Method and device for heating a layer of a plate by priming and light flow The present invention relates
to the general 5 technical field of the treatment of material, in particular in the field of thin films, wafers,
plates or platelets of material, particularly semi-conductors, in particular silicon. More specifically,
the present invention relates to 10 the field of the application of thermal treatments to parts by means
of light flow. In the prior art, knowledge and methads exist that make use of light flows to realise
thermal treatments, in which the absorption of the light flows takes place at the 15 exterior surface
and/or in the vicinity of the exterior surface of parts and the heating of deeper portions takes place

through thermal giffusion from 4ae-exterey.swiace: andlor kom:its ¥icinity Leceiving thexlight flow to
deeper areas of th%p rt t%giéfated. 20The characteristic of these methods of the prior art is that the
light flows used & chosehsuchat the material to be treated is naturally absorbent vis-a-vis the light

flow or made absorbent by the direct interaction of the light flow with the material of the part, for

example 25 by using extremely:high power levels: 1 on Thedisgofdight Howprevesstoke-particularly
useful Whensit isyvisbled to efabk_aL 0 hﬁ%tja surface Ia){%r forver¥ short times, of the ordﬁr of a fraction
CAnica e QL H [SEanh all

. 1 2 Lreq O A n'oartilicu
of a mICI’OSGCOﬂd?O several tens of microsecon S.% ever‘fheiaess, sincé tjhe T%thkl’]ESS eated

changes in genekal 4§ thé 5§u&re Fost Gfithetirié froffi the Extétict stiffdce &ftheSdrt it Riextremely
difficult and costhy=tocheat deeppartions Of theypastard it isimore and more difficutt andicostly the
greater the deptlgi@/%vr?q. 2 In addition, since the thermal profile obtained in the part generally
speaking has a maximum at the exterior surface and decreases in the material from said exterior

surface, it is necessary {8 miE R SUrface tbipdrafurB S The maXifun Emperathfethat the
material miigt notlexceedlwithin threeseppe of thel methdd; fermamplestiiermelting: or vaporsation or
decomposition tefppgrature ofthe materiak This limitimposes moderate flows of light intensity and

long durations and thus high costs. . . .
g Ength@ prior art, knowledge and methods exist that

make use of light flows to realise thermal treatments, in
which the absorption of the light flows takes place at the

15  exterior surface and/or in the wvicinity of the exteriocr
surface of parts and the heating ¢f deeper porticons takes
place through thermal diffusion from the exterior surface
and/or from its vicinity receiving the light flow to deeper
aresas of the part tc be treated.

20 The characteristic of these methods of the prior art
is that the light flows used are chosen such that the
material to be treated is naturally absorbent vis-a-vis the
light flow or made absorbent by the direct interaction of
the light flow with the material of the part, for example

25 by using extremely high power levels.

The use of light flow proves to be particularly useful
when it is wished to be able to heat a surface layer for
very short tTimes, of the order of a fraction of a
microsecond to several tens of microseconds.

30 Nevertheless, since the thickness heated changes in
general as the sguare root of the time from the exterior
surface of the part, it is extremely difficult and costly
to heat deep portions of the part and 1t is more and more

difficult and costly the greater the depths involved.



10 Moreover, the patent WO 03/075329 proposes heating an absorbent sub-layer by a light flow
through a front layer. After which, the heat produced in the sub-layer heats through diffusion the front
layer, to a temperature below that reached in the sub-layer. 15The patent US 4 234 356 describes a
heating method in which a first beam, emitted in the dé'lrection of a face of a layer, is capable of raising
the temperature of said face up to a temperature causing its melting, and in which a second beam,
emitted in the direction of the face opposite 20 to the layer and which has the characteristic of not
being absorbed by the material in the solid state and of being absorbed by the material in the liquid

state, mai.ntains in the @Wigc_ﬁﬁ%t@ﬂgﬁ ,P%r}_iHEé)ft’ilE‘@ layerthat B%% been @EE%@Q%&Wi@@eam-
25The object of the present mveénaglon is a rgiethod for at least Iocal‘%‘:heatlng a plate including at least

one layer to be atdast [Beally heated Hy 4t 164t onémain igRtAOW pulse, and ifdiidihg 4t least one
priming region logatathdeeply delative ¢ thiesfront Stiface bEsaid layerdo tobe! heated; hvade of a
material differentfrem:that of the layer te be:heated. ni therabove methed;dthewvavelengthof said main

light flow maybe chosen such that the coefficient of absorption of said flow by.the material of the layer
to be heated is BS%VVI\}VGP}Hgi?ﬁel%ln%petrg{nﬁélo?nwm %%a Pl

the’ e material of said f%l?/er o bemﬁeiéfteél is'in a low
temperature ran§é @RET) and fhdt tHis absepiien eoefficfentSharphy inéreases With tempeétature when
the temperature ot thel material of the-layer toobe heated-pagses intoa highriemperatuee rahge (PET) 5

approximately ahque aid low temperature range, the chatacenistics,of said,main kght;flgw being such

that it is, on its own, incapable of heating directly the materlaléﬂof the layer to be heated from a.
temperature withift s5iSowtefTpRrattid ralye?(PER U Fa tperatdi witiihSaid 10 high

temperaturtorange (PH¥p.reover, the patent WO 03/075329 proposes heating an
absorbent sub-laver by a light £flow through a front laver.
After which, the heat produced in the sub-~layer heats
through diffusion the front layer, to a temperature below
that reached in the sub-laver.

15 The patent US 4 234 356 describes a heating method in
which a first beam, emitted in the direction of a face of
a layer, is capable of raising the temperature of said face
up tc a temperature causing its melting, and in which a
second beam, emitted in the direction of the face opposite

20 to the layer and which has the characteristic of not being
absorbed by the material in the solid state and of being
absorbed by the material in the liguid state, maintains in
the liguid state the portion ¢f the laver That has been
malted by tThe firxst beam.

25 The cbiject of the present invention is a method for
at least locally heating & plate including at least one
layer to be at least locally heated ky at least one main
light flow pulse, and including at least one priming regicn
located deeply relative to the front surface of said laver

30 to be heated, made of a material different from that of the
layer to be heated.

In the above method, the wavelength of saidmain 1ight
flow may be chosen such that the coefficient of absorption
of said flow by the material of the layer to be heated is

35 low while the temperature of the material of said layer to



Another object of the present invention is a method for at least locally heating a plate comprising at
least one layer to be at least locally heated, up to a temperature level to be reached, by at least one
main light flow pulse, 15 and including at least one priming region located deeply relative to the front
surface of said layer to be heated. In the above method, the wavelength of said main light flow is
chosen such that the coefficient of absorption of said flow by the material of the layer to be heated is
low 20 while the temperature of the material of said layer to be heated is in a low temperature range
(PET) and that said absorption coefficient increases sharply with temperature when the temperature of

the material of the:layer ta he heated pasges.nto-a- high, lemperatures-iange, (RET) 25 approximately

above this low temperature range, the area of transition (TT) between the low tem§erature range

(PET) and the high temiperattiré tange (PHIY béing betoiw daid fevef st Yermnperatire fo'bé Téached, the

characteristics of'said maia lightuflewabeing sach that itis Ly ite ownf incdapabkey30 ofhedting directly

the material of the-layersto be heated framea tempgrature withinesaid low terapgrature range (PET) up
to a temperature Witr}ig garirgagigy ten;%%\e}teuresrggae (fl—JN_'I'). fempe écc&r?dingrtao any of tf e@above
methods of the ﬁ&mf‘%ventllon, salc}/primlng region o said plate m%yibethea?ed, 4'df least partially, by a
priming secondafy hEatiid meahsCsueh that SaltFpriming fegion Hedts Hreugktherhmal diffusion a
portion of the laygs fode heated:adjacent ta:pr: elase to=said psirdingsegivn up dorgetemperature within

5 said high temperatufe, r%gﬁeﬁp%) fo.make.said pajon;highlyahsorent of said main light flow.

