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 microsecongq several iens, of micipseconds. FQNeyertnglpss.singe edbickness feated
changesin 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 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.



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 it 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 magimum 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 and long durations and
thus high costs.  Maeevktitheqeatent We 08K 2532%p0pAsesineating anabgorhentsub-layer by
a light flow throm@ frggh@(g& fgtegﬁgggbﬁﬁ\%e lﬁ%%t péoqugg n [%he sttljbéﬁgere@gl%é% Ehrough

rature below t edint ep

diffusion the front layer; to a tem W that reached in the sub-layer. atent US 4 234

356 describes aTEaHGEMRIOFRCHRRASSHiELERRM, BHREd 3 tHe aifeSforforx tegeiora layer, is

capable of raisirgithEstemperatire oksaid Jace updola teinpetsture:edusiag ttsnpeltiagnaad in which a

second beam, efaitsdin the o hie.a6S PRPASIELo the ISt ad whicl hias thg characteristi
the

of not being absorbed hy the material in the solid state and of being absorbed by material in the
liquid state, maifitais | tﬂéq%]bfa AR REPRiSH of thE IR RSt hakPectriRBRed by Bie first beam.
3 Accordingé btfirspaspectaiptha presenninventierahemsistprovidedmpmetitogfer af least locally

heating a plate ipsliding atleast ong layer 1o be atigastlacalysheated. by ai;least opegnain light flow

pulse, and inclugingeatég%st one prjrrrpli{g]r 1%i:oaL IJ(?cated d(?ilepé)!lrela ive to the front surface of said layer
to be heated, made of a mgterla?dl feénttrom that of the ayer‘tlgb he t&f%ﬁgthod wherein the
wavelength of said malfPF iRy i$BRoBak shehdRd e ¢oshicimnatapesrptiet ohgarhflow by the
material of the layerdedheheatas-isdgwwhile she tgmperatwe:af the gratgriat ehsaidlayver to be heated
is in a low temp rer PE n thi lon. coefficient sharply increases with
temperature Wh%?ia%%f te\?ﬁggrélfurg%%t%@rﬁétgﬁgﬁct)&fi?ﬁg%aﬁ? tgt e heseﬁga Ep%)gggs ?ﬁ(t;'oa ta-ishigh
temperature range (LR %ﬁ%&ﬁﬁ&%lf&ﬁo@g QB RV EBmpéfattré PIRRE AralERaksekeMstics of said
main light flow behag. suel tratdt ispon iis oswu #icapable of heating directly the material of the layer to

be heated from a tempegalggudihingaid lay degueiabueapoe @R InAjempsiaye within said
high temperature ranage (P -g%fa[ﬁd method comprising the following steps: i i
rtia

; eating sas%ﬁlriming
region of said pi&te. At 1Bast 7B 'a FRrhid Sedohddl HEGIRGMEENS St ik priming
region heats thraubiiveermist difipsiba @ portieiefithe Hyerterechedtedadjdicentitd backose to said
E_rir::ling tr’egi%n u@tft@_t%ﬂeefﬁigs@rh%\lﬂma sawll'_ naighgim@%r%{g@%%@@,el (Eﬂr!aT)itadWlﬂ&%}Di%lporti?n |

ighly absorbent of said main light flow: application of said main li ow to said plate, at least locally,
by said front sur?gge8 8?9 s%}%al%ltye?% %E%%ea%eld%%&céjjtﬁgt? Eéfanpgﬁji}r% gdja%céﬁt ?6? BPR&kfto said layer
to be heated, whiehth&s bREBme ARGy 3dabasriett, gentrtingarcaisobnttielrralieont, the
temperature of whish:isvithir saitkhigh temperatire targes FIHE), seaic abserbest thermal front
progresses towards said f rthe. j 2ct of a thermal diffusion towards the
front of the thermal front ar%%%%ﬁ%&‘%%ﬁgl leqﬁglgg g'q?g?i%n%}:r%%g%’t ﬁ%%&v%?c%nrsea{“&es the
thermal front as<Bon aSthetefiparature of R thefaPfroftisassaEditotdad hipetehfstature range

(PHT). melted by the first beam.



