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 ti ngr@eNapHie iantifs tethe 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



deconposition point of the material. This limt 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 |layer, the heat produced in the sub-layer heating
the front layer by diffusion, at a tenperature bel ow that reached in the
sub- | ayer. decompasiiondraytief Hie Mmaiedal. Jihis Hiniprlawikes irﬂmﬁf%ﬁ'ght here is
provi ded a j : RCR : er conprising at

| east one | %@3!&&% aﬁéi@%@%&ﬁ %bf;ﬁ@%léayer Pgﬁggrfce:éé‘%t& | ocal |y, adjacent to
said | ayer to be Meabed:;, tinsledodumeertf MeOt03075329 eprmiposas héalittg fdrux pul se,

i Si t foll | t : | tir |ight f - i th
wavel engt h 1aPsolREN SHEr Sy e IB SOREL TGN B enans e H1S bertPPRRed t he
| ayer to be th@agu%ﬁlggvér ha¥fird$ tHORaneR bh%y;cﬁﬁ@ﬁbﬁ,t Yf § t8fnpemitdrd B¥RMw t O be

heated is in the tenperature range ahd sal d absorption coefficient
i ncreases sithat fdached liry theheuwb-tayert enperature of the layer to be heated

enters a high tenperat.ure range situated approxi mately above said |ow
tenperature r anggﬁ\?ccorémgefo _ana%p%ﬁgtjﬁienptie};%ﬁtmvggg?rﬁttéﬁgq {syprgxgl'egﬁ ation
are such thahetrod foh®eabsgnseicabt RabAy, st daf@yssmpfisingtRnpastainyg Ryef the

| ayer to be heated remains within said | ow t enperature ran selecting a

sub- | ayer  to be heaigheansd & aubelanes ot ipassnoelly priscent t%ﬁaiégg‘;ﬂeﬂ ot flux at
id | ected | th i i i i - d
wherei n ¢he Her Uous el BIPROP, ol il e BN CRE GRS, ohBiting they  ~ 2"

sub-l ayer i soBeWingGtep® the light flux; and applying said light flux
to said wafer, at least locally, via the face of said |layer to be heated
opposi te said sulselegigg:alightflux  such that in a first phase, the light

flux heats the Sufiph@sl wid PIVehdiid Lath HEAMREALUNTOHAIP baGHickMt Bf

t enperature at Ieasb situa gh tenperature range, t hat,
in a second gHidSlax Hhhéhes ldyer dyere heates!, ishipwt helored adi theuemperatuhe oddj acent

portion of the |layer to be heated to tenperature situated in, sai.d high
t enper at ur e $3hgdyer to be hggtadds in; ?ﬁea%wi fempiwe fANge A% portion

thus becom R[Hht $R3E8A8Ld B@nificAnfiy SuHeAY e fethRfatif@ R dhe N
absor bent t%ﬁ?@rfgﬁ%m\%%rﬁei n tﬁée t rrrl{)ecrgt%re IS gi tuaﬁg In said high
t enper at ur e lagaye, be hedtegbsdetseahighemperature nangs sitwated epproimatay sai d
front face under th& conbi ned .or dual effect of forward thermal diffusion

of the ther rOVETHY B P RPEIAYISHPNERer gy supply by said |ight flux which

reaches said thernghg yHepintha gulée MénsiStarmPaardipnt areesiihn@at, iefthé he | ayer
to be heated. According to an enbddi nent of the invention, said | ow

t enper at ur e aksageeant seid ¢uhilgyen dhedeamnaralurarfethealavee toeparkrated by a
g?h?xieotjren;);r?egqs%jb%?r&h?nhgﬁaqg\}v%r%]})e&{'fﬁreal%%%{apti on coefficient as a function
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;



According to an enbodi nent of the invention, said behaviour transition
threshol d of the absorption coefficient as a function of the tenperature
may extend over a tenperature range. Accordi ng to an enbodi nent of
the invention, the |ayer to be heated r%ay be | ow doped silicon.