Said main light flow maybe applied to said plate, at Ieasl locally, by said front surface of said layer to
be heated, such tRit, <&t poRIONEdfaRBAELD bF clbsEto Said T Ryerio B Heated, whiththas
become higily absothentrgenerating:am abserbebtitHermal front, the temperature of which is within

said high temperature rapge{BHT),said@bserhent theumal frontprogresses fowards.sajd front surface
under the combi%ed effect of a th(\jvrmal jffusion 15 towards the front of the thermal fﬁgnt and an input

of thermal energ %’i/é—”zi—idjﬁ%ﬁtgﬁo Which YeAdes'Said tharmial Front 8. ‘soon &5 the ?ﬁﬁeﬁrature of
said thermal front'passesgdntd sdig Hgh-temperature raridesPHT). The staft 6Ethiesapplication of said
main light flow 29 snay corespondapproximately todhe enshefthe application obsajd.prmjng
seconda“ﬁ%?aﬁggﬁp%%ﬂ§luding at least one priming region located deeply
relative to the front surface of said lavyer to be heated.
In the above method, the wavelength of saidmain light
flow 18 chosen such that the coefficient of absorption of
sald flow by the material of the lavyer to be heated is low
20 while the temperature of the material of said laver to be
heated is in a low temperature range (PBT) and that said
absorption coefficient increases sharply with temperature
when the temperature of the materizl of the laver toe be
heated passes 1ntc & high temperature range (PHT)
25  approximately above this low temperature range, the area
of transition (T7T) between the low temperature range (PBT)
and the high temperature range (PHT) being below said level
of temperature to be reached, the characteristics of said
main light flow being such that it is, on its own, incapable
30 of heating directly the material of the layer To be heated
from a temperature within sald low temperature range {(PBT)
up te a temperature within said high Temperature range
{PHT; .
Lcocording to any of the above methods of the

35 invention, saild priming region of said plate may be heated,



The start of the application of said main light flow may be before the end of the application of said
priming secondary heating means. 25Said main light flow may be chosen so as to be absorbed by said
priming region, the heating of said priming region being realised by said priming secondary heating
means and by said main light flow. Said priming secondary heating means may be applied 30 by said
front surface of said layer to be heated and/or by one'ﬁ%urface of said plate opposite to said front
surface. Said priming secondary heating means may be a heat flow generated by a heat source.
Said priming secondary heating means may be a flow of 35 particles, said priming region being heated

by the energy 5Jesultingfrom the stowing.down.andjorthe-stopping of said; pariclesi-said priming
region. Said pri ing secondary heatin% means may be a flow of rgr(jiation sail griming region
being heated by%\Et)‘fé%]rpt'(Jﬂ?1 5 of"Said radiation ¢ 3 pHmiftg teGion miay be formad By a portion of
said layer to be Wedtéds L orSaidoprirhirgregion htay: be¢armediby &sabiayeradi&esrit tbr close to
said layer to be hgated- 10 Said:lpytemperature-tange(RBT)xand saidhigh:temperatungirange (PHT)
may be separated by.a transition threshold of the behavigyr.of the absorption coeffici a function
of temperat§re. sat did ?rn%ngﬁgﬁfﬁr(aeEHS% of the %eﬁag\%éﬁr of the i‘%ﬁb%%ﬁp%oﬁ%%g %i%ent as a
function of tempérailireimal exidrovet a fahge Sttempetatire. £ 1Pie layer to be heated may be
lightly doped silicon. Thealayenid belheatedinay besa semisconductormaterial. plate, at

least locally, by said front surface of sald layer to be

heated, such that, said portiocon adjacent to or close to said

10  laver to be heated, which has become highly absorbent,

generating an absorbent thermal front, the temperature of

which is within said high temperature range (PHT), said

absorbent thermal front progresses towards said front

surface under the combined effect of a thermal diffusicn

15  towards the front of the thermal front and an input of

thermal energy by said light flow which reaches said

thermal front as soon as the temperature of said thermal
front passes into said high temperature range (PHT).

The start of the application of said main light flow

™

20 may correspond approximately to the end cf the application
of said priming secondary heating means.

The start of the application of said main light flow
may be before the end cf the application of sald priming
secondary heating means.

25 Said main light flow may be chosen so as to be absorbed
by said priming region, the heating of said priming region
being realised by said priming secondary heating means and
by said main light flow.

Said priming secondary heating means may be applied

30 by saild front surface of said layer to be heated and/or by
one surface of said plate opposite to said front surface.

Sald priming secondary heating means may be a heat
flow generated by a heat socurce.

Said priming secondary heating means may be a flow of

35  particles, said priming region being heated by the energy



20Said low temperature range (PBT) may substantially correspond to the range in which the doping is
not intrinsic and said high temperature range (PHT) corresponds substantially to the range in which
the doping is intrinsic. 25The main light flow may be generated by a laser. Another object of the
present invention is a device for at least locally heating a plate including at least one layer to be at
least locally heated, by at least one main light flow pufse, and including at least one priming region 30
located deeply relative to the front surface of said layer to be heated. Said device may comprise a
means of emission of said main flow capable of heating through absorption said layer to be heated

when the temperatureof the latte,is within 358, high tempsrature range {(BET) and.a priming
secondary 6 heatln%means, capable of heating said priming region from a temperature within a low

temperature ran§é (PET) Gp t3a temperaturd within"S&d Aigh temperature range (PHT). The present
invention will be better Gnderstoacond studyirtpmethods and desdces fortheemallytreatirg plates,

described by way £f ngnlimiting examples and ilustialedayithe drawdagsin, whichs rfigurenl
represents %sectign ojfl plagedvi/itr% Pcr)irqling region and associqted eg'uipment‘to prqduce a mair_l light
10 flow anda prf?mné’ﬁgﬁt ﬁow; %gure 2 represents as a function of time the intensity of a priming flow
and amain flow in the case WRérEthestaftcof themir lon Edifitides WiltPthiedhid of tAé priming flow;
layver to be heated.
Said priming regilon may be formed by a sub-layer
adjacent to or close to said layer to be heated.

10 Said low temperature range (PBT! and said high
temperature range (FHT) may be separated by a transition
threshold of the behavicur of the absorption ceoefficient
as a function of temperature.

Said transition threshold of the behaviour of the

15 absorption coefficient as a function of temperature may
extend over a range of temperature.

The laver to be heated may be lightly doped silicon.
The layer to be heated may be a semi-conductor
material.

20 Said low temperature range (PRT) may substantially
correspond to the range in which the doping is not intrinsic
and sald high temperature range (PHT) corresponds
substantially to the range in which the doping 1is
intrinsic,

25 The main light flow may be generated by a laser.

Another object of the present invention is a device
for at least locally heating a plate including at least one
layer to be at least locally heated, by at least one main
light flow pulse, and including at least one priming region

30 located deeply relative to the front surface of said layer
to be heated.

Salid device may comprise a means of emission of said
main flow capable of heating through absorption said layer
o be heated when the temperature of the latter is within

35 & high temperature range (PHT) and a priming secondary



15- figure 3 represents as a function of time the intensity of a priming flow and amain flow in the case
where the start of the main flow takes place after the end of the priming flow; figure 4 represents as a
function of time the 20 intensity of a priming flow and a main flow in the case where the start of the
main flow takes place before the end of thefl priming flow; figure 5 represents a diagram of the change
in temperature over the thickness of a plate; 25- figur€ 6 represents another lay out of a priming flow
and a main flow; figure 7 shows a variant of a priming region; figure 8 shows another variant of a
priming region; figure 9 shows another variant of a priming region; 30- and figure 10 represents

another variant %?z?“@ﬂ%ﬂ%%@,pr@éggofi@vcﬁﬁ%éﬁéiﬁgf law; n figure: 1 is represented.g plate 1

which comprises a layer 2 to be heated, for example up to a temperature IeveI?J sat (fi ure 5), which
has a front surfate ‘f%a%aﬁfﬁﬁﬁld%ﬁ@dﬁ-lgyép&ﬁ foF BRAMple ade Bt & material differefit from

a2 temperature within saild high temperature range (PHT).

The present invention will be better understood on

5 studying methods and devices for thermally treating
plates, described by way of non limiting examples and
illustrated by the drawings in which:

- figure 1 represents a section of a plate with priming
region and associated equipment to produce a main light

10 flow and a priming Light flow;

- figure 2 represents as a functicn of time the
intensity of a priming flow and a main flow in the case where
the start of the main flow coincides with the end of the
priming flow;

15 - figure 2 represents as a function of time the
intensity of a priming £flow and a main flow in the case where
the start of the main flow takes place after the end of the
priming flow;

- figure 4 represents as a function of time the

20 intensity of a priming fiow and amain flow in the case where
the start of the main flow takes place before the end of
the priming flow;

- figure L represents a diagram of the change in
temperature over the thickness cf a plate;

25 - figure ¢ represents another lay out of @ priming flow
and a main flow;

- figure 7 shows a variant of a priming region;

- figure 8 shows another variant of & priming region;

- figure 9 shows ancther variant of a priming region;

30 - and figure 10 represents another wvariant of
application of & priming flow and a2 main flow.

