METHOD FOR HI§A‘_I'I NG A WAFER BY MEANS OF A LI GHT FLUX The present
invention relates to the general technical field of material treatnent, in
particular in the field of thin layers, inserts, sheets or strips of

material, especially sem conductors, and silicon in particular. Mor e
specifically, the present invention relates to the field of the application
of heat treatnents to parts by nmeans of |ight fl ux. According to the

state of the art, know edge and net hods exist that make use of |ight fluxes
to carry out NMEAIHODGADREREASTINGS WAFEREY MEANSOBrel KHIDFheXK on t he
outer surface and/or in the vicinity of the outer surface of the parts and
the heating of the deeper portions takes place by 10thermal diffusion from
the outer Surfa%efart%eémt %@fﬁiegn@aﬁe&hﬁf 9RE pER&IAY BEnNiBS hk@Nloff I ux to

t he deeper zones of the part to be treated. These prior art methods
are char act ewitered teatrndat, in particuightin fhaubfield afdbin layerss sisecseghasaislort hat t he

i al b d i , | 1'y. absor.b s of . the |ight fl
ender ed angdPbah Al 3 el cereRREIER GG R i wi th the

material of the pard spbeficaMANRE HraseMIirREhieNElatdd 40 tROWRID lopupks.
The use of light fluxes {)roves to be particularly advantageous when it is
desired 1 o Applicatios @hbeal tealimeniy & pans by engansheklightifiies, in the regi on of

3ince the heat oo (A BTREEN SREP AT A o peleI RS Mitfe! BBN Fd qrar o

root of thenidkeruder enidgHieluxetab il aeenad: ttampatd,, widrelrs lighttfluseel y
difficult and costly to heat the deep portions of the part and increasingly

di f; @ Icu| t baﬁ_b? @bsetpdagnt e @efRrhsuTare @ader ruthperiaBite, ofsihceuidie t her mal
prot! &9 t@g@%% bf‘thtehygar't?ﬁghd QP?Q%%{"I@/ of the 8&%&%@%&19 & g@?la{&%‘%ygm er

surface and nes i mat er | romsai er sur

necessary t ¢ndrinal tdiffbsionufloae ethice matratsurfecsd oahbiermihd michihe nfperadfur e not
to be exceeded hy the material within the scoRe of the net hgd, for exanple
the nel tingr@eNapHie iantifs tgthe deeper zones of the part to be treated. '

These prior art methods are characterised in that the light fluxes

used are selected such that the material {o be treated is naturally
absorbent in terms of the light flux or rendered absorbent by the direct

15  interaction of the light flux with the material of the part, for example using
extremely high power levels.

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

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

Furthermore, since the thermal profile obiained in the part generaily

25 displays a peak on the outer surface and declines in the material from said
outer surface, it is necessary to limit the surface temperature {o the
maximum temperature not to be exceeded by the malerial within the

scope of the method, for example the melting or vaporisation or



2 deconposition point of the material. This [imt involves noderate |ight
power fluxes and |ong periods of tinme and thus high costs. Mor eover,
t he docunent WD 03/075329 proposes heatyd ng an absorbent sub-layer with a
light flux via a front |ayer, the heat produced in the sub-layer heating

the front layer by diffusion, erature bel ow that reached in the
sub- 1 ayer. decompgsitiondprint t@f H}? &%ﬁf@@ . ﬁ“? HEnibreRikes imedsiaioidnt here i s

provi ded 2 TEkhad.Sas di8Ibhagerdls bEARL dRlbiofctater comrising at

| east one | heat e a sub-layer, east locally, adjacent to
said | ayer to be Meabedr, mmledoammaerﬁf f\lé@t03j®75329 epposas hegfittg farux pul se,

i Si t foll t : | t ht f th
ol oot (abRarhent Ab Sy SowaB coalt Tk ERarak Tavar HE beptprruied it e
layer to be th@agu%qagvér haXirs tHOREnAR bh%ytcﬁﬁ@ﬁbﬁt Yf § Bfnpefiidrd B¥Rkw L O be

heated is in the tenperature range and sai d absorption coefficient
i ncreases sﬂQairfeuachadhry’thmwb dyert enperature of the layer to be heated

enters a high tenpera oan t ed appr oxi teI above said | ow

t enper at ur e ranggﬁ‘bccor ing fo %@%Qfﬁienpﬁe}%%)m‘@e ?'?fttéﬁgef {syprgxgl'egﬁ ation
are such th%eth'oa Foh%eéhﬁ@nﬁtelegfst pRblly, A ek esmplifiagtRnpastadny ryef t he

| ayer to be heated remains within sai d | ow t enperature ran sel ecting a

sub- | ayer  to be heaigheansd & aubelanes ot ipassnoelly priscent t%ﬁa@gﬁ‘ﬂeﬂ ot flux at