According to an enbodi nent of the invention, the |layer to be heated may be
a sem conduct or reucrihat in a first phasec thadlighy fiux kaate e dibdayerdfon ke

i nvention, said,lowtenperature range may., corr ond.substanti.ally to the
ange wher oi THEhSHRHETTE! Berit E0f demBpta R, C T R Ao d g T ange
may correspogehseidstafdigd,| y to the range wherein the doping is intrinsic.
According to an enbodi nent of the invention, the |layer to be heated nay be

galb | : umnitri dg. that, in a ageandiPhgse ohgnsubngyer feats, oty thieemphdésionn, thfe
the i mvanti o THESBEPTLP! e B fn op nepfRGRLA PRgkPartlp SRRAETEC,, o

t he i nventi on, e’ su cording

to an enbodi s@ahigh terfierativenamgs), the |layer to be heated may be gallium
nitride and the sub-layer is silicon. ) Accordi ng to an enbodi nent of
the invention, tHNd it 0| axhikdypirseydhisr adiagepy periigizdhus becominge
present inventd ] S e o] ' eat
treat nent neﬁéggge@e%cdr Q%%%%ggé ’n;bg[ﬁ?il%rg? ﬁjl\?e%%}éﬁbgré?b%ﬁ?ﬂl@ ? F@é’t}@ iby t he
figures wherfeomt: wherein the fargperatdrerismilestt 1 saiddagh dempkratumafargeand an

fhe 1 nvent | FIBBEDRIPNE &N B Pa1epT LIV 05 Ak T eI R A i s
e har war EXAHER SMYLSASR iorua SRaPIRBAT ST, RaAGH ORI 2
t he i nventi candhpphéerdaltanarpye suaplyrby saiflilight 8ug which reaches said thermal

front via the not yet absorbent remainder of the layer to be heated.

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

According 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 be 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.



- figures 6 and 7 represent an enbodi nent of a further wafer represented in
a sectional view, figure 8 represents a nmechani smaccording to the
invention applied to the wafer in figure 7; and figure 9 represents
an exanpl e of use of the nmechanismaccording to the invention, with
reference to figure 8. Figure 1 represents a wafer 1 conprising a

| ayer 2 havi ng a Acandingue fascemBodinkrd of the irevpotion, thdjlaysrio beohediedr ear

surface 5 of the layer 2. . posite the.front surface 5 of the |ayer
2, a light fﬁ*‘&%ﬁ’? SRl ”_fﬁ"‘a‘ér?é‘rdé%r’s“%’“%efs‘ﬁisé!‘CPF‘ont surface 5 is installed.
I'n one alternati vec@¥ap@i tBBAH enfboRliMBAEST theNMYeRIIthe Sight HERIMA2¥er 8

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

| ayer 2 and gérereteshby allager7 are selected in relation to each other so as

Such that 't he absOYpRTo dafenan! 7 EaPRGe Rt dhaty Bpr®ing 15, 1S

whi | e the teffgeridair erehtrénis andthddlsl aywicriBed s 28 tHondiiraithtoaw t &meplasur e
range PBT and the absorption coefficient increases significantly when the
t enper at ur e uglfated oy tho diguresewbeiainia hi gh t enperature range PHT sit uat ed

appr o LSy aboveghel 4 | MCLBIETPLUER T 2008 By anoan JoEdaRens Y

and duration of th se s ["ux are s t, in
t he absence gfpdratissub-|ayer 4, the tenperature of the layer 2 remains

within said | ow tenperature range PBT. i The sub-layer 4 and the |ight
flux 7 are sel ect“eg'%PF? r%l@?ﬁﬁ?%?o & JBRCIANIRP §6‘3%{§”190t‘i’|a§’@ e8| owi ng

features. 10 ;Ssﬁ'e%P rAk! QRFGOH TAGIENY, Rt RRpEYGA aKner x4a8é he thboht T!lux
7 at said vva%/-e ieng'?(ﬁ t:mg hi'gh in sg(aylrd I’owitenp ra’?cl’Jre range PBT. The
t enper at ur e @mpdretwalonlthgef-adis; at | east in the thickness thereof adjacent

to the layer 2, enters.the high te rature range PHT when said sub-layer 4
is subjected to sal@FiEPres S?.S@% on o a?urtﬁergwa%r, |