In figure 1 1s represented a plate 1 which comprises
alaver 2 To be heated, for example up to a tenperature level
Tsat (figure 5), which has a front surface 3, and a priming

35 sub-layer 4, for example made of a material different from



7 the layer to be heated 2, placed against the rear surface 5 of the layer 2. Facing the front
surface 3 of the layer 2 is installed a main generator 6 of pulses Pp of a main light flow 7 to 5 said front
surface 3. The layer to be heated 2 and the main light flow 7 are choseninrelationtoeachother so
as to have the following characteristics. The wavelength of the main light flow 7 is such that 10 the
coefficient of absorption of this flow by the layer 2 is low whilethe temperature T of the material of said
layer 2 is in a low temperature range PETandthat said absorption coefficient increases sharply with
temperature when the temperature T of the material of the layer 2 passes into 15 a high temperature

range PUT approxmaiglyabove saidiew-temperafiire sange £ET. the low lempetature.range PET
and the high temperatureferange PHT naturally have an area of transition TT (figure 5). The

characteristics of thelight flow™? I particular 20 its duration and its intensity, are moreover such that,
on it own, said main lightefiovin 7 istincapable 6tiidatiry) dircttiythellayertad besheatede2 frorha
temperature within the low temperaturegange-REI 4 ta-ademperature within they hightemperature

range PHT. 25In %didéti%g the area of transjtion (TT) between the low temperature range (PET) and

the high tempera%ure rang%?busllirnﬁgfﬁe below said temperature level to be reached Tsat. To one
side and facing the priming suibfayer 2 Be3bastaled @ 8econdaRfgénerstora fof primingulses Ps of
a priming secondary dight flow ©itethisrstib-layethdc - he Thepeming subayer-4 fandithe jptiming
secondary light flow. 9 are chosen jn.relation to each other so as to have the following characteristics.
8 The wavelength of the main light flow 7 is such that
10 the ccefficient of absorption of this flow by the laver 2
is low while the temperature T of the material of said layer
21ls in a low temperature range PBRT and that said abgsorption
coefficient increases sharply with temperature when the
temperature T of the material of the layer Z passes into
15 a high temperature range PHT approximately above said low
temperature range PBT. The low temperature range PBET and
the high temperature range PHT naturally have an area of
transition TT (figure 5).
The characteristics of the 1ight flow 7, in particular
20 ites duration and its intensity, are moreover such that, on
it own, sald main light flow 7 1s incapable of heating
directly the lavyer Lo be heated Z from a temperature within
the low temperature range PBT up to & temperature within
the high temperature range PHT.
25 In addition, the area of transition (TT) between the
low temperature rangs {(PBT) and the high temperature range
(PHT} may be below said temperature level to be reached
Tsat.
To one side and facing the priming subk-layer 4 is
30 installed & secondary generator 8 of priming pulses Ps of
a priming secondary light flow 2 to this sub-laver 4.
The priming sub-laver 4 and the priming secondary
light fiow 9 are chosen in relation to each other so as to

have the following characteristics.



The priming secondary light flow9 and the coefficient of absorption by the priming sub-layer 4 of said
secondary light flow 9 are chosen in relation to each other such that at least one portion of the priming
sub-layer 4 is heated 5 by the priming secondary light flow 9. Thereby heated, the priming sub-layer 4
can heat through thermal diffusion a portion 10 of the Jayer to be heated 2 adjacent to the priming
sub-layer 4 up to a temperature within the high tempégrature range PET so as to make said portion
highly 10 absorbent, said temperature being able to be below said temperature level to be reached.
For example, the priming sub-layer 4 and the priming secondary light flow 9 may be chosen in relation

to each other so that the,absorption coefficignt.of the; priming 15 subrlayer 4 is-high; as syuch in the
low temperature range PET as in the hig\%terpgerature r$n e PET. ﬁ?ccordin%nto a%/ariant

represented in figaré 2Sthe maltflight fiol 7 be dpp |é%ﬂ}é?¥oﬁ0\?/ § e priniing $&tdndary light
flow 9. 20Accordingto-aiVariarit represemtedrinifigure.3;themain hghtflow!TemayLisé appiiéd following
the priming s.ec;?@ganﬁﬂgﬁm flow %Mﬁtﬁlﬁ@ﬂgﬁflaﬁ%@ lg&tmﬁ@%ﬂgghgh%_za{?\@@ozdiﬂflg tﬁ@a\ﬁ@r&am
represented.in figure 4, the main light flow 7 may.be applied su t its start of 25 application is
bfore the Ghd of Applcation O 16 PRS Seconaa T ion O AT Coniniics SRSr ti and. I this
case, it may be &dvahtagesudthat e prinfiig stifdayer d R @pable stiabsstbing theGhaim light flow 7
such that the lattes pattigipates trtherdesireg deating otthe«uriming 30:sub=laver 4o Byeapplying

the priming Secfé‘gmlg%jti@%"—%‘ﬁ?géh% main fight flow, 7 according to,the, yariants aboye, the

mechanism that takes place may be the follg\“/vlng, said mechanism being illustrated schematically in
figure 5, in 35 cord&PBREEHEE withigard 1Tg SO as to make said portion nighly

10  absorbent, said temperature being able to be below said
temperature level to be reached.

For example, The priming sub-layer 4 and the priming
secondary light flow 9 may be chosen in relation to each
other so that the absorption coefficient of the priming

15  sub-layer 4 is high, as much in the low temperature range
PRT as in the high temperature rangs PHT.

According to a variant represented in figure 2, the
main licght flow 7 may be applied 3ust following the priming
secondary ilight flow 9.

20 Lccording to a variant represented in figure 3, the
main light flow 7 may be applied fcllowing the priming
secondary light flow 9, with a time lapse between them.

According to a varilant represented in figure 4, the
main iight flow 7 may be applied such that its start of

25 application is before the end of application of the priming
secondary light fiow & and continues after this end. In this
case, it may be advantagecus that the priming sub-layer 4
is capable of absorbing the main light flow 7 such that the
latter participates in the desired heating of the priming

30  subp-lavyer 4.

By applying the priming secondary light flow 9 and the
main light flow 7 according to the variants above, the
mechanism that takes place may be the foliowing, said
mechanism being illustrated schematically in figurse 5, in

35 correspondence with figure 1.



The heating of the sub-layer 4, by the priming secondary light flow 9 (figures 2 or 3) or by said priming
secondary light flow 9 and a first portion of the main light flow 7 (figure 4), to a temperature Ts within
the high 5 temperature range PHT at least in a portion of its thickness, generates the heating through
thermal diffusion of the portion 10 of the layer to be heated 2 adjacent to the sub-layer 4, up to a
temperature within the high temperature range PHT. 10The portion 10 of the layer to be heated 2 to a
temperature Tc within the high temperature range PHT, is thereby made highly absorbent and
generates deeply the priming of an absorbent thermal front 11. The main light flow 7, applied by the
front surface 15 3 of the layer.to-he hgated:2, pepettates info the layer i, be-heated-2.andreaches
said absorbent thermal front 11. %ﬁ;ﬂ abgorggnt thegmgl"froné é'll thetrg o\/proﬁg}resses towards the front
surface 3 under ftie 3iBned eff&dt ora thermal tiffision toWards the froht™st the abgbient 20
thermal front 11 and@rdiaptit bf tidrmalcenérgy: Bysthia nidindight flow 7 Which reachesisdid thermal
front through thesnat,highly abserbentiremainder of dhe tayer te be-heated-2 and stilk capable of being
traversed by the main light flow 7. 25During the progression of.the thermal fronf, the.maximum
temperature of the Hermal front tends progressively to stabilise |tse&ff, tod §ulbstanj[|élly constant value
Tsat to be reachbl &6\ Ts &I TE 2D EANG R Frogréssion STiRe thefmarfront 11 && Given time,
30 the temperature profile-irthedayertodie heatad: 2 43- compeseadaf andabrupt padiorn:carresponding
to the thermal frocqllt 511 ﬁﬂg@ gg}ggaqti’allyégattpgrtg)n {I@Tﬁgérlgggggging] o fsat olyﬁéth]ef jggg_gkness of
the layer to be heated already covered by the thermal front 11. 10 By way of example, if the layer
2 is crystalline siliESW&Ra the ndif AiBW 7 fs’a CO2 laser flow, Tsat may be of the order of 1500 K with
flows of 2 fd)5 E6W /0nMi2\sTsat beingrable’tode edual thathe meltingtemperatare of 51687 K with
complete melting of.the,silicon-for flows,of the-order, of 1. 5103, EZW.(0ra2 - . jEhe temperature Tsat
depends on the main flow 7, but also q?nlthe grimin flow 9 agd the priming mechanism, IQ order to
%, v the

W ni|
; z . A1 T r s dee
determine a more ?Eééév%%%ﬂﬁﬁ% Itis bSorbent ana generates deep
priming of an absorbent thermal front 11.

