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METHOD FOR HEATING A WAFER BY MEANS OF A LIGHT FLUX The
present invention relates to the general technical field of material
treatment, in particular in the field of thin layers, inserts, sheets or strips
of material, especially semiconductors, and silicon in particular. More
specifically, the present invention relates to the field of the 5 application of
heat treatments to parts by means of light flux. According to the state of
the art, k_Powlede and methods exist that make use of light fluxes to
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heating of the deeper portions takes place by 10 thermal diffusion from the

outer surfd€e BFRESPEhEWRIMRY tHElalss rdeeliifg Isa et RGORGRE field of
degpes zNRSEHIR PR IRE, e iefe TREgeRHONAE: :%t,hﬂ%%@é‘?sheets or

characterised in that the light fluxes used are selected such that the

matER8IbRatdakeeresRlYARMitNHBEIRTH RIS IHFRdN G icniar
renderedyahieohrntifaine et tadnieraelinngf M@Qttﬁum\@itﬁeﬁtﬁm the

material of the part, for example using extremely higéh_power levels. The
ustPBiifgHen BidesidvRaamisHiar RaTia My s008AGGEIERIHEN it is
desired tp heatimhguBaicialdayer ipevary fROWILNGS dAdhasadan ekig that

fraction of a microsecond to some tens of microseconds. 20 Nevertheless,

sincekhdprablahidineas GoraralprdsristeatameriaiMg esehe ighiduxes

rogrof dbadimedram the astessutiretof e artn itiexEame Vof ittt ter
and costly to heat the deep portions of the part and increasingly difficult

ardbEgss A dhrergsisusdththedsatingRb it AeanscPiEcneriakeprokes by
obgainein dirrBRIk daoeralke2 D displaysm Beak sl dhe oldeyriaceRBrkb of

declines in the material from said outer surface, it is necessary to limit the

sulgsediesnie dahbiteute thesanos onpeehihe rettdvesdieatarkd by
the materigkwdhinidhesscore-Rlth e raethadafos feaiplete MNP uxes

vaporisation or 2 decomposition point of the material. This limit involves
mg@@pat@%rﬁeiected such that the material to be treated is naturally

absorbent in terms of the light flux or rendered absorbent by the direct
interaction of the light flux with the material of the part, for example using
extremely high power levels.

The use of light fluxes proves to be particularly advantageous when
it is desired to heat a superficial layer for very short times, in the region of
a fraction of a microsecond to some tens of microseconds.

Nevertheless, since the heated thickness generally progresses
according to the square root of the time from the outer surface of the part,
it is extremely difficult and costly to heat the deep portions of the part and
increasingly difficult and costly as the depths increase.

Furthermore, since the thermal profile obtained in the part generaliy
displays a peak on the outer surface and declines in the material from said
outer surface, it is necessary to limit the surface temperature to the
maximum temperature not to be exceeded by the material within the

scope of the method, for exampie the melting or vaporisation or
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power fluxes and long periods of time and thus high costs. Moreover, the
document WO 03/075329 proposes heating an absorbent sub-layer with
a light flux via a front layer, the heat prgduced in 5 the sub-layer heating
the front layer by diffusion, at a temperature below that reached in the
sub-layer. The present invention relates to a method for heating, at least
locally, a wafer comprising at least one layer to be heated and a sub-layer,
at least locally, adjacent to said layer to be heated, under the effect of at

16 REETBARIGAt AR b A5 ERIENRId ABESIHIE tHYRE R aReGisrate Tight
CQIBEFERIRe HaVERg SirResSeIarHBGAdIgGhtd wighvdengin the

wavelength is such that the absorption coefficient of 15 said flux by the

layer to BROFBAYEH istifiv 4ORSRALAS tHEQPRErABEE oPORBIBTeRABRY an
heaigriseiit ehloNy ARy At Wihtanseane Jaiht abporplienkasfiitteiced in

increases significantly when the temperature of the layer to be heated

erft SHHIGHIEMPRIRRIEF R SRt AYapfusinthel 2dsthessaly B below

tefAReraligR@nothelSutarg¥yherein the pulse intensity and duration are
such that, in the absence of said sub-layer, the temperature of the layer

to be hedid8 PERSERS WNRRISH I RIAFsaniBemmEtPath dosdIsating a at least
subdaers whrretbipradisgratirrsosfiiciaptetsad lightderaptisaielib-layer,

seleﬁted 25 wavelength is high in said low temperature range - an

o RBHE Bl B BT AR AGh (Bt g it ot

subdayenisiriegktadie light flux; and applying said light flux to said
wafer, at Jeast locally, via the face of said layer to be heated opﬁfsite said

sub-laye;r.'?s% K@éﬁﬂ%@%%ﬂﬂvé%t%ﬁ RO RNirfePRRRERSRis et alliowing

plagshsd In a first phase, the light flux heats the sub-layer from the initial

seiecting a light flux

- wherein the wavelength is such that the absorption coefficient of
said flux by the layer to be heated is low as long as the temperature of
said layer to be heated is in the low temperaiure range and said
absorption coefficient increases significantly when the temperature of the
layer to be heated enters a high temperature range situated approximately
above said low femperature range,

