtobreshueptedtandds consuated wsivar izl deat
t enper at ur egpd: I e, he t is rf.ormed for _ exanple
pi o] Ahemante L eatnd 800 Tle | SORTSIOR Y 42 aT

with a gradual rise in tenperature be
osci | | abi ordles eeh fownived ugse swberfidi=lf etald Wf tdie Readerd.r eat ment step

i s conducted at Leaﬁg i.n ggrt at a tenperature greater than 1000C, and
more particul ar 1yt BFPuntr9abBetboney b5 spPeferisry undes Kems tamdat ment

step i s constictaeidvle adWir@tulii Ng at nosphere. The atnobsphere of the
heat treatnment nmay contain
In the latter case, heat treatment is performed for
example with a gradual rise in temperature between two
10 - values or with cyclic oscillation between two values,
etc..
| Preferably, the heat treatment step is conducted at
least in part at a temperature greater than 1000°C, and
more particularly at around 1100-1200°C.
15 Preferably, the heat treatment step is conducted in

a non-oxidizing atmosphere.

- The atmosphere of the heat treatment may contain

argon, nitrpgen, hydrogen, etc.. or it may also contain a
mixture of these gases. Heat treatment may also be

20 conducted in a vacuum.

In this preferred variant of the third embodiment of
the invention, the oxidation step is conducted before tﬁe
heat treatment step.

It is to be noted that while consideration may

25 already have been given to reducing pitting that is
specifically due to the heat treatment.-step of such
sacrificial oxidation, the problem which this invention

sets out to solve which is to prevent pitting due to a

o subsequent RTA ahnealing step, has not been approached.
- 30 Moreover, it is recalled in this respeét,that the
“pitting” which may be caused by sacrificial oxidation is

“true” pitting (in which the holes are deeper than they



argon,- nitrogen, hydrogen, etc.. or it may al so contain a mxture of these
gases. Heat treatnent may al so be 20 conducted in a vacyunllln th|5. .
preferred variant of the third enbodi nent of the inventiGanudrp@0@Ki dation
step-is conducted before the heat treatment step. It i's to be noted that
while consideration may 25 already havweg been given to reducing pitting
that is specifically due to the heat treatnent step of such sacrificial
oxi dation, the problemwhich this invention sets out to solve whichis to

revent pittjing to.a subsequent RTA annealing step, has not been )
gppr oachgd. ng ngﬁ%&vevf'}}eﬁa? s%ﬂgcg'lcﬂé‘tf i WOERF s Croé?dé’@irattﬁ&tn_rt heosgi tting
which may benseusetl Dy secghti €6 aprO¥MatdWsdSuent 4§ R%ptéééghiiﬂme'Ch

t he hol es are deeper than they 13 January 200616 are w de) ereas’ t he

hol es under2k®ridfieRFatvrnvidpbsehanidy iard dermught to prevent subsequent

to RTA annealin I gl hey, are deep. According to one
advant ageous v-a%isca%]%} ee%(ili Agg‘? :’%%?Jréa?ee%ﬁ} Sst%ar SR ha}%eo’gltéﬁqcth%n .
t enper abur estépestartheati tht rdat nEntrtanch endapbehoneet heskattoer nds. Wth

heat treatnent .t is possible to cure, at least in part, the defects that
are gener at ed-Hd§Hy EF erbé%c’%"‘tﬁ?ﬁ? &hepd adttatherdir i cati on process and
wafer 10 treat waRlh HEe DALY 4 heRls 1A RNt Gan %‘“tl Gaadyct ed
for atime and at a tenperature such that it can cure ~crystalliné defects
such as st adki ®grtaul the " HFfefhal tshat are generated during the

preceding steps of the fabrication process and wafer
10 treatment. |
More particularly, heat treatment can be conducted
for a time and at a temperature such that it can cure.
crystalline defects such as stacking faults, “HF* faults
etc., generated in the superficial layer of the wafer
15  during the oxidation step.
| . By “HF” defect is meant a defect whose presence is
revealed by a decorative halo in a layer such as an oxide
layer embedded in the ‘thickness cof the wafer, after
treatment of the wafer in a hydrofluoric acid bath.
20  The déoxidation stép is preferentially conduﬁted in

a solution.

oo

This sélution is for example a 10 or 20 %
hydrofluoric acid solution. A few minutes are sufficient
- to remove one thousand to a few thousand angstroms of

25 oxide by immersing the wafer in this solution. _

It is specified that in the different embodiments of
the invention, the RTA annealing step may be followed by
.sécrificial oxidétion such as described above (in this
case, if the third embodiment of the invention is used, a

30 twovsacrificial oxidation operations will be conducted).




etc.,- generated in the superficial layer of the wafer 15 during the

oxi dation step. By "HF" defect is neant a defect whose presence is

reveal ed by a decorative halo in a layer such as an oxi del3 Jaaysy 260bedded
in the thickness of the wafer, after %reatrrent of the wafer in a

hydrof luoric acid bath. 20 The deoxi dafi on step is preferentially conducted
in .a solution. This solution is for exanple a 10 % or 20 % hydrofluoric
acid solution. Afew mnutes are sufficient to remove one thousand to a
few t housand arjst ragidsi tafon 25 dhide mﬁmm@mmmﬂt@n erl‘ﬁ
solution. 1t is specifjed that in e d|ff rent _enbodi_nents of

i nvent i on, 2 % afi g §F@61h3§ B f JFme%ebﬁ%% Qe Fl&FXPrOX|dat|on

- such as d%ﬁrﬁr@mmecdlfbddues itCazLa idestiked hnidrgrdaedi nent of the

invention is used, a 30 two sacrificial oxidation operations will be
conduct ed) . 13 Angh i yi200bieflyheyaddittingn ot @m@aisa@m fieralthgki dat i on