- 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



Wth the wafer 1 at an initial tenperature situated in the |ow tenperature
range PBT, the light flux 7 is applied to the wafer 1 via the front face 3
thereof. The follow ng tenperature rises as represented in figure 2 then
take place. In the exanple shown, the upper limt LST of the | ow
tenperature 20 range PBT is considered to be less than the lower Iimt LIT
of the upper tenperature range PHT. The | ow tenperature range PBT and the
hi gh tenperature range PHT are separated by a behaviour transition
threshol d S&a@2 ishevitiis oa pidvontemefrature enangs PRTE @anct itbe  sbsarpgon

5he. ol | cuathaent Mirgdses PaplEativ,viter FE feBhEvE 55 a8 avei A ough ¢ ne
layer 2 witbowts Eh‘ﬁgﬁ%ﬁ@e?étﬁfe?aér%?hﬂ%h@ebiﬁbr&ﬂﬁ%@él?téﬂo@erﬁﬂge PHT

and, reaching the sub-layer 4 heat sai d sub-layer 4 fromthe
initial tenjowtempesatinerange PBTa tenperature at least situated in the high

t enperat.ure 30r e.PHT.. The .t or at ur, ve [,S..0 I In a

second phase, tﬁgﬁ%m_epgl;t,ve?ﬂﬁ f@?ﬁéﬂ glf'ttlf%%gfste()?@pé]i%gtPigt{a#?ghtaﬁ%x Eeats, by
thermal difAskoh thdie it absbndF ithe sub-ihier 4 afher tebhferaturé exfpigeat ure AT
situated in the high tenperature range PHT. In a _third phase, this adjacent

portion thulgypedsamaingoydnipsaid ivgtesipriatiratrasge PBidepth in the layer 2 to

be heated, an a t e : el - reFT 1S
situated in theﬁﬁ%%ﬁpé%%%r%gﬁbéﬁég’ﬁé‘{eﬁw%réé%]eeétgglléggqa?égﬁgc?%é' ove the
t enper at ur eothBr sbhisStoalzaertheivlidwing fedtufgsont 10, generated in depth,

progresses towards the front face 3 under the combin drﬁjebf ec% of forward
t her mal 1 i f f usi onN@faRseEPaLRPERIBICRh HY1HS ia@ﬁéra‘gf gy Tiex 718t | ght

flux 7 whi C?afﬁﬂﬁ@ﬂbﬁéﬁmi@ h@qhe@;éde%fgma&ay&,%ﬁ%ﬁge peiT yet absor bent

remai nder o to the flux 7 is stopped,
t he progression Thetttmpelsummdfl theosub-B@er Acabledihip the thizkdess thesgelt | on

node, stops aJ nost | diately .in the layer 2 if it has t reached the
‘front face Q.gia?ﬁﬁt??rggﬁ@g%‘i ’gngr@)t?rst&@ ri:gSH@mpglratheofﬁngfong YRR Sg8ver ned
sol ely by thgnehiidl & Sbjddied fRbaidlibhyuaien. Under speci fic constant

light flux 7 conditions, the heating of the layer 2 takes place over a
thi ckness subst aMYithalthg wafar 1 iatean ndliait teomedrapirei situatae duitheilow of the

nent 1% epsranp BRI FRUENCHO0, O 0RsROR R DR PO TR,
?:‘ n; _hi S SUCERRBIfAk: doperdwt Tl iRWing tediperatlirovisel s Gépricien@dpimases over
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.



Exanpl es of enbodi nents The light flux 7 may be a CO2 | aser

pul se lasting 6 mcroseconds 25 with a flux of 3.75 * 1. E6 WcnR The
transparent material formng the |ayer;2 may be silicon doped to a level in
the region of 1.El 5/cnB and initially placed at anbi ent tenperature.

Under these conditions, the absorption of the silicon is in the region 300f
a fewcm1, which is |l ow and renmai ns substantially constant once the
tenperature of the silicon does not reach approximately 270C. From 7

appr oxi mat el y t hinsa tsegped athase, thehsubi-fayver dsfaomeaa tiamsitoyniceatt saitricen becones

greater than 1*E15 cm 2 (Se e.docunment. entitled "Physics o

Lo conduct Shd AR a3 MBS GBI R, SHisBRMoTOneoTHe. Bebg € fu e,
John Wley ghtherafite AORGiRuAEY irf the-hidi? teBeRAR Bhge PHD. 16) . The | ow
tenperature range PBT is thus the tenperature range situated substantially