- and wherein the pulse intensity and duration are such that, in the
absence of said sub-layer, the temperature of the layer to be heated
remains within said low temperature range;

selecting a sub-layer

- wherein the absorption coefficient of said light flux at said selected
wavelength is high in said low temperature range

- and wherein the temperature enters the high temperature range
when said sub-layer is subject to the light fiux;

and applying said light flux to said wafer, at least locally, via the
face of said layer io be heated opposite said sub-layer.

According to the invention, the foliowing mechanism takes place.
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temperature thereof to a temperature at least situated in said high
temperature range. In a second phase, the sub-layer heats, by thermal
diffusion, the 5 adjacent portion of theéayer to be heated to a temperature
situated in said high temperature range. In a third phase, this adjacent
portion thus becoming absorbent and generating, in the layer to be
heated, an absorbent thermal front wherein the temperature is situated in
said high temperature ran?‘e, said absorbent 10 thermal front progresses

towards Yhifl i6H: Rasandbe tHehlofiwineeds theasetclaysr idiovardhe initial
thesmpbebfiueiomatdde thermaldrapband @ thRralsengroysHPRy B¥igaidigh

light flux which reaches said thermal front via the not yet absorbent
relREIRBENBFGHEMer to be heated. According to the invention, said low

temperatiyre, rapesrRN G isaid, kpdighragRer abuerangeHamBe aRRIBIEdhe

by a behaviour transition threshold of the absorption coefficient as a

fuREiRFBE M BEHRIRY R REMFRITHI IR ATME 3D e asted in said

tranghiestheashald efithe. absorption coefficient as a function of the
temperature may extend over a temperature range. 20 According to the

invention! "tReMFEP iF B 1RS84 IRRE bR ISR LB SRS HOSHINARR ARG 1 and

thgdmeeatieg, thatayrite ke beatea @y fie fosemisandietaaMmaigtialherein
According to the invention, said low temﬁerature range may 25

caNESpBMRPSEbEEIRiay At & raAk UL FRRRAEAHYSIE 1Y Pob i ARROrDent

anfleaithhiabhieprbgratiyesranaaig) e/ raenetd ckriastials tedhtined or
range wherein the doping is intrinsic. According to the invention, the layer

toBPhERRA RlalPBAGRIRRMat EUSI AR 5 Rl fFRBhad, abbermal
subnlasr siay Repameishmytst SilisOheCRId Lt daeiinNentian fbe: via the
Sur?éltageetrargggrbb%rﬂigrgr_%)i%%%? gifc%% kAéyer to be heated.

According to the invention, said low temperature range and said
high temperature range can be separated by a behaviour transition
threshold of the absorption coefficient as a function of the temperature.

According 1o the invention, said behaviour transition threshold of the
absorption coefficient as a function of the temperature may extend over a
temperature range.

According to the invention, the layer to be heated may be low-
doped silicon.

According to the invention, the layer to be heated may be a
semiconductor material.

According to the invention, said low temperature range may
correspond substantially to the range wherein the doping is not intrinsic
and said high temperature range may correspond substantially to the
range wherein the doping is intrinsic.

According to the invention, the layer to be heated may be gallium
nitride.

According to the invention, the sub-layer may be amorphous silicon.

According to the invention, the sub-layer may be high-doped silicon.
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According to the invention, the layer to be heated may be gallium nitride
and the sub-layer is silicon. According to the invention, the light flux may
be generated by a laser. 5 The present invention will be understood more
clearly on studying the heat treatment fnethods described as
non-limitative examples illustrated by the figures wherein: - figure 1
represents a section of a wafer and an associated apparatus; 10 - figure
2 represents a mechanism according to the invention applied to the wafer

in figure AcGAliNGptA iethavrIdias aifg tyaetepbratifaten hay keigallium

figrarepresrNEs 8 B9 sligdnrther wafer; - figures 4 and 5 represent
a mechanism accordin?ggo the invention 1.5 applied to the wafer in figure