The main light flow 7, applied by the front surface

15 3 of the layer to be heated Z, penetrates into the laver
to be heated 2 and reaches sald abscerbent thermal front 11.
Saild absorbent thermal front 11 then progresses

towards the front surface 3 under the combined effect of

a thermal diffusion towards the front of the absorbent

20 thermal front 11 and an input of thermal energy by the main
light flow 7 which reaches said thermal frent through the

not highly absorbent remainder of the layer to be heated

2 and still capable of being traversed by the main light

fiow 7.
25 During the progression of the thermal front, the
maximum temperature of the  thermal front  tends

progressively to stabilise itself, to a substantially
constant value Tsat to be reached, above Ts and Tc. During
the progression of the thermal front 11, at a given time,
30 the temperature profile in the layer to be heated 2 1s
composed of an abrupt portion corresponding to the thermal
front 11 and a substantially flat portion 1la correspending
to Tsat over the thickness of the layer to be heated already

covered by the thermal front 11.



10 necessary to resolve the heat equation in one dimension, by the finite differences method known to
those skilled in the art, using standard commercially available software. When the main light flow 7
stops, the progression of The thermal front 11, according to this mode of 15 propagation, ceases
almost immediately in the laver 2 if it has not reachei he front surface 3. The evolution of the thermal
front 10 then becomes governed uniquely by the effects of thermal diffusion. Under the particular
conditions of constant -- ht 20 flow 7, the heating of the layer 2 takes place over a thickness
substantially in linear relation with the duration of the heat flow. The sequencing of the phases

described above does Rot ex¢lude @ partialtemporal overlap)of the apovesphases: 25 In avariant of
embodiment represented in fi ureh6, in which, for example, eZJpLate 1 may moregver have a rear layer

12 that can not b travérsed by the s&tondary fidw'9, the generators 6-and 8 Areplacedts dne side of

the face 3 and theepriririg:Secoridary fight fisW Fis'abplied t6 tie 30 subtlayér & &y thefront
throughout the layes to:heihepted12; the layerte e heatadh2 net being-ablede de-heateddy absorption
of the priming secondary light.flow 9. The mec .nislm 0 Pegging %h sul -IJ‘a)ﬁecgﬁ ang)‘y%e @/er to be
heated 2 ta%gs pjla?c%qag dmﬁsggb_é' ﬂrggg\?ge ﬁ@hﬁ? Ilnlg v%riaﬁt %f e lodlcl?)m'ent r%pJféLsented in figure 7,
the sub-layer 4 ra&§ beeftied by a reaf primifig Portidh4' of the layer to be heated 2, said rear portion
being capable of beingheated by absorptioefathepriming:secondary helight floww9 50 that the heating

mechanism takes place,as described, ahgve. 1n,this case, the priming region may.be defingd as the

portion 4' of the layer to be heated 2, the temperature of which will be taken into the high temperature

range PHI at the®ertFof e pifRing-fiow by $hé 28 priftifig 5w 972+ U fhe variants that Have just been
described,the sulsdayes Arcoristitutesdd twtalityaa prming region.clevertiveless)isaid eégion could be

divided up. As showni{a figure 8. the prisling region-aouid be-1h,formed wpiauiely by a-portion or
portio_ns.4a of sug hga sglgl-ﬂla er, saidS%orrtligg% éa bo% caggtilf o.fabveailr_]Lgl Q%ﬁtgd th%%u h}:%b_sorp_tion of
the priming seconh “ar)?ﬁg t%/’osw 99 AS shown in flcgure%l, he pr||¥1|ng region couid be \%armed uniquely
byarearpﬂnﬂngpoﬂkﬁ?@ﬁp@@@n@aﬁﬁoﬂ#@ht flow 7 stops, the progression of
the thermal front 11, according to this mode of
15 propagation, ceases almost immediately in the layer 2 if
it has not reached the front surface 3. The evclution of
the thermal front 10 then becomes governed uniquely by the
effects of thermal diffusion.
Under the particular conditions of constant light
20 flow 7, the heating of the layer 2 takes place over =z
thickness substantially in linear relation with the
duration of the heat fiow.
The seguencing of the phases described above does not
exclude a partial temporal overlap of the above phases.
25 In a variant of embodiment represented in figure 6,
in which, for example, the plate 1 may moreover have a rear
laver 12 that can not pe traversed by the secondary fiow
9, the generators ¢ and 8 are placed to one side of the face
3 and the priming secondary light flow % is applied to the
30  sub-layer 4 by the front throughout the layer to be heated
2, the laver to be heated Z not being able to be heated by
absorption of the priming secondary light flow 9. The
mechanism of heating the sub-laver 4 and the layer to be

heated 2 takes place as described abovse.



20 layer to be heated 2, said portions 4a being capable of being heated through absorption of the
priming secondary light flow 9. In these examples, the layer to be heated 2 could be heated uniquely in
its portions 2a situated above portions 4a of the sub-layer 4. 25Examples of implementation. The
transparent material constituting the layer to be heated 2 may be silicon doped to a level of the order
of 1.E15/Cm3 to 5.E15/Cm3 and initially placed at ambient temperature. 30The main light flow 7 may
be a CO2 laser pulse of 6 microseconds duration with a flow of 3.75 *1.E6 W/Cm2. The absorption
of a CO2 laser flow in the silicon is essentially governed by the electrical carrier density. Under the

conditions described hergin, the absaeption 35 coefficient of silican s efghe qrdey gl.several Cm-I, 12
which is low and remains substantially constant while the temperature of the silicon has not reached

around 270C. Froffafotind-thicterparaturé, the itrindie concentration ot Caricts becbnies greater
than 1*E15 Cm-2 {Seesthie:5 dodument’entitied "Physics! of Semiconductoiobeviges® second Edition,

N ISBN 0-07-0627%35-3.:Ry, SM 2948, JohnWiley-gnd 0nss 20 page 20figy 12.and-page,26 - fig. 16)
and increasgs s qr%WtWiIh temperature. 'Ehe low.temperature range, PBT.is thus tge range of 10

temperature substa tlallyE 1b%‘fdow the lower tetrﬁf)aepa?gf”eﬁ?rﬁitrﬁﬁ equélsfg ér%ﬁ%é , W Sreas the

high temperaturé! el PET isH5é Fandd siibstantalffaboves2 POCTABEoréiiy fo'thésbdve document,
the low-temperatuse rapge £BT is=withir-the-nan intrAnsiczdomain; of sajuration-taand/emgel of

carriers and the Qg{ﬁ%%ﬁ@?ye 5@9%55395 w'!;;hgim th?f. 'éntriggi%%)m%iﬁt o H{% material

constituting the prim ayer may be lightly doped silicon and the priming secondary flow 9 may
be, for example, &G bf elect o 656 Iﬁﬁy%itﬁ%@@”éﬁf?&ﬁ?@n@iﬂ}@fi%% orede¥ 6h56 16 100
A/ICm2, anéxcimerilaserflovl atza vavelength of around 360 nm, a frequency doubled (wavelength
around 503 nm) or freqegney, ripled (wavelength around 333 pm)YXAG laserflowaq, tne
sub=laver 4 constitutes in totality a priming regiomn.
Neverthelegs, said region could be divided up.
As shown in figure 8, the priming region could be
15 formed uniguely by a portion c¢r portions 4z of such =z
sub-layer, sald portions 4a being capable of being heated
through absorption of the priming seccendary light flow 9.
As shown in figure 2, the priming region could be formed
uniguely by a rear priming porticn or portions 4a of the
20 layer to be heated 2, said portions 4a being capable of
being heated through absorpticn of the priming seccondary
light flow 9. In these examples, the lavyer to be heated 2
could be heated uniguely in its portions Za situated above
portions 4a of the sub-layer 4.

25 Examples of implementation.

The Transparent material constituting the laver to be
hesated 2 may be siiicon doped to a level of the crder of
1.E15/Cm3 to 5.E15/Cm3 and initially placed at ambient
temperature.