T it T T

sub- | ayer | a'oﬁ(gmin gGtep® the light flux; and appl yi ng sai d I i ght flux
to said wafer, Ieast IocaIIy, via the face of said | ayer to be heated

opposi te said sutﬁﬁll%ﬁﬁé‘ga fight flux
- wherein the wavelength is such that the absorphon coefficient of

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

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

selecting a sub-layer

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

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

and applying said light flux to said wafer, at least locally, via the

face of said layer to be heated opposite said sub-layer;



such that in a first phase, the light flux heats the sub-layer fromthe
initial tenperature thereof to a tenperature at |east situated in said high

t enper ature range, that, in a se:gond phase, the sub-layer heats, by
thermal diffusion, the adj acent portion of the layer to be heated to a
tenperature S|tuated in said high tenperature range, and that, in a

third phase, th| SSL@bjthabmltarfimttpl’tmet theslighd dlon h&ytalﬁmsbbﬁay@mmméhmau ng,

in the |ayer,t e heat e bsor ent er ma erein.t
enperat ur e UL RTRE RSBl R S RER bRt B sl R R it o en
thermal fronfenmyepsitiues g owards said front face under t he conbi ned or dual
effect of forward thernmal diffusion of the thermal front and a thernal

energy supply by tbat.dnig gm‘orfd oRasdi ibe sukeleies heatsd bynenmpel giflyisionvi a t he

an enbod; menrSatieredHRURR oBIne Beb® BR eI dE T erye s 68T Won °
t enperature s@@@@m@mmam@w@g@d by a behaviour transition threshold of

the absorption coefficient as a function of the tenperature.
According to an eéfsbdiatedt dfthirderhanperthisondiacant nostevitBus haceryngi on

threshol d of 4 o BRSPLEANBRE! fithb 98Jerts 1R fuieh! 88 Boklify hiadthey ot ur e

may extend over a tenperature to an enbo |rrent of
t he i nventi dinpnitwieerdsiry dre temperaheat isGitmmatedis kaini/-[rdglpeelmemtamrange

According to_an enbodi of .the inventionp, the la be heated may be
2 Sem conducta ARRPRIrATeral o REearear ey kivrdn PR

I nvention, @drﬁ%'negv éﬁﬁmrﬁé&%frﬁﬂﬂ&d%rrﬁgf bffRig oﬁ%‘tﬁé}ma@'fidhtt o the
range wherein t op is not intrinsic and sal nperature range

may corr espodant adbettraaitemrgy stpplyhiay sazdg@hw‘lex avhich lmcdh@m sagd treermai ri nsi c.
According to._a inent of the |nvent the |la e heated may be
gal | i um ni t“(aﬂv:a € ”Otyﬁé PaTRRt rEmaR é*ﬁBBEh i %’feb"? h@ F vention, the

sub-layer may be Wr@;h?%eﬁ'l bhbRBiment of thef?ﬁ\fé?fti@hngaFdQOW*teﬂ{Bé?QMF@m of
the invention, the sub-Fayer may be hi gh-doped silicon. According

to an enbodiiAsge afd saig htglvéﬂmp@ratuw@nmn be aﬁ@ah@t&ﬂéw geyehiswiogal | i um
nitride and ttrgﬁasﬁéjrp tkraéé% Id Sofsf. '%BQOrptlon coefficient as a function of the

temperature.

According to an embodiment of the invention, said behaviour
transition threshold of the absorption coefficient as a function of the
temperature may extend over a temperature range.'

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

According to an embodiment of the invention, the layer to be heated
may be a semiconducior material.

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

According to an embodiment of the invention, the layer to be heated
may bé gallium nitride.

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

According to an embodiment of the invention, the sub-layer may be

high-doped silicon.



According to an enbodi nent of the invention, the light flux may be
generated by a | aser. The present invention wll be understood nore
clearly on studying the heat treatnent jrethods described as non-limtative
exanples illustrated by the figures wherein: - figure 1 represents a
section of a wafer and an associ at ed appar at us; - figure 2 represents
a mechani sm accorA¢amgding to ke émbediment cifipd invention tthe laydrdo berhddtgdire 1,

with depth on the X-axis.and t te rature.on the Y-axis; - figure 3
represents amée\!g“_ﬁ %ﬂﬁtﬂ’f‘ "&f‘gaﬁ“ﬁghéﬂ%g‘?yef_‘s silicon i gures 4 and 5 represent a
mechani sm accor di Rg:dr8ingh® dM¥RINddRNeAPH! thednlenddie tMafight iox Mapee 3,