3; - figureSEAUANT feptesdnvantinbsammiishiofleunpEr Mafeenerated by a
regsented in a sectional view; - figure 8 represents a mechanism
according_to the invention applied to the wafer in figure 7; 20 - and figure

9 represdritd RFESRANBIETIGse WHithe HEERSSRAT HYGiantl the studying
inyeatibvithEgferanee fdiguiR 8- dagkiBddreResapis fMaiRfel examples

comprising a layer 2 having a front surface 3 and a sub-layer 4 adjacent
tolthsaipdndbe BBFafeMAREER: Opposite the front surface 5 of the

layer 2, a liggt,fli7 pigresBrde aenesaions & spidyBRIN sdack Sdssociated

installed. In one alternative embodiment, the wafer 1 may comprise a rear
laféiPg@ijEcent to the rear face of the sub-layer 4 to form a substrate.

The layet Zignesthe light duxnfarg Selectemenielalen- Al oheT ishedtion

to have the following features. 30 The wavelength of the light flux 7 is

suBRREE the dBsoMiati doefiauent of HithAGeBitRNalS 2% Wi the
thestempenatared taksaidxis;

- figure 3 represents a section of a further wafer;

- figures 4 and 5 represent a mechanism according to the invention
applied to the wafer in figure 3;

- figures 6 and 7 represent an embodiment of a further wafer
represented in a sectional view;

- figure 8 represents a mechanism according to the invention
applied to the wafer in figure 7;

- and figure 9 represents an example of use of the mechanism
according fo the invention, with reference to figure 8.

Figure 1 represents a wafer 1 comprising a layer 2 having a front
surface 3 and a sub-layer 4 adjacent to the rear surface 5 of the layer 2.

Opposite the front surface 5 of the layer 2, a light fiux 7 pulse P
generator 6 to said front surface 5 is installed.

in one alternative embodiment, the wafer 1 may comprise a rear
layer 8 adjacent to the rear face of the sub-layer 4 to form a substrate,

The layer 2 and the light flux 7 are selected in relation to each other
so as 1o have the following features.

The wavelength of the light flux7 is such that the absorption

coefficient of said flux by the layer 2 is low while the temperature T of said
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layer 2 is within a low temperature range PBT and the absorption

coefficient increases significantly when the temperature T of the layer 2
enters a high temperature range PHT situated approximately above said

low temperature range PBT. 5 The intensity and duration of the pulse
supplied by the light flux 7 are such that, in the absence of the sub-layer

4, the temperature of the layer 2 remains within said low temperature

range PBT. The sub-layer 4 and the light flux 7 are selected in relation to
ed@hebtheissdiitd oW e tRINBRIRGISatirege BB heassotpeormbsorption

Coﬁ@ﬁ%ﬁyim&%@wﬁlﬁ%ﬁg@"WP\@W’W@atteﬁﬁjgr%@'ﬁr‘ngmtiﬁehigyer 2

in said low temperature range PBT. The temperature of the sub-layer 4, at

le&StMR Mgdkiempaiatdty RIaedith sieaiger sorioemaiaihrpove said

terpReiaivke anes r%hfga"?*@ﬁ said sub-layer 4 is subjected to said light
flux 7. 15 With the wafer 1 at an initial temperature situated in the low

temperatfiie riYigRsHEB PNgENEHIFNIOT iaspties feBmisdaier theidight flux 7

frofsfage thareq! tHaedplawing demReiyia fises ag EERIRISINEEE of the
figure 2 then take place. In the example shown, the %%%er limit LST of the

loVRYSp épaRaies iR s id Bawdems triksg fameeédthan the lower

limit LIT o0 yppsyetempsiatieeipiiaeuR H TarEheleudenin e LS 8D g8 ch
PBT and the high temﬁt)érature rans(};e PHT are separated by a behaviour

trHERIORC sy sine BilpwinedsditieRscoefficient as a function of the
temperatype %%6@#%@\@6&!&%}%“&9}1 {eBReALRFANGE 14 Fi8Rt flux 7 at

mechanism is as follows. In a first phase, the light flux 7 passes through

th& 3 Y NRAGIR IngBiperfURM SERRRIHECHRRYR MBdrature range
PHT andyrRagtinge ifecuBsimesdinsrnth, Begd seichst laveklteMhereof

the initial temperature thereof to a temperature at least situated in the

higeiReRpbiatihe lapensgeels tadighisnnaratelrvacse Bhthindierssaid
sub-iayer 4 is subjected to said light flux 7.

With the wafer1 at an initial temperature situated in the low
temperature range PBT, the light flux 7 is applied to the wafer 1 via the
front face 3 thereof. The following temperature rises as represented in
figure 2 then take place.