after KTA 1@@@%{:9?18%9%0' tde%%i—ﬁuﬁ' € &t tr%&%ﬁx{‘ee 5ef£ V%e gugly of the

waf er fo reduce 0 a desire ckness, (S c y acti-ng on
oxi dati on fircwe ttlieatefﬁ'edttmes lpgesi bife the detfetni ne the th| ckness to be
removed fromthe eff, | ayer of the wafer. It will there}‘ore be

under st ood t hattwi #H er’r"\‘?ér?trieonbel nUBLERsEPop s thets eMdif efBGdi nent s,

it is possivie i, trﬁat ehba Boeffd Cai‘kféi?eﬁth'eﬁfHdc&me@ﬁsby 1he;3o
Appl i cant (partlcul arly in the case of SO or SOA structures derived from

_ SNARTCUT(mpS@gbﬂ@dgp ¢aeas tthe superficial zone highlighted by the
10 Applicant (particularly in the case of SOI or SOA

structures derived from SMARTCUT® methods) so as to
prevent the subsequent onset of pitting during RTA
annealing.
And in each of these embodiments, the invention
15 lbrings major improvement in the sufface morphology of
-wafeis which have undergone RTA annealing; this annealing
‘enhances the roughness of wafers and, on a finer scale,
the invention brings the added advantage of preventing
the onset of pitting.
20




-

prevent the subsequent onset of pitting during RTA annealing. And in each
of these enbodi ments, the invention 15 brings najor inprovenent in the
surface norphol ogy of wafers which have undergone RTA ari3dahuarg20@hi s
anneal ing enhances the roughness of wafers and, on a finer scale, the
invention brings the added advantage of preventing the onset of pitting.
20 18 CLAIMS 13 January 2006 1. Method for enhancing the surface condition

of wafers in sem conduct or nateria& ﬁbd nmet hod conprising a rapid
thermal annealing step to snooth safgéi%ee surface, characterized in that
before rapid thermal 5 annealing the nmethod conprises prior treatnment of a
superficial zone of the wafer to grevent the onset of pit{ing during rapid

thermal anneal ilng, ¥8&"CRe pi &0 ?H%FﬁalQﬁﬁnﬁﬂ?ﬁﬁF%aﬁoﬁélEbﬂHpéﬁéd ina
non- redumd&@fgx%t ’Eﬁﬁpé@ﬁfccg?&@to%hgggrié§?_OEQE‘LBQmEthBe Gadijng claim
zed inthat said pr

characteri lor treatnent is high ‘tenperature annealing
i ntended to repddst thermahe asupaiingi abtepneto 3.smdsttiiod sadcbr diveg to t he

preced 1o Shly 15 ahaseion el 1 el e g g Lohe cyegratneal g,
two precedind@alihdl MeheChRe8BbE! | Z8MpiDsébatlpride tepamnt e o gaid
superficial zone of the wafer to prevent the onset of
pitting during rapid thermal annealing, and the rapid
‘thermal annealing can be conducted in a non-reducing
atmosphere.

10 2. Method - according to the preceding <claim,
characterized in that said prior treatment is high
temperature annealing intended to reconstruct the
superficial =zone.

3. Method according to the preceding claim,

15 characterized in that said high temperature annealing is
conducted in a neutral atmosphere.

4, Method according to either of the two preceding
" ¢laims,  characterized in that the temperature of said
high temperature annealing lies between 600°C-and 1300°C.

20 5. Method according to the preceding claim,
characterized in that the temperature of said high
temperature aﬁnealing lies between 800°C and 1100°C.

| 6. Method according to claim 1, characterized in
that with said prior treatment it is possible to remove

25 the distufbed part, of the superficial zone.

7. Method according to the preceding claim,

characterized in that said prior treatment 1is chemical

attack.




hi gh tenperature annealing |lies between 600C and 1300C. 20 5. Met hod
according to the preceding claim characterized in that the tenperature of
said high tenperature annealing |lies between 800C and 1100IEnuf&y 288¢ hod
according to claim1, characterized ih2 that with said prior treatnent it
is possible to renove 25 the disturbed part, of the superficial zone. 7.

Met hod according to ecedi i C cterli ..n that .said prior.
treatnment is chghicé%gﬁg%{acggcggdignghﬁhrQg%%06%§?%%§%h§d g%f%ﬁhing to
the precedimgr£ddiimzedcchanactigit zediidn phabrsairkPmedit t igatyentyets of wet

etching or dry etching type. 9. Method according to claim®6, characterized
in that., eteiithpranduyr edcmny kgpsacrificial oxidation. 10. Method

according to any of th eceding,. clains, . characterized in that the rapid
thermal anneal i hig st%ﬁfﬁéﬂ ?SF?Bak%gb§OSéHﬁPﬂlc al CBRrastronzed1 iMvet hod
accordi ng ‘ : p ] cl ai . ehar.act er.i in that the
superficié?g?gﬁﬁuﬁg$gq§r ?E%%E%ggg %? ?%%%lthgﬁﬂ16%ﬁﬁ%$qf%f SA or SCQA
structure obtained ustihd aRidied ngaeeokdiyngrt ehanpyratediiey pieaading

Plalns' - characterized in that the rapid thermal annealing step is
followed by sacrificial oxidation. |
11. Method according to any of the preceding claims,
characterized in that the superficial =zone have a
thickness of less than 100 nm.

12. SOI or SOA structure obtained using a method

according to any of the preceding claims.




