SEM CONDUCTOR STRUCTURE W TH SMOOTHED SURFACE AND PROCESS FOR OBTAI NI NG
SUCH A STRUCTURE 5FI ELD OF THE | NVENTI ON The present invention rel ates
to a sem conductor wafer (that is to say produced on the basis of at |east
one | ayer of sem conducting material) whose surface has been snpothed by a
particul ar process. The invention also relates to a process for
snoot hing the surface of a 10 sem conduct or wafer. The sem conduct or
wafers to which the invention relates may, in a nonlimting manner, be of
501 (Silicon On Insulator) type. It is specified that in this text the term
SO covers any type of wafer or, nore generally substrate, conprising a

ei ectron & conponShIACONEYG TG STRUET Re iR SHQSTher SURFEEE AN o
| ayer between the usefPROCESS FORIOBTFAININGSUCHASTRBATYRROUND OF THE
| NVENTI ON 20 Sem conductor wafers are used in applications such as

el ectronics or optronics for exanple, especially to construct conponents
and circuits on such structures. These wafers may be circular, with a

di aneter of for exanple 200, 300 or 450 mm But they may al so be substrates
of ot heb di menEiEMBEORNTHEAMMENTIONCh as for 25exanpl e rectangul ar panel s

The surface quiis PIESEt IveBion Safs b Sr oy o Malds R e 6 557 Pl uspace
qual ity i sonhheasdsis iof ed lessiemnaaldyer f semieasductingf matarghnehsse \soifabe mast
be as | ow as possihle.. The roughness may be nmeasured at various

frequenci eg?e’ﬁﬁﬁwpfq}e@q@éﬁ@?”%?%@ﬂ% characterizing variations of high

spatial frequensy iafedth HHd aeRted abeaObrodels MR Mol amel QUHhsLBtency
roughness characterizes variations of |ower spatial frequencies.

Sever al0t ypeRieondueionmwaile have been envisaged for inproving this surface
23%: L)e/ij) l?' anafiZ ALV URRICH whlchCAehEahtdE Allstes HRAY O3 nnlimiting
manner, be of SOI (Silicon On Insulator) type. It is specified that in this {ext the term
SOl covers any type of wafer or, more generally substrate, comprising a useful layer
in which it will be possible to construct for example electronic components, a support
15 layer and an electrically insulating layer between the useful layer and the support

layer.

BACKGROUND OF THE INVENTION
20
Semiconductor wafers are used in applications such as electronics or optronics
for example, especially to construct components and circuits on such structures.
These wafers may be circular, with a diameter of for example 200, 300 or 450 mm.
But they may also be substrates of other dimensions and shapes, such as for
25 example rectangular panels for applications in the field of photovoltaics or displays
(screens).
The surface quality of these wafers is an important parameter. This surface
quality is characterized especially by a measure of roughness, which must be as low
as possible. The roughness may be measured at various frequencies, high-frequency

30 roughness characterizing variations of high spatial frequency of the surface state of



5 thermal annealing (especially at high tenperatures), etc. It has al so
been proposed that the surface of the wafers be exposed to pul sations of a
radiation arising froma |laser or froma mcrowave source. In this regard
reference may be nmade for exanple to the docunment WO 2007/142911. This
docunent proposes that a pul sed stream be applied to the surface of a
substrate. It neither discloses nor suggests the use of a 10 reference

| ength to dinmension the streamapplied to the surface. A main
objective of the invention is to propose a practical inprovenent of the
techni ques for decreasing the roughness of sem conductor wafers. 15BRIEF

DESCRI PTI O _TH I n.accordapce with the jnvention,  there
s pr oposell B v s gurne,F RERST PREBeliiats yaR N OL CBP AanLs.
conpri si ngfreha@edied.ng of the said surface by scanning the said surface with
a fusion beam _characteri z‘ejd in that it conprises: 20 The definition of a

ref erence | engbRVeraThpegdplideqhiinueonaypbanst spwisaged der dmeraving s pratacso
as to fusequgiyi MaddRaf&R Y Ndebhadiba %Hufr?e@ﬁcauanh ] (8b‘ﬁ5r?ﬁﬂgng<?rﬂ8in%),t he

waf er whose length is greater than or equal to the reference
The f ush ontheimal eanedling (espeniakty ag high eseperstuses)o eterdbhias Eiee beenl psepdsade

so 25as to 0 u 0 ses i 0 t t

ot er ence. il S2iEet BhR WS HecH AR B Sy Rt & i #d Wom
char gct eri fsecsr }‘ronﬂe nulefowzve soured. 1h mswe@@ﬁeﬂf?ehﬁmgialy lﬁbmdsgbﬁﬁﬁmﬁﬂ? to
an observatign t he 30ro istribution of the surface of the er
and to t he'd Benaqunesnt R SO PRt s iR PrapsEs el A msaskstiear be

di stributi gppidd tdthe’ QueHbRESBa ISUBSHERC It Seiffs RidtsteRMdsugyesiatr &e bhg
wafer; the definition of the reference Iengédr; done subsequent to the

det er nilfat Tefarescedendgth & difeensiomthessteanm applarbio theisefage. devi ces requiring
to be construchefsihNdedtivaléf ﬁ%elﬂ(lgr% %o Hid o@@faef)raciigﬁ ih@r@e‘?ﬂ&ﬁ SfefRgt
bei ng greater than or“equal to the reference dimension, t usi ng

conpri ses tdobhnfquesdor ddcrédsing dwafougbnesoof sdmiconflactonwdfaréie f usi on beami s
an energetic beamable to nelt a surface region of the wafer; t he
fusing conprises the feeding of nolten material onto the said | ocal zone_of
10 the wafer and the fusion beamis defined by the cross section of the

feed streamof _nplten material on the surface of the wafer;
15 BRIEF DESCRIPTION OF THE INVENTION

In accordance with the invention, there is proposed a process for smoothing the
surface of a semiconductor wafer, comprising the fusing of the said surface by
scanning the said surface with a fusion beam, characterized in that it comprises:

20 » The definition of a reference length,
= The adjustment of the parameters of the fusion beam so as to fuse, during
the scanning of the surface, a local surface zone of the wafer whose length
is greater than or equal to the reference length,
= The fusion thus carried out making it possible to smooth the said surface so
25 as to eliminate the surface roughnesses of period lower than the reference
length.