In the example shown, the upper limit LST of the low temperature
range PBT is considered to be less than the lower limit LIT of the upper
temperature range PHT. The low temperature range PBT and the high
temperature range PHT are separated by a behaviour transition
threshold STC of the absorption coefficient as a function of the
temperature extending over a transition temperature range.

The mechanism is as follows.

In a first phase, the light flux 7 passes through the layer 2 without
the temperature reaching the high temperature range PHT and, reaching
the sub-fayer 4 in depth, heat said sub-layer 4 from the initial temperature
thereof to a temperature at least situated in the high temperature

range PHT. The temperature curve 9 is obtained.
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In a second phase, the sub-layer 4 forms a transitory heat source and
heats, by thermal diffusion, the adjacent portion of the layer 2 to a
temperature AT situated in the high ter’gperature range PHT. In a third
phase, this adjacent portion thus becomes absorbent and 5 generates, in
depth in the layer 2 to be heated, an absorbent thermal front 10 wherein
the temperature FT is situated in the high temperature range PHT,
preferably situated above the temperature AT. This absorbent thermal

front 10, GeRctatanth RIERA, Hiegsubstyesdalernnenionnsicsyshaatispurce

tharerRbited sjferbrhiarwmmskibemad diiusienobiiadroak a0 R 1o o
heat energy suggly_by the light flux 7 which reaches this thermal front 10
ek

viEmes sorHBIRG dMiAR dee DbieRPRIAEHTS FRNEEdEH 2. When the

flux 7 is stoppegdthadregtessiplLidhe baraatiidnbieracsuegent and
said propagation mode, stops almost immediately in the layer 2 if it has

nASEEEHES 1R HERtHalt BieriRYBrogrisdisn kR Phahsarkent toagmal
theggoveragkralelnby ihaRifaaiscoF thesma ditBisinn tHdneRhSRAGHS ature

constant light flux 7 conditions, the heating of the layer 2 takes place over

a tRIRASS SuBRiRiRRly HidalRdARRKRIEIRAR R HE ditatidhsorBserbent
heabfiwel TRmabovesesuessing athie ahoyediues phasrsMIsatfetace 3

they 20 take place in succession over time. However, the descrigtion of

N LRERE SHARES TGl R A B TR AR O BSBAEP and

tinachoaxamaigs ofiepnbaditrenight iRk ghivilie/raxanbe ticARdaser pulseto
lasting 6 microseconds 25 with a flux of 3.75 * 1.E6 W/cm2. The

trafi@ pRfeRP Rl R AR (EMEIRgRT of Mg 'Bulite it dis8ad 18 a level in
the regiopeth. BDMMT andiiinily RlacedarirasdmenbiteBREERVER front 10,

Under these conditions, the absorption of the silicon is in the region 30 of

a FREUANS RIS 151PRReARaMOdEhSPRRIF SR ARV RRdER TRl In the
teraperature of tae sHisoredepsdaheaebraprieximatele 25fgrddoith of the

ap roximiaftelxttQiDs,tem erature, thde in'%rilnséc ct%rrie% concentration
baQHaa! fro is thus governed solely by the effects of thermal diffusion.
Under specific constant light flux 7 conditions, the heating of the
layer 2 takes place over a thickness substantially in a linear relationship
with the duration of the heat flux.
The above sequencing of the above three phases means that they
take place in succession over fime. However, the description of this

succession does not rule out a partial overlap of these phases over time.

Exampies of embodimeants

The light flux 7 may be a CO2 laser pulse {asting 6 microseconds
with a flux of 3.75 * 1.E6 W/cm2.

The transparent material forming the layer 2 may be silicon doped
to a level in the region of 1.E15/cm3 and initially placed at ambient
temperature.

Under these conditions, the absorption of the silicon is in the region
of a few cm-1, which is low and remains substantially constant once the

temperature of the silicon does not reach approximately 270°C. From
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greater than 1*E15 cm-2 (See the document entitled "Physics of
Semiconductor Devices", second Edition, ISBN 0-07-062735-5, by S.M.
SZE, John Wiley and Sons, page 20 - fig. 12 and page 26 - fig. 16). 5 The
low temperature range PBT is thus the temperature range situated
substantially below the lower temperature limit LIT equal to approximately
270C, whereas the high temperature range PHT is the range substantially
situated above 270C, In accordance with the above document, the low
teARRIRMIRe Rl JeiP e MRasatiR die thERiCinRTASIcCom saliration baepores

geirenee ofihe carHars apchthedugh WRRPIUNAFANIRILD iS--ﬁi&ystfég of
in the intrinsic range. The absorbent material formln% the sub-layer 4 may

beSSIRISANEEREY aPaviesel insgronshibAEen.E QArPhATIaRy pIdRed. M.
at i @Héeg"nma_-b i fisgent; Of eral
hu%%zr:%:'-dg %Eﬁqim%@me thigcﬁlgﬁegss of therllfallg é?%%?y%p%ﬁ&ﬁ%afg% 90
pm and thBetHRKnESREHRE SRS ABiayshdaSpibaniaterRetatpia, range

