1 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 figld of the application of thermal treatments to parts
by means of light flow. In the 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 vicinity of the exterior surface of parts and the heating of deeper portions takes
place through tNerRrsidiifnsicteyémeahtcaxierioEsnd Rl aydsr Hbi B -HER BT &EAgIhe light
flow-to deeper ake@sfdiag pantda be treated. 20The 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 usidgextrérmaRafigh poerTévers  rhdliise oftight fiW prefésicibe particularly
useful whes it is wishegdtoibe ableito heateaistifacadayen formeery shett, tilmes;of theoider of a fraction

of a microsecond tq several tens, of mictoseconds. 30Neyertheless.singe the thickpess heated

changes in general as the square oot of the time from the exterior surface of the art, it is extremely
difficult and cosfiy t6 héat deepfortions 6fthé paf St is Mo arid mofe dRAEUIE BHd Tstly the
greater the depthslinvolved.

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 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 vicinity of the exterior
surface of parts and the heating of deeper portions takes
place through thermal diffusion from the exterior surface
and/or from its vicinity receiving the light flow to deeper
areas of the part to 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 Dby 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 times, of the order of a fraction of a
micresecend to several tens of microseconds.

30 Nevertheless, since the thickness heated changes 1n
general as the square 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.



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 to limit the
surface temperature to the maximum temperature that the material must not exceed within the scope
of the method, for example the melting or vaporisation or decomposition temperature of the material.
This limit imposes moderate flows of light intensity agd long durations and thus high costs.

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 eeggheddn the subdayes. t he The PatestySA234356 deseribes a heating
method in WthI’bg__JI_lESt Q@ﬁ%fﬂg}e%gkggi% ctign, (_)faa %:‘8{ TLrilm!a%ecr, |§k(fapaelggg 99} raising the _
temperature of Said face up to a température causing its melting, and in which a seconjcﬁ)eam, emitted
in the direction GHthEF5& BPPoSRS Ity erard wifiah fisd He ERarcteislicesttmit betng absorbed
by the material inuthézofid statel andof deimrabsarbeihtiythenmatetiddn ¢he digpickstater-enaintains in

the liquid state the pegiompfihe layer that bas beeo meliad bytbe fistheam. 3,,sAggarding o a
first aspect of the)g?z%%;t invention, there is provided a method for at least locally ﬁeatlng a plate

including at least Pt i85t TOHS rehted By 3 e oné Waif FgRPAGY bifse, and
including at least@heiprimipy regiovridsateticiecply ridativectoshé fromt serigesraetsaid layer to be
heated, made ot asnateriat-differentfiom that:ef thedayerdohesheated. methed wheyeinthe
wavelength of szilirgt@ralinila%ht f|r?§/ lf crrgos%n J?UEQ trlllast tQ.Iel ?fog icient of absoré)tion of said flow by the
material of the layer t0'be heated is Tow whits The ?empera ure ot th h%?eﬁﬁ of Said layer to be heated
is in a low temperaturdfFREPET FasdRR&ERIs BBsoRptiviPessticrrehamipdndrengeswith
temperature wheb she tempesaitre afthe material ghthe layerda behpatedrpasses e a high
temperature ra T oxi I ve sgj mperature range,the characteristics of said
main light flow [)%%g gjc‘%ﬁgﬁft ig%gr? %sl%c%v%n, %%&g%l%\i%%fjh%a%#g ditec Igljtﬁg?ﬁfater?gl%osf the layer to
be heated from SERERatlE Wi Bald v fEthbeitiifttrariye BPETYRE X6 BusmFpFaRIfe within said
high temperaturelrahge¢RtH&) and methosltomprsing the following steps: heating said priming

region of said plate, atdeastaaially by a pimingssecondary heatingroeans, such that said priming
region heats th[y%ﬁ%h ther%al diffusion a portion of the layer to be heated adjacent to or close to said

) ¢ J
priming region C& t8miperattird Gathin SHETHHGH teMperfu e TATIe BHPT t& nta&etiE portion
highly absorbent dfasgid maid lighisflobhe aiplicationsf sdid mempkgts flovete Saitkplitéaatleast locally,
by said front sukface. ef saiddayer-taheheaiadsuch that said pertion adiacent tq,Qf Bgayto said layer

to be heated, which has become highly 3a.absorbent, generating an absarbent thermal front, the
temperature of vsvﬁl%%rig v%i%%[ﬁl said %?g%ﬁ%rﬁ%e%ﬁ rcé? :Farl%é% &ﬁ%%fsgi%eaggo%eﬁ?ﬁ%?ﬂh%? front
progresses towafdlSSad oI @& inger freschbifdd efetestiathbentl difitsioniowards the
front of the theraiabobeantantnpuiafiubetnial energnbysseid mair dgbt dow vaicheaaghes the
thermal front asgpg&%%@%@@ﬂgrﬁﬂgggg@ thermal qgglgﬁ{ig;ss?ﬁ ,into S%Q{H h temperature range

: ’ alns 1
(PHT). According_to a second aspect of the present invention, there is provi d a méthod for at
least locally hedti§ & pfife thcfidihG ab laisPBAE iFer3d bl IdastTdcdiyaiedie® Jrera
temperature levetfocles régchieck by at fgasbear main light flow pulse, and comprising at least one
priming region located deeply relative to a front surface of said layer to be heated, method wherein the
wavelength of said main light flow is chosen such that the coefficient of absorption of this flow by the
material of the layer to be heated is low while the temperature of the material of this layer to be heated
is in a low temperature range (PET) and that this absorption coefficient sharply increases with
temperature when the temperature of the material of the layer to be heated passes into a high
temperature range (PHT) approximately above said low range of temperature, the area of transition
(TT) between the low temperature range (PET) and the high temperature range (PHT) being below
said temperature level to be reached (Tsat), the characteristics of said main light flow being such that it
IS, on its own, incapable of heating directly the material of the layer to be heated from a temperature
within said low temperature range (PET) up to a temperature within said



3b high temperature range (PHT); and method comprising the following steps : heating said priming
region of said plate, at least partially by a priming secondary heating means, such that said priming
region heats through thermal diffusion a portion of the layer to be heated adjacent to or close to said
priming region up to a temperature within said high temperature range (PHT) to make this portion
highly absorbent of said main light flow; application of said main light flow to said plate, at least locally,
by said front surface of said layer to be heated, such that, said portion adjacent to or close to said
layer to be heated has become highly absorbent, generating an absorbent thermal front, the
temperature of which i$G#hiTé&id KigtPidrmpeiatafoeiiye PHTY, Bakiaisorbenethieteal front

progresses towards said front-syrface undet the,gombined effect.of a thermal diffusiqn towards the

front of the thermal front and an input of thermal energy by said main light flow which reaches the

thermal front asRb®dh%ad e tefipiiattrelGrafE tRBENARYET pasRs mito Saritighasmprrature range
(PHT). 4 Thesiadof e applicatienpisald main bght fawmayicarrespend approximately to the

end of the application of said priming secondary heating means. The start of the application of said

main light flow ridy bePES T8 B e STIne SR atiBR Dt :did pRming Betsidars fieatifig means.