According to other advantageous and nonlimiting characteristics:
» the definition of the reference length done subsequent to an observation of the

30 roughness distribution of the surface of the wafer and {o the identification of a cutoff



the said paraneters of the fusion beam conprise the speed of novenent of

t he beam the said paraneters of the fusion beam conprise the power
density of the beam 15 the said paraneters of the fusion beam conprise the
flowate of the feed streamof nolten material . The invention al so

relates to a sem conductor wafer conprising a surface |ayer nade of a

sem conducting material in which the surface of the said | ayer has 20 been
subj ected to a process according to one of the aspects nentioned

her ei nabove, and this surface does not exhibit any roughness of period

| ower than the said reference I ength. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS

S0det ai 1 eanSREEI T Tand RREREbFBRRoR o7 ¥ reulbREhe Bopltioies ThfERalaN e
dr awi ngs i Burbicecdt the wafgyyre 1 is a schematic representation of a

di stribution of roughness spectrumthat may be observed on a wafer, before
its treatntnt BeESfAitig of she referencenenaih. dang subseguest toelhedeiernivgtion of a

cutof f fr epugffite BRNGHYbNbERsEhickiSe 0 ool OreBRR! Yo 'RAYGRs etk AdReS

el i m nat e roughness, 5 Figur I's a schematic repreSentation | rating
t he snobt hbudags regioploé therpladere the deferencedengihelneing greatev b agegsaleioi thel y

a localize d by irradiation (Figure 2b), the said zone being of
controll edgﬁféﬁe&%ﬁﬁééﬁ%o 1 be explained. This figure reveals in elevation a

waf er befose ithe fasmgtdunsridds Gier Risi) of &itdIoddl 266k idf the \aFbPiaRd thEi fsibA
2b), 10 Figure 3 is a representation of this localized zone, illustrating

vari ous paP@&a®Btis a8 angreelicrRaaiy abledoduelt aisvase 6egipnptheonafer; Figure 4 shows
two views gnal | d [

respectively) tR?Engpé S:gbﬂgﬁégﬁﬂ%fé%ﬁg%@lﬁe@nﬁn%g%rﬁafﬁgw ﬁ%e%@?gﬁ&%l#&\?ﬁrcgh

t he sund actheowafdieandather fusiondseaamio tibfited by ftieel crogshsanbibh enf thatfexd alrearhSof

Fi gures 5a ar&ld 5b ti I.Ilust{hat eLgF he ?\{ol ution of a surface treated for a tine
i nterval dffOFH THENRELWMETS BCE A MGYEET 1 eat ment (i nmpl ementing a scanni ng

of the sur{acené@akFpiraffited dhtha flisish PRaREESMPRYE tHe $pbal SOMbUENMBNSOf the
manner), beam:

» the said parameters of the fusion beam comprise the power density of the beam;

15 e the said parameters of the fusion beam comprise the flowrate of the feed stream

of molten material.

The invention also relates to a semiconductor wafer comprising a surface

layer made of a semiconducting material in which the surface of the said layer has

20 been subjected to a process according to one of the aspects mentioned hereinabove,

and this surface does not exhibit any roughness of period lower than the said
reference length.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the invention will emerge from the

30 detailed description which follows, with reference to the appended drawings in which:



Figure 5c represents a function terned al pha by a continuous treatnment such
as this, 20 Figure 5d represents the spectral densities of roughness
frequenci es observed on the surface of a wafer, without treatnent and with
one and then two continuous treatnents, starting froman arbitrary initial
roughness spectrum Figure 5e represents the spectral densities of
roughness frequenci es observed on the surface of a wafer, w thout treatnent
and with one and then two continuous 25treatnments, starting froma white
initial roughness spectrum Figure 6a illustrates the evolution of a
surface treated for a tinme interval dt, in the case of a fragnented

beam novi ng FRTERE A Rr TR Epfheialoor s BRI pEFoulh BRHS okt bl "
e e
initial roug%ﬁé’&% reyRals ﬁgJﬁPat'a%F‘?Lﬂﬂ re@é’ef],@br%gﬂdsg‘lh@ gﬂécqqsérﬁdd@ngelqaiﬂﬁs

of roughness bygsiIsNELEEd ReRHA(EFoRJhnkBEg surface of a wafer, wi thout
f

treatment and with a fragmented treatment, starting froma white initial

roughneSs Spdugwem? is R gsehematia gppeesentadionhalusisating dhedemoithieg pinciple
roughness f Cﬁlﬁiﬁféﬁ%rﬂ@gqnstﬂé\/ﬁ%%rﬁt%@eﬁlﬂ{@f %8§%8£au;€ a"‘%‘?:&ﬁzteg‘g&{nﬁé’ elied by

t reat ment, a continuous treatient a ragnen reat nen
starting fronmadiatdomi (Figurg 2y, tthal saidugbme Sseisgesft combrolleli ngéh,7hs will be

represents the ectral. densities of roughness frequencies observed on the
CoFface of o S@PTST. THiRJERTE refa i SRIPHT & WETRT DRIBE 6 BaRaIRNg ERIR ¢
a fragment ed Za) eaid8iMin ﬁgg,ﬁqbbﬂmq'\%/{;ﬁ#@”@ ;_\Mz_j te initial roughness spectrum
10 DETAILEDDECRIPTIO\?O: THE | ION Figure 1 is a schematic

repr eséht af'i didWE Zidin Sepiesaniadan of this desmlieed zopeciipsintirg variausrrafameters

observed on 3,MeN Hfc®hitdR{Finis Behore its treatnment according to the

i nvention. The vvafce may have been ogt ained by layer transfer (for exanple

by a process Fogurehd sBowsttwCwiewy @plagoubytodbose of Fgures2asandlBe (Bigufex daof

the waf er rmyan%%b,%?ﬁ?c'ﬁ%e@f irﬁﬂlj%trg{ior? 'o% 5r(1: @Hibodiment of the invention in which the
surface of the wafer to be smoothed is fed with molten material,

15 = Figures 5a and 5b illustrate the evolution of a surface treated for a time interval dft,
in the case of a continuous treatment (implementing a scanning of the surface to
be treated by a fusion beam moving in a continuous manner),

* Figure 5c represents a function termed alpha by a continuous treatment such as
this,

20 = Figure 5d represents the spectral densities of roughness frequencies observed on
the surface of a wafer, without treatment and with one and then two continuous
treatments, starting from an arbitrary initial roughness spectrum,

» Figure 5e represents the spectral densities of roughness frequencies observed on
the surface of a wafer, without treatment and with cne and then two continuous

25 treatments, starting from a white initial roughness spectrum,

» Figure 6a illusirates the evolution of a surface treated for a time interval dt, in the
case of a fragmented treatment (implementing a scanning of the surface to be
treated by a fusion beam moving incrementally),

= Figure 6b represents the spectral densities of roughness frequencies observed on

30 the surface of a wafer, without treatment and with a fragmented treatment, starting
from an arbitrary initial roughness spectrum,

4



On this graph, the anplitude corresponds to an intensity of roughness as a
zofunction of the spatial frequencies. The graph of Figure 1 reveals a
spatial cutoff frequency Fcutoff, beyond which it is desired to greatly
reduce or indeed elimnate roughness. Stated otherw se this cutoff
frequency corresponds in terns of spatial periods to a |ength bel ow which
it is desired to greatly reduce or indeed elimnate roughness on the
surface of the wafer. 25Accordingly we shall begin by defining a reference
| ength which will dinension the snoothing treatnent required to be applied
to the surface of the wafer. This reference length may be equal to the

A ternar vl NG FremPeraitt fis atdealbiutive parouGRHEss fadd s Birida on
cor r espondi nghé eufface of & wafeamithdet eeatmeed andvwith ® fragihenteekipaathend ganiag

proportionality relation (in the latter case the reference length is equal
to the peri ocfr%Btar"é@t?oW!ﬂaﬁ\@O NE8SEBFU I ti pli ed by a determ ned factor).