TheSHRAPYEISRAYANG CHRAGA BYIMRARS ORSRIFRMARIECRORUGT Qoo 1o

implantation. 20 According to a first example for obtaining the wafer 1, a
SilRRITOXITPSHRle d46Pd tovierasscing Sighnimpesaiitknepeduiiitos the

10@ e iuBLREHES Sy byiiRaINg BhstandartsiliconRliseah RO oRe Above

the faces, boron ion implantation is performed at a dose of some
1Ae D tadRe dAWe MG $E33 I FRRRET B Teif fdivaipd ot dpprosimialsiysic
1004Gr i BHOS: faewahgarssares 10-pHaia adaprmg derRih %mperature

approximately 10 microns to obtain the sub-layer 4, the remaining
thiGeasE oo pitatssin e dEisiorangeiace not used for implantation

thus formgeafaceud Hirengie MaNah thadohhEus dHsdodheappiede  silicon

According to a second example for obtaining the wafer'l, on a 30

staRRsd iR devaliRtageenasf dr EilitGmibped WtrdMmirsapiat ambient
I Ehyeniaaddiavgsaidness SiptmisenrisRef daebiniarardesm-
8 1.

The thickness of the layer 2 may be approximately 90 um and the
thickness of the sub-layer 4 may be approximately 10 pm.

The sub-layer 4 may be created by means of epitaxy or deposition
or ton implantation.

According to a first example for obtaining the wafer 1, a silicon
substrate doped to 1*E15 cm-3 and having a thickness equal to 100 ym is
produced by thinning a standard siiicon slice. Through one of the faces,
boron ion implantation is performed at a dose of some 1*E18/cm2 and
annealing is performed at a temperature of approximately 1000°C to
1100°C for two hours so as to attain a doping depth of approximately 10
microns to obtain the sub-layer 4, the remaining thickness of 90 um
forming the layer 2. The face not used for implantation thus forms the
face 3 through which the light fiux 7 is to be applied.

According to a second example for obtaining the wafer 1, on a
standard sificon substrate, epitaxy of silicon doped with antimony to

1*E198/cm3 and having a thickness of 10 microns is performed to form the
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sub-layer 4. Then, on top of the 10 micron epitaxy, epitaxy of silicon
doped to 1*E15/cm3 and having a thickness of 90 microns is performed
to form the layer 2. As additional examples, the absorbent material of the
sub-layer 4 5 could also be, if a C02 laser is used, an amorphous silicon
layer, a completely or partially amorphised layer by ion implantation or a
layer of silicon oxide Si02. If a part is envisaged to consist solely of the
layer 2, without the sub-layer 4, and the light flux defined above is

applietYeedn baeshsenier ofdhAatQreiespiperitaxs siriemafesiticon doped
ingreasesyiess PRy ANsiERALISHIRINGR Hpd @ ?JB?H!%%@d% form

resolving the heat equation using a so-called finite difference method,
wHEBERGHgs to the prior art. This result could also have been obtained

by applying Riifedauing sipRrie fernuRsdridsntifigation of the Maxmuar 4

value Alphamax of the absorption coefficient on the low temperature

rafdPEISO the orfled Jf BradaRas DRt BinRINFIERPETalifieon layer, a
reasheflelaRA% iSRRI BIVEmM B RIBEXTRVE taly Al amasi e R ee £Ralper of

the heat capacgy, Phi is the flux, Tau is the flux 20 duration, Cp the
volllisRtrR¥R@S 8% where Phi is equal to 3.75*1.E6W/cm2, tau --- equal

t0 6*1.E46 5 patphadasisaRAua techeRY Sofel) -orapdalipel 4 Mﬁgﬂéut the

The order of magnitude of the maximum temperature Tmax reached by

theUhingieragePARuictduie e aed rheya ifcaplirds heri Bgapbserved
unggr %See@ﬁpgig%% the fNRURIHES fidheadaxepyd 18BRIMGNERYIBW This

and within the low temperature range PBT. However, in the presence of
thEesHE-Iaytaines heasmieitoirtian hirirspiiRadEe drari Rpatap using a

MaeHalieg o iearAinies Hthe dedRik b BPR L ORHBIskReSES In the
region of 60 pm. This result is obtained from 30 a simulation by resolving

the heat EQiSaiRHIISRY 'Y s dirverRRen fpéaiiRe PcRBlDthids following
beggﬁg%tg)mqugmr art.