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 one 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 &bsorption 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 ArateHALERH &y €ttt Ve Asaretpassedmprs arihttetnpyematurerrange (PHT)

approximately apgue saidslqw-fangeaf lemperatires the areq of transition(T) jhetweep the low

temperature range (PET) and the high temperature range (PHT) being below said temperature level to
be reached (Ts&t):&& chafddiEAsc£6f 488 ThaPPRHFIRFbEMPSUGT tHRAES, bATEIBWN, incapable

of heating directhethesmateial ofithe dayshio he-heatedrom a femperaturewithin. sajd o
temperature range (PET) up to a temperature within said 3b high temperature range (PHT); and

method comprisitiy Hi&fHIGHRPLERS " Beatifd Bid Prvting régpnisr ad prdweat ddtpartially by a
priming secondaryhieating-meeas: suety thatsaid-prinng region neats dareqoh thermal diffusion a
portion of the layer to be heated adjacent to or close tQ said priming region up to a temperature within
said high temperathfE Fite (PEPR t& ke Hhis HoRionHigHly B‘Bsgi%e%ﬁe&f%%ﬂj mARFR flow;
application of saithaain tighh#ow-tosichplate ot leastdogally bysaig fronbsudface.ghsaid layer to be

heated, such that, sI%id ortion ad'aceﬁlé to or close to said layer to be heated has become highly
absorbent, generat gtﬁagbgg%éﬁtet AriT&one fh@%f?fb@hﬁ%%’?\ﬁﬁi&ﬂ i YathiRsdiBhigh

temperature ranget(®+iB] said ahserbenihermablirant progsesses iewards:said froat sugkace under
the combined effect of a thermal gifgﬁion towardsihﬁe#ront of the thermal front and an input of thermal

energy by said r%_'”l%?lrp (it o whtch Teadiesthd Hefthal ot 48¥58n B8 RE BhTHerSrE of the

thermal front passes intovsaiduighr temperatareganePHEn A t ha Therstertaf she-gppligation of said
main light flow may correspond approximately to the end aof the application of said priming secondary
heating means.CO%%‘%Jécs %rl%%f ﬁ?le%ggp ?f:aﬁcr)}/ﬁro‘?%S%Smgﬁnﬁ%h%%g%erﬁ%ﬁ?%re%evf h&Bhd of the
application of sdigppigiag seeontldiycheatirmrimanst theShid/mmaindight flew mayba €hesen so as to

be absorbed by Said priming ' ing id priming region heing realised, by said priming
secondary heati:hg means agﬁg 8[)[/%;&%&(% %1%%? %ghtgf{iogv?.]g {%?X pﬁ%ﬁrlféj js{églc%ngae;ry h%gé/ﬁg means may
be applied by s#idfront Surfacept saidiayertarizchedtbd ardforaoytens stiface offsaid jplate opposite

to said front surface - ;‘L§_ﬁi€| @Qg{@éﬁg&%ﬂ@@@g@g 1S aytbg gwaeat.flocvgl ﬁggﬁgated by a

heat source.  Said priming secondary fieating means maybe a flow of particfé%, said priming region
being heated byPthdieaérgyd 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



5 resulting from the slowing down and/or the stopping of said particles in said priming region. 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 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 ma§RXEEREGer aFRRGED? HEMpeature s oThe My eEirbahtattandy be&hghtly doped
silicon. The layer dape-heated may e aserai-Garducior majerialn « «agid low femneiatie range

(PET) may substantially correspond to the ranr%e in which the doping is not intrinsic and said high

temperature rangBHPHT) 28irds FRRRESiBEtartiy 6 thefiargl iR WS esdophyRYARInsic. The

main light flow raay Bergeneratagki adasener dheredmalsadiselesed a davigefaratlgast locally
heating a plate including at least one_layer to be at least locally heated, by at least one main light flow

pulse, and inclubihbft9e28t ot ErimmgTagidnBthedidddly FIsiRet FEFont20fagE of said layer

to be heated. 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 sald 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



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 of the latter is within a high temperature
range (PHT) and a priming secondary 6 heating means, capable of heating said priming region from a
temperature within a low temperature range (PET) up to a temperature within said high temperature
range (PHT). The present invention will be better urglerstood 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 mainltigBt1 & FBREAREFFRINRGIPhEREW) fighRe2 FeesanBamPs ificiBnditime the

intensity of a prigsing dew-and cemaindloy indhe gase where thesigrtof the main floyw caincides 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 #Fthee@sde RASH felstahtofthR BT\ BfeRdhare BRE tHiPeAg 8fthe priming

flow; figure 4 representsmas-a fuagtionof timethe g@ga@@sityéggsprigﬂ%ﬂgw apga main flow in the

s DT e S s Pl e A S e g I e o
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 sald front surface undex 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 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 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 of application of a priming flow and a main flow.
In figure 1 is represented a plate 1 which comprises 4 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 start of the application of said main light flow