It is al souposgiRl £ teprosdrii®end S5edi@l eEREEEs bfﬂﬂﬁfghnbg@ﬁaamg ¥b&frvéden

roughness observed on the surface of the wafer. 50nce the reference length
has beeh def ithesgufagensdenvaigrt wishautdraatinent witvasontiewousniseatywnt gndrwitiha

surface of t NLG: | e\ | amw ||
be. appl i ed t o ifeytee REaRAER R Fod i abttdrp iiekrbliphead 3pBBHRACT 2L |
any step | eadtiggretTh tépresdiitaiting speciral dbasities barrighhesh Fenadmiebdbbserved ban

state of the terial, _allow ng. the said terial to 10 spread in .
hombgeneous 418 SUACE REA WIey. Witiell tRarment VAlIsA egniinoys, Beaigient eyt any
t he i npl ementfpdgradhted redimEm BtafHY fremirRivh e mitif o GHiRlsk speefitmned: t he
application of a beam (continuous or non-continuous) of energy so as to
melt tH@ material of the surface of the wafer, and/or the feeding of a
stream (conti nuous or non-continuous) of nolten materi al

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic representation of a distribution of roughness spectrum
15 that may be observed on a semiconductor wafer, before its treatment according to the
invention. The wafer may have been obtained by layer transfer (for example by a
process of the Smart-Cut type) or by some other means. The surface of the wafer

may for example be made of silicon.

On this graph, the amplitude corresponds to an intensity of roughness as a

20 function of the spatial frequencies.

The graph of Figure 1 reveals a spatial cutoff frequency Fcutoff, beyond which it
is desired to greatly reduce or indeed eliminate roughness. Stated otherwise this
cutoff frequency corresponds in terms of spatial periods to a length below which it is
desired to greatly reduce or indeed eliminate roughness on the surface of the wafer.

25 Accordingly we shall begin by defining a reference length which will dimension

the smoothing treatment required to be applied to the surface of the wafer.

This reference length may be equal to the period corresponding to Fcutoff (that
is to say equal to 2=n/Fcutoff). Alternatively the reference length may be related to the

30 period corresponding to Fcutoff by any determined relation, for example a given



15to the surface of the wafer. By convention the follow ng are defined in
this text: the "fusion feed vector" as the energetic beamnaking it
possible to nelt the material of the surface of the wafer, and/or the feed
stream of nolten material, according to the applicable configuration,
20-the "fusion beant as the portion of space delimting the fusion feed
vector, the "nolten zone" as the zone of the surface of the wafer which is
in a nolten state subsequent to the application of the fusion feed vector
to this surface. In the case of energy feed alone, the fusion feed vector
I's an energetic beam (for 25 exanple a |ight beamarising froma source

such as a Iy . h r I 0 i f t he
vt or - sucnPRESorRIE R 8 R R REEIEE (BRI Bl i Ol S Pefe

][ n Ij he caseowésp&irfdﬁafgdt@flrlcmdft,aﬂumﬁ@; ibg!(aaiemmin?dnéac_ﬁtlu_s)i Mnisf aled ﬁassimeftbs a
eed stream su | mol ten materia or ,exanple silicon) qn the surface
of the waf gﬁﬁ“@&%ﬁ‘g@ﬂg%ﬁ’ﬂ%ﬁﬁg%&f’ﬁéw SEFe'len@H‘QEQe%Qb%ﬁ’%gg SRR YR age
the feed shfgWsPP! Ying nolten material on the surface of the wafer.

In all cases, the fusion beam defines on the surface of the wafer an
appl i cai on | eRged . thenhiefergpee i leaginohas errprh defined a sempathisg atieatmeant | whighh
of the zon . uf f.ace t far i 1S .]

account - of CPRBEap o the AR TRk oF sbdhnfe SR Ple fip =
“mol t en zofisign bé&am wilhbe appledfo saifl saiface.beam novi ng i n a conti nuous manner

on the surface_9f the wafer,. thi |ten zone als ves continuously. In
the case of & BERPABpHIRE A WeBrPPd Na e AiAR S o PdyL ot SHIoGIId PP s
on the surrcsurtdcet drahdafBér Gl moRen Gidte Of S fatdrial, dievifPiHeshid afRenBMEs
in a fragnented manner, incrementally. In the case of a continuous novement

of thelfusFbi¢alelimat ReMeErBRPLS @R SEPtantElyspiaae t Manaer: f brsing fCanh EUgaber
e’ b < SEARLOT BT ARy o 08 R oot Ol ARNGSS. o0 o
to the advance- of tithe abplicatientdi ar ksadtontmuche oraoarcontinuous) of energy so as
to melt the material of the surface of the wafer, and/or
- the feeding of a stream (continuous or non-continuous) of molten material
15 to the surface of the wafer.

By convention the following are defined in this text:

- the "fusion feed vector" as the energetic beam making it possible to meit
the material of the surface of the wafer, and/or the feed siream of molten
material, according to the applicable configuration,

20 - the "fusion beam" as the portion of space delimiting the fusion feed vector,

- the "molten zone" as the zone of the surface of the wafer which is in a
molten state subsequent to the application of the fusion feed vector to this
surface.

In the case of energy feed alone, the fusion feed vector is an energetic beam (for

25 example a light beam arising from a source such as a laser, or any other energy
source able to melt the surface of the wafer such as beams of energetic particles
especially electrons or ions).

In the case of a feed of molten material alone, the fusion feed vector is a feed

stream supplying molten material (for example silicon) on the surface of the wafer.
30 The fusion beam is then defined by the cross section of the feed stream supplying
molten material on the surface of the wafer.

6



The molten zone thus extends, in the direction of advance of the beam
(direction Din Figure 2b), over a length L (see Figures 2b and 3). If the
speed of novenent of is the fusion beamis constant (and the other
paraneters of the fusion beam do not change either) the length L is al so
constant. As illustrated in Figure 2b, it is inmportant to control the
paraneters of the fusion beamso as to preserve a part of the thickness of
the treated | ayer "non-nolten" so as to allow the restoration, after
cooling, of the crystalline quality of the treated layer. 20 The thickness
of the surface layer which is nelted is chosen in such a may t hat the
non-nol ten e”ﬁ'%l etsh&r%ﬂf?;? %% arf YeihEs %l'ﬁttgéosu‘rﬂa%é.o‘i"ﬂﬁ (%( plication
cool i ngrecrystalTization phase 'S Sso-calle renalnlng nes &P
correctly peEngyh.tTids apbl&:ambn seegthiis abeslet lrfstHntﬁHiEIeT@m xofstrml iOrEatbﬁ the smi'fat:ée

nolten | ayef to oce epitaxy o his so- c see For

non ol t oo e AR Rk B riakbredals PR gecpom b theSspplsalign,dring Husion
t hi ckness gkam (Itmy%ng@pcd"@ulme tibRé&messe s.oul d be SUI table. This is

obt ai ned by the control of the characteristics of the fusion feed and of

t he fusPon bealhthe case ofm ﬂ@ﬂﬂﬂ’r’@%féﬁnﬂ‘égg dm a coiingays RATNSg Otnﬁéesﬁ}lﬁ@éqﬁnt
cool i ng, WtHe! \{vgfe\‘eth#shr‘ﬁoﬁ%é/ %ﬁé éfse%éﬁ%&ﬂﬁﬂugﬁgl \a,@ Q'cﬁg%bfh beam ?%phed in

recrystallizat1on rese surface | ayer
and under thsatwlare maregr araa successibn glﬁlsetegansthe\wrfaceloarﬂm ©@evdmd moved

corresponds_to t e_of the distuyrbed urface of. the 10. The
curf ace 1o nomBGHT M GoRAT 2Phe mSes dh adfad eTeh g et dnbPmaTehi o pi ane.
Figure 2b shows fheecaseof kedontiidcaeembl@mender thdguiivai kearh 4he) MBRetzohBe