- figures 6 and 7 represent an enbodi nent of a further wafer represented in

a sectional gerauated by alagargure 8 represents a nechani smaccording to the

an. exarpl e of . usel 8 FISEThaoniel MU Pafarstons merB foatPBbrsoiR =o' °

reference tota hd® Hreatment mefivd®d lddeAbesenks nmnwahigative commpiesng a
| ayer 2 having a front surface 3 and a sub-layer 4 adjacent to the rear

surface 5 ofllupEatedpyrthe figures whegaiisite the front surface 5 of the |ayer
2, alight flux 7 P r.at.or jed . f fage |.S.+.pst al | ed.
I n-one alternati vewgk%dﬁ r;g@{é%eﬁ f]se avv%ig éﬁoriadnfge ?:V%%r %gé gﬁrggsrdq?%%r 8

adj acent to &fyearnear face of the sub-layer 4 to forma substrate. The

| ayer 2 and the light flux 7 are selected in relation to each other so as
to have the fol | owqYre eat'PEasents a m NRPe PEFRIERDR0 t 8 IMGIREIOR | ux 7 is

such that Egﬁ%@%m{ggﬁ WERS! i PG 9 il Uk oPUNENR-4 Sin? the | oW

temperature on the Y-axis;

- figure 3 represents a section of a further wafer;

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

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

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

- and figure 9 represents an example of use of the mechanism
according to the invention, with reference to figure 8.
| Figure 1 represents a wafer 1 comprising a layer 2 having a front
surface 3 and a sub-layer 4 adjacent to the rear surface 5 of the layer 2.

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

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

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

The wavelength of the light flux 7 is such that the absorption

coefficient of said flux by the layer 2 is low while the temperature T of said



5 layer 2 is within a |low tenperature range PBT and the absorption
coefficient increases significantly when the tenperature T of the |ayer 2
enters a high tenperature range PHT sifuated approxi mately above said | ow
t enper ature range PBT. The intensity and duration of the pul se
supplied by the light flux 7 are such that, in the absence of the sub-Ilayer
4, the tenperature of the layer 2 remains within said | ow tenperature range
PBT. The sub-layer 4 and the light flux 7 are selected in relation
to each ot hayersd s withimag e lavheteiuparatirag rdrge BBds antothe abswppei on

coetl) i ontc B 5 B LCEaftha ol Lol s ugsheaett 1

sub-1 ayer 4gnats he@gh tbihpehfutdrsiiessiTt BRiRel Afraafithely aidie sayer 2,
enters the high tenperature range PHT when said sub-layer 4 is subjected to

said |ight owmuerperature ranga RBtthe wafer 1 at an initial tenperature

situated in the low.te ratur PBT, e_ll I 4 lied to
the wafer 1 vi a Trﬁ%_'?tﬁgﬁﬁl nge&’é&%}g?@é&? FJJI"L‘Q’teé ?%Fﬂ%\% %ﬂﬁ(eeégfétfg ufe ri ses
as represenjedsich thAUNe te bbesndaloe tid atd-layar 4 heramuratsdinthet he upper
limt LST of the |ow tenperature 20 range PBT is_considered to be |ess than

the | ower | iag‘ﬁt2ll"$m3678 Wiin Bajsklove ianpeeratuiedapgd §8 TPHT. The | ow tenperature
PBT and t hg, hi ey i
range PBT and t he, DGR ILFIPPLAL Y 1EANAGK P ALdo0BRAh AhRMofo &diRhavi our

transition thre rptiron coeffrcrent as a function of the
t enper at ur epther e0disNg vertha fblicaviag feémmrésenper at ure range. 25The nmechani sm

i foll ) I a fi t ph , the light fl 7. h th
| Syer 2 thout The aRspeiR GPENPBRL RS REPTAIGH 4 Bhis 400 8% Arge PRT
and, reachi Qgédt\p&eﬁéﬁ?%h%ﬂph“ln's%icpw @mﬁ&%?ur%@hﬁgém.ayer 4 fromthe

initial tenpéerature ereor” to a tenperature at ast situated in the high
t enper at ur e 30r alige t&Hperafbe ofetmeesubt-layer ¢ uavieast insthelihigkness thereof
adjacent to the layer 2, enters the high femperature range PHT when said

sub-layer 4 is subjected to said light flux 7.

Lo

With the wafer1 at an initial temperature situated in the low

ft

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

in the example shown, the upper limit LST of the low temperature

20 range PBT is considered to be less than the lower iimit LIT of the upper
temperature range PHT. The low temperature range PBT and the high
temperature range PHT are separated by a behaviour fransifion
threshoid STC of the absorption coefficient as a function of the
temperature extending over a transition temperature range.

25 The mechanism is as follows.

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

3¢ range PHT. The temperature curve 9 is obtained.