30 The main light flow 7 may be a C02 laser pulse cf ©
microseconds duration with a flow of 3.75 *1.E6 W/CmZ.

The absorption of a CC2 laser flow in the siiicon is
essentially governed by the electrical carrier density.
Under the conditions described hereln, the absorption

35 coefficlent of silicon 1s of tha order of several Cm-1,



In another embodiment, the material constituting the 25 sub-layer 4 may be silicon doped to a level of
the order of 3.E196Cm3, thus different from the chosen material of the layer to be heated 2, and
initially placed at ambient temperature and the priming flow may be a CO2 laser flow; under these
conditions, the absorption coefficient of the 30 priming_flow- in the sub-layer 4 is of the order of 1000
Cm-1. The thickness of the sub-layer 4 may be around 10 pm. According to a first example of
obtaining the plate 1, a silicon substrate doped at a rate of i*E15Cm-3 and of thickness equal to 100
pm is formed by thinning a standard 35 silicon wafer. Through one of the surfaces, an implantation 13

of boron ions is carried out at @ dgse;of saveral 35EL6 {Gm2;atian engtay:of,20Q,key andqan annealing
is carried out at a temperature of around 1000C to 1100C for Moh(%gérs%o as to at?;g?af)goplng depth
S

of around 10 micrGRE T GBLAT the sub:fayet 4+ 18 rétiidityg tHickiess or o0 pRtanstituting the layer
to be heated 2, the tayerr2 and the layédetthusbeingmatbofdifiérentrhaterials.CEhe sarfacainot used
for the implantation then-canstitutes:the.surfage S:thrqughnwhichithemaindight flow.¢, anddf
appropriate 10 the secondary flow 9, will be lied. Alternativel ithin the scope of this first
example, a é}liconoscu%%?rré%e deo%%ﬁ%éteaératep%g%*ﬁ%c?ﬁ-3%%%1&%11%\{%%35 eq@%Y?oCQS pim is formed
by thinning a staRE&RFSIIESH Whfst: Oh oREBY the SUrfades anepitaky 15-8F sificdn ddipéd:to a level of
several 5*E19/0m3lang ahl0 mickons thickness (s earried. out: Ehis gpitaxietkblayer:then vonstitutes the

sub-layer 4 and is thus made. of a, r’g@itﬁi?h ifferent from that of the layer 2 to be heated. According to
[ 0

a second example of obtaining the plate , On a standard silicon substrate is carried out an epitaxy

of silicon doped with antitfony 4t & FIte B 2*E46/Cris dRd BF 10 MickhEthidkReSé i Eorfidtitute the
sub-layer 4.(Thenhgapevestherepitaxy-oft 1@ mierong, areepitaxy ot siliconzdopedmat arateiof:1*E15/0m3

and of 90 microns;thicknegs 25 is carried out tg constifute the-layer 2y, - By, way,@f complementary
examples, the absorbent materialconstitutiEl{gthesub-lazer4 could also have been, in the case where a

CO2 layer is use%‘?%ﬁ%]ﬁ%tr%ﬁ%usr &fiig6n %yér,%lsla)?élr toFa{i’I?%? p%ﬁ%ﬂ%_%fﬁ%&r%ﬁijs‘éd %ycigﬁ 30
implantation, or & l4yef offsiticoncoxidetSi02; thus wiffererst from the ldhosenniatéHalsftha dayer to be

heated 2. range PBT is within the non intrinsic domain, of saturation
15  and/or gel of carriers and the high temperature range PHT
is within the intrinsic domain.
The material constituting the priming sub-layer may
be lightly doped silicon and the priming secondary flow 9
may be, for examplie, a flow of electrons of 50 kev with &
20 current density of the order of 50 to 100 A/CmZ, an excimer
laser flow at a wavelength of arocund 360 nm, z fregquency
doubled (wavelength around 503 nm) or freguency tripled
(wavelength around 333 nm) YAG laser fiow.’
In another embodiment, the material constituting the
25 sub-layer 4 may be silicon doped to a level of the order
of 3.E19/Cm3, thus different from the chosen material of
the laver to be heated 2, and initially placed at ambient
tamperature and the priming flcw may be a COZ laser flow;
under these conditions, the abscorpticon ceefficient of the
30  priming flow in the sub-layer 4 is of the order of 1000 Cm-1.
The thickness of the sub-layer 4 mav be arounc 10 pm.
According to a first example of obtalining the plate
1, a silicon substrate doped at a rate of 1*E15Cm-3 and of
thickness equal te 100 pym is formed by thinning a standard

35 siliconwafer., Through one of the surfaces, an implantation



If a part constituted exclusively of the layer 2, without the sub-layer 4 is imagined, and if the light flow
35 defined above is applied, it may be noted that the 14 temperature of the material increases by less
than 3000. This result may ensue from a simulation by resolution of the heat equation by a method
known as finite differences, a method which forms p résof the prior art. 5This result could also have
been obtained by applying the following simple formzl m: identification of the maximum value
Alphamax of the absorption coefficient in the low temperature range PSI the order of magnitude
of the maximum temperature 10 reached Tmax may then be given by the formula

Tmax=Phiktau*alphamax/Cp, « in which Qp s the heatcapacity, Phiisdhe floywghiau js-the duration of
the flow and Op the volumetric heat, %%%With Phi g%al to 3.75x 1 ,E6W/0m2, tau egldz%l to 15 6*1.E-6
/

S, alphamax equdl t6'2 ERT SHdOpequai to 1£49/CM3 T " itid ten Folivd that the drdarof
magnitude of the:nfaximametemperafurerTmag reéd€ed by the LRfgue leyer 2vis depial fo 32 C. 201t
may indeed be noted that; gengrally;speaking-underthese-conditions.ithatthe temperature of the

layer to be heate 2 remains very low,and wiiin {he low temperaiue; nooo o

S0 pm
constituting the layer to be heated 2, the layer 2 and the
layer 4 thus being made of different materials. The surface
not used for the implantation then constitutes the surface
3 through which the main light flow 7, and if appropriate

10  the secondary flow ¢, will be applied.

Alternatively, within the scope c¢f this first
example, a silicon substrate doped at a rate of 1*EL1ECm-3
and of thickness equal to 80 pm is formed by thinning a
standard silicon wafer. On one of the surfaces, an epitaxy

15  of silicon doped to a level of several H5*E19/Cm3 and of 10
microns thickness is carried out. This epitaxied layer then
constitutes the sub-laver 4 and is thus made of a material
different from that of the layer 2 to be heated.

According to a second example of obtaining the plate

20 1, ona standard silicon substrate is carried out an epitaxy
cf silicon doped with antimony at a rate of 2*E19/Cm3 and
of 10 microns thickness to constitute the sub-layer 4.
Then, above the epitaxy of 10 microns, an epitaxy of silicoen
deped at a rate of 1*E15/Cm3 and of 820 microns thickness

25 is carried out to constitute the laver 2.

By way of complementary examples, the absorbent
material constituting the sub-layer 4 could alsc have been,
in the case where a CO2 laver is used, an amcrphous silicon
layer, a laver totally or partially amorphised by ion

20  implantation, or a layer of silicon oxide 35102, thus
different from the chosenmaterial of the layver to be heated
2.

If a part constituted excliusively of the laver 2,
without the sub-laver 4 is imagined, and 1f the light flow

35 defined above 1s applied, it may be noted that the



range PET, without reaching the high temperature range PHI. On the other hand, in the presence of
the sub-layer 25 4, it is possible to heat a large thickness of the transparent material constituting the
layer to be heated 2 up to temperatures of the order of 1650 K, for example, over thicknesses of the
order of 60 pm. Examples of application. 30Example 1. Starting with a. wafer-support (rear layer 12)
of metallurgical grade silicon, on the surface of this wafer is deposited by a CVD deposition technique
a layer 4 of two microns thickness doped at a rate of 5*1.E19 /0m3 and above 35 a thick layer 2 of non
doped polycrystalline silicon of 60 15 microns thickness, the layer 2 and the laver 4 thus being made

of different materialg. Consequently, at ambient temperature -said layer;2 to-be heateghis substantially
transparent to a light flow %ﬁgerated b% a CO2 laser and 5 the sup-layer 4 is abfgpbent of such a light

flow.  The presehce ot the metanurgicar siliton Water-sUBpGt 12 praventsthe tear Surface being
used to send thetprinting: floac.aTheopriming flow!oas thussen pyftheifiontSurfaces3i asswell as the
main flow 7, as 10 gescribed,above with-feferenee tofigurebpricr art.
5 This result could also have been obtained by applying
the following simple formalism:
- ldentification of the maximum value Alphamax of the
absorption coefficient in the low temperature range PBT
- the order of magnitude of the maximum temperature
10 reached Tmax wmay then be given by the formula
Tmax=Phi*tau*alphamax/Cp
in which Cp is the heat capacity, Phi is the flow, Tau
is the duration of the flow and Cp the volumetric heat,
and with Phi equal to 3.75% 1 ,E6W/Cm2, tau eqgual to

15 §&*1.E-6 S, alphamax egual to 2 Cm-1 and Cp egual to 1.4

It is then found that the order of magnitude of the
maximum temperature Tmax reached by the unique layer 2 1is
equal to 32 °C.