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

The start of the application of said main light flow
may be before the end of the application of said 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 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 chosen in relation to each other 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 $ow whilethe temperature T of the material or said
layer 2 is ina low temperature range PET and that 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 PET approximateinabovesaitdowitempesatsed ange/BE Te Tde oy iermpesatusg range PET

and the high terﬁggr@{%rfe@ngﬁ PHT gagg?hlylgav (%;‘13856} of transition TT (figure 5). The

characteristics of the light flow 7, in particular 207ts duration and its intensity, are moreover such that,
on it own, said main IiggﬁJffa\ﬁ”?Jig‘m&%@%@ﬁgﬁtiﬁﬁﬂ?éﬁﬂytﬁ?@@é?%’ hedtéd? idma
temperature withiedthetdwriemperdtyre rangeg RS iprtdoa tempeeatteeinithin thehightemperature
range PHT. 25Ip addition, thesarea;efdransition (TT) between the low temperature range (PET) and

the high temperature range (PET) may be helow said temperature level to be reached Tsat. To one
side and facing the priﬁﬁggéﬁﬁéﬁ&%ﬁg%mﬂsﬁﬁ%&’ﬁ §eg€ffﬂﬁ§r§?§é3n@%ﬁr3§8f‘bﬁrﬁﬁ'&jdpulses Ps of

a priming seconting lighucfldve Ohe attis $ub-layer 4.

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



The priming sub-layer 4 and the priming secondary light flow 9 are chosen in relation to each other so
as to have the following characteristics. 8  The priming secondary light flow 9 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 suf-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 layer to be heated 2 adjacent to the priming sub-layer 4 up to a temperature within the high
temperature range PHT so as to make said portion highly 10 absorbent, said temperature being able
to be below said terhperatuee fevel 10 beréachédi e a L Fap exaiple rthelprimiig’su-layérd and the
priming secondary:light flow-9 raay;be ighasen intelation ta-eaehstherrsgshatthe) absorption
coefficient of th% p{lgwﬁn% 15 sl%péla%%cc%ll%hlggigs &%%h in the low temﬁgerrature rapgﬁﬁBT as in the

. i ] = L) og
high temperature rang . According to a variant rep?gsoe%%& in- gur%rfthe main light flow 7

may be applied just foll&\Wing A& Priming Seeondary fight-fiee 9°20A&EordiHy b vafartrepresented

in figure 3,3he maindight flownZ ahay:be appliedfeliawing the-priming seedridarydight flowdd, with a

ﬁmelapgabaM@?Q%Q%m'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



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
main light flow 7 such that the latter participates in thge desired heating of the priming 30 sub-layer 4.
By applying the iming secondary light flow 9 and the main light flow 7 according to the variants above,
the mechanism that takes place may be the following, said mechanism being illustrated schematically
in figure 5, in 35 correspondence with figure 1. 9  The heating of the sub-layer 4, by the priming
secondary light flow 9 £figures® oe ) or bysaid prikting Seegadarylight flonse angua first portion of the
main light flow % (figre 4, toA,temperature Ts within the high 5 temperature range PET at least in a
portion of its thickness %enerates the heatin th% ugh thermal diffusion of the portion.10 of the layer to
be heated 2 adjacent‘tg ﬁé%%lﬁpaeye“rrf TS%) tq“gl 5: gr%%e%a?&rg%\?ﬁhfna, %rh?%ﬁ’Fer”ﬁ%Seréat&]rlee%ange PET.
10The portion 18 &fithe layectodie-heated 2 $ol ademperatire T Ewithin'the High tenipératare range
PHT, is thegebydnade highly- abserbgntand generates deeply the priming of an absorbent thermal
front 11. The main light flow; 7. applied,by fhe.front SUfage e main 1:gnt £low 7 are
chosen in relation to each other sc 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 while the temperature T of thematerial ¢f 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 seccondary generator 8 of priming pulses Ps of
a priming secondary light flow 9 to this sub-layer 4.
The priming sub-layver 4 and the priming secondary
light flow 9 are chosen in relation to each other so as to

have the following characteristics.