In a second phase, the sub-layer 4 fornms a transitory heat source and
heats, by thermal diffusion, the adjacent portion of the layer 2 to a
tenperature AT situated in the high teaperature range PHT. In a third
phase, this adjacent portion thus becones absorbent and 5 generates, in
depth in the layer 2 to be heated, an absorbent thermal front 10 wherein
the tenperature FT is situated in the high tenperature range PHT,
preferably situated above the tenperature AT. This absorbent thermal front
10, generat ed i nindepekpnpmbgsestessumismedd tdmsf a dransttagyeha&atusmioret he

conbined effect of forward thernmal diffusion of the front. 10 gand 10a heat
ener gy supp?v?tﬂ? hePy :{%{{“a% pﬁfys?oqlﬁtihgha 5@3@%@9°'§"ﬁps°ﬂ’ rlr‘?‘é(?rérf@n? 10 via
the not yetiRhSQERSBIAT SRRIEIRT thefhigh tehp¥aitulcorbgeiraat ed 2. _Wen the
flux 7 is stopped, the progression of the thermal "front 10, according to

sai d propagati onimaderd phags thisrasiacegnimsdiien &ius becames phgebent @ndit has

not reached the front face 3..Th ragressign of the ! nt 10 is
t hus g_og;r ngﬁm'%%]lt[eeﬁ’ymbg/eé:t emev‘lee%tygrgf {C} ﬁ%r ﬁ%‘?tegi’ ?&u?%gﬁgghme%%nder
speci fic cofshnt whabin fleltienfparange tFons sitbAedhpathendigef tdniseraayer 2 takes
pl ace over a thickness substanti al |¥> inalinear relationship with the

abp

dur ati on of rangs Ridat prafasably situated abope tap sevrseiuentT nfhisfahseebeBove t hree
h | i ' i 8. , th
Bhases o rEAE 0, BBl B 68s! ProHESESs e i sotpueuer, Lhe

artial over of these

phases over uyhtigetheBxanbines affecenbfitivaedtisermal diffusion of Teefronghd dhdux 7 may
be a CO2 | aser pulse |asti ng 6 m.croseconds 25 with a flux of 3.75 * 1. E6

Wone 10 5Tinal ENarmpaiRa Dt IaTITrof MIVR FBRENFagar ST Tsait B! | con
Oy SV B A SoSRHE ShE B S p o) P e ot
silicon is in theVmeagthenflux 7 is stopped, the progression of the thermal front 10,
according to said propagation mode, stops aimost immediately in the
fayer 2 if it has not reached the front face 3. The progression of the
15 thermal front 10 is thus governed solely by the effects of thermal diffusion.
Under specific constant light flux 7 conditions, the heating of the
layer 2 takes place over a thickness substantially in a linear relationship
with the duration of the heat fiux.
The above sequencing of the above three phases means that they
20 take place in succession 6ver fime. However, the description of this

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

Exambles of embodiments

The light flux 7 may be a CO2 laser pulse lasting 6 microseconds
25 with a flux of 3.75 " 1.E6 W/iecm2.

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

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

30  of a few cm-1, which is iow and remains substantially constant once the

temperature of the siiicon does not reach approximately 270°C. From



30o0f a fewcm1l1, which is |low and renai ns substantially constant once the
tenperature of the silicon does not reach approximately 270C. From 7
approximately this tenperature, the imrinsic carrier concentrati on becones
greater than 1*E15 cm 2 (See the docunent entitled "Physics of

Sem conduct or Devi ces", second Edition, |ISBN 0-07-062735-5, by S .M SZE,
John Wl ey and Sons, page 20- fig. 12 and page 26 - fig. 16). The | ow
tenperature range PBT is thus the tenperature range situated substantially
bel ow t he | apmoxinatplyrihisuemperatute, thd irfgosic aasriepgoneentratien pe2gMEs wher eas

t he high t t PH ..is.th b ti.al ] yasituat b
oroc [n acoBAstdbsn ARefs B L Tabac than ABcTiaRt TEldd e o A00Y By
is situat edSbmiéd}@iu'&fB?‘Dé@ibé@s,isfécibﬂéaEé!ﬁi@HT%BNr@fOQEOWSSEQHE? oiv.t he

carriers and the high tenperature ra:g[ge PHT is situated in the intrinsic
range. SZhe Jaiy YYilgyranchioes inager A0 nfiag! 2 madpagel 26/ efig 416ray be silicon

doped at,. a | evel | he i f ALt C t anbi ent
t enper ature, gi v-lrh% Iégﬁérﬁﬁé%&%r qu%g%gg}%f ?@ﬁsericﬁ éokﬂsge%//rgﬁ‘lég ﬁ‘%ﬁ%r ed cm
11 Thesitite# neg@sstahtidliye bbryerthed fwerb eemppratuigrdingt ViTOGgual appd t he

t hi ckness of the sub-| a%eg 4 may be approximately 10 pm The sub-1ayer
4 may be crappwXimgteheand of whsTeasyherhige jesmraraiirerrangs RHpliantat i on.