Said main light flawmaybe chesense asdoibg abserdpd by saidprimingregionthedheating of said
priming region being realised by said priming secondary heating means and by said main light flow.

Said priming se 3 FeGting HeahBHray e fifiedBEGidRoRsuiiaas et saiedyErdo be heated
and/or by one sutfaceohsailplatereppasitetosaidfont surface. 1 ghSaichpiming secondary heating
means may be a heﬁtg ow, ge§erated b%a heat soyrce.  Said priming secondary heating means

ic

maybe a flow of PRHicie®® Said Brirtfib Ta§ibRHeny RESRTRY AR Slefft S feiting fidl the slowing

down and/or thenstoppihglof said plasticlesia saidprimingHegiond is low while the
temperature of the material of said layer to be heated is
in a low temperature range (PBT) and that this absorption
coefficient sharply increases with temperature 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 said
main light flow being such that it is, on itg own, incapable
of heating directly the material of the layer 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 following steps: heating
said priming region of said plate, at least partially by
a priming secondary heating means, such that said priming
region heats through thermal diffusion a portion of the
layer to be heated adjacent to or close to said priming
region up to a temperature within said high temperature
range {(PHT} to make this portion highly absorbent of said
main light flow; application of saidmain light flow to said
plate, at least locally, by said front surface of said layer
to be heated, such that, said portion adjacent to or near

to said layer to be heated, which has become highly



Said priming secondary heating means maybe a flow of radiation, said priming region being heated by

absorption of said radiation. Said priming region may be formed by a portion of said layer to be
heated. Said priming region may be formed by a sub-layer adjacent to or close to said layer to be
heated. Said low temperature range (PET) and said high temperature range (PHT) may be

separated by a transition threshold of the behaviour3y the absorption coefficient as a function of
temperature. Said transition threshold of the behaviour of the absorption coefficient as a function of

temperature may extend over a range of temperature. The layer to be heated may be lightly doped
silicon. The layet?6 Beltftated WE)HEE sBMI-EShdueRP FREBHal L hergaid |V esriperétife range

(PET) may substantiallycorrespond.io the range imwhich the doping ispebiatinsic and said high
temperature range (PHT) corresponds substantially to the range in which the doping is intrinsic. The
main light flow May:be geRérfe®By AUR8EE tPTRERYs BROTdiss&st & Yevie §6ateast locally

heating a plate igghiding-ahleast org dayertgde ahleastipcallyheated Ly gkleast aepain light flow

pulse, and includ'%%at least one priming region located deeply relative to the front surface of said layer
to be heated. 4

G 8L e ThEFEOMpHRE atheahs of ehfi&iGh8F%aid rhamtioviE8pable of heating
through absorptiofsaid et ihaheatedavhen the temparatye-of thelatterisauithimadigh
temperature ranﬁ]e (PHT% and a priming secondary 6 heating means, capable of heating said priming

region from a tehij5araftre Withi ngle Rt ARgR BPET) Gp IRt peratuRFwithin said high

temperature rangegPHl). front passes into said high temperature range
{PHT) . |
According to a second aspect of the present invention,
there is provided a method for at least locally heating a
plate including at least one layer to be at least locally
heated, up to a temperature level to be reached, by at least
cne main light flow pulse, and comprising at least one
priming region located deeply relative to a front surface
of said layer to be heated, method wherein the wavelength
of said main light flow is chosen such that the coefficient
of absorption of this flow by the material of the layer to
be heated i1s low while the temperature of the material of
this layer to be heated is in a low temperature range (PBT)
and that this absorption coefficient sharply increases
with temperature when the temperature of the material of
the layer to be heated passes into a high temperature range
(PHT) approximately above said low range of temperature,
the area of transition (TT) between the low temperature
range (PBT) and the high temperature range (PHT} being
below said temperature level to be reached (Tsat), the
characteristics of said main light flow being such that it
is, on its own, incapable of heating directly the material
of the layer to be heated from a temperature within said

low temperature range (PBT} up to a temperature within said



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 function of time the intensity of a
priming flow and a main flow in the case where the gtart of the main flow coincides with the end of the
priming flow; 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 altiAttidreamRFRE Bire 20 4RtRAESity BEA brinfRG IR A MamPHce inthetdsse where the

start of the mairgtiow dakesp .f%éh%@%g&%pﬁmﬁl@f@véiﬁa%% 3 epiesents-a diagram of
re

the change in temperature over the thickness of a plate; 25- figu represents another lay out of a
priming flow and& mM&fEToRaRgfet # BhBWSa REHRATSE & BRRMSRFR0IBR2 F4TR B2ABRS another

variant of a primig@reg@at said priming region heats through thermal
diffusion a portion of the layer to be heated adjacent to
or close to said priming region up to a temperature within
gaid high temperature range (PHT) to make this portion
highly absorbent of said main light flow; application of
sald main light flow to said plate, at least locally, by
said front surface of said layer to be heated, such that,
gsaid portion adjacent to or close to said layer to be heated
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 saild front surface under the combined
effect of a thermal diffusion towards the front of the
thermal front and an input of thermal energy by said main
light flow which reaches the thermal front as soon as the
temperature of the thermal front passes into said high

temperature range (PHT).



figure 9 shows another variant of a priming region; 30- and figure 10 represents another variant of
application of a priming flow and a main flow. In figure 1 is represented a plate 1 which comprises
a layer 2 to be heated, for example up to a temperature 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. 4 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 chosen in relation to each other so as to have the
following characteristicshd herwavelengtihef dpe niaia ighiflov 7ds sachihat 104he cogfiigient of

absorption of thjﬁa@@/&yr@%gm{ 2 %Mmgg‘lﬁge&gpg@u ed gEtQ%Q%Eéihgra aid layer 2 is ina

[
low temperature range PET and that Said absorption coefticient increases sharply with temperature
when the tempétatuté T ofthe ThaR g FeREIaye S passd MRPES a high temperature range PET
approximately above Sgig: |@t derhpefatune rapgd PETL Tdwe o tesnigeradlire tahgletPET@nd the high

temperature range,PHI patdrally have anarea of Hansiign Tl EI0YFe 8F satd priming
secondary heating means.

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. |

Sald priming secondary heating means may be applied
by said front surface of said layer to be heated and/or by
one surface 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

particles, said priming region being heated by the energy



The characteristics of the light flow 7, in particular 20 its duration and its intensity, are moreover such
that, on it own, said main light flow 7 is incapable of heating directly the layer to be heated 2 froma
temperature within the low temperature range PET up to a temperature within the high temperature
range PHT. 25In addition, the area of transition (TT) between the low temperature range (PET) and
the high temperature range (PET) may be below saig temperature level to be reached Tsat. To one
side and facing the priming sub-layer 4 is 30 installed a secondary generator 8 of priming pulses Ps of
a priming secondary light flow 9 to this sub-layer 4. The priming sub-layer 4 and the priming

secondary light flewi atexghosen inkelationtorenaboihensy as torhaye Bisfollgwing-characteristics.