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 of a thermal diffusion towards the front of the absorbent 20 thermal front 11
and an input of thermal energy by the main light flowg7 which reaches said thermal front through the
not highly absorbent remainder of the layer to be heated 2 and still capable of being traversed by the
main light flow 7. 25During 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 e rDuring:the progressipn. ofthe thermal front 1l ateediven tinte; 30 the

temperature profite in the-layer 1o be heated 2 isi compoesed 9f an abruptportioncorespending to the
thermal front 11 and a sﬁLﬂbstar%tigll flat gortion lla corres(?glnldlncg o (‘Ij'ﬁa(t) over the thicm%sﬁs of the layer
y

to be heated already covered e thermal froht T1.°1 By way of exampla, if the layer 2 is

crystalline silicomtard: thecnfairt WL isca CO21aserflow: TsatTHay be of thé ordeF6EL500 K with
flows of 2 tg 5 EEW-I0M 2, Tsatheing abigitorbe egyiat ta thesmelting derperatuse ofi5 1687 K with

complete melting olf the siIicoE _fgralfi%v%/s gf ég% %%%rtofgh§ &ngkE?C\p{ej 1%21 a i‘Et}%g_eir’gBe@ture Tsat

depends on the'main flow %U ut also on the priming flow 9 and the priming mechanism. In order to

determine a moPé precige valué of F8&t, itis T8 nbEedsary fFiesdive thE HeatBiudtiontin®one
dimension, by the finite: diffeténcesymethbdknown to these skiledir thel artiusing standard

Con"neﬂjmh/a%%ﬁpg¥§nggerange PHT so as to make said portion highly

10  zbsorbent, said temperature 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.



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 effects of thermal diffusion.
Under the particular conditions of constant light 20 flgw 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 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 layer 12 that can fbkbeltraversed byithe: secondarylfion:9, the generators 6rand8 are placed to

one side of the face 3 and {he priming secondary dightflow 9 is appliedie the 39 sub-layey 4 by the

front throughout the layer toc?oe eated 2, the layer to.be heated 2 not being ableto be heated by
absorption of the Priting ‘secon a‘r’y‘ligﬂ?’ﬂ’ov%r@é.{‘Fhé‘rﬁgéh%ﬁigfn“gph%éti‘fr}g.etﬁ;éaé%géf%}% and the
layer to be heatedtakes plagearas described absv&ErtTat ukita Variantdf embodimentiepresented
in figure 7,3he subqlayer4umay besfesmedbby a rear priming portion 4'of the layerde be heated 2,

saidrearportionbeingcanable of heing eated by absorption qf the prining, seconday.A ight flow 9 so

C
that the heating mechanism takes place as described above. In this case, the priming region may be
defined as the portibh @' BPiHelayer tb Bé Hedted 2Y frie tEmpératGire-6rvhid Wil e takkh into the
high temperature-range: PUlagttheend afithepriming flowelyethe: 30 primingrflowr® 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.



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 secqpdary light flow 9. As shown in figure 9, the
priming region could be formed uniquely by a rear priming portion or portions 4a of the 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 portions4a-efithe Sutelayer 4¢ 25EXantyles ofimplendentation: v s t The trahsparent

mageéifé %Ongtitgtéqa_gaﬁlﬁlaé/ﬁa@ he heated ﬁl@@yb%iligon@%p;egéeﬁ leveliof the-ardes of 1.E15/Cm3
to 5. m initially placed at a i erature._30The main light flow 7 m a CO2 laser
LSS BRrator i oW o1 5 76 1. E6 WD~ The Sheotption o |

pulse of 6 microseconds Uration wit ow of 3.’ ' The absorption 6f'a CO2 laser
flow in the silicofFistessehtidlly goveired by the electfcalcarfier-dérisity eIieRF e E6nditions
described Bereinsthe absarption 3o coetficient of siliconistaf ¢he onderof several Gmsl,c12

the order of 1.5 to 3 E7W /CmZ.

The temperature Tsat depends on the maln fiow 7, but
also on the priming filow 9 and the priming mechanism. In
order to determine z more preclise value of Tsat, 1t is

10  necessary to resolve the heat eguaticon in one dimension,
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 & 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.