20 It may indeed be noted that, generally spesaking, under
these conditions, that the temperature of the layer to be
heated 2 remains very low and within the low temperature
range PBT, without reaching the high temperature range PHT.

On the other hand, in the presence of the sub-laver

25 4, it is possible to heat a large thickness of the
transparent material constituting the layer to be heated
2 up to temperatures of the orxder of 1650 K, for sxample,
over thicknesses of the corder of 60 pm.

Examples of applicaticn.

30 Example 1.

Starting with a wafer-support (rear layer 12) of
metallurgical grade silicon, on the surface of this wafer
is deposited by a CVD deposition technique & layer 4 of two
microns thickness doped at a rate of 5*1.E1% /Cm3 and above

35 a thick laver 2 of non doped pelycrystalline silicon of 60



The priming flow 9 may be a CO2 laser pulse of 50 nS du ation and of intensity 2d1.E7W/cm2. This
may be generated for example by a CO2 laser with transverse excitation. 15For example
simultaneously as shown in figure 4, the main light flow 7 is applied from a CO2 laser, for example a.
very high power laser with longitudinal excitation, by the front surface 3 of the layer to be heated 2, for
example locally on one or more areas. The duration of the main flow 20 7 is for example two
microseconds with an intensity of 3.E7W/cm2. By way of variant of figure 4, the priming flow 9 may
take place in this example during the time of build up in power of the main flow 7, which may be of the

order of 100 25 pS the-huild-up timeof therprimingflow 9beingyforjits part. much shorter and of the
order of several nS.. T(here,bg/?eated, under the ﬁgsope ative effect Qgrthe heating of the_sub-layer 4

by the priming fI&W 9 and th& heating of the sub1ayers by the main Tigh flows® the" ’ priming
sub-layer 4 risestvsty QUIEKY in tefaperaturEand<cairhést throughthemmaldifflision aggdortion 10 of

the layer to be heateds2 adiagentto theiprimingrsubirlayers 4 up-to-a temperature within thedigh
temperaturg;range PHT 1o make said partion highly absorbent. 16| Agcording to the mechanism

described previous‘F , L:é\bllqu”iéﬁa}] fion may tai%sﬁace by h%%\tiﬁbj of the I}fgr‘? over an area

corresponding approximétely t& fesareacof applicatiGh ®f the iain highitdfow:6, saidigtiefied area 5
beginning in the area 10 ofthe layer 2, fromvywhich thedhesmal frontElprogresses:towards the front

until for example seaghing.the front face-3.,., dIn this.example, the-cooperative effect af.the priming

flow 9 and the main flow 7 makes it possible to heat very 10 quickly the priming layer, thus making the

heating by therniaY difftision"6Fthe PoricH T0 moré Fagid ahddfius-8fabimy th é)ﬁflupgr'atﬁr% profile to
converge rhore rapielty towards ithe saturationtebsparatire Teaf ikfesrehé end of application of the

main flow 7, the The priming flow 9 may be a C0Z laser pulse of 50 nS
duration and of intensity 2*1L.E7W/cmZ. This may be
generated for example by & C02Z laser with transverse
excitation.
15 For example simultaneously as shown in figure 4, the
main light flow 7 is applied from & CO0Z2 laser, for example
a very high power laser with longitudinal excitation, by
the front surface 3 of the laver to be heated 2, for exanple
jocally on one or more areas,. The duration of the main flow
20 7 is for example two microseconds with an intensity of
3.ETW/ cmz .

By way of varilant of figure 4, the priming fiow 9 may
tazke place in.this exampie during the time of build up in
power of the main flow 7, which may be of the order of 100

25 nS8, the bulld up time of the priming flow ¢ being, for its
part, much shorter and of the order of several nS.

Thereby heated, under the cooperative effect of the
heating of the sub-laver 4 bv the priming flow % and the
heating of the sub-laver 4 by the main light flow 6, the

30 priming sub-laver 4 rises very guickly in temperature and
can heat through thermal diffusion a porticn 10 ¢f the layver
to be heated 2 adjacent to the priming sub-layer 4 up to
a temperature within the high temperature range PHT to make

said portion highly absorbent.



15 re-solidification of the liquefied material may if appropriate lead to the formation of larger grains with
a preferential crystallographic orientation. In this method, the metallurgical silicon wafer support 12
is only very slightly heated, thereby limiting 20 the risks of migration of parasite impurities from the
wafer to the layer to be heated 2. By scanning, the whole layer 2 could be treated. Such an area,
treated in this way by liquefaction then solidification, nray have better electrical properties and 25
maybe advantageous for the creation of photovoltaic cells. Example 2. A wafer of monocrystalline
silicon doped to the level of 1IE1560m2, of 100 microns thickness, constituting a layer 4 is considered.

30As shown in figure 19 .a flowifrom a.freguency doubled YAP laser (priming flow 9)is sept onto the
rear surface of the wafer through a mas %3 cqmposgd of a thin plate of polished silica on which a

Kk
deposit of refractory ARt Fefiecting etaftids Bean formed ahd 8féhed $6'Gsto¥orm” 1774 pattern of
opaque areas 13aand transparenteareas betweensaiccopaguesdreast3a.t e Typieally,dhe priming

flow 9 may be inthe farm of a.pulse of 50:nS durationand fransposting:an enesgy density:§ of the
order of 0.6,J/0m2, which corresp%nds to aflov%ntegsi%of %.2*E7W£Cm§. In thi%W is.created in the
O 1T rea W el

wafer (layer 4) pﬁﬁﬁrﬁ rrle"wl“gl‘cms 4a, tlﬁ% gaeometry of which'is |na{)ﬁ%rima’§]e of the paﬁerh 01h the mask,

according to the Exafiple of figure 9 41 0THedRainow 7aTidy bé afibre Taserflow ata wavelength of
1.55 microns. The:few begins=100 nG after therend of the=priming flow 9 and has a duration of the

order of 1.8 microseconds, with flows, af intensity of the. order.of SEBWICHZ2. 1o 1 rining
flow 9 and the main flow 7 makes it possible to heat very

10 guickly the priming layver, thus making the heating by
thermal diffusion of the portion 10 more raplid and thus
enabling the temperature profile to converge more rapidly
towards the saturation temperature Tsat.

After the end of application of the main flow 7, the

15  re-sclidification of the liguefied material may 1f
appropriate lead to the formation of larger grains with a
preferential crystallographic orientation.

In this methoed, the metallurgical silicon wafer
support 12 is only very slightly heated, thereby limiting

20 the risks of migraticn of parasite impurities from the
wafer to the layer to be heated Z.

By scanning, the whole laver 2 could be treated.
Such an area, treated in this way by liguefaction then
solidification, may have better electrical properties and

25 may be advantageous for the creation of photovoltaic cells.

Example 2.

A wafer of monocrystalline silicon doped to the level
of 1E15/CmZ, of 100 microns thickness, constituting a layer
4 18 considerad.

30 As shown in figure 10, a flow from a freguency doubled
YAG laszer (priming flow 9) 1s sent onio the rear surface
of the wafer through a mask 13 composed of a thin plate of
polished silica on which a deposit of refractory and

reflecting metal has been formed and etched so as to form



15The chronology of the priming flow 9 and the main flow 7 corresponds to that of figure 3. At the
end of the application of the priming flow 9, the maximum temperature obtained may be of the order of
1700 K. 200ne hundred nanoseconds after the end of the priming pulse, the time that corresponds to
the start of the application of the main flow 7, the maximum temperature may then be around 1400 K.
It should be pointed out that the delay of 100 nS whiétl‘fgS is cited in this
examplebetweentheendofthepriming flow and the start of the main flow may be advantageously
shortened, so as to benefit as best as possible from the rise in temperature of the priming region. An

important delay of 19005 -hag been intodycediin this axampletetake 30 accountfpassible
imperfect synchronisation between the two, flows 7 and 9. The temperature Tsat obtained may be

of the order of 1680 K. & 2" °THE miain flow 7 heats the wafer (layer 4) in priming regions 4a,
whereas in the regions hiob ¢orrespondifig t@ e prming fregiong a4 thérelis o kedtingt THe aim of
such a method may forexample he intendeds tordiffuseimpurities, Jofexampleymetalic cnto the
heated areas 2a without the impurities from t heated. areas spreading. . _In this.second
example, tr?g chgréct%?iﬁgtigsrég:]% inogarérélﬁ]ardht%%@%}e nﬁtﬁ %Pth(:eorﬁ a%ﬁ?g%%%%w?aﬁd fTSP}leOfO
characteristics of-thespriming flow & may bE chBsen Siich ftHat the ¥aifi fI6WeE IsSChpabléd B
compensating the:flow of losg«af temperature of the thermal profilesatthertine corrésponding to the

ﬂanOfﬂmrnmn{@mﬁz'the image c¢f the patiern of the mask, according to
the example of figure 9.