8 The priminﬁﬁggggg@/ light élgw@r?g &q%éo%gigaeh&of absorption by the priming sub-layer 4 of
|

said secondary light flow 9 are chosen in relatiorn to each other such that at least one portion of the
priming sub-layer 4 is R&aRPS HY1RE g EEes MRy kg GRS THireBy FedtedtRE priming
sub-layer 4 canteedt #rough thermapdiffusion apoition A8:iof¢thadayesdothe hApated:2 adiacent to the
priming sub-layere4 up4g atemparatyre within the high temperature range PHT so as to make said
portion highly 10 absorbent, said teﬁgerature being able to be helow said temperature level to be

reached.  For examipie MR prthiHg SGEIQTEFE A iie pRfthg St aiary fgHt fici§nay be
chosen in relatidiitesacie ottfersesthatithe absorption coefficient of the priming

Said priming region may be formed by a sub-layer
adjacent to or close to gaid layer to be heated.

Said low temperature range (PBT) and said high
temperature range (PHT) may be separated by a transition
threshold of the behaviour of the absorption coefficient
as a function of temperature.

Said transition threshold of the behaviour of the
absorption coefficient as a function of temperature may
extend over a range of temperature.

The layer to be heated may be lightly doped silicon.

The layer to be heated may be a semi-conductor
material.

Said low temperature range (PBT) may substantially
correspond to the range in which the doping ig not intrinsgic
and said high temperature range (PHT) corresponds
substantially to the range in which the doping is
intringic.

The main light flow may be generated by a laser.

There is also disclosed 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 pulsge, and
including at least one priming region 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 temperature éf the latter is within

a high temperature range (PHT} and a priming secondary



15 sub-layer 4 is high, as much in the low temperature range PBT as in the high temperature range
PHT.  According to a variant represented in figure 2, the main light flow 7 may be applied just
following the priming secondary light flow 9. 20According to a variant represented in figure 3, the main
light flow 7 may be applied following the priming secgndary light flow 9, with a time lapse between
them. According to a variant represented in figure 4, the main light flow 7 may be applied such that
its start of 25 application is before the end of applicationofthe priming secondary light flow 9 and
continues after this end. In this case, it may be advantageous that the priming sub-layer 4 is capable of
absorbing the niaia lightfloneT: suchabatthe lafieh pakticipatestia theldesired-héatiig of e priming 30
sub-layer 4. By applying-thedming seeondany:lightfipw:% and ¢he-majr lightfiow 7aceording to the
variants above, ath(% mechanksurp_ﬁ etgh%t takes plsagg may; gg the follogvcjtr{gi sggldrmeclewar(l%bemg

. , tanhe T
illustrated schematlgg]ﬁ/elﬁaﬁgure 5,in correspondlehce with igure T ““The heatlrfg of the

sub-layer 4, by the prifhity secorifary lightdlow 9 Higlires 2°%6r Ior i saitt PRming Secordary light

flow 9 and & first padiomef the=maikightfiow 7idigure4), tbea temperaturel Ts within theihigh
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 eguipment to produce & main light

10 flow and a priming light flow;

- 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 coincides with the end of the
priming flow;

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 f£low;

- figure 4 represents as a function of time the

20  intensity of a priming flow and amain flow 1n the case where
the start of the main flow takes place before the end of
the priming flow;

~ figure 5 represents a diagram of the change in
temperature over the thickness of a plate;

25 - figure 6 represents another lay out of a priming flow
and a main flow;

- figure 7 shows a variant cof 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 wvariant of
application of a priming flow and a main flow.

In figure 1 is represented a plate 1 which comprises
a layer 2 to be heated, for example up to a temperature level
Tgat (figure 5), which has a front surface 3, and a priming

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



5 temperature range PET 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 PET. 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 be heated 2, penetrates into the layer to be heated 2 and reaches said absorbent thermal front
11. Said absorbent thermal front 11 then progresses towards the front surface 3 under the
combined effect-ofea thermaldiffosiongewards therfrentof thesalysorbent20 #rernsal frontd 1 and an
input of thermalenergy: Ky the main light flow 7 which reaches said thermal front through the not highly
absorbent remainder og the zlla(ly%rhto e hegted 2 Fand still c}aggb(_lzewof begrn% traversed thS main light

flow 7. 25During the progression ot the thermaf font. the maximur temperature of the thermal front

tends progressivelyadstaliliss #56lf, to & substafifiallyFEoRstant Balue Tdattsd belredchedCabove Ts
and To. Duging the; progression; of-the-thepmal front 11, at a given time, 30 the temperature profile in

the layer to be heated %}is composed of an a @g&_pﬁ)rg%@ cqrrespandin %91 the thermal front 11 and a

substantially flat portion !%1 co espondlng to Tsat over the thickness of the layer to be heated already
covered by the tHerMaNfroht L2160 BY RAFDICEXEPRS if-thé a)érs is tfystafling'silicon and the
main flow 7 is a€t@2 daset ftowr, ilisat may be of the order of 1500 K with flows of 2 to 5 E6W /0m2,

Tsat being able to be Wlﬁg%qg}%t@g lemperatyre; of light flow 7 is such that
10 the coefficient of absorption of this flow by the layer 2

is low while the temperature T of the material of sald layer

2 is in a low temperature range PBT and that said abscorption

coefficient increases sharply with temperature when the
temperature T of the material of the layer 2 passes into

1% & high temperature range PHT approzimately above saild low
temperature range PBT. The low temperature range PBT and
the hich temperature range PHT naturally have an area of
transition TT (figure 5}.

The characteristics of the light flow 7, in particular

20 its duration and ite intensity, are moreover such that, on
it own, said main light flow 7 is incapable of heating
directly the layer to be heated 2 from a temperature within
the low temperature range PBT up to a temperature within
the high temperature range PHT.

25 In addition, the area of transition (TT) between the
low temperature range (PBT) and the high temperature range
(PHT) may be below sald temperature level to be reached
Tsat.

To one side and facing the priming sub-laver 4 is

30 installed a secondary generator 8 of priming pulses Ps of
a priming secondary light flow 9 to this sub-layer 4.

The priming sub-laver 4 and the priming secondary
light flow 9 are chosen in relation to each other so as to

have the following characteristics.



5 1687 K with complete melting of the silicon for flows of the order of 1.5 to 3 E7W /Om2.  The
temperature Tsat depends on the main flow 7, but also on the priming flow 9 and the priming
mechanism. In order to determine a more precise value of Tsat, it is 10 necessary to resolve the heat
equation in one dimension, by the finite differences gethod 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 layer 2 if
it has not reached the front surface 3. The evolution of the thermal front 10 then becomes governed
uniquely by the effectsIofethermal diffasionnUader thesparticutar ¢onditibhs ofcconstant éight 20 flow 7,

the heating of thﬁ:I%@@{g%p%@e@y@r@ﬂ{ﬂ%mg@@g@%iglly ipdingar elatiopnwith-the duration
of the heat flow. . b‘léhg §equ§ncing og; the Qh_ases qﬁesg]r.uibed#aboue dog§thL exgllgi%g 5ptartial
temporal overlap’df the above phases. 25 T a Variant of embodiment. répresénted in figure 6, in which,
for example, the:platé asrhayTfiorsover havela Féar layerd2 that'danliotbe ttavérdetFbythe
secondary flow 9y-the generators;6:-anc-8 @ie placeshto oneside of the face B@end:the priraing

secondary light flow 9 is applied.to.th 30 su -Iayeétdf k%g]}%fggntttﬁé%wﬂ%@g%ho be heated 2,
the layer to be Keated 5%&%%"?)5% eto bed%e%fed by absorption of the 5rir2glég secondary light flow

9. The mechaniBRF&Ftigatihg the sibtayet veand-the'idydri6 betheatéd 2 1akes plhte a8 described
above. 11 In:ai wariant of embodiment represented arfiguret/; the subiayerdmaly beformed by a

rear priming portign, 4 of the layer,to.be bgated 2, saidrgarportionbeingcapable.of beipg heated by
abSOWﬁmqéﬁthgggg?gghigcqggggltemperature being able to be below said
’
temperature level to be reached.