5 rear thereof. This snmpothed surface is contained in the plane 100. The

fi gur el@l sBxEREsL0 thresyréacepidhe wafer fagingithe fusigndegieand ﬁb%Ot Hdhgppan @fdbeon
of the fUS!réz:norb%%}igﬂ&goa%%é%%aﬁﬁot fd é&ﬁ%'éf thY vidter ftHiﬁ 188 B&ﬁa‘de?mégen

as is the regl on non-nolten materi een state
t he i nvent inth reamﬂ@ﬂmtttesad\kwcd@ﬁha béam vath mspedtdo dnewafer0 I engt h.

| t

R0 Tuser durt it RPBRARRTER, b dn Pt BEBGR ol Hraits b Beialf il
zone of th® wefigurevkiss evéreaWriyth & (9eeFigures 2braret 31 dfuhk stp@etihff mefarhentast
of the invention th net ers of

|l ength. Stated otherwise, in the ¢
t hegbeé?’n aﬁ'@? g!ﬁ‘ﬂ'} PRRGIS| FONnSIRIN @“a/a@'et%?r PafaneeteEn gt FF@L?H'% %@Q%F‘Ot'ﬁ’&n

or equal tenhmfe é,g{é)"%qgnémq_gfslhlso constdii S nmakes it possi bl e to fuse - and
therefore to even out - the material of the surface of the wafer over a

| ength at | eashs élqlauatetdd ntm@urﬁezbrlbﬁdmnoéﬁgt te eondtol ke phwsretder phtbe fusion

previ ousl yb?lél,% §J1 Sén}éaé bb@%lf% %daé‘%g%&? t% tr@éfga"l OHrSn moltgﬁou? as

surface of s achie usion carrie
makes it ptsalid¥ thet ltestnmmm aftet codlings of frecaystalliae qﬂ;alﬂglaﬂ&hmtxéateﬂrlayﬂn cally

all the surfac hness of higher fr enc o o per ) tha t hat
cor resgbndi ng [ THERSE & dneeurtesiyver WHEH S Highelis htRendy et Wahtdned
t he cont r othedfndmhgoRah arh&infgOfthickBedieas alficiciBkes thiat POSHP! Bet @oBliRgr €
that the surface |layer is nelted over part of its thickness 25 only.
recrystallization phase this so-called remaining thickness can correctly play the role of
seed in order for the recrystallization of the molten layer to proceed by epitaxy on this
so-called seed. For example a non-molten remaining thickness representing from
25 25% to 50% of the thickness of a layer 200 nm in thickness could be suitable. This is
obtained by the control of the characteristics of the fusion feed and of the fusion
heam.
A non-molten region — which, during the subsequent cooling, will give the
crystalline template for an epitaxial recrystallization if so desired — is thus preserved in

30 the surface layer and under the molten region.



The reference I ength may as has al ready been intimated have been defined on
the basis of prior roughness neasurenents of the wafer. In this case the
definition of the reference length foll ows subsequent to an observation of
t he roughness distribution of the surface of the wafer and to the
identification of a cutoff frequency 30arising fromthe distribution of the
roughness frequenci es observed on the surface of the wafer. The
reference |l ength may al so have been defined in an anal ogous manner, on the
basi s of roughness neasurenents of one or nore wafer(s) of one and the sane
bat ch havi ng undergone treatnent conditions identical to the wafer that it
I's desired to r‘-'fpﬁnaet 2al EndRY % Fand 2R Uith % fn‘e@. gy té bﬁﬁa.y] e 3f the
roughness spect Pum fecor ded I h advance and cor espon ihg to e warf er.
The r ef er edisturbet gulfao@ pf ahESWafE&\fED birens utéddent@ll by disakbed nedtbaal extends on

consi derati ns i.nto ccou for exanple the size of conponents that it
will be deSi 'F‘?—fc?"ﬂ%‘)fp) @fBsequent Iy on the wafer (the reference |ength
may then be cmigefe zﬁsm%%eaérﬁ@éthé@wﬁaceh mhmfé?rmerf@gbﬁ)beawlandaétlthe
cases, in a erred enbodi ment the reference length is constant during

t he app$| cé&ardhe@roftmsm@@@he@@dﬁface Is contained poig @Iaélet P&nlhss figere also
controlli NG9S 'tﬁ’e’?e%f&re?i uf%r%l ﬁ%%uﬁ%c@%hl’?& tﬁehsP;BM%'t:Bﬁ otPEEﬁQ]fu51o be%m.

It is thus possible the's novenen & fUSi on b

| ndeed 15 ﬂ'hes’.ospelda mekhed Idmatlyebyttime flesiar heamnrig sebe, deisghk regioh t18eofrmmnt-en
zone. o t he case of a fusion feed by an energetic beam it is also
possi bl e tH‘OeS {PYena he energy density of the beam Indeed this paraneter

contributes toagdeaisr pbah ndafele thdandsitRh Fhpiemedts the definiton dPRaeréidfénce
especially its length L. In the case of a fusion feed through a feed of a

streaml®f l@pgten material, it is 20 also possible to control the flowate

of ‘the materi 3} ofcs @@rﬁ@ﬁ@thé%ﬂﬁ%ﬂn?ﬁl‘ﬁ PR Efor Bk B dafy LU a5

to determ ni ng t racteristics o USI on zone and especl al
| ength L. fuse, duriththessanomgdeidhe sudadeof theusafer, enloedl ssutaseizons Cﬁtm:waéare

o oni 11 canttPaS iR B P4 e APeRla o Y Felfr i Sdta, SRl BlycBige i me™
Fi gure 3 i thstsof dieemviehton mbamtibtemef thie bHdrem viaé edontbiled in suchn af way ¢mat

subsequent to the application of t S|on bea F ThIS figure illustrates
var i oud® patgniene F "Pat?ﬁéh%ortwaﬁéﬂ' %’ﬁ”%‘? zone. Thi s

figure illustrajigmaksa ikpebdibRitoGlsOL ér’ﬁt?tﬁéﬂéﬂo%‘t@@@@h bt Lhfe THatbASLoOthed

waf er 3010 conprising a surface layer 11, nmade for exanple of silicon, a

support subsgfiiaca ef the wafer over a length at least equal to the reference length that has been
defined previously. In this way a particularly successful evening out of the surface of
the wafer is achieved.

20 Indeed the fusion thus carried out makes it possible to smooth out the surface so
as to eliminate practically all the surface roughnesses of higher frequency (of lower
period) than that corresponding to the reference length.

As has already been mentioned the control of the parameters of the beam also
makes it possible to ensure that the surface layer is melted over part of its thickness

25  only.

The reference length may as has already been intimated have been defined on
the basis of prior roughness measurements of the wafer. In this case the definition of
the reference length follows subsequent to an observation of the roughness
distribution of the surface of the wafer and to the identification of a cutoff frequency

30 arising from the distribution of the roughness frequencies observed on the surface of
the wafer.