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, John Wiley 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=Ptdris awithie the:mon dritrinsic dorrainsefsatdrationti%Sraned/of gel of

carriers and the hightemperature range PHI is within the intrinsic domain. o Hthe matesial constituting
the priming sub-I%ygr m beJigghtI d(){g\)ﬁedtsilicqn and the primin §,econdgry flow 9 ma Ebe, for
example, a flow’of elettrohs of 50 K&y With & 20 cuirent density ot the drderof5018-00-A/Cm2, an
excimer laser flow ataiwavelergth df around360ame a flequéhey ddubléd fwavslengtharound 503
nm) or fregglency; tyipled-(wavelength-arounch353 a51): YAGraserflownn anether pmkodiment, the
material constit%tén%meb%%sugg%er 4.may. he silicon doped tg a.level of the order of 3.£19/Cm3, thus
different from the chosen matenal of the layer to be %e_’ate” 2, &nd initially placed at ambient
temperature and e priFhifg flove nisybe a°CO2 Riset fidw: Under HresE coRaitiofs< thé-aBsorption
coefficient of the S8priming:flow intthevsubzlayew 413 of the orderof 1000t1@m-tEhe thickness of the

sub-layer 4 may be around, 19 pm.. . Ageording,to @ﬁ&sfo%rngl%em@gﬂi@%neo@a&% a silicon

substrate doped at a rate of [*E15Cm-3 and of thickness equal to 100 um is formed by thinning a
standard 38 siliédnwafér. Thidlgh-one of the surfaces, an implantation

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,



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 andithe 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 thinningia starrddrasiicoh waferl ©n ene of thd Sarfdces;amsépitaxy-15 ofsiticen doped to a

level of several 52E1/Cm3 apd-of 10,microns thigkness iscartied oyt Jhis epitaxieddayer then
constitutes the sub-layer 4 and is thus made of a mate[[:i%I different from that of the layer 2 to be

heated. According 5 & 585811 xampi&™5f obtaiming ‘the platé 20 1, 6f a Standardsiliconsubstrate is
carried out an epftaxyesf:silicon dopedwith antinfonyat avate of 2EE19/6M2and 9240 Fi€rons
thickness tg constitutedhe subrlayer 44 Them; above therepitaxyof d0-micrens, aa-epiaxy of silicon

doped at a rate oL 1 3oi0F13 a0 o7 90 Tickans tickegs Zodle cartier oul,to aopstityte fhe laver 2.

By way of comp?ementary examplés, the absorbent material constituting the 'sub-layer 4 could also
have been, in tHéiddse Wkeré A COZ fayet ¥§usedT ant@morphstis!sitiedh 1ayer, a iayertétally or
partially amorphiset by tore3@ dmaplaintatiohy ow a tayer«ofsiiconwoxide Si02, thus different from the

chosen material of the-Jayerteheheated.2..If apart constityted exclusively ofifhe layer2, o ¢
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 equal to 100 um is formed by thinning a standard

35 siliconwafer. Through one of the surfaces, an implantation



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 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 haye been obtained by applying the following simple
formalism: 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, Tduds therduration ofthe flondand tOpithe volemetfic heatr ahdwith Phitegual to 375* 1

LE6W/0m2, tau gqualto.13 651.E«6 Sy alphamax eaual e 2CmAL andOp-eauakto 4.4 JGm3.
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



It is then found that the order of magnitude of the maximum temperature Tmax reached by the unique
layer 2 is equal to 32 C. 201t may indeed be noted that, generally speaking, under 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 rapge 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:siticen,orethet sutfaceraf this waferis depesited by lae€V D deposition technique a
layer 4 of tWO 71155 result may ensue from a simulation by resolution of
the heat eguation by a method known as finite differencss,
a method which forms part of the prior art.
5 This result could also have been obtained by applying
the following simple formalism:
- identification of the maximum value Alphamax 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

[ N
h
any

*1.E-6 8, alphamax egqual to Z Cm-1 and Cp equal to 1.4

/

o
2

m3.

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



microns thickness doped at a rate of 5*1.E19 /Om3 and above 35 a thick layer 2 of non doped
polycrystalline silicon of 60 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 lasergnd 5 the sub-layer 4 is absorbent of such a light
flow.  The presence of the metallurgical silicon wafer-Support 12 prevents the rear 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-durationiandefkintensity 23 TsE7WmD. This may be‘gerieratée:for @xample by a

CO2 laser with fransverse excitation.k5Fgr examplessimyltaneoushyas 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 thefront surface 3 osfatﬁgr I;Lfé?etg be ﬁeoatgﬁ thgq?%%m]ﬁe Tocally acl)]'frll%ol?laeLcj;lry more areas.