For example, the priming sub-laver 4 and the priming
secondary light flow ¢ 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 range PHT.

According to & variant represented in figure 2, the
main light flow 7 may be applied just following the priming
secondary iight flow 9.

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

Locording to a variant represented in figure 4, the
main light flow 7 may ke applied such that its start of

25 application is before the end of application of the priming
secondary light flow 9 and continues after this end. In this
case, 1t may be advantageous 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  sub-layer 4.

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

35 correspondence with figure 1.



5 light flow 9 so that the heating mechanism takes place as described above. In this case, the priming
region may be defined as the portion 4' of the layer to be heated 2, the temperature of which will be
taken into the high temperature range PUT at theend of the priming flow by the 10 priming flow 9.

In the variants that have just been described, the sub-layer 4 constitutes in totality a priming region.
Nevertheless, said region could be divided up. As shown in figure 8, the priming region could. be 15
formed uniquely by a portion or portions 4a of such a sub-layer, said portions 4a being capable of
being heated through absorption of the priming secondary light flow 9. As shown in figure 9, the
priming region could belfermeeaumiguelycby & rear prighing:pertiorter portions da pithie20:layer to be

heated. 2, said partions 4a being.capable; of being heated through abserption;of the priming secondary
light flow 9. In these eg;gelis%%%e layer tq, be heated 2 could be.heagetd yﬁwéqggly in.its Qtrtions 2a
0

situated above portion Sub-TaYer f%%@xéﬁ)?é%%?Frﬁfﬂ(érr}nenta"tlon.‘ “Thé transparent

material constitiitifgithe layeras e Heated 2 may:bésfiesn doped fo diéVelof Heeorde#bf 1.E15/Cm3
to 5.E15/0m3 andipitially-placed.al apabient temperatues 30The maindight flew 74way besa CO2 laser

pulse of & micraseeonds duration wiif A flow.of 3,75 "L EQ WICHZ, ., The absomion.ofa CO2 laser
flow in the silicon is essentiall governedsby the electrical carrier density. Under the conditions

described hereifif tie &b&6ptidn 35.Coétficieht of &iligen 1 oP the 6rtie? Of sederd €ifia, t©

the sub-layer 4, up to a temperature within the high
temperature range PHT.

10 The 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, applilied by the front suriacs

15 3 of the laver to be heated 2, penetrates into the layer
to be heated 2 and reaches said absorbent thermal front 11.

Said 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 front through the
not highly absorbent remainder cf the laver to be heated
2 and still capable of being traversed by the main light
flow 7.

25 During the progressicn of the thermal front, the
maximum  temperature of the thermal front  tends

rogressively 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 2Z is
composed of an abrupt portion corresponding to the thermal
front 11 and a substantially flat portion 1la corresponding
to Tsat over the thickness of the layer to be heated already

covered by the thermal front 11.



12 which is low and remains substantially constant while the temperature of the silicon has not
reached around 270C. From around this temperature, the intrinsic concentration of carriers becomes
greater than 1*E15 Cm-2 (See the 5 document entitled "Physics of Semiconductor Devices", second
Edition, N ISBN 0-07-062735-5, by S.M. SZE, John4iley and Sons, 20 page 20 - fig. 12 and page 26
- fig. 16) and increases sharply with temperature. The low temperature range PUT is thus the range of
10 temperature substantially below the lower temperature limit LIT equal to around 270C, whereas the
high temperature range PUT is the range substantially above 270C. According to the above document,
the low temperature range-RUT isfwithintivd aen infrirsic domainr ofssaturationy $5 ahdiorgel of
carriers and theshigh tempgrature range PHlis within the intrinsicdomain: o, The smatesial constituting
the priming sub-layer.may be E%ﬁﬂ do i@c and the priming secondary flow 9 may, be, for
example, a flowbgf é)lgct%{r‘?s of 56 ge?/ %?/ﬁ%g O%gﬁﬁrjr“égnr% Jef‘rjlgw o% ezortcfjergofﬁ%vutojl%géA/CmZ, an
excimer laser fl6Wwadt &Ravelerghs of Aréiiné 360 nrh Ca Theguiehel Hotibledikiaretergthcdround 503
nm) or freqgiencyctripled (wavelength areund353:nma) ¥AG: lases flowd dr another embodiment, the
material constitt_rj’gilréﬁ the,25 sgl@%jlay_er 4. may he,silicon doped to a I_e\(e_:l of the order of 3.I_519/Cm3, thus
different from the chosen material of the layer to be heated 2, and initially placed at ambient
temperature and the pHAfing FBRERAY beta CO3 185ESIHWF tHtertRe®8 conditiofs’ thé Bbsorption
coefficient of the B&priming-flow in thiersulF-layer 4 isrof thé ergderiof 109 €k rillzeithickness of the

sub-layer 4 may be around 10.pm.,; yAcgording.to a first example of abtairingthe plate 4, a silicon
substrate dgoped at a rate of I"E15Cm-3 andfof thg:khess equal.to 100 um is fggmed bY thinning a
standard 38 sili86 GAFEr Thiugitoie BF the Surtiées, AR ifiptantatign °n c+tension,

by the finite differences method known to those skilled in
the art, using standard commercially available software.
When the main light fiow 7 stops, the progression of
the thermal front 11, according tc this mode of
15  propagation, ceases almost immediately in the layer 2 1if
it has not reached the front surface 3. The evolution of
the thermal front 10 then becomes governed uniguely by the
effects of thermal diffusion.
Under the particular conditilons of constant light
20 flow 7, the heating of the layer 2 takes place over a
thickness substantially in linear relaticon with the
duration of the heat flow.
The seguencing of the phases described above does not
exclude a partial temporal overiap of the above phases.
25 In a variant of embodiment represented in figure 6,
in which, for examples, the plate 1 may moreover have a rear
layer 12 that can not be traversed by the secondary Llow
9, the generators 6 and 8§ are placed to one side of the face
3 and the priming secondary iight flow 9 is applied to the
30 sub-layer 4 by the front throughout the layer to be heated
2, the layer 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-layer 4 and the layer to be

heated 2 takes place as described above.