(which may be made of silicon also) and a buried oxide layer 12. In this

case the wafer 10 is of the SO type. Figure 3 reveals the width I of
the fusion beam which is finite. Successive traversals of the beam are
t heref ore undertaken, over parallel Iines which cross the 5 surface of the

waf er conpl etely. These successive traversals nake it possible to cover the
whol e of the surface of the wafer with the beamand thus to treat this
entire surface. It is also possible to nmake provision for a beam
whose width | is greater than the dinension of the wafer, so as to treat
the whole of the wafer with a single traversal of 10 the beam

Cover hoes of 11 (AtoraChitdih Hay 3ol A prlifed B b alflogsl, fﬁ%ﬁiﬁ" | %VG

one or nor et Hiéﬁ(@bﬁﬁdl.@hﬂési heed3epemante wfdinegdort Wofe Walf@'(s)atﬁcbr‘@ &8t trdsame
direction, res t| vel The first and second directjons téat lg ort hogonal .

151 n Fi gur katghy sggne ealmsit copditianaendenlty t#‘%i‘"ﬁ%{t s qasirepignt

of the nol {gh ?t%sy alsd haR SééH‘H@fi'né’eFoﬁ tﬁé 'b%Q%'cS? FRARMNEES SBEctARh TESHIABES
to the rear of the fusion beam This is schematic approxi mation since in

reality5thi @V@BGG@ﬁdtd@é”eﬁpﬁJMggéOH}eeWa@r strictly straight but exhibit an

dl
bosai bl 5 that (TR EREE R Rl 31sd A6E BASHASARE bl Mg oM E3K S etdigh
rear, if fimto enemmit:afdrfmcalmmwltue [siees of ocbmpbae:stsrthatﬂ Wil hebdesirduett prbduce

partlcularl significantl the traver t he ure
B he't ny crihsestarty 8 e fareh R reraanoe de G duay theroe 833N as thesofaisdne.
whi ch val ugnigth §R8IcehRdhetshh the numeri cal exarrpl es which will be

devel oped further on in this text with reference to Figures 5to 7. It is
noted that thdnzl casesr jisadreiesed @nbedimendthe referriicer leagthaist anstand idyAng

dependi ng acity for the heat to escape to the nass
U AppLhi R e ARG

~of the subs ess of the buried oxide layer (which is a

t hermal insul dht§ poksible &n envjsage actntrodling. various pardmgferse sd¢ ahdonsadjusd theews
anal ogous o.tqgse of Figures 2a and 2b (Figures 4a and 4b, respectively),
inillustr an enbodi ment of the invention in which nolten 30

material is feld;simubhﬁ)ssmé ascadiebt tHespedesf inevementeptiieflision beam Theleed
nolten material is of the sanme nature as (or indeed identical to) the

mat eri & ofhig P@%‘PQ’HB@“SF tq Hetappfrng thy 'PP@W Phtheeokes&ong-epr esent ed i n
Figure 4, of 3 tﬁélca%%?% ﬁ!éerﬁfé%d' A éngrqaféeoéa‘m Sit i see)posgtué B BQﬁt?&l

that in this case not only is the s ace of the wafer snoothed
5account ofheténrergedansity of theddeasm Indeed tids pararseteeventribstes t@d:l@emhtﬂgythe

raised:  enarkfiePbld MY HAREnObnl IRoLOXRIIL Rchip vl et obtai ned has

after trea a surface roughness ONANt & ~of hi gher frequency
t han a desir edndbé abbe fof enfusicyfceadvtbrdigmina édedrohatsteant bf sattlenghateitl, riigisa

not evvorzt hyalrs.o poésmle to control the flowrate of the material feed stream. Indeed this
parameter contributes in this case to determining the characteristics of the fusion
zone and especially its length L.

The semiconductor wafer thus treated comprises a surface layer made of a
semiconducting material whose surface does not exhibit any significant roughness of
25 lower period than the reference length.

Figure 3 illustrates the localized zone of the wafer which is in fusion subsequent
to the application of the fusion beam F. This figure illustraies various parameters
influencing the definition of this zone.

This figure illustrates the application of the fusion beam to the surface of a wafer

30 10 comprising a surface layer 11, made for example of silicon, a support substrate 13



10Wth reference to Figures 5 to 7, certain considerations will now be set
forth relating to two nodes of inplenentation of the invention: by
continuous scanning of the surface of the wafer by the fusion beam and by
i ncremental fragnmented scanni ng. These consi derations are given in regard
to a roughness nodelled by a function 15 s(x) which is the surface
roughness (altitude variation of the surface) as a function of the abscissa
x on the surface of a wafer. The function s(x) is considered to be

i ntegrabl e, since the roughness is limted in anplitude and the di nension
of the die is finite. For the sake of sinplification the function s(x) is

2l 50, aSSUMRELO iy BXSRlaal S Gicoca BB BhETa bUAGE (8IdB BUE) 197 17 (b deedntod!

function (tmagi nar considerati ons ow are based
on mat henawiafsxl 10 détHe S@stypimch provi de an approximate picture of reali ty

Certain secon -.orde roxj.matiqns, h een de so,as fo.carry out an
utilize these Q'I’ @uéa‘ﬁgg Mﬁhlugehﬁp?@%'ht LELT f“f 'iseﬁmfﬁ)d%lﬂc‘ﬁ‘?ﬁﬁ'vﬁg
it possi bl galrsAlsWT theMWeath bfe tiRiibiore UndeRakad, dvee Jfa%ﬂéi MHes svHice atdsentheand
the fragnented treatnent. 25It has thus been cansi ed in the_ Fourier

anal yses t fdfagenel Mg watepkarwlatelypdineee SUECasSYR Iraversiis spakes it pRssitle tp
not al ways, rqﬁé Wh%'lé’ of (i sqg%%e%ft@?ﬁah i tHRESMAHR SN gftgw?o fukf l"ﬁ%eentlre

tension of I'ten ma and e transient and dynam c aspects in
the i qui dsmﬂfﬂxsse (waves, potentlal mcro-ripples, etc.). Fi gures 5a

and 5b illustrate the ev tion of a.sur treatedfa erv
G0 Th the cadbiscas BogsiBlebutake prlisiah o B hedr® Yt Byt i o Eateh
scanni ng oflimdmsigiuef theavdfer, k@ A9 ®afrest thy whdia!of B ReRMWIBVA Emgld”ltr@versal of
continuous manner). s(x) is the initial roughness profile, , (x) is the

smoot hé® rBRRR™s profile. 5Wien x increases by dx, H varies by dH, so: dH

ds(x) dH = (g rgo,&s)s, 5 16 (KB brovisidie NEea \flﬁi%% Jtocé&‘rry-o&tsﬁn?b’fsr?&cevs,si(ué))/

A The Fouri er ana ysis of this signhal gives the f } | owm ng resul
i co. S(co) =cevsrpgeopithe vifale pf ih@Na(&Eo?é)Clh oJ(tbe fwo (coverages/inve)viag PBQ@(HYTMA)

S&g?l) 2:(% A)S§ ﬁ%%%rﬁ% q)thg}t%éﬂgeﬁ;?é@\mgl{o' & ?ﬁst n]d) %% Bh(ﬁ'% Hégﬁ’&? respectave[y. The
first and second directions may be orthogonal.

15 tn Figure 3 the boundary between liquid and solid, situated at the front of the
molten zone, is represented as a friangle whose vertex corresponds to the rear of the
fusion beam. This is a schematic approximation since in realily the sides of the
triangle are not strictly straight but exhibit an inwardly curved shape depending on the
chosen conditions. Moreover it is possible that the vertex of the triangle may be

20 shifted towards the rear, if for example the liquid phase of the surface has been
heated particularly significantly during the traversal of the beam.