- identification of the maximum value Alphamax of the absorption
coefficient on the low temperature range PBT

- the order of magnitude of the maximum temperature
reached Tmax is then given by Tmax=Phi*tau*alphamax/Cp

where Cp is the heat capacity, Phi is the flux, Tau is the flux
duration, Cp the voiumetric heat,

and where Phi is equal to 3.75"1.£6W/cm2, tau - equal to 6*1.E-
6 S - alphamax --— equal to 2 cm-1 - Cp - equal fo 1.4 J/cm3.

The order of magnitude of the maximum temperature Tmax
reached by the single layer 2 is thus found to be equal to 32°C.

It is noted that, under these conditions, the temperature of the
layer 2 remains very low and within the low temperature range PBT.

However, in the presence of the sub-layer 4, it is possible to heat a
large thickness of transparent material up to temperatures in the region of
1650 K on thicknesses in the region of 60 pm. This result is obtained from
a simulation by resolving the heat equation using a so-calied finite

difference method, which beiongs to the prior art.
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9 Examples of application Example 1 As shown in figure 3, starting with a
non-doped and disoriented 5 grain polycrystalline silicon substrate, one of
the faces is oxidised using conventional techniques used in
microelectronics and a wafer 1 is obta?ned, comprising a non-doped and
disoriented grain monocrystalline silicon layer 2 and a silicon oxide
sub-layer 4. In this way, at ambient temperature, this layer 2 is
substantially 10 transparent to the light flux generated by a CO2 laser and
the sub-layer 4 is absorbent for such a light flux. Then, as shown in figure
4%%6@@@%85%‘&@&"9”[ flux, in pulse form, is applied via the front
face 3 of the Tayer Z, for example locally on one or a plurality of zones. 15
THixppiedtion produces, under the effect of the prior heating of the

sub-layepd %%\%C.ﬂ{df@ F|8 the feehanizihag JRaciReL ARG disoriented

liquefaction by heating the layer 2 on azone 11 corresponding _
apriRimabEHYRIaHEagRlinoR subriaion 20REOLHNG ligeeRels 2fidisad using
SIRBRSAMINS reakirrgue s’ IRGIRYRN Z0cBANsiRmedialgyicinit,gfsaid g
20 rear face 5 and wherein the thermal front 11a progresses forwards to
reBBRIRBGrGIMMIRIE BIdoh dihitecAssodisiagiae SraifemprashsElline

the) ARRAAN0% HRedig Nl ieaqlingu{japiyL 22 of the zone 11 occurs

from the front face 3. This front 12a progresses to the rear to the rear
face 5 tolfors ¥te B A Ricseiiehecsaietr . idhis sivsfied By substantially

regRisialising 19t hBOlYFRYAL! eh SR Y ue EDeJEmRSIaTHIE sub-layer 4

gradients, recrystallisation generates potentially larger grains, oriented
sUBRBAAENG S dR5 &R it fHeX-thickness of the layer 2. The entire layer

2 may berfigateskbyssanengifngu0 Sush FZansibYcHisRdy sURSHOkUY, in
electrical properties and may be advantageous for the creation of
pm&%fﬁr@cﬁgppited via the front face 3 of the layer 2, for exampie locally

on one or a plurality of zones.

This application produces, under the effect of the prior heating of
the sub-layer 4 and according to the mechanism as described above,
liquefaction by heating the layer2 on a zone 11 corresponding
approximately to the light flux application zone, said liguefied zone 11
stariing on the rear face 5 of the layer 2 or in the immediate vicinity of said
rear face 5 and wherein the thermal front 11a progresses forwards to
reach the front face 3, for exampie.

As shown in figure 5, after the end of the application of the light flux,
a cooling front 12a of the zone 11 occurs from the front face 3. This
front 12a progresses to the rear fo the rear face 5 to form a zone 12
wherein the silicon is re-solidified by recrystallising into polycrystalline
siicon. Due to the temperature gradients, recrystallisation generates
potentially larger grains, oriented substantially perpendicular to the
thickness of the layer 2.

The entire layer 2 may be treated by scavenging.