10 The main flow 7 may be a fibre laser flow at a
wavelength of 1.55 micreons. The flow begins 100 nS after
the end of the priming flow 9 and has a duration of the order
of 1.8 micreoseconds, with flows of intensity of the order
of S5*E6W/CmZ.

15 The chronology of the priming fiow 9 and the main flow
7 corresponds to that of figure 3.

At the end of the appliication of the priming flow 9,
the maximum temperature chtained may be of the order of 1700
K.

20 One hundred nanoseconds after the end of the priming
pulse, the time that corresponds to the start of the
application of the main flow 7, the maximum temperature may
then pbe around 1400 K.

It should be pointed out that the delay of 100 nS which

25 i1s cited in this example between the end of the priming flow
and the start of the mein flow may he advantageously
shortened, s0 as to benefit as best as possible from the
rise in temperature of the priming region. An important
delay of 100 nS has been introduced in this example to take

30  account of possible imperfect synchronisation between the
two flows 7 and 2.

The temperature Tsat obitained may be of the order of
1680 K.



Indeed, it may be important that the absorption of the 15 mainflow7 resulting from the temperature
profile existing at this time can compensate the tendency of the temperature profile to widen and to
subside due to thermal diffusion. If this was not the case, the lowering of the temperature profile would
continue and the progressive thermal front 20 11 COL%| not persist or exist. The judicious choice of
these characteristics may be made by simulating the evolution of the thermal profiles by the method
known as finite differences in 1D geometry, a method that forms part of the prior art and for which 25
standard software exists. In a variant, the heating of the priming layer or region 4 could be

obtained by radiation frepranvery, high,power ax¢ lampdogused-by ajdens. 49 CLAMSwind. Method

for at least locally heating a plate (1) including at least one layer (2) to be at least locally 5 heated, by
at least one mair%/ %8ﬁ9ﬁ%%m UIS%??%%S Tcriding at’east one %ﬁmﬁ%é%g%%o(ﬁ Fo%%t%g dgé:ply relative
to the front surfaee ot saill kyer e heatdd: hvadeSof® material Hifferent from that of the layer to be
heated, method whereinithe wavelengtir-ef saidanaindight flons104Zkisichosen such=thatthe

coefficient of absorption.of said flow by.the materjal of the: [ayer to be heated (2).is Jow while the
temperaturggof the m%o%e*ri"aLll%? sa{iaﬂgfélye"r“té &' heated is in a.low temper"éfu“re’rar%ge (PETi and that this

absorption coeffiefcit Shatply dfcreadtsiwith tefriperattird 45 hwiisn theTemperafire t514hé taterial of
the layer to be heated=passesantorashigh temperature range (PHT) approximately above said low

temperature range, the Gharacteristics. of said. main light,flaw (7).being such.that it is,.on its own,
incapable of heating djrectly the 20 material of the layer to be heated from a tenJZperaturQ within said

low temperaturetange (ET) ub1s a teniperature withinsdid high teHiperatdré rarfge’(PUT): and
method cotfprisingzthe fokowing Steps:f the priming flow 9 may be chosen such
that the main flow 7 1s capable of compensating the flow
of loss of temperature of the thermal profile at the time
corresponding to the start of the main fliow 7.
Indeed, it may be important that the absorption of the
15 main flow 7 resulting from the temperature profile existing
at this time can compensate the tendency of the temperature
profile to widen and to subside due to thermal diffusion.
If this was not the case, the lowering of the temperature
profile would continue and the progressive thermal front
20 11 could not persist or exist.

The judicious choice of these characteristics may be
made by simulating the evolution of the thermal profiles
by the method known as finite differences in 1D geometry,
a method that forms part of the pricr art and for which

25 standard software exists.

In a variant, the heating of the priming layer or

region 4 could be obtained by radiation from a very high

power arc lamp focused by a lens.



heating said priming region (4) of said plate, at 25 least partially by a priming secondary heating
means (9), such that said priming region (4) heats through thermal diffusion a portion (10) of the layer
to be heated (2) adjacent to or close to said priming region (4) up to a temperature within said high
temperature range (PUT) to 30 make this portion hig,pg/ absorbent of said main light flow (6);
application of said main light flow (6) to said plate (1), at least locally, by said front surface (3) of said
layer to be heated (2), such that, -said portion (10) 35 adjacent to or near to said layer to be heated (2),
which 20 has become highly absorbent, generating an absorbent thermal front (11), the temperature
of which is within said high temperature range (PHT)saigi@dsorbent thermal front (11) progresses
towards said front surface (3) under the 5 combined effect of a thermal diffusion towards the front of
the thermal front (11) and an input of thermal energy by said main light flow (7) which reaches the
thermal front as soon a thé¢émperatere éfithé thérinalffont pasSesiinte Said Hight témperature range
(PHT), 102. Methed foratleastdocally-heating a plate-(I) incluging at least ene tayer (2)1tobe at least

locally heatgd, up 19.a temperatu rfe'sg%'( }&Q%@%@hﬁ%m ayleast one.maip, light flow pylse, and

comprising at least one ﬁrln%fn&g“reglon. ocated deeply relative to a front 15 surface of said layer to

be heated,  nidthbwlerdin the WavelerGth ot sald mamARht flow €28 chosah Stich that the
coefficient of absorptiam ofithis: flewhytheimatertidl ofthedayer todbeheated (2)nisdewavhile the

temperature of the material of this layer to 20 he heated js in. adow femperaure.range(BBT) and that

this absorption coefficient sharply increases with temperature when the tem e(ature#of{he material of
the layer to be heated PASseSnts 5 High temipefatlire FAge (PHT) Hpprokimately above Laid low

rangeof&ﬁﬁpaﬁﬁﬁaﬁheqﬁea@ﬂ such that the coefficient of abscrption of
said flow by the material of the layer to be heated (2) is
low while the temperature of the material of sald layer to
be heated is in a low temperature range (PBT) and that this
absorption coeffilcient sharply increases with temperature
15  when the temperature of the material of the layer to be
heated passes into a high temperature range (PHT)
approximately above said low temperature range, the
characteristics of saidmain light flow {7) beling such that
it is, on 1ts own, incapable of heating directly the
20 material of the laver to be heated from a temperature within
said low temperature range (PBT) up to a temperature within
said high temperature range {PHT};
and method comprising the fellowing steps:
heating saild priming region (4} of sald plate, at
25 least partially by a priming secondary heating means (9),
such that sald priming region {4) heats through thermal
diffusicen a portion {(10) cof the layer to be heated (Z)
adiacent to or close to said priming region (4] up to a
temperature within sald high temperature range (PHT) to
30 make this portion highly absorbent of said malin light flow
(o)
application of said main iight flow (6} to said plate
{1y, at least locally, by saild front surface (3) of said
layer to be heated (2), such that, said portiocn (10]

35 adjacent to or near to said layer to be heated (2), which



25 of transition (TT) between the low temperature range (PET) and the high temperature range (PET)
being below said temperature level to be reached (Tsat), the characteristics of said main light flow (7)
being such that it is, on its own, incapable of heating directly the 30 material of the layer to be heated
fronla temperature within said low temperature range (PET) up to a temperature within said high
temperature range (PET); and method comprising th% ollowing steps: heating said priming
region (4) of said plate, at 35 least partially by a priming secondary heating means (9), 21 such that
said priming region (4) heats through thermal diffusion a portion (10) of the layer to be heated (2)

adjacent to or clege;tosaid-priming region (ﬂ%é‘@ﬂ@é‘ﬁ@!ﬂp?@é@@a‘@%@ said hightemperature range
(PHT) to 5 make thisr (%gio hig_t]ly absorbent (%f said main i%ht govg)g%) _ ;%pp:wlicz_;tion of said main
light flow (6) to saltP PR (1) Bt feastIocay Soy SARFfromtSurface (3) 6f shid 1ael 16 e éated (2),
such that, said poitioh Q90 mdjacentiesr<losE o said layerre betveaied (@Y has Betonte highly
absorbent, generating an-agserbent thermatfront £11), the-temperatureof which isiwithinksaid high
temperature-range Iﬁ@'ﬁ';‘% aid ggs%rboept lhe%rré% Hfqunt ﬁ(;]ﬁ_,)fpﬁrg%%ssgs b}oy,v%dsr ga_g_id {Ilr:ont surface (3)
under the 15 combined effect of a thermal diffusion towards the front of the thermal front (11) and an
input of thermal Efefgyeby- §&i8TRainTighE low (7) wiich féaches'the thefhi& front s 'soohias the
temperature of the thermakfront passes fitowsaid high tempetatuire tange (PHRm203f Method

according to one,af claims. 1. and.2. whetein the start of the. appligation of said, main light, flgw (7)

corresponds approximately to the end of the application of said priming secondary heating means (9).