In Figure 3 the thickness of the layer 12 of buried oxide is for example 1.5
microns, which value is consistent with the numerical examples which will be
developed further on in this text with reference to Figures 5 to 7. It is noted that the

25 recrystallization time of the material after fusion depending to first order on the
capacity for the heat to escape to the mass of the substrate, the thickness of the
buried oxide layer (which is a thermal insulant) plays an important role.

Figure 4 shows two views analogous to those of Figures 2a and 2b (Figures 4a
and 4b, respectively), in illustration of an embodiment of the invention in which molten

30 material is fed to the surface of the wafer to be smoothed.
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(&, the energy spectral density of 8(w), is given by: D(co)= S(co) S.
(co) = S(co) F (co) St (co) F* (co) -1)(co)= S(co). S* (co).F(co) Ft (co)
= D(w) - F(co) F. (co) Wiere D(co) is the energy spectral density of the
unsnoot hed signal. F(co) F* (co) = (exp(icoA)l(icoA +1))
(exp(-10)A)/(-icoA + 1)) F (co) F* 04=11(1+ 42 a?) Hence :D(co)= D(co)1(1+
co') i.e..: DO f) =D f )10 + 4F12 f 2) = D( f ) a(21-14f) Figure 5c thus
represents a function ternmed al pha, a(21161) =1/(1+ 4112A2f2) , 15which is
the transfer function making it possible to pass fromthe spectral density
of the roughness before the treatnent to the spectral density of the

he vl ues of -1 woREhaRtEHa her ML S kit ¥ (P biestint A BT Iyl e
i s represest gd byrfaceyof tHecahfatqiiliedn axitbe case, reprégpnted Hl Figpe ef axftan Sae

spectral densities of roughnea?s frequenci es observed on the surface of a
waf er, wit Wo0%e sHEassa¥er $inade PhsitRkMNand t hen two continuous treatnents,

starting fromap @6l tha'iM thisidas8Inot OHBBERE sBRSES bilfhe WafePShiRMYEbut, on
decrease in the roughness after a treatnent, and a still nore 5 pronounced

decr eas® afeanuniofthedradingedtmaion matesiablisdevalds algoshghilv ragede. After this
second treat nagl o PRACTARHLY o BB BHINECHSRT iaheHA SHeiRAkREN{ Bar
| gut e 5e S the spectral

100 cm 1 are observed. represen densitres of
roughness surégpee nougiteshswhass compomentsuof dighesf freqwetogr than & hoediredr eatoffent

and wth ope and then two contipnuoys treatnments his.tinme starting froma
White i ni ¢ TRCeTygTeReRER rafre this congidinga prleNieRYE. decr oases ar o
observed. It is noted that the decrease in roughness is slightly |ess

significant than in the case of Figure 5d. Cenerally Figures 5c to 5e
show t Hat t he \Bithgeferance e Rgurgs y tawve reagiaiy censigeratiags ovil rnavh der srigieRbs s

fPSﬁE r Fg} . ating t P AR ofIpidHietati&s of Mk HveRfan b Eoktritious dc8Rhing of

the surface of the wafer by the fusion beam, and by incremental fragmented
scanning.
These considerations are given in regard to a roughness modelled by a function

15 s(x) which is the surface roughness (altitude variation of the surface) as a function of
the abscissa x on the surface of a wafer. The function s(x) is considered to be
integrable, since the roughness is limited in amplitude and the dimension of the die is
finite. For the sake of simplification the function s(x) is also assumed to be even;
hence the Fourier transform S(f) of s(x) is a real function (imaginary part=0).

20 The considerations which follow are based on mathematical modellings which
provide an approximate picture of reality. Certain second-order approximations have
been made so as to carry out and utilize these calculations which thus represent a
simplified model making it possible to highlight different results for the continuous
treatment and the fragmented treatment.

25 It has thus been considered in the Fourier analyses that the molten phase is
perfectly plane. In practice this will not always be entirely the case at any moment
because of the surface tension of the molten material and of the transient and

dynamic aspects in the liquid phase (waves, potential micro-ripples, etc.).
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Al t hough very significant, it does not nake it possible to totally
elimnate the frequencies higher than the cutoff frequency, A second

traversal |eaves practically no roughness in this frequency range, I t
al so significantly attenuates the frequencies bel ow the cutoff frequency,
this also 20being a very beneficial result. Figure 6a illustrates the

evolution of a surface treated for a tine interval dt, in the case of a
fragnented treatment (inplenmenting a scanning of the surface to be treated
by a fusion beam noving increnentally). The Fourier anal ysis of
the function s(x) is carried out on the follow ng bases: 25 Let S(f) be

the frequency & gﬁ:‘érsr R& shi} s‘iwté?ﬁeee(f&pﬂ )9F 3 stir etn—:\lﬁn ﬁ)b{uﬁ%eine?vrbqth

of each spot (‘edach si onthe SUFface’ o eam w | |
be stoppedit, in tﬁ'éleaselroﬁe afrtinubss treatmé o (bheat |byots|a9 mmttém@rytlrgoatschnmagrrﬁnt

t t f f flat parts of A, of
nei gt Si . TSAUROB Lo REUTP ALY b @08 BP CEath Pevgan AHEPriAUSUS TERE: even 1 eal

curve a(x) theyg is®id RRRPPsifghhebs 9%#@%@&%@%&&&& rdwyrmbs%rdm@e
cal cul ated. The values of si are calculated as foll A si = /A

xs(x)dxs (i - M)/Aeh Kincreases by-di,1HNanAgs by ditk s8( w) exp(lcae)dco (| -l)A- co
5The order of |nt egr(atl on i s changed:

dH:(s(x+A)dx—E(x)dx)/A

Hence : ds(x)/ dx = (s(x+ A) — s(x))/ A

The Fourier analysis of this signal gives the following results.
i0S(®) = (expioN) - S(@) — S(@))/ A

S(@)-(io+1/A) = (exp(imA) - S(w))/ A

S(@) = S(@) - (explwA))/(ioA +1)

Calling F(@)=exp(ioA)/(ioA +1)

S(@)=S(@)- F(@)

10 D(w), the energy spectral density of S(w), is given by:
D(@) = S(0)-S (@) = S(w)- Fo)-S" (&) F (@)
D(@) = S(@)-S (0).F(@)- F' (@) = D(o)- F(o) F ()
Where D(w) is the energy spectral density of the unsmoothed signal.
F(o) -F (o) = (exp(ioA) (iwA + 1)) - (exp(—i @A) [(—iwA + 1))
F(w)- F (@) =1/(1+Na")
Hence : D(@) = D() /(1 + Nw?)
ie.. D)= DA +AIPA 2y = D(F) - a(MIAf)
Figure 5c thus represents a function termed alpha, «(2IIAf)=1/(1+4IT°A*f?),

15 which is the transfer function making it possible to pass from the spectral density of
the roughness before the treatment to the spectral density of the roughness after a
continuous treatmeni such as this. It is observed that the values of this function

decrease rapidly. In this figure a cutoff value is represented by a vertical dotted axis.