13 of boron ions is carried out at a dose of several B-- 6 /0m2 at an energy of 200 key and an
annealing is carried out at a temperature of around 100000 to 1100C for two hours so as to attain a
doping depth of around. 10 microns to obtain 5 the sub-layer 4, the remaining thickness of 90 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 9, will be applied.  Alternatively, within the scope of
this first example, a silicon substrate doped at a rate of i*E15Cm-3 and of thickness equal to 90 pm is
formed by thinning a standardssilicontwafer c@nwhierefthe stirfaces dredpitaxyf 1§wfsilicon doped to a

level of several 5rE19/Cm3.and ot 10 migrans thickness is, cauied gut; This.epitaxied Jayer then
constitutes the s%b;I%yegréégng IS thus madte %f a matggal different from that of the IayegEZ to be
heated. Accordify fo & S8c6nd BXample ot obtaining the plate 20°L, ona standardsificonstibstrate is
carried out an epitakyéfsilicordepedowith aRtMbRY @t a¥ate di2*ET9/0nand 6P 1O #ditrons
thickness tg constitute the.subslayer 4. Thep, abeve the epitaxyefdO-micrens,-an epitaxy of silicon

doped at a rate %‘3 1XE15/0m3 and of 90 micrans thickness, 25 is carried out fo constitute the layer 2.

By way of complementary examples, t § a%%éﬁpe%?rﬁéteﬁaﬁcgﬁsjfﬁﬁ“tpn% %%gsfu%rzlam%?{ 4 could also
have been, in th&éaseHere COPRYEPs dse® “al Bfndrphdlis 'SHicth l”a@%?,eéila{rer“tﬁﬁally or
partially amorphisecdh by 4ar: 3@ implantatior;ior adayer obsilicar exide Sif2pthusrdifferengifrom the

chosen material of the layertobeheated:2,f apast cansfituted exclusively.of thelayer, 2, pithout the
sub-layerfels |rr;§=1"gl|g(je_g,gan?dlgvtghegllght flow

In the variants that have Just been described, the
sub-layer 4 constitutes in totality a priming region.
Nevertheless, sald region could be cdivided up.

As shown in figure 8, the priming region could be

15  formed uniquely by a portion or portions 4a of such a
sub-laver, said portions 4a being capable of being heated
through absorption of the priming secondary light flow 2.
As shown in figure %, the priming region could be formed
uniguely by a rear priming portlon or portions 4a of the

20  layer to be heated 2, saild portions 4a being capable of
being heated through absorption of the priming secondary
light flow 9. In these examples, the layer to be heated Z
could be heated uniquely in its portions Za situated above
portions 4a of the sub-laver 4.

25 Examples 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.

30 The main light flow 7 may be a C02 laser pulse of 6
microseconds duration with a flow of 3.75 *1.E6 W/CmZ.

The absorption of a COZ laser flow in the silicon 1s
essentially governed by the electrical carrier density.
Under the conditions described herein, tThe absorption

35 coefficient of silicon i1s of the order of several Cm-1,



35 defined above is applied, it may be noted that the 14 temperature of the material increases by less
than 30C. This result may.ensue from a simulation by resolution of the heat equation by a method
known as finite differences, a method which forms part of the prior art. 5This result could also have
been obtained by applying the following simple formggism: identification of the maximum value
Alphamax of the absorption coefficient in the low temperature range Pal the order of magnitude
of the maximum temperature 10 reached Tmax may then be given by the formula
Tmax-Phi*taukalphamax/Cp in which Op is the heat capacity, Phi is the flow, Tau is the duration of
the flow and Opthecplumeltne heat] amdiwith Phitdguiab ta 37254y E6W/Om2; tall egaattoel5 6+1.E-6
S. alphamax equglto.-2- GmAkand Op.equal to d«d JGm3, o« kis thenfound.that thecorder of
magr_1itude of thg méximu% ntgn;%ergtutrgmﬁg% {%a%hedtﬁéé tQ% g}p&q}u&lgygé %éé §9U§U}? %2 C. 201t
may indeed be néted et “generally speaking, under ratio
of carriers beccmes greater than 1*¥ElD Cm-2 ([(See the
5 document entitled “Physics of Seniconductor Devices”,
second Editicn, N° ISBN (0-07-062735-5, by S.M. SZE, John
Wiley and Sons, 20 page 20 - fig. 12 and page 26 - fig. 16)
and increases sharply with temperature.
The low temperature range PBT 1s thus the range of
10 temperature substantially below the lower temperature
limit LIT equal to around 270°C, whereas the high
temperature range PHT 1s the range substantially above
270°C. According to the above document, the low temperature
range PBT 1s 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 exampls, a flilow of electrons of 50 kev with a
20  current density of the order of 5C to 100 A/Cm2, an excimer
laser flow at a wavelength of around 360 nm, a freguency
doubled (wavelength arcund 503 nm) or freqguency tripled
(wavelength arcund 353 nm) YAG laser flow.’
In another embodiment, the material constituting the
25 sub-laver 4 may be silicon doped to a level of the order
of 3.FE19/Cm3, 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 COZ 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 arcund 10 pm.
Aocording te a first example of obtaining the plate
1, a silicon substrate doped at a rate of 1*E15Cm-3 and of
thickness egual to 100 pm is formed by thinning a standard

35 siliconwafer. Through one of the surfaces, an implantation



these conditions, that the temperature of the layer to be heated 2 remains very low, and within the low
temperature range PDT, 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 temperatyrgs 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 /Om3 and
above 35 a thick fayerr2 of hondoped=polycrystaliine sikicow 8607 several 3*E16 /CmZ

at an energy of 200 keV and an annealing is carried out at
a temperature of around 1000°C to 1100°C for twe hours so
as to attain a doping depth of arcund 10 microns to obtailn
5 the sub-layer 4, the remaining thickness of S0 um
congtituting the layer to pbe heated Z, the layer Z and the
layer 4 thus being made of different materials. The surface
not uged for the implantation then constitutes the surface
3 through which the main light flow 7, and if appropriate
10  the gecondary flow 9, will be appliled.
Alternatively, within the scope of this fizrst
example, a silicon substrate doped at a rate of 1*E15Cm-3
and of thickness egual to %0 pm is formed by thinning a
‘standard silicon wafer. On one of the surfaces, an epitaxy
15  of silicon doped to a level of geveral 5*E19/Cm3 and of 10
microns thickness is carriedcut. This epitaxied layer then
constitutes the sub-layer 4 and is thus made of a material
different from that of the layer 2 tc be heated.

According to a zecond example of obtaining the plate

20 1, onastandard silicon substrate 1s carried ocut an epitaxy
of silicon doped with antimony at a rate of 2*E13/Cm3 and
of 10 microns thickness to constitute the sub-laver 4.

Then, above the epitaxy of 10microns, anepitaxy of silicon
doped at a rate of 1*E15/Cm3 and of 90 microns thickness
28 is carried out to constitute the layer 2.