The duration of e hfgia fleW20-7 is forleXampletioinltessecdnds ¥vith af4ntehsiy of 3E7W/cm2.
5 the sub-layer 4 is absorbent of such a light flow.

The presence of the metallurgical silicon
wafer—-support 12 prevents the rear surface 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

e

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

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.



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 nS, the build up time of the
priming flow 9 being, for its part, much shorter and of the order of several nS. Thereby heated,
under the cooperative effect of the heating of the sujslayer 4 by the priming flow 9 and the heating of
the sub-layer 4 by the main light flow 6, the 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  Accarding to.the rmechamismedestribed previcuslyca liguefactiors nay take place by

heating of the 'qyﬂ%%ﬁb%%%ﬁgmogqigg@wq&{a%tgly?twe:a@eq%@epﬂca@%& of the main
light flow 6, said liquefied area 5 be innr%rc'ﬂ in the area 1Q of the gyegz, frogn@which the E}hgrmal front
' n

11 progresses toWwards fie ffont GRtiHor 8xamplé FEAcHngG the front face 3. IRHiS example, the

cooperative effeatiof ive prming floW 'S and the lmaintfléw Tmakes dtigossiblead Heat vefz 10 quickly

the primingslayesethusrmaking the heating by thersal diffusion;ef:the portiem 10:mere rapid and thus
enabling the temperature %rofilekto;x:pnve(%e more rapjdl% towardtslgge §at%r§ti8% temperature Tsat.

1 T Font A ezzses "TOowallds rro
After the end of applicafion 6t the main flo 5, the
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



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 wiiole layer 2 could be treated. Such an area,
treated in this way by liquefaction then solidification, may 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 1IE15/Cm2, of 100 microns thickness, constitutinga layer 4 is considered.
30As shown in figueet 16 ra flowdrenyasfregaency doabléd-YAGdasers(primingflow)Ws sent onto the
rear surface of @gi\ga%glg{@gggﬁe@gslg 33 composed of a thin plate of polished silica on which a
deposit of refractory and re éeaciipg metal has been formed agdmetch%% soﬁslsitg @forﬁrgry &pattern of

ol A e Driljmin i L OW =
opaque areas 13a and tfafSparent areas bewween said opaqué areas 13a.

apulse of 50 nS duration and transporting an energy density

5§ of the order of 0.6 J/Cm2, which corresponds to a 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 5*E6W/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
.

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.



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-/0m2, which corresponds to a flow intensity of 1.2*E714/0m2. In
this way is created in the wafer (layer 4) priming regions 4a, the geometry of which is in the image of
the pattern of the mask, according to the example offigure 9. 10The main flow 7 may be a 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 a duration of the order of 1.8 microseconds, with flows of intensity of the order of 5*E6W40m?2.
15The chronology of the priming- flow 9 and the main flow 7 corresponds to that of figure 3. At the
end of the application Bhtherprimirig: flow 9 Hthe traaxinsumatériperatire dbfdinéd maybersf the order of

1700 K. 200ne hupdredinanoseconds after the-end of the prising-pulsedhedine;that earesponds to
the start of the application of the main flow, 7, the maximum temperature may then be around 1400 K.
It should be poiﬁt*e%lmo‘ﬁi%gtet%le dqéﬁay of f}OjU RS which 25 is cited in this example between the end of
the priming flow and tH&staFe-6f the mai flewihay be ddvantagestisiiehbriefied$638%8 benefit as
best as possible from ithe fise intemperaiure of therpriumiagpegiom=Ar impartant detay w400 nS has

been introduced in this,example 1q take 30, account of, possible.imperfect synchugnisation between the
two flows 7 and 9. h :
areas spreading.

in this second exanmple, the characteristics and in
particular the intensity of the main light flow 7 and the
10 characteristics of the priming flow 9 may be chosen such
that the main flow 7 1s cepable 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 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.