Such a zone may display superior electrical properties and may be

advantageous for the creation of photovoltaic cells.
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10 Example 2. As shown in figure 6, starting with a non-doped
monocrystalline silicon substrate, forming a backing 8, local zones 4a are
created by 5 means of surface doping of a face 8a of said substrate with
approximately 1E20/cm-3 of type n usih% conventional techniques used in
microelectronics, so as to obtain an absorbent sub-layer 4 consisting of

said local zones 4a. For example, each zone 4a is square and has a
thickness of approximately 2 microns and sides equal to approximately i0

50 microns, the spacing between the zones 4a being approximately 25
migps,Ehen, as shown in figure 7, epitaxy of non-doped silicon is
pe"rthr‘nléaW the face 8a so as to form a layer 2. Then, as shown in figure

8, on theAfoshrire 3N afidiviea@d siatiieg 18yl heansopddxmqfocrystalline
XM ALCERMAARY TRARNRS Bf6LE IBAURCLROSIUNGES by
Joules/cm2 of surface area’in a few hundred nanoseconds. This causes,
as'aRapkE s abece, danenstbadpredimgiotaidesrbrtatRavathirolayimately

sityptag)hatweepy the zones,4a afithe subr |yl 4 ”dc%%%wae{%ceﬁed in

without heating the other parts of the layer 2. 20 This eating
mM&YEHRAISEIOBES 150 et the Pelaied oS 2henbsekaltye Jasanwalinin of

figyseOid i PRIkl do P%rrfoé%mglé?e@g@@ Wqined ?@%ﬁ%ﬁ‘w and has a
reference to figure 8 in a chamber 12 containing oxygen and/or water
vapiliingse 9?@@%@@@5%& RTINS esFipeikasredisaliseatppininrately
Zoﬁ@%ﬁé&ﬁébeﬂ?@’eéﬁd&ﬁﬂ't Betifén Gieatiogplsiigongxide §Q§ﬁ§<ﬂ'§ately
on the front face 3 of the layer 2, self- aligned on top of the deep zones

422 MIGIORAVIS 1. Method for heating, at least locally, a wafer (1)

comprising,gh 1east GReVAY SRR Reateddg) and %ﬁ%@@)@a’ ileat is
locally, adjacent to said layer to be heated, under the effect of at least
onfeSlighmed on the face 8a so as to form a layer 2.

Then, as shown in figure 8, on the front face 3, an infrared power
light beam or flux 7 (for example an yiterbium doped fibre power laser) is
applied, depositing 20 Joules/cm2 of surface area in a few hundred
nanoseconds. This causes, as described above, at least local heating of
the zones 2a of the layer 2 situated between the zones 4a of the sub-
layer 4 and the front face 3, without heating the other parts of the iayer 2.
This differential heating may then be used to treat the heated zones 2a.

For example, as shown in figure 9, it is possibie to perform the
heating obtained above with reference to figure 8 in a chamber 12
containing oxygen and/or water vapour. The presence of oxygen and the
temperature rise located in the zones 2a of the layer 2 result in the
creation of silicon oxide zones 13 on the front face 3 of the layer 2, self-

aligned on top of the deep zones 4a.
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flux pulse, comprising the following steps: 5 Selecting a light flux (7) -
wherein the wavelength is such that the absorption coefficient of said flux
by the layer to be heated (2) is low as Jong as the temperature of said
layer to be heated is in the low temper'a&ure range (PBT) and said
absorption coefficient increases significantly when the temperature of the
10 layer to be heated enters a high temperature range (PHT) situated
approximately above said low temperature range, and wherein the pulse
intensity and duration are such that¥M8Sapbsence of said sub-layer, the
temperature of the layer to be heated remains within said low
temperature range; 15 Selecting a sub-layer (4) - wherein the absorption

coefficiertt Metiadidrt hsaiingaidsdtagbiraivelen AR highGRraRiEioy at
terapsfagie rapge (BBJa -mﬁé@@ﬁe@ﬁ@e&e@w@g@ £ntefs 1Bgdiighcally,
jec

temperature range (PHT) when said sub-layer is su to the light flux;