20Accor di ng a.fi ; a&r'm!? t-ad A3 t : ildcan
substrate dg%o ?L(')E’%téggﬁmm ?%i%%ﬁgei%gd%gngﬂi C H\é\ﬁ;%r?déeqﬂvgpa({% ;%%%%pm is
produced bydbbimenigha iowdeddedatsird ramye BBITCca. sifltated ¢h tlem @cofintrimsicf aces,

boron ion inplantation is perforne t a dose of sonme 1*E16/cnR and
anneal i Hy | SEIEAYEH RG/aL 08! FaRGRLrc: tiee BIMIBpRBY | et BIS) TOBBEAEL100C f or

two hours sgq PHT%%%?LI?@ Faaloll Nﬁ%mﬁ’%{ approximately 10 microns to

obtain the sub-1ayer e remalning t ness of 90 pmformng the |ayer
2. The face not Ukedabsorbenphzatedal dormihgstifeorsab-layer 4 avay e heileogh whi ch

the Tight Tlux § a3 k908 RERLESY of 1. E10/cm3 and initially placed at ambient
temperature, giving same an absorption coefficient of several hundred cm-

15 1. ,

The thickness of the layer 2 may be approximately 80 ym and the
thickness of the sub-layer 4 may be approximately 10 um. ’

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

20 According to a first example for obtaining the wafer 1, a silicon
substrate doped to 1*E15 cm-3 and having a thickness equal to 100 um is
produced by thinning a standard silicon slice. Through one of the faces,
boron ion impiantation is performed at a dose of some 1*E16/cm2 and
annealing is performed at a temi)erature of approximately 1000°C to

25 1100°C for two hours so as fo attain a doping depth of approximately 10
microns to obtain the sub-layer 4, the remaining thickness of 90 pm
forming the layer 2. The face not used for impiantation thus forms the
face 3 through which the light flux 7 is to be applied.

According tc a second example for obtaining the wafer 1, on a

30 standard silicon substrate, epitaxy of silicon doped with antimony to

1*E£19/cm3 and having a thickness of 10 microns is performed to form the



According to a second exanple for obtaining the wafer 1, on a 30standard
silicon substrate, epitaxy of silicon doped with antinony to 1*E19/cnB8 and
having a thickness of 10 microns is pegformed to formthe 8 sub-layer 4.
Then, on top of the 10 m cron epitaxy, epitaxy of silicon doped to
1*E15/cnB and having a thickness of 90 mcrons is perforned to formthe

| ayer 2. As additional exanples, the absorbent material of the sub-Ilayer 4
5 could also be, if a CO2 |laser is used, an anorphous silicon |ayer, a
colrrpl et el y sub-jzyet 4alhgn aomwtqhdtibe 10agydsronepitany . eplaxytcdsiiioan dopad| ayer of
silicon oxide, SiQ2. | f a papt is envi ed to .consj lely of the
Cayer 2, Cwi bt XarESans hayle HiticiiesEd T SRerrRS Rtrwed 8B s
applied, ity@agydre observed 10 that the tenperature of the materia

i ncreases by less than 30C. This result is obtained froma sinulation by

resol ving the heht agdgifinniadexasinies. dheoaksarpeat materal o heesdnteyenét hod,

which b | ) . ' .
bt & ned’ by SpB FRAPERE S o PauaRg” 45 ines (T e PRLe Shafh BREE BEST o o
the naxi W%N@bl&elgghﬁiﬁéllyﬂbn‘tdﬁpw@@@Qﬁ\}ééri o isrp @fipiagitatioh ona tiagerl sfw

t enperature range ) - the order of magnitude of the maxi num
t enper at ur estieeit R¥ES A i s t hen gi ven by Tnax=Phi | au*al phamax/ Cp

where Cp is the pagi.t. b , ' d tion,
Gt he ol uret 11 £ hgafi-BeEhi¥aged e conERE soldh of 19, lafel Rwlkhdtt AT ST 07,
--- equal teulpidyer@, Snd thkpigatriinx definedjaabvé s 2ppied, it c&lpbe-obsenuedl to 1.4

I/ 8. that the temperature of the material increases by less than 30°C. This
result is obtained from a simuiation by resoiving the heat equation using a
so-called finite difference method, which belongs to the prior art.