By way of complementary examples, the absorbent
material constituting the sub~layer 4 could also have been,
in the case where a CO2 layer 1s used, an amorphous silicon
laver, a laver totally or partially amorphised by ion

30  implantation, or a layer of silicon oxide 85102, thus
different from the chosenmaterial of the layer to be heated
2.
if a part constituted exclusively of the layer 2,
without the sub-laver 4 is imagined, and if the light fliow

35 defined above 4is applied, it may be noted that the



15 microns thickness, the layer 2 and the layer 4 thus being made of different materials. Consequently,
at ambient temperature, said layer 2 to be heated is substantially transparent to a light flow generated
by a CO2 laser and 5 the sub-layer 4 is absorbent of such a light flow.  The presence of the
metallurgical silicon wafer-Support 12 prevents the rgar surface being used to send the priming flow 9.
The priming flow 9 is thus sent by the front surface 3, as well as the main flow 7, as 10 described
above with reference to figure 6.  The priming flow 9 may be a CO2 laser pulse of 50 nS duration
and of intensity 23-1 .E7W/cm2. This may be generated for example by a CO2 laser with transverse
excitation. 15Forexampie simulteheduslynas showh indfigure4 ctheomalreighttflow: 73$ applied from a

CO2 laser, for example a.very high, pewer, laser with;longitudinal excitation. by the: frent surface 3 of
the layer to be heated 2, for example Igcally on one or more area%Thg du(gat;go? of the main flow 20 7

is for example tWomicToseEoMs with &r irtelsity of 3 E 7 WHem2. - - By way of Vanant of figure 4, the
priming flow 9 may takeplaceincthissexaraplesduringithetime 6fBuild g in power of the main flow 7,
which may#e of the order 6f 10025 nS,:the buildup iime okthe priming Haw-9 baiag,fer s part, much
shorter and of tfxordﬁirqgg\l/%ral nS. . . Therebyheated, under the cooperative effect of the heating
of the sub-layer 4By the- it

[ £L

€ prlmlnggflgv%{@pé"nd the ﬁeatlng of the sub-layer 4 b%/ the main light flow 6, the
- 1dentification of the maximum value Rlph '

amax of the
zgbsorption coefficient in the low temperature range PBT

- the order of magnitude of the maximum temperature

10 reached Tmax may then be given by the formula
Tmax=Phi*tau*alphamax/Cp

in which Cp is the heat capacity, Phi 1s the flow, Tau
is the duration of the flow and Cp the volumetric heat,

and with Phi equal to 3.75*% 1 ,EeW/Cm2, tau egualil to

15  6*1.E-6 8, alphamax equal to 2 Cm-1 and Cp egqual to 1.4
J/Cm3.

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

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

On the other hand, in the presence of the subk-layer

25 4, it 1is possible te 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 examplie,
over thicknesses of the order of €0 um.

Exampies of application.

30 Example 1.

Starting with a wafer-support (rear layer 1Z} of

metallurgical grade silicon, on the surface of this wafer
is deposited by a CVD deposition technigque a layer 4 of two
microns thickness doped at a rate of 5*1L.EL9 /Cm3 and above

35 a thick layer 2 of non doped polycrystalline silicon of 60



30 priming sub-layer 4 rises very quickly in temperature and can heat through thermal diffusion a
portion 10 of the layer 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. 16  According to the
mechanism described previously, a liquefaction may gake place by heating of the layer 2 over an area
corresponding approximately to the area of application of the main light flow 6, said liquefied area 5
beginning in the area 10 of the layer 2, from which the thermal front 11 progresses towards the front
until for example reaching the front face 3. In this example, the cooperative effect of the priming
flow 9 and the main:flows 7trhakes:it possibile to hpatverye 1o quickly: theeprirming: layerethug making the

heating by thermakdiffusionsofithe portion,kQ more rapid and thus.enabling the temperature profile to
converge more ra idlg/ towards the sﬁuration terppgrature Tsat, After. the end 91(‘51 %@%Iica ion of the

main flow 7, the T8 r&-5alidification ofthe Tiqueficd material miay it appropiate lead to thé formation of

larger grains with-a prefetehitial efystallographic lotiéntdtion: 2 tem this téthed lthehietdlitirgical silicon
wafer supp®rt 12Hs oglyrvery shghtly heateds theseby: limiting:2ththe risksrof miigeation of parasite

mpurities from the walg({o thg layer ta pe hegied 2. fy scanning; e whole layer 2,could, be treated.
Such an area, treated in this ay f/ iquefaction then solidification, may have better electrical
properties and wafer-support 12 prevents the rear surfaceé being used to

send the priming flow 2. The priming flow ¢ is thus sent
by the front surface 3, as well as the main flow 7, as
10  described above with reference to figure 6.

The priming flow 9 may be a C02 laser pulse of 50 nS
duration and of inrtensity 2*1.E7W/cmZ. This may be
generated for example by a C0Z laser with transverse
excltation.

15 For example simultaneously as shown in figure 4, the
main light flow 7 is applied from a CO0Z 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 Llow

20 7 is for exampie two micreseconds with an intensity of
3.E7W/cm2.

By way of variant of figure 4, the priming flow 9 may

ake place in this example during the time of build up in

ot

ower of the main flow 7, which may be of the order of 100

e

25

o

S, the build up time of the priming flow 9 being, for its

art, much shorter and of the crder of several nS.

e

Thereby heated, under the cooperative effect of the
heating of the sub~laver 4 by the priming flow 9 and the
heating of the sub-layer 4 by the malin light fiow &, the

30 priming sub-layer 4 rises very guickly in temperature and
can heat through thermal diffusion a portion 10 of the layer
to be heated 2 adjacent tco the priming sub-layer 4 up to
a temperature within the high temperature range PHT to make

saild portion highly absocrbent.



25 maybe advantageous for the creation of photovoltaic cells. Example 2. A wafer of
monocrystalline silicon doped to the level of 1IE15/Cm2, of 100 microns thickness, constitutinga layer 4
is considered. 30As shown in figure 10, a flow from a frequency doubled YAG laser (priming flow 9) is
sent onto the rear surface of the wafer through a magk 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 17 a
pattern of opaque areas 13a and transparent areas between said opaque areas 13a.  Typically, the
priming flow 9 may be in the form of a pulse of 50 nS duration and transporting an energy density 5 of
the order of 0.6 4-/0m2cwhich cogresponds:tova fowrintensity of T 25EZ 14/0m2.dn this way is created

in the wafer (layer 4) priming 5%9&95};& 43, thegeoretry ofahich is incthe image of the pattern of the
mask, accordin% to the exam Ig of %,%)uredg. 10The main flow 7 may be a f{thre laser flow a% a
wavelength of £55 riiicrohs. THe flow Degins“100 RS atter the end of the printing fioW 9 &nd has a

duration of the efelet of 4 [8imicrose&onrdsiawith flowstoffintensity gfaheé okderei5* EE\WA0M2. 15The
chronology=of the: priming:flow-9 and the sain flows7 eaerespands to that-offigure 3: the
thermal front 11 progresses towards the front until for
example reaching the front face 3.
In this example, the cooperative effect of the priming
fiow 9 and the main flow 7 makes it possible to heat very

10 quickly the priming layer, thus making the heating by
thermal diffusion of the portion 10 more rapid and thus
enabling the temperature profile to converge more rapldly
towards the saturation temperature Tsat.

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

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

In this method, the metallurgical silicon wafer
suppert 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 Z.

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

25 may be advantageous for the creation of photoveoltaic cells.

Exampie 2.

A wafer of monocrystalline silicon doped to the level
of 1E15/Cm2, of 100 microns thickness, constituting a layer
4 is considered.