12



+lAsi =(1/ A x J do JS(co) exp(icox)dx <co(i - 1)6, Since S(w) is real,
CO A+ coiAsi =(1/ A x J do JS(co) cos(cox)dx = (11 A x J S(o)do

jcos(cox)dx co (i -- co(i - 1)A + co Hence si = (11 A) x JS(co)
(sin(icoA) - sin((i - 1)coA))dco/ co + cc si = (2 / A x S(co)- cos((i +1 /
2)coA) sin(coA 2))dco/ co co The Fourier transform E(w), of a(x) is

cal cul ated using the followi ng general 10steps (given by way of exanple for
the cal culation of the transformof a function ei(x)). ei(x)=e k(x)+ ek(x)
ek(x)= Ech(x- A(i -1))- Ech(x ef_(x)=-Ech(x +A(i -1)) +Ech(x+ Hence Lapl ace
transform: E1+(P)-(1/ exP(-AO -1).P)P)exP(-1413)

Figure 5d represents the spectral densities of roughness frequencies observed
on the surface of a wafer, without treatment and with one and then two continuous
treatments, starting from an arbitrary initial roughness spectrum.

A noticeable decrease in the roughness after a treatment, and a still more

5 pronounced decrease after a second treatment, are observed in this figure. After this
second treatment practically no more roughnesses of frequency greater than 100 cm™
are observed.

Figure 5e represents the spectral densities of roughness frequencies observed
on the surface of a wafer, without treatment and with one and then two continuous

10 treatments, this time starting from a white initial roughness spectrum.

Here again noticeable decreases are observed. It is noted that the decrease in
roughness is slightly less significant than in the case of Figure 5d.

Generally Figures 5c¢ to 5e show that the effect of the sliding averaging
smoothing over the roughness spectrum:

15 « Is independent of the direction of scanning (left right or right left),
« Although very significant, it does not make it possible to totally eliminate the
frequencies higher than the cutoff frequency,
+ A second traversal leaves practically no roughness in this frequency range,
+ it also significantly attenuates the frequencies below the cutoff frequency, this aiso
20 being a very beneficial result.

Figure 6a illustrates the evolution of a surface treated for a time interval dt, in the
case of a fragmented treatment (implementing a scanning of the surface to be treated
by a fusion beam moving incrementally).

The Fourier analysis of the function s(x) is carried out on the following bases:

25 « Let S(f) be the frequency spectrum of the surface roughness s(x),
+ Let D be the length of each spot (each site on the surface of the wafer at which
the beam will be stopped),
» The curve s(x) is transformed by the spot by spot treatment into a curve o(x)
consisting of a series of flat parts of length A, of height si, lying between the
30 abscissae (i—-DA and A,

13



Ei_(p)= -(11 p)exp (+A( - 1) p) (1.( p)exp(+1Ap) Ei (p)= (11p)(exp(-A(i- Op)
- exp(-A(i -1)p) exp(- p-ip)) Hence Fourier transform:
Ei(j(a)-(lifro)(exp(-gi - 1)jo) - exp(+A(i -1)jai)+ exp(iAw- e-idl @ Ei
(jai) = (21 jai)(-j sin(A(i - 1) co) jsin(iace)) E (ico)= (-2/0 Xain(A(i
-1'p) - sin(/A)) E(ice)= (4 co Xcos (a(i -1i 2 )to) - sin(a co 2)) W
obtain: 00 O-(x) = E e i(x) 1 oo E(co) =s Ei(co) 1 00 E(4)) =E +00
» To the even real curve o(x) there corresponds a frequency spectrum Z(f) which
will be calculated.
The values of si are calculated as follows:
iA
si=(L/A)x  [s(x)dx
(i—-DA
iA +ow
si=(1/A)x  [dx [S(w)-exp(iox)de
(i-DA-
5 The order of integration is changed:
+a0 iA
si=(1/A)x | do [S(w) expliox)dx
- (i—-DA
Since S(w) is real,
+e0 iA +o0 iA
si=(1/A)yx [ do [S(w)-cos(ax)dx=(1/A)x [ S(w)de [cos(ax)dx
—o  (i—-DA ~ 0 (i-DA
+ o0
Hence si = (1/A)x  [S(@)-(sin(iwA) —sin((i — DoA))dw /! v
+ W
si=2/A)x [S(@)-cos((i +1/2)wA)-sin(wA/2))dw/ @
v

The Fourier transform, Z(w), of o(x} is calculated using the following general
10  steps (given by way of example for the caiculation of the transform of a function ei(x}).

g(xy=2, (X)+ ¢ ()

2, (%) = BEch{x — A —13) — Eoh{x — iA)

2, (Xy=—Ech(x +A(i 1))+ Ech(x+ iA)

Hence Laplace transform :

E (p)=(1/ prexp(—A¢ -1)p)—(1/ plexp(-idp)

E,_ (7)) =—L/ p)exp(+A(I- 1) p} + (11 plexp(+1Ap)

E,(p)= 1/ pYexp(-A(I-1}2) -~ exp(+A(F - 1) p) + exp(idp) — exp(—Ap))

Hence Fourler transform :

E;(joy=(1 jo)(exp(-A( - 1)jo) - exp( Al -1} j@) + expUAj@)— exp-iye))

E(jay=(2/ jo{—j sn(A(i - Da)+ fsin(iAe))

E.(jo)y= (=27 o Ydn(A{ — @) — sin(iAs))

E:jo=(4/@Ycoz(Ali — 1/ 2)a) - sinfA @ § 2))

14



(27 A x f s(a))- cos((/ +1/ 2)0)4)-sin(coA/ 2))dw / co -[(4/

co)(sin(A(i -1/ 2)w-cos(Aw / 2))[ Figure 6b represents the
spectral densities of roughness frequencies observed on the surface of a
wafer, without treatment and with a fragnented treatnent, starting 5from an
arbitrary initial roughness spectrum Figure 6¢c represents the spectral
densities of roughness frequencies observed on the surface of a wafer,.

wi thout treatnent and with a fragnented treatnment, starting froma white
initial roughness spectrum It is seen that the effect of the spot by spot
snoot hing on the roughness spectral density is substantially |less effective
than in the cq@@ qﬁmﬂ.continuous treatnment: As regards the frequencies
above the cuto qreqUency, it very greatly attenuates the existing
frequencies place by place, but it reveals nunerous high-intensity peaks
As regards the®teyticn@l es bel ow the cutoff frequency, 15 It does not make
it possible to totblly elimnate the existing frequencies furthernore it
gener at es otheﬂ§)=§§”b@@ge anpl i tude. Figure 7a represents the spectral
densities of roughness frequenci es observed on the surface of a wafer,

W thout treatnent,,,Mth accontinuous treatnment anpnd with a fragnented

treat nent, st a¥®ing]®om ielagolilitt/aiap) isinfari/ Addar/ @}'@hmw(@p@wmmmwﬂ
Figure 7b represents the-spectral densities of roeoughness frequencies

roatmont “anc Pl S8 FSa8kefe Rl et LAt TR heett LB i bhaliols

treatnment and rragnen startin roma eIn
roughness epé¢ut sunfiaceldfes evaferpwithoutriesatoent andnwithea Sagreented tpsatientyestatngf
the coné i nH'gH‘lsar% Erll%l g'ar@ri]r%iﬁal roughness spectrum.

Figure B¢ represents the spectral densities of roughness frequencies observed
on the surface of a wafer, without treatment and with a fragmented treatment, starting
from a white initial roughness spectrum.