This result could also have been obtained by applying the following
simple formula:
15 | - identification of the maximum value Alphamax of the absorption
coefficient on the low temperature range PBT
- the order of magnitude of the maximum temperature
reached Tmax is then given by Tmax=Phi*tau*alphamax/Cp
where Cp is the heat capacity, Phi is the flux, Tau is the flux
20 duration, Cp the volumetric heat,
and where Phi is equal to 3.75%1.E6W/cm2, tau --- equal to 6 1.k-
6 S - alphamax --- equal to 2 cm-1 - Cp -— equal to 1.4 Jfem3.
The order of magnitude of the maximum temperature Tmax
reached by the singie layer 2 is thus found to be equal to 32°C.
25 It is noted that, under these conditions, the temperature of the
layer 2 remains very low and within the low temperature range PBT.
However, in the presence of the sub-layer 4, it is possible {0 heat &
large thickness of transparent material up to temperatures in the region of
1650 K on thicknesses in the region of 60 um. This result is obtained from
30 a simulation by resolving the heat equation using a so-called finite
difference method, which belongs to the prior art.



The order. of magni tude of the maxi numtenperature Trmax reached by the
single layer 2 is thus found to be equal to 32C. 25It is noted that, under
these conditions, the tenperature of the layer 2 remains very |ow and
within the | ow tenperature range PBT. However, in the presence of the
sub-layer 4, it is possible to heat a | arge thickness of transparent
material up to tenperatures in the region of 1650 K on thicknesses in the
region of 60 pm This result is obtained from 30a simulation by resol ving
the heat equation using a so-called finite difference nethod, which bel ongs

to the prior art. Ex? |l es of application Exanple 1 As shown in
figure 3, séﬁmﬁﬁé—gigﬁﬂ—%n&% ‘ -doped and di soriented grain polycrystalline
silicon subs{sabr 1 0one of the faces is oxidised using conventional

techni ques USed 1Th mcroel ectronics and a wafer 1 is obtained, conprising a

non- doped and diAnshemrein foeren Snetding swih 18 mensdonasoant agiserientafld a
silicon oxide. sub-|a 4, t L bi.e e ature,
this Ia);’er grainy pgu&@%égﬂl"i’%lﬁ'ISFOTO%L%baSF{Igg%r%ﬁl Oﬁp{? ﬁ%é?ﬁfg%?t" 9@?3&? g%)iﬁ rated by
a C2 | aserc@iéntibgals ubchmiyess dussd ahs onibeydiedtinicticind &1 glaferf1 ux.

Then, as shown in figure 4, an irradiation of such a light flux, in pulse
form is appbiEE@dyicCRMMISING gniot-gered ad diseriepias: Q?‘nfrg?”%%lhéel ocal ly

on one or agplWal Lty -y ZQMESn oxide sub-layer 4.
in this way, at ambient temperature, this layer 2 is substantiially
10 transparent to the light flux generated by a COZ2 {aser and the sub-jayer 4
is absorbent for such a light flux.
| Then, as shown in figure 4, an irradiation of such a iight flux, in
puise form, is applied via the front face 3 of the layer 2, for example locally

on one or a plurality of zones.

—
(8]

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

As shown in figure 5, after the end of the appilication of the light flux,
a cooling front 12a of the zone 11 occurs from the front face 3. This

front 12a progresses to the rear to the rear face 5 o form a zone 12

N
[

wherein the silicon is re-solidified by recrystallising intc polycrystaliine
‘silicon. Due to the temperature gradients, recrystallisation generates
potentially larger grains, oriented substantially perpendicular to the
thickness of the fayer 2.

The entire layer 2 may be treated by scavenging.
30 Such a zone may display superior electrical properties and may be

advantageous for the creation of photovoltaic cells.



Thi s application produces, under the effect of the prior heating of the
sub-l ayer 4 and according to the nechani sm as descri bed above, |iquefaction
by heating the |layer 2 on a zone 11 caryespondi ng approximately to the
l'ight flux application zone, said liquefied zone 11 starting on the rear
face 5 of the layer 2 or in the imediate vicinity of said 20 rear face 5
and wherein the thermal front 1la progresses forwards to reach the front
face 3, for exanple. As shown in figure 5, after the end of the
application of the light flux, a cooling front 12a of the zone 11 occurs
fromthe frgnt ff\cg 3. This front 12a progresses to the rear to the rear
face 5 to f nme 12 25 wherein the silicon is re-solidified by
recrystal lising hAgtshow@l ¥ Figakald i fiariplgl WeBna ddiedbsed MBotedMsaRiher e
gradients, recrystallisation generates potentially |larger grains, oriented
subst ant i al sjic@reradstiatal wrming tthdackinakdhe sabfzonge 42apee Freatmse béntire
| ayer 2 .may_Dh r v i I : peri or
el ectrical B}@%g\éﬂ%%&@%&%%bﬁé@ %gg%%aﬁgg)gg%@sgf%s?&?%gﬁt é:ar%!’ IB%@Ha(;?H
phot ovol t ai ¢E@Blchs3 Examplee 2. using céHsvesitional | nedhirdguiess 6,usstiarini ng with
a non-doped nonocrystalline silicon substrate, form ng a backing 8, |ocal
zones 4a ar @‘@’P@ﬁ‘%’@nlﬁa SO te abtaigud zﬁ?éoffiﬁj]trﬁylbolﬁygr‘ffﬁsﬁ”gfmrsai d
substrate VLL RRAT OhaRYe! Yol FAOIARS Llon' ¥BRe Balis! BGuSBNYAR ! HANA
techni ques used 1T h mcroelectronics, so as to obtain an absorbent sub-Iayer
4 consi sti nthicnesai of bpprixirzateds 24aicréos aexasipes, eqmad ozapprotanatslysquar e
and has a thickness of approximtely 2 mcrons and sides equal to
appr oxi nfat eP§ MICERNSy %@?Cm%ﬂé?ﬁg%t% P eBPIIRXTRRIRY
appr oxi mat eby dRrdALr ons. Then, as shown in figure 7, epitaxy of
non-doped silicon i1s performed on the face 8a so as to forma | ayer 2.
Then, as shown i ifheénguase sdiowon it hdgiineont, enitaxy3,ofanontiopededilisponels 151 i ght
beam or flux 7 gfor e)ﬁﬁ |l e an ytterhi um doped,.fibre power |laser) is
: performed on the face 8a s as to ormaiaeerz
Then, as shown in figure 8, on the front face 3, an infrared power