bel ow t he | ower neaiirdipbase, Ithigiadjiagcentaquion thilsabeeaneésabedpepvacyd wher eas
the high tenperature range P Is. th ange, subst ant i g | t above
270C. | acn%l’%@ Wi &?ﬁﬁh@l—gﬁo%é/eﬁgc{?n@% he#@@ %&Nasé%gﬁgttﬁgﬁgange PBT
I's situatedfrbpt {hevREB e tetaparaife FUIDKIQBANEH Me BRI fodmgsratiret he
carriers and the high tenperature range PHT is situated_in the intrinsic

range. range BYSopraiatabhasibiaied abeveaithg temeerRive A efhis ahgprbentsi | i con
doped at ' ' . 9/ i 0.t .l t anbi ent
Cohper at ur o ESA! iRk 16, bERAROD dobhDofdteR08 Ilarke ihd iAGRE S Ao

11 Theuhbéckressmbinet ffdcayfordaniyhdrena piffisiomaf eleyfréft pinaddd t he
t hi ckness of the sub-layer 4 nmay be approxi nat el The sub-| ayer

4 may b cr adveRd eperavesRPoby it tightfiuyr 7 &@ﬁ%ﬁeﬁ%ﬁ%gmg%ﬁfni‘%T%ﬂQt i on.
via the not yet absorbent remainder of the layer to be heated 2.

When the flux 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



20According to a first exanple for obtaining the wafer 1, a silicon
substrate doped to 1*E15 cm 3 and having a thickness equal to 100 pmis
produced by thinning a standard silicon slice. Through one of the faces,
boron ion inplantation is perfornmed at a dose of sone 1*E16/cnR and
annealing is perfornmed at a tenperature of approximtely 1000C to 1100C for
two hours so as to attain a doping depth of approximtely 10 mcrons to
obtain the sub-layer 4, the remaining thickness of 90 pmformng the | ayer
2. The f aceapmoxnsatdiyftbis tempesafuice.itoa inthosicfaarner cdneehitation behpmggh whi ch

the light flux, 7 is to | Le Accor di ng..t o, a,second exanpl e
for obtai ni%’&af?fet 'f‘eﬂb%ggﬁ‘% ggg?aﬁ%r gogprlnie& n@gﬂ%’ﬁr t ,S'Cgpi?%axy of
silicon dopgdmitdriiuettri DBA¥ed© sEcBhE/ EaBioANISRAVE-0G-GBLABsCKNBgSS @, 10

mcrons is gerforrred to formthe 8 sub-layer 4. Then, on top of the 10

mhpr Ic(m epi tfing@lp'ﬂ Véiley astd Spns.ageddpetigt b2 enersend afid Having a I
t . a
examl od the aboit ool HpEAR" e BRI S e Bdealfe s, " &

CO2 | aser i sitnged, s@istanidlipheawsi the C wwdrayempetata@dingt eIy eyuapawt i al |y
anor phi sed | ayer by ion_i g(‘gl antation or. a layer of silicon oxide Si02.
If a part i8rRPXEBAEEd 270" eomdieseass dhe| Yiobr teimprerpiyar rapgeviiil hdat thene

sub- | ayer 4@@%?3@%23%%& tsif oty %%%U?%@@Wﬁé P deClitn{ e%?deb\}ée

observed 10 erature o he material 1 ncreases by ss than
30C. This rdsulmens tobtiawtechperatorearsnga P8 Bnsituated sokive montiheinszat

equation using a so-called finite difference nethod, iich belongs to the
prior art. satUratgh angiy,pel RS ‘gl 85 KEUEBeaRC otg‘?aﬁhi%ﬁ IHPPEIFRF ng t he

fol l owi ng sitmleptieriddkgated int %iﬂtﬂ?ﬁ&?éﬁé@“ on of the maxi mum val ue

Al phamax of tHhe absorption coefficient on the | ow tenperature range PBT
- the order of n#pai aswbefit nheeralx fonmmng etnge sabdageréavheddmikedrs t hen

[ by Trmgx=Phi | au* al ph [ where Cp is t heat. ity,
Bhi “T's  ne FPERY 2t 2eye B HBS PN RduFARIca? S08 SHeT, DReract FE st
and where Phdmpsrsidabiviry Sarfé'ah &030retién chatficiert o8 gbddral RuldrbdRmS -
al phana3<:--- equal to™2 cm1l - Cp --- equal to 1.4 J/cn8B.