The temperature Tsat obtained may be of the order of 1680 K. 18  The main flow 7 heats the wafer
(layer 4) in priming regions 4a, whereas in the regions not corresponding to the priming regions 4a
there is no heating. The aim of such a method may for example be intended 5 to diffuse impurities, for
example metallic, into the heated areas 2a without the impurities from the non heated areas spreading.
In this second example, the characteristics and inf@articular the intensity of the main light flow 7 and
the 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 ofthe-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 can compensate the tendency of the temperature

profile to widen anddersssiderdug: to thesmal diffsiop. Héﬁi@i\ﬁ%s Qobtﬁwsfﬁlzdgl%@ﬂ?gd_@td the t
The Juct S ondics OFiFESe CRarieieHStaeRay beHANS by Siafing tHo Sloldtetoet tédhormal
profilestryithe higfthod Khowncas firite differancesiailygeametysa metbod thatfaems pattef the prior
mTandfgég@%Q deeply relative to the front surface of said layer to be
heated, made of a material different from that of the layer to
be heated,
method wherein 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 while the
temperature of the material of =zaid layer to be heated ig 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 intc a high
temperature range (PHT) approximately above zzid low temperature
range, 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
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



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. 19 CLAIMS 1. Method
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 located deeply relative to the front
surface of said layer to be heated, made of a matgdial different from that of the layer to be heated,
method wherein the wavelength of said main light flow is chosen such that the coefficient of absorption

of said flgw by, the;materialpfthe layerig,bgheatgd is oy while the temperatiurg:of thedpaterial of said
layer to be heated is in a low temperature range (PET) and that this absorption coefficient sharply

increaség With terfprdtERPFARAURE tehpBRRGHe ofthe’ hdtéral T the Ry 10-FERBARSF passes into
a high tempgpsaturerrange (P40 appeaximately ahovesdid lowdemperatisredange, thesehagteristics
of said majn_light flow being such that it is, on its own, incapable of heating directly the material of the
layer to T Heated om & }%‘%Bgﬁtu}‘l@ <\%\lffﬂ:lin %llz}% Io%@&nﬁ%?gtur%fr%%ag (P%gr) uap tot%?gr%ap%rature
within saidthighitem perature sange: (B d) mnofmetio dtcamprding the followingstepsput  héating said
priming.region qf said plate, at least partial ringi econdary. ing.means,.su t said
primingtrggfor?\ %eaﬁg?rgl%}ﬂg'ﬁghgﬁrﬁgj &?ﬁﬁé%?xa%%rt%r? %‘?;trigﬁa%%ér ﬁ?ﬂ %%t (g%tegcﬁ de%%clg%t%“%@or close
to said prririg regios @prto atempératteBREmT saRl hitth téperaferangd (PHT) toFASRE this
portion highly absarbent of said jpnain light flow,,. apphication 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
K)SamIayerugbem%%ﬁﬁﬁvﬂﬂEhaéoleaSt 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 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,



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 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 lMgh temperature range (PHT). 2. Method for at
least locally heating a plate including at least one layer to be at least locally heated, up to a

temperafyre, levghto @%&Qﬁ?@@!m@m@t least ope main dghtflow pulsey and comprising.at least one

priming region located deep¥ relative to a front surface of said layer to be heated, method wherein
i

the wavRerigtR™f S4id hgin HighEHow Fs BfoseRedih tREE Redefiiciertdf SBSEDLIGI ofthisiflow by
the matgriakatife tayarde bedheatedisdewsuhite: thestemperatyresef thernateriakebthis layes to be

heated is in a low temperature range (PET) and that this ahsorption coefficient sharply increases with
temperartﬁrrlge\?vhéﬁ&%ﬁ% te%‘ﬁpenl]‘g[‘[ﬁe bt Materiadf thed lélgr B BEREHRY pabséPinto Lhigh

temperdtuggrtarigestP 1-IT) approximately above said low range of temperature, the area of transition

(TT) between%l ow. temperature range PET) and . the high temperature range (PHT) being below
said temperatu%% Flcla{"/e to be régach%%l(gfsét Hhefc dal}gctg%%stgg ssﬁé%nﬁza}%%t fI6W b?e?r?g&’g'csuch that it
is, on-its @Al icapablesefiteafing direstly The gnatérial i dnel kyer td-be heatedsftem a tenyperature

within saicblow temperaiye range QDd;HQ:!éHEO a lemperatyreauithin said high {emperature fange