4. Method accorfifgto brid of AR £ BRE2, WHEF&in F8'the start of the application of said main light
flow (7) is Bb&fore the erid oftherapplitatiombdf Said priming sééondeary heating npgaats=(9).1) 5.
Method accordingfeiclaim,4, wherein, said maimlight low(6) is-chasen:so as ta-be abgarbed by said
priming heated, up to a tempsarature level Lo be reached, by at least
one main light flow pulse, and comprising at least one
priming region (4, located deeply relative to a front
15 surface of said layer to be heated,
method wherein the wavelength of sald main Light £low
(7) is chosan such that the coefficient of absorption of
this flow by the material of the laver to be heated (2) is
low while the temperature of the material of this layer to
20 be heated is in a low temperature range (PBT) and that this
absorption coefficient sharply increases with temperaturs
when the temperature o¢f the material of the lavyer to be
heated passes Into a hignh temperature ranges (PHT)
approximately above sald low range of temperature, the aresz
25 of transition (TT) between the low temperature range (PBT]
and the high temperature range (PHT) being below saild
temperature level to be reached {Tsat), the
characteristics of saldmain light flow (7) being such that
it dls, on its own, incapable of heating directly the
30 material of the layer to be heated from a temperature within
said low temperature range (PBT) up to a temperature within
sald high temperature range (PHT);
and method comprising the following steps:
heating said priming region {4} of said plate, at

35 least partially by a priming secondary heating means (9),



30 region (4), the heating of said priming region being realised by said priming secondary heating
means (9) and by said main light flow (7). 6. Method according to any of the preceding claims,
wherein said priming secondary heating means (9) are 35 applied by said front surface (3) of said
layer to be heated 22 (2) and/or by one surface of said plate opposite to said front surface. 7.
Method according to any of the preceding claims, wterein said priming secondary heating means are
a heat 5 flow generated by a heat source. 8. Method according to any of the preceding claims,
wherein said priming secondary heating means are a flow of particles, said priming region being

heated by the engrgy resulting from the:slowing,down,and/er the-stopping,of.said 10.pagticles in said
priming region. . 9. quthod accprqin%to %\?Lé f the Qrgcectingréclairgs, v}\:/)hergin, %%id prigﬂng
secondary heatifig bk areh Fadiation flow: Shid priming région (4) beifig heated By absorption of
said radiation. 1510.aMetHodtaccording €6 any of tiel pracedingrclaints; Whereih/said pfifirg region (4)
is formed by a. portign ofsaiddayerda be heatedni gn thnMethodaccordingdo anyof the;preceding

claims, whegein saig\ﬁoamin region (4) is.formed_by a sub-layer.20 a,déacent to or near.to said layer to
be heated. : v efhholdggagg%%lln%n)t(# éf%l Jé%]tﬁ%y%?eribe%ﬁlr?g ¢ airsnas:,L wherein said low te%perature
range (PET) and'&did high temperature range (PHT) are separated by a transition threshold of the

behaviour of the absorptigr ceefficient 25 asadungtion of temperature.c) td3dMethodsaccording to
any of the preceding claims, syherein,said fansifiorhreshald of the hetiauioyr (STC) gtthe absorption

coefficient as a function of temperature exténds over a range of temperature. 3014. Method according
toanyofﬂm[ne%éamﬁcﬁﬁﬂ§¥3 heated ({(2), such “that, said portion(l0)
adjacent to or close te sald layer to be heated (Z) has

become highly absorbent, generating an absorbent thermal
front (11), the temperature of which 1s within said high
temperature range {PHT), said absorbent thermal front (11)
progresses towards sald front surface (3) under the

15 combined effect of a thermal diffusion towards the front
of the thermal front (11) and an input of thermal energy
by gsaid mein Light flow (7} which reaches the thermal front
as soon as the temperature of the thermal front passes into
said high temperature range {(PHT).

20 3. Method according to one of claims 1 and 2, wherein
the start of the application of said main light flow (7)
corresponds approximately to the end of the application of
sald priming secondary heating means (9).

4. Method according to one of claims 1 and 2, whereln

25 the start of the application of said main light flow (7)
is before the end of the applicaticn of said priming
seconcdary heating means (9).

5. Method according to claim 4, wherein sald mailn
light flow (&) is chosen so as to be absorbed by said priming

30  region {4), the heating of sald priming region being
realised by said priming secondary heating means (9} and
by said main light flow (7).

6. Method according te any of the preceding claims,
wherein said priming secondary heating means (%) are

g

35 appliedby said front surface (3) of said layer to be heated



wherein the layer to be heated (2) is lightly doped silicon. 15. Method according to any of the
preceding claims, wherein the layer to be heated (2) is a semi-conductor material. 23 16. Method
according to any of the preceding claims, wherein said low temperature range (PBT) corresponds
substantially to the range in which the doping is not igtrinsic and that said high temperature range
(PHT) 5 corresponds substantially to the range in wHith the doping is intrinsic. 17. Method
according to any of the preceding claims, wherein the main light flow (7) is generated by a laser.

18. Device for at least locally heating a plate (1) 10 including at least one layer (2) to be at least locally

heated, by at least ong fain light flouepulse rand ingluding at least onepriming Fegions(4) docated
dee_pl)_/ relative tq the fr(_)nt s%rface of said layer to be_heated, said device_ comprising a means of
emission (6) of safd thairf 6w (7Y 15 capable of heating through absorption said layer to be heated (2)
when the temperature Gf-thédaftecisasitia alhigh temperatufe Farige (PIFPFand a-primifg secondary
heating means (9}.earable of heating saidprimingregion (3 froma terapetatareswihinaslow
temperature\i rang_e;é@E&%gly&t&g %e};n%er%ue(g V\éig]jr%ggiq high temperature range (PHT).

8. Methed according to any of the preceding claims,
wherein saild priming secondary heating means are a flow of
particles, sald priming region being heated by the energy
resulting from the slowing down and/or the stopping of said

10  particles in said priming region.

9. Method according to any of the preceding claims,
wherein said priming secondary heating means are a
radiation fiow, said priming region (4) being heated by
absorption of said radiation.

15 10. Method according to any of the preceding claims,
wherein said priming region {(4) is formed by a portion of
said layer to be heated.

11. Method according to any of the preceding claims,
whereln said priming region (4) is formed by a sub-layer

20  adjacent to or near to saild layer to be heated.

12. Method according to any of the preceding claims,
wherein said low temperature range (PBT) and said high
temperature range (PHT) are separated by a transition
threshold of the behavicur of the absorption coefficient

25 as a function of temperature.

13, Method according to any of the preceding claims,
wherein saild transition threshold of the behaviour (STC)
of the absorption coefficient as a functicn of temperature
extends over a range of temperature.

30 14. Method according to any of the preceding claims,
wherein the layer to be heated (2) is Lightly doped silicon.

15. Method according to any of the preceding claims,
wherein the layer o be heated (Z2) 1s a semi-conductor

material.
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16. Method according to any of the preceding claims,
wherein sald low temperature range (PBT) corresponds
substantially to the range in which the doping 1s not
intrinsic and that said high temperature range (PHT)
corresponds substantially to the range in which the doping
is intrinsic.

17. Method according to any of the preceding claims,
wherein the main light flow (7) 1s generated by a laser.

18. Device for at least locally heating a plate (1)
including at least one layer (2) to be at least locally
heated, by at least one main light flow pulse, and including
at least one priming region (4) located deeply relative to
the front surface of said layver to be heated, said device
comprising a means of emission (6) of said main flow (7)
capable of heating through abscrption said layer to be
neated (2) when the temperature of the latter is within &
high temperature range (PHT)} and a priming secondary
heating means (9) capable of heating said priming region
(47 from a temperature within a low temperature range (PBT)
up to a temperature within said high temperature range
(PHT) .