30 As shown in figure 10, a flow from a frequency doubled
YAG laser (priming flow 9) is sent onto 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



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 which 25 is cited in this example
between the end of the priming 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 100 nS has been introduced in this example to take 30 account of possible imperfect
synchronisationsbptween:the fworfloyws:72ard: 9. 1 3 2 FieltempeataresTdaeolstaihéd magebe of the
order of 1680 K¢ 218 - Themainflow 7 heats the wafer (layer 4) in priming regions 4a, whereas in the
regions not correspongtiir;g ,tg the§rimjrll% r%gfi&)%s VA{a tpcf[%]is&o Qeatl%rleg.iphe_gim ggguch a method
may for example be intehded™s diffise iljnpu‘rlfiieg, for 8kample metallic, info the heated areas 2a
without the imparities fromiHe non Heated areas spreadifg o7 t I thid seEGHP Exampie “the
characterisgics y1d inrpartieular-thedntensityrotthe mainilight low 7eandthes to & flow
intensity of 1.2*E7W/CmZ. In this way 1s created in the
wafer (layver 4) priming regions 4a, the geometry of which
is in the image of the pattern cof the mask, acccrding to
the example of figure 8.
10 The main fiow 7 mayv ke a2 fibre laser flow at a
wavelength of 1.55 microns. The flow begins 100 nS after
the end of the priming flow 9 and has 2 duration of the order
of 1.8 microseconds, with flows of intensity of the order
of S¥EEW/Cm2.
15 The chronology of the priming flow 9 and the main £low
7 corresponds to that of figure 3.
At the end cof the application of the priming flow 9,
the maximum temperature obtalned may be of the ordexr 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 be around 1400 K.
It should be pointed out that the delay of 100 n3 which
25 dis cited in this example between the end of the priming fiow
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 100 nS has been introduced in this example to take
30 account of possible imperfect synchronisation between the
two flows 7 and 9.
The temperature Tsait obtained may be of the order of
1680 K.



10 characteristics of the priming flow 9 may be chosen such that the main flow 7 is capable of
compensating the flow of loss of temperature of the thermal profile at the time corresponding to the
start of the main flow 7. Indeed, it may be important that the absorption of the 15 main flow7 resulting
from the temperature profile existing at this time ca gompensate 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 methodIkrowr as fihitevdiffeferices intkD gaometry, avrethbd that forhis part of the prior

art and for which 25 standard seftware exists.ne 18 varant thedheating ¢f the priming:layer or
region 4 could be obtained %y rac)q,gatioiw fr%mma ver, Shigg Rower arc lamp focused by a lens. 19
CLAIMS 1. Metfiod'for'a (felasf?oca?ly eéﬁng a plate mcl%di“riggét least one layer to be at least
locally heated, by at l€85Eon&Tmaih gt flow Palse? andarcliginCarieastond pritlifg r&gion located
deeply relagive totheifront: surface-ofisaid layer tbdie heated, made oba naterial differentsfrom that of

the layer (o be ficateds, . .method wherginthe wavelenglh of saidmajn lilt flow s ghesen such that

the coefficient of absorption of said flow by the material of the layer to be heated is low while the
temperature of theSnéaterial 6f saiddayer to be heated is in a low temperature range (PET) and that this
absorption coefficient sharplyiincreases withtemperature svhenathe temperataresofahé material of the

layer to be heatgd passes intoa, high temperatyre range (REHT) approximately abayvg;saiglow
temper_atu1r ran‘gre, the chgrgc;e,ristics fs%ig main Iig}ht flﬁovxg gei sau/_chgtga(t: t is an _its own, incapable
of heating'directly the*miateridl of the Pa%etf"to bBHEated from 4 témperatire Within said Tow
temperature ranges(PETeupito a témperatutes withiresdidl High fermperatire rasgé tPHT) 23nd method
comprising the following:stepSiemperature of the thermal profile at the time
corresponding to the start of the main flow 7.
Indeed, it may be important that the absorptlon 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 cholce of these characteristics may ke
made by simulating the evolution of the thermal profilles
by the method known as finite differences in 1D geometry,
a method that forms part of the prior art and for which
25 standard scftware exists.
In & variant, the heating ¢f the priming layer or
regicn 4 could be obtained by radiation from a very high

power arc lamp focused by a lens.



heating said priming region of said plate, at least partially by a priming secondary heating means, such
that said priming region heats through thermal diffusion a portion of the layer to be heated adjacent to
or close to said priming region up to a temperature within said high temperature range (PHT) to make
this portion highly absorbent of said main light flow; application of said main light flow to said plate,
at least locally, by said front surface of said layer t®@be heated, such that, said portion adjacent to or
near to said layer to be heated, which 20 has become highly absorbent, generating an absorbent
thermal front, the temperature of which is withig.gaigJaigh temperature range (PHT), said absorbent
thermal front progresses towards said front surface under the combined effect of a thermal diffusion
towards the front of the thermal front and an input of thermal energy by said main light flow which
reaches the thermskiraniiasseon.as the tempeyaiure,ofithe thernal front passes-inte said high
tempereilture range (PIQT}),. 2. Method for at least locally heating a plate including at least one layer
to be at183&t90C3ly hed¥ &, upo B temperdiife leva1d e redtAEE Ty Sbleddt onedRkinHht flow
pulse, amglicompriging Al teast-ahe«rinaing régiohlddaigd0eepheretativesto@- fronthsurface: efsaid
layer tolboech%atgddee Tethoedlw greein t%e aé/elgn tr%of ﬁ‘}ig rgain Iight flo i? choseq:su%h that the
coefficient of a sorpti 3t this ﬁow%y tﬁe material of t eﬁayeratoebeohea%%a is [ow While the'®
temperatafd efithermateriafofahivdayperite bedidated iiin « lowteniperatafe range IRETY and that this
absorptign epefficignt sharply increases with temperature when the temperature of the material of the
layer to be heated passes into a high temperature range (P1-IT) approximately above said low range

of temperaturé'thE8 e I'GrFEASHidPET TYBEMWEETtHe I6W tePipérattré FangePETE aAd theshigh

temperaiie Eange P T) heing-below said: termperatuse levskta-be reached (Esal), the shagagteristics
of said main light flow being such that it is, on its own, incapable of heatinquirectly the material of the
(

layer to B&he iU a téthpefattire Mﬁﬁsaiﬁ%mh@mﬁb?ﬁﬁﬁg range (PET) upto"& temperature
within saéhhighdemperatireciengadPET)aandmethodicanprsing thedellowingesteps  inheating said

priming.region of said plate, at least partially by a priming secondary heating means, _21 such that said
priminglrgg(iogiméba% ?}Er%a%hlfﬁgﬁre\al @E#géio%%gpoﬁ?gg 0 Jésla%rg obe hgzétec SAREEAE or close
to said prming tegictrup se asempeiatirenwithia saitkhighcempérature naege (RHE) tofmake=this
portion highly absorbgpt of.said rqao{%ight flow; . application of :%% Qsain E%t}_t OﬂOV\é1 to %aiidlplate, at
least locally, by said front surface of'said layer to be heated, such that, said portion adjacent to or
close t-SaRAPETIEDetiedied hadhecahre RigHRA&BIothake Grnerdtthglavalssarbenetiermal front,

the tempgrajure afwehichniswithin sgid high teaperature range (PHE): said ahsashentthermal front
progresses towards said front surface under the combined effect of a thermal diffusion towards the

front of thé therhtal fiéht afd antihPut SFthermidlefRTgY By <afd mMamYRe flottwhRhRBacHe? the
thermakfrant:assg006 A1s the tempesaturesof the thernakirontpasses intagsaichhighdermperature range