light beam or flux 7 (for exampie an ytterbium doped fibre power laser) is

[
5

applied, depositing 20 Joules/cm2 of surface area in a few hundred
nanoseconds. This causes, as described above, at least local heating of
the zones 2a of the layer 2 situated between the zones 4a of the sub-
fayer 4 and the front face 3, without heating the other parts of the layer 2.
20  This differential heating may then be used to treat the heated zones 2a.

For exampie, as shown in figure 9, it is possibie to perform the
heating obtained above with reference to figure 8 in a chamber 12
containing oxy'gen and/or water vapour. The presence of oxygen and the
temperature rise locaied in the zones 2a of the layer 2 result in the

creation of siiicon oxide zones 13 on the front face 3 of the layer 2, sekli-

oo
o

aligned on top of the deep zones 4a.



applied, depositing 20 Joules/cn2 of surface area in a few hundred
nanoseconds. This causes, as described above, at |east |ocal heating of the
zones 2a of the layer 2 situated betvve&g the zones 4a of the sub-

| ayer 4 and the front face 3, w thout ating the other parts of the |ayer
2. 20This differential heating nmay then be used to treat the heated zones
2a. For exanple, as shown in figure SLAIMS s possible to performthe

heati ng obtai ned above with reference to figure 8 in a chanber 12

cont ai ni ng oxygen and/ or water vapour. The presence of oxygen and the

tenperature rise 4 agahed fop hehng 0B R4 I&fall?hﬁ Wahke lcofm Gt léhst he
25creation of silicon oxide zoneS 13 on the front face 3 of the layer 2,

sel f- al i gneeneiayesio die bertedetnst sositslayar, atileas lacatly, adjacentito sai¢ hod f or
neat ed and. 42865\ AE etk bl ing aFRe: o Beat B30 B 1B o

| heat ed., und%ompﬁsiﬁ{;imff@ugwir@ _stb gst one light flux pul se, conprising the
foll ow ng steps: Ssglegt(i:gg; gﬁgﬁtflldxg t flux

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

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

Selecting a sﬂb—iayer

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

- and wherein the temperature eniers thé high temperature range
when said sub-layer is subject to the light flux;

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

Such that, in a first phase, the light flux heats the sub-layer from the
initial temperature thereof to a temperature at least situated in said high
temperature range, that, in a second phase, the sub-layer heats, by
thermal diffusion, the adjacent portion of the layer to be heated to a
temperature situated in said high temperature range, and that, in a third
phase, this adjacent portion thus becoming absorbent and generating, in
the layer to be heated, an absorbent thermal front wherein the

temperature is situated in said high temperature



- wherein the wavelength is such that the absorption coefficient of said
flux by the layer to be heated is low as long as the tenperature of said

| ayer to be heated is in the | ow tenperature range and said absorption
coefficient increases significantly whéL% the tenperature of the layer to be
heated enters a high tenperature range situated approxi mately above said

| ow t enper atranger aaige absorbent thermml viherteprogreéssesutosa@riintsaidiftont ade dur at i on

are such that,,in,the absence o aj ub- | ayer he te ratur f the

Maver Lo be Hrler o SRR r e caffert) o L hET A PRAE G0 B i ng o
sub-layer  thermal & Sl a tthenad) Spepyy 80psi9 ey $:64 gioht Mix GAidh tda@Rbs | ux at
said selected wavelength is high in said | ow tenperature range - and