(PHT); and method comprising the following steps: heating said priming region of said plate, at
least padtfafyHy dFfmims SeEEndaryHeatingRigaRe S, sudeirt Said'Brinfifg re§eRPRaRs through
thermalgifusion a pesiian of the layentedie heated adjagent to, orclose te sajd pLiming regiph up to a
temperature within said high te geriture rapge (PHT).to make this portion highly absorbent of said
main Iig%‘?rﬂ%ﬁffatmé%pﬁ@agf%% 3%? maift lighffvr 16 88id prar At teaSt icaIy ARPE&iET RSNt surface

of said layeatalbe hesdtdd, Sucknthatzsaifzpertionratfacenitie orelage fn-gaiddayer-to be heated has
become highty, absarbet, generaling, an apsarbent thermal fiont, tne tepperauie of whiehys within
said high temperature range?P ysal absorbent thermal front progresses towards Ssaid ftbnt surface
under ti@ebmbined Effecrofa teerzy diffusion towards thelfigattof fHethewhakfront emdharsinput of

thermal.gpergy by-gaid maig light flow which reachesdhe the 95@89%6‘5@590@(?3 th@&fmpaef ature of
the thermal front passes into said high temperature range (PHT). 3. Method according to one of
claims £EA2 RiFERM tHE-Staffofthe sPplieaies 6f safemaniight floR torresponds approximately

to the end of the application:of saidhprming.seqondar healingdneans.a - 4. Methed accarding to one
of claims 1 and 2, wherein the start of the application of said main light flow is before the end of the
applicafi6Rof said primihg 3BEGHEAY HEatRg mEARS M23S! MetHot adchbrfing & daRR 2 Hherein
said maipfighkflewdis thosen sa hs tosheiabsorbeddy saidiprimingaiegion, theshaatipg ofisaid priming
region bs%iggrggglgeqlg%ggilggpglrggnr%gecondary heating means and by said main light flow.
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 |



6. Method according to any of the preceding claims, wherein said priming secondary heating means
are applied by said front surface of said layer to be heated 22 and/or by one surface of said plate
opposite to said front surface. 7. Method according to any of the preceding claims, wherein said
priming secondary heating means are a heat flow generated by a heat source. 8. Method
according to any of the preceding claims, whereir28aid priming secondary heating means are a flow of
particles, said priming region being heated by the energy resulting from the slowing down and/or the

stopping gk #aid paificlesdn said-pamingdedianiq  §1 Mathodaccording to.any of the precgding
claims, wherein said priming secondary heating means are a radiation flow, said priming region being
heated By abR6Ffption of said radiation. 10. Method according to any of the preceding claims,
wherein said primingtegibrecansists of aqortien obsaidHayerte hesheatedl aimd 1. Methed according
to any oééh% prercedin claims, wé;erein saidgrimin region consists of a s%g-la er adjacent to or near

to said B8P toBe Fidated S 1P Methsd 5elshdGAB ang of the pieeding thiks rh&rei said low

temperatyrexrarge- (RET)ard said high temperature range (P1-1T) are separated by a transition
threshold of thg_b ac\ﬂjl%%r oaf th agsgrajtion coeffici%ntt%sea function.of temperature. 13. Method

. cg T d h
according to any of the precedlng]f claims, Wherein said fransition thréstiold of the beRaviour &TC) of

the abs6fptidn Bodificieht as arfuhetion brhiperatitabrtends over & Yamgeod tempefatliess, 14,
Method acgerding te: agy gf&%@da{e%@i@% claims, ayhergin the layertp e heated is silicop dgped in the
range comprised between 1.E15/cm3 to 5.E15/m3.
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.



15. Method according to any of the preceding claims, wherein the layer to be 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 Method and device for heating a layer of a plate
by priming and light flow The invention relates to a method and to a device for at least locally
heating a plate including at least one layer (2) to [28 at least locallyheatedbyat least one main light flow
pulse, and including at least one priming region (4) located deeply relative to the front surface of said
layer to be heated, wherein the main flow (7) is capable of heating said layer to be heated (2) while the
temperature of the latter is_within a high temperature range (PHT), and a priming a secondary heating

means (9) capabte BFhBRinG “SHd PHTInG PeGior fRIm HenisEafit e Wittin 2B H- tetfisaratdte range
(PBT) upte anteraperadtie within said highetemmperatyresrangePHT).
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Abstract

Method and device for heating a layer of a plate by
priming and light flow

The invention relates to a method and to a device for
at least locally heating a plate 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 saild
layer to be heated, wherein the main flow (7) 1s capable
of heating said layer to be heated (2) while the temperature
of the latter is within a high temperature range (PHT}, and
a priming a secondary heating means (9} capable of heating
said priming region from a temperature within a low
temperature range (PBT) up to a temperature within said

high temperature range (PHT;.
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