2PRIRFEPDIfIFG SalayRntn g (eateshidniaeine) cHeriast RickagshRpenight
fa%)(?ﬁ@g@,aé@@fyﬁgi%t{gé;ﬁ;@gé%) chgetgsite said sub-layer (4); Such
ux ea

that, in a first phase, the li s the sub-layer (4) from the
initial tempapsiitg thbeBbfiscd témperature at least situated in said high

temperatuigHaRae (R hBrintR isesand phaspetis soihdadaysskbient of

heats, by thermal diffusion, the adjacent portion of the layer to be heated

PR ierpe A RYSTIREE RERAHRN RN AalfRe A8dBPRMperibre of
thakiin %if'@ifchpf&%sﬁeﬁtiéoa@aﬁ?m&qw@@émgepﬁ@@@ii%@@-‘(@ffbwtaﬁ@dsaid
aps

generating, in the layer to be heated (2), an orbent thermal front (10)

wieHRPRRpEIRRN e e SRRRs SN RERRRIGH WRpdRaURMPETaiNgR of the
(PHY&rsaid BEserbgbthepmeat frant{30) Ripgresserdowarde spidTirostuated

face (3) under the combined or dual effect of forward thermal diffusion of

thERRERHEIFEI: RROYRF S {RuH IS BRI YR IBRERDY said light flux (7)
which reaches aaigrthermal dnss vindhsifoh et ARSENEBYe such that, in the

absence of said sub-layer, the temperature of the layer to be heated
remains within said low temperaiure range;

Selecting a sub-tayer (4)

- wherein the absorplion coefficient of said light flux at said selected
wavelength is high in said low temperature range (PBT)

- and wherein the temperature enters the high temperature
range (PHT) when said sub-layer is subject to the iight flux;

And applying said light flux (7) to said wafer (1), at least locally, via
the face (3) of said layer to be heated (2) opposite said sub-layer (4);

Such that, in a first phase, the light flux (7) heats the sub-layer (4)
from the initial temperature thereof to a temperature at least situated in
said high temperaiure range (PHT), that, in a second phase, the sub-
layer (4) heats, by thermal diffusion, the adjacent portion of the layer 1o be
heated (2) to a temperature situated in said high temperature range (PHT),
and that, in a third phase, this adjacent portion thus becoming absorbent
and generating, in the layer to be heated (2), an absorbent thermal

front (10) wherein the temperature is situated in said high temperature
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5 remainder of the layer to be heated (2). 2. Method according to claim 1,
characterised in that said low temperature range (PBT) and said high
temperature range (PHT) can be separated by a behaviour transition
threshold of the absorption coefficient I4s a function of the temperature.
10 3. Method according to claim 2, characterised in that said behaviour
transition threshold (STC) of the absorption coefficient as a function of the
temperature extends over a temperature range. 4. Method according to

an? 88ehe sbovesaidimBserkaatEifyarin frent the) Iafests wendawargs gaid
loy:gapeskailispn,dder- Methoshaseriding tQiany ekl abovs GlailSthermal

characterised in that the layer to be heated (2) is a semiconductor

maigtgion. Mlikadhestrartivif (0 SlaamdseciaEbR R Gy SiaRRkI@Yosid light

leREI AU HRAI LA B CRERSPRRImEY PRI Y t%@%@ﬂ%ﬂ%@&‘rbent
the dop_lézgéli§ not intrinsic and said high temperature range (PHT) 20

COTFE3P sl davarjodeesaisge Hnerein the doping is intrinsic. 7.

Method agogistinenioapyefiibe RPysiHaimsechaiacireisgdiin #hat W8y low
layer to be heated (2) is gallium nitride. 8. Method according to any of the

abSVBRAERHES CRAGR(ETEEY A aithaishibtRee aiutarBbas It Bliesn. be

258 pMethedRcs Bana o apkineRiowa riims: ¢hamasriseshindbmtiont
the sub-layer (4) is hlgg}goped silicon. 10. Method according to any of the
ten

abdve EIFOLABIBRISHIRETAUIRat the layer to be heated (2) is gallium
nitride angl e Pil-BEstsis 160 Rialh MeHind @esruing 10 anyai Bhaviour

above claims, characterised in 30 that the light flux (7) is generated by a
ladggnsition threshold (STC) of the absorption coefficient as a function of the

temperature extends over a temperature range.

4, Method according to any of the above claims, characterised in
that the layer to be heated (2) is low-doped silicon.

5. Method according fo any of the above claims, characterised in
that the layer to be heated (2) is a semiconductor material.

6. Method according to claim 5 characterised in that said low
temperaturé range (PBT) corresponds substantially to the range wherein
the doping is not intrinsic and said high temperature range (PHT)
corresponds substantially to the range wherein the doping is infrinsic.

7. Method according to any of the above claims, characterised in
that the layer to be heated (2) is galilum nitride.

8. Method according to any of the above claims, characterised in
that the sub-layer (4) is amorphous silicon.

9. Method according to any of the above claims, characterised in
that the sub-layer (4) is high-doped silicon.

10. Method according to any of the above claims, characterised in
that the layer to be heated (2) is gallium nitride and the sub-layer is silicon.

11. Method according to any of the above claims, characterised in

that the light flux (7) is generated by a laser.