. > g .
wher ei n t he saigileermalrfeordnda tihe e Vet ghsodand ramainder afgbeiaver wabe
sub-l ayer i ﬁ?ésalfg%lem to the light flux; And applying said light flux
to said wafer; "least locally, via the face of said |layer to be heated

opposi te said suleIMyiod accordingSts hclgin@t1, chamctdriset! phalsat shide idwaght flux
heats the sub-layer fromthe initial tenperature thereof to a tengerature

at |east siti@BREGaitie SaNGE APEIFAIE histy lMpYaluAJanae KD be AERRISIRDAY phase,
the sub-| aye{] bgﬁg\téiﬁur BYnLASH TElesHbid b‘ﬂh%”absg:'??ﬁﬁgbéédﬁﬁﬁitenﬁ%td fhcfibnt he
eated to a tenp I'g

| ayer to be erature situated I'n sal tenperature
range, and tdfahe tempardtbfe.d phase, this adjacent portion thus becom ng

absorbent and generating, in the layer to,be heated, an absqrbent thermal
Front wherein enetdrbeRacPEing 1o AT Sharedantcingha: SpdeReriasr 10
range, saidtﬂ%@g 0 e i 1 gkl aptinf ace
under the co inéﬁ?gbréﬁg[@{f@g gg?&rtpgrg&va%?j@?ﬁ%?ynﬁygi ?@ucgliognegfth%he

t her mal fr ontermgrestature lestandls cvee adgmpappiuye ngsai d 1i ght fl ux which reaches

neated o ortiefied Sebbbibiy B9 & AR BN EePeT o BT O A sai d

| ow t enper atbetHeABYEr RWL Fadiddhs WwidepBarsticehe range can be separated by a
behavi our transition threshold of the absorption coefficient as a function

of the tenperatur® Method ac@®rdinet iwoanued dhdiahpveocleinas.netraraetessadtieri sed in

funct; on of DALIR el 8% hedRpRaeiteindlobh et B | anges® ' oy %
Met hod accordi ng & .aviempdobctheirapayecielri Fschaatericbar irsedati Balchagwt he

| ayer to be heated is | owdoped silicon. _ 5. Method according to any
of the aboveesIRfraiire dragactresondsnsybpentially fxjee reposewhesindhes a

sem conduct of, JRL €' @bt intrinsic and said high temperature range corresponds

su bsténtialiy to the range wherein the doping is intrinsic.

7. Method according to any of the above claims, characterised in
that the layer to be heated is gallium nitride.

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

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

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

11. Method according to any of the above claims, characterised in
that the light flux is generated by a laser.



6. Method according to claim5 characterised in that said | ow tenperature
range corresponds substantially to the range wherein the doping is not
intrinsic and said high tenperature range corresponds substantially to the

range wherein the doping is intrinsic.” 7. Method according to any of
t he above clains, characterised in that the layer to be heated is gallium
nitride. 8. Method according to any of the above cl ai ns,
characterised in that the sub-layer is anorphous silicon. 9. Met hod
according to any of the above cl ai ABST®&Cacterised in that the sub-Ilayer

i s high-doped silicon. 10. Method according to any of the above

clains, characterised in that the layer to be heated is galliumnitride and

the sub-layer istghlihOfion relateshtg]?lme%t'ﬁﬁg'@& ﬁ@é’tﬁ{&g%] %férom"?ﬁﬁn'@fris? above

clainms, characterised 1n that t g lux 1s erated’ by l'aser. 13
ABSTRACT  at lea$henenagaTttiodre hedtetid®) badea sebHagkbrf(dy, Urely ity effleabbler (1)

I Si I t I be heated (2 d. b- | (4), d
Che et fent Bt teat ansooun B oyl RmB NG hEdaliind: SEBshaYREING R ng
steps: sel egdiip@7h | Hhlyek lté’be(hféllateoaijifé&h that B aesdretbr 2efftieht bhat the

absorption coefficient of said ux the layer to be heated (2) is |low as
| ong as t hesaigrber by theelayer §abd heajast (2)0s hewiesaloed dsstherdemperatore of

tenperature_range (PB n ai d. 0 (o] i cient deper .

Si ani 1 cant PYRMRER tnes BRBEPac P aner Bhe b B e Bl o s
hi gh tenper ab%@_ﬁbﬁr&%mcﬁ’éﬁﬂ incezdes eligafitattiawpeh-thetempedturiehtiichat the
absorption coefficient of said light Tlux at said sel ected wavel ength is

hi gh i nl&ai tAYesip bermnated enters anyeh (PBPPratkee [ange Hpbr andselesingrd t he
o rer A0S, AN, ISR, UBSHRISH, Ao TR bk ey o
selected wavelength is high in said low temperature range (PBT) and the
temperature enters the high temperature range (PHT) when said sub-layer
is subject to the light flux; and applying said light fiux {7} to said wafer (1).
15
Figure 2