It is seen that the effect of the spot by spot smoothing on the roughness spectral

10  density is substantially less effective than in the case of a continuous freatment:
» As regards the frequencies above the culoff frequency, it very greatly attenuates
the existing frequencies place by place,
« but it reveals numerous high-intensity peaks
+ As regards the frequencies below the cutoff frequency,
15 « [t does not make it possible to totally eliminate the existing frequencies
« furthermore it generates others, of large amplitude.

Figure 7a represents the spectral densities of roughness frequencies observed
on the surface of a wafer, without treatment, with a continuous treatment and with a
fragmented treatment, starting from an arbitrary initial roughness spectrum.

20 Figure 7b represents the spectral densities of roughness frequencies observed
on the surface of a wafer, without treatment, with a continuous treatment and with a
fragmented treatment, starting from a white initial roughness spectrum.

These two figures confirm the superior performance of the continuous treatment.

25 A numerical example is given hereinafter by way of iliustrative and nonlimiting

example.
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25A nunerical exanple is given hereinafter by way of illustrative and
nonlimting exanple. Let Q (J.m3) be the volunetric energy density
required to achi eve fusion. Let (s) be the time required for the
recrystallization boundary to reach the surface. Let AT (s) be the
residence tinme of the beamat a point. 5Let F (Wm2) be the surface power
density of the beam Let Ep (m) be the maxi num nelted depth. Let Ip (m be
t he di nension of the beamin the direction of scanning. Let v (ms-1) be

t he speed of novenent of the beam Let L (m be the unrecrystallized I ength
after the traversal of the beam 10 Rel ational orders of magnitude: Ep = F

ZmA; IAT = 1. 13&}@@ Wéb% e | golu }@%’H@Eﬁé@ q;‘g%ﬂg}’éqpmre'é 15 QM MveGRRign & 7000J

Let © (s) be the tlme requ1red for the recrystallization boundary to reach the
surface.
Let AT (s) be the residence time of the beam at a point.
5 Let F (W.m™) be the surface power density of the beam.
Let Ep (m) be the maximum melted depth.
Let Ip (m) be the dimension of the beam in the direction of scanning.
Let v (m.s™'} be the speed of movement of the beam.
Let L (m) be the unrecrystallized length after the traversal of the heam.
10
Relational orders of magnitude:
Ep=F*AT/Q=F*Ip/(0*v)
L=t*vy
Numerical example:
F=TMW -cm™
Q=7000J -cm™
AT =1-107"s
Ip=0.01cm =100um
v=1000m. s
7=1-10"%s=1us
L=10"%x10"%=1-10" m = 1000um
Ep=7-10°x10"7/7000=1-10"" cm = 1um
15
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=110-6S =111S L=103 x10-6 =1.10-3 mr1000ym Ep = 7 -106 x10-7 /7000 = 110-4
cm=1lym15 CLAIMS 51. Process for snmoothing the surface of a

sem conductor wafer, conprising the fusing of the said surface by scanning
the said surface with a fusion beam characterized in that it conprises:
The definition of a reference |length, The adjustnment of the paraneters of
the fusion beamso as to fuse, during the scanning of the surface, a |ocal
surface zone of the wafer whose length is greater than or equal to the
reference length, The fusion thus carried out naking it possible to snooth
the said surface so as to elimnate the surface roughnesses of period | ower
than the reference length. 15 2. Process according to the preceding claim
characterized in that the definition of the reference | ength done
subsequent to an observation of the rougbbhAHASdi stribution of the surface
of the wafer and to the identification of a cutoff frequency arising from
the distribution of the roughness frequenci es observed 20on the surface of
the wafer. 3. Process according to aim1l, characterized in that the
definition of the reference | ength done subsequent to the determ nation of
a refer®nce di-nBrsess feepmestiingthe sugace ef aceemiceqdustrhwafey, senposingrifet ed

in a surface 25ﬁ;%ﬂirgOBf He 5%5? néétﬁfse}%%hm} QEafRh§ tRESSId SORAS: Bfth"S f85i6A tRant, Nan

or equal to the reference
characterized in that it comprises:

= The definition of a reference length,
. The adjustment of the parameters of the fusion beam so as to fuse, during
10 the scanning of the surface, a local surface zone of the wafer whose length
is greater than or equal to the reference length,
= The fusion thus carried out making it possible to smooth the said surface so
as to eliminate the surface roughnesses of period lower than the reference
length.
15
2. Process according to the preceding claim, characterized in that the definition of
the reference length done subsequent to an observation of the roughness
distribution of the surface of the wafer and to the identification of a cutoff
frequency arising from the distribution of the roughness frequencies observed

20 on the surface of the wafer.

3. Process according to Claim 1, characterized in that the definition of the
reference length done subsequent to the determination of a reference
dimension representative of devices requiring to be constructed in a surface

25 region of the wafer, the reference length being greater than or equal to the

reference dimension.
4. Process according to one of the preceding claims, characterized in that the
fusing comprises the fusion of the local zone of the wafer and the fusion beam

30 is an energetic beam able to melt a surface region of the wafer.
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4. Process according to one of the preceding clains, characterized in that
the fusing conprises the fusion of the |local zone of the wafer and the

fusi on beam 30is an energetic beamable to nelt a surface region of the
wafer. 5. Process according to one of the preceding clains, characterized
in that the fusing conprises the feeding of nolten material onto the said

| ocal zone of the wafer and the fusion beamis defined by the cross section
of the feed streamof nolten material on the surface of the wafer. 5 6.
Process according to one of the preceding clains, characterized in that the
said paraneters of the fusion beam conprise the speed of novenent of the

beam 107. P@Cﬁﬁoée@g%%ggtl%ttg ool haap ﬁﬁ‘w@eﬂh&% ot H@teP?éif bt the,

combi nati on W't racteri ze e S’al par ane ers of
fusi on beam conimlsnr@ecdm@rumvme fdediag tof mﬂitehheatwafmnto t&el%autlmal zareoofoheg

to one of the three e | ai 8 taken_ in conbinatj

Charact or i zed | Hoth Addis s be i dR e Bred by the BRRs Seclioh ebthe brs strdamale

fl ow ate of themfoqgﬁlnﬁtéﬁ@mrpthergglrﬁaggomeewb@r 9. Sem conductor waf er
conprising a surface |ayer made of a sem conducting material, characterized

in that>the surface of the said | ayer has been subjected 20to a process

according toon f t.pit
any roughnessE’0 Ofﬁrdéfeersé rh%cpkﬁv\lgfqé han {)ﬁ{éﬁig?&&:@ @e?lgﬁ@ée @@ﬁaﬁ%ﬁfed‘% i ¥he
said parameters of the fusion beam comprise the speed of movement of the

beam.

10 7. Process according to one of the preceding claims taken in combination with
Claim 4, characterized in that the said parameters of the fusion beam comprise
the power density of the beam.

8. Process according to one of the three preceding claims taken in combination
15 with Claim 5, characterized in that the said parameters of the fusion beam
comprise the flowrate of the feed stream of molten material.

9. Semiconductor wafer comprising a surface layer made of a semiconducting
material, characterized in that the surface of the said layer has been subjected
20 to a process according to one of the preceding claims and this surface does

not exhibit any roughness of period lower than the said reference length.
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