(PHT)'said low temperature range (PBT) up to a temperature within said
high temperature range (PHT};

and method comprising the following steps:

heating sailid priming region of gaid plate, at least
partially by a priming secondary heating means, such that said
priming region heats through thermal diffusion a portion of the
layer to be heated adjacent to or close o said priming region
up to a temperature within said high temperature range (PHT) to
make this portion highly absorbent of said main light flow;

application of said main light flow to said plate, at least
locally, by said front surface of said layer to be heated, such
that, said portion adjacent to or near to said layer to be

heated, which



3. Method according to one of claims 1 and 2, wherein the start of the application of said main light
flow corresponds approximately to the end of the application of said priming secondary heating means.
4. Method according to one of claims 1 and 2, wherein the start of the application of said main light
flow is before the end of the application of said priming secondary heating means. S. Method
according to claim 4, wherein said main light flowd8 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 saidmain lightflow. 1.; £, Mjethgdacerrging to,any of the,preceding claims, yvherei saich priming
secondary heating means are applied by said front surface of said layer to be heated 22 and/or by

one surfdQ bt sdid plateBBpsaite s said ront Shrface. 1t M&RT aRERINGTPARPoF R

precedipgredaims,wherein saiciprigyeg seenndarhbeating nfeans argadwat dlovsgenetateddy a heat
source. . 8. Method according to any of the precedin claigs, wplfrein saig primin&qseconldary
heating%‘ﬁégns F&A oW 3F pa tles SHid pri '%g r%ﬁlo I be; g hea 83%y fhe er‘iﬂergy r%gﬁﬁng from
the slowing dowirmandiorthel stopping obsaidparticles trhsaidprinfingmegmnd an 9iMethod ficcording
to any qf .the preceding claims, wherein said prini condary: heatj eans iation flow,
said pr%%ﬁé: %&oﬁ Fé%%/ hggteéabji/dilf)ngolr%tignl %ai%ﬁ%iaﬁ?%.g R g%%%hgﬁ[gcac%?%%}% any of
the prededing clainss wbrereir® said prirpfvgPragicnieensists éthe pdrtiea ot said Lyyey taobe drated.

11. Methgd according foany of the preceding.claimsywherein said priming region consists of a
sub-layer adjacent to or near to said layer to be heated. 12. Method aCCO(ding to any of the

preceding claifns, WHeren Sid IGH tehfpéfatdie@ants (PETY ard Saidhigifte 5fti8%afde (P1-1T)
are sepakated by-a ransiigathrashold ef tha-behaveur of theabsprptien eegfficiant aswafungction of

tempen?gg%erature level to be reached, by at least one main light flow

pulse, and comprising at least one priming region located deeply
relative o a front surface of said layer to be heated,

method wherein the wavelength of said main light flow is
chogen such that the coefficient of absorption of this flow by
the material of the layer to bhe heated is low while the
temperature of the material of this layer to be heated 1s 1in a
low temperature range (PBT) and that this absorption coeffiicient
sharply increases with temperature when the temperature of the
material of the layer to Dbe heated passes intc a high
temperature range (PHT) approximately above said low range of
temperature, the area of transition (TT} between the low
temperature vrange (PBT) and the high temperature range (PHT)
being below said temperature level to be reached (Tsat), the
characteristics of salid main light flow being such that it is,
on its own, incapable of heating directly the material of the
layer to Dbe Theated from a temperature within said low
temperature range (PBT) up to a temperature within said high
temperature range [(PHT};

and method comprising the following steps:

heating said priming region of said plate, at least

partially by a priming secondary heating means,



13. Method according to any of the preceding claims, wherein said transition threshold of the
behaviour (STC) of the absorption coefficient as a function of temperature extends over a range of
temperature. 14. Method according to any of the preceding claims, wherein the layer to be heated
is silicon doped in the range comprised between 1.E15/cm3 to 5.E15/m3. 15. Method according to
any of the preceding claims, wherein the layer to B¢ heated is a semi-conductor material. 23 16.
Method according to any of the preceding claims, wherein the main light flow is generated by a laser.

Abstract,-,Methad and deyice forBeating:alayer of @ p&@{%@:{#{"@h@@%"%ﬁ'@%ionTQe

invention relates to a method and to a device for at least locally heating a plate including at least one

layer (2P 5 be 3t 1€¥st foralyifedtedtyat RasPEAE Frhir g AW plike CandFiefiRlidgPatdeast one
primingpegiomhg¢4)-ecated desplyelativedp e frontsuriaceiof said layer gnbe begtad: wherein the
within & G SortBELarETallGE TP 1 A% BTG o SBCadERs AEBARG méand 18fcdbatte of
heatinglight flow;

application of said main light flow to said plate, at least
locally, by said front surface of said layer to be heated, such
that, said portion adjacent to or close to sald layer to be
heated has become highly absorbent, generating an absorbent
thermal front, the temperature of which i1s within said high
temperature range (PHT), sald absorbent thermal front progresses
towards said front surface under the combined effect of a
thermal diffusion towards the front of the thermal front and an
input of thermal energy by said main light flow which reaches
the thermal front as soon as the temperature of the thermal
front passes into said high temperature range (PHT).

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

4. Method according to one of claims 1 and 2, wherein the
start of the application of said main light flow is before the
end of the applicatiocn of said priming secondary heating means.

5. Method according to claim 4, wherein said main light flow
is chesen 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.

6. Method according to any ¢f the preceding claims, wherein
sald priming secondary heating means are applied by said front

surface of said layer to be heated



said priming region from a temperature within a low temperature range (PBT) up to a temperature
within said high temperature range (PHT).

22

and/or by one surface of sgaid plate opposite to said front
surface.

7. Method according to any of the preceding claims, wherein
salid priming secondary heating means are a heat flow generated
by a heat source.

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

9. Method according to any of the preceding claims, wherein
said priming secondary heating means are a radiation flow, said
priming region bkeing heated by absorption of said radiation.

10. Method according to any of the preceding claims, wherein
said priming region consists of a portion of said layer to be
heated.

11. Method according to any of the preceding claimg, wherein
said priming region consists of a sub-layer adjacent to or near
to salid layer tc be heated.

12. Method according to any of the preceding claimg, wherein
said low temperature range (PBT) and said high temperature range
(PHT)} are separated by a transition threshcold of the behaviour
of the absorption coefficient as a function of temperature.

13. Method according to any of the preceding claimg, wherein
said transition threshceld o©f the behaviour {(STC) of the
abgorption coefficient as a function of temperature extends over
a range of temperature.

14. Method according to any of the preceding claims, wherein
the layer to be heated is silicon doped in the range comprised
between 1.E15/cm3 to 5.E15/m3.

15. Method according to any of the preceding claims, wherein

the layer teo be heated is a semi-conductor material.
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16. Method according to any of the preceding claims, wherein

the main light flow is generated by a laser.