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



The order of magnitude 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

t he heat eqsudi-layar 4sThegn corstorcal thed OF inidroe egitbkerepitey méshiodn dapedh bel ongs
to the prioy .. 9.Exanpl es of , appl i cat.i Exanple 1 shown in
figure 3, sPa ﬁ‘rﬁéﬁthQRﬂWch?oHﬁp%ﬁa %@gmlgrrﬂnédsd%eﬁcﬁmﬁgltﬁcﬁgt alline
silicon subgfrighér2 one of the faces is oxidised using conventional

t echni ques used in mcroelectronics and a wafer 1 is obtained, conprising a
non- doped and diA®rdgiticsel gxampiemniber graaibenhmateiial cntheagér-lavesdd a

o 4 o _ . ; . |
Shi s Tayor S5 e e if ) $021 ern it el ol BhooBhofE itn JERREERL TS
a C2 | aser c@ﬂgie&@?_cﬁtﬁartiawwbmrbmsa@swm idroimpiaekation dohtiaydru.

|

Then, as shown in ure 4, an irradiation of such a light flux, in pulse
form is appliceioxide 3iQe front face 3 of the layer 2, for exanple locally

op,one or & B urpl] birck, &80ESee o copTBl SoRIp AL Bpepsolies. ppnder Lhe

effect of the prior "heatin sub- ordin
nechani sm asuldéser ubeddahevight flux defiaed abovéys bpplieddt tdrebt apsendon a zone

[ quet | 281 e EEAPIGE G PReTaIdgeasea by IS Akt 29 Gr 11 ¢ he.
e o B YRl it s e Sy MSeatebim el {ron
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.



As shown in figure 5, after the end of the application of the Iight flux, a
cooling front 12a of the zone 11 occurs fromthe front face 3. This front
12a progresses to the rear to the reargface 5 to forma zone 12 25 wherein
the silicon is re-solidified by recrystallising into polycrystalline
silicon. Due to the tenperature gradients, recrystallisation generates
potentially larger grains, oriented substantially perpendicular to the

t hi ckness of the layer 2. The entire layer 2 may be treated by scavengi ng.
30Such a zone may display superior electrical properties and may be

advant ageo for. the creation of photovoltaic cells. Exanple 2. As
shown in f?%@@g@?—im th a non-doped nonocrystalline silicon
substrate, Eo4 @'@gq a backing 8, |local zones 4a are created by 5 nmeans of

surface doping O face 8a of said substrate with approximately 1E20/cm 3
of type n using &@@h@m wﬂguweéhrﬁt@ﬁy@s Wile |ﬁ¢ﬂrﬁQﬂQ§£Béét¢1§WI%‘§e dso as to

obtain an absorbe I S For
exanpl e, 7 eal iz &R cwg“@@k%&ﬁﬁ)ﬁ g&%ﬂ as’ a %lfféﬁnefggésg%aa)ﬁ@%% Lrjnssff'%l y 2
i crons andc@:ﬁmﬁoﬁﬂuaécﬁmqa@@r@yedrahelnmﬂne@@ctmmg)r@nd tAewafsaci ng bet ween
t he zones 4a being approximately 25 m crons. en, as shown in figure

7, epitaxy obtaies gopudisiig iEcopndeppe rgnst ﬁ@@”@ﬂtqdhgraﬁ%dﬁc@%%ﬁaﬁ@et o forma
| ayer 2. 3|i|cori{§\1yer %t @agmcérl;lgmx é}lg_iagg,rg 8, on the front face 3, an

infrared power eam or I exanpl e an ytterbi um doped fibre
power |aser) is iaaptﬂms aday dap@mmemgtezﬁpémwres/tmmziagér Ruisf ammammuyu n a few

hundr ed nanoseconds i s.causes, as describ bove,

heat i ngl(bf irH@S%ﬁB%tOZ@%HQWtE@XI%"@l’at?dsk?yt ﬁé&ga?%%qrv@éﬁt’t ati 4a of the

sub- dn A0 oF%‘\?cﬂ 5%;\ {\%ge 3, without heating the ot her parts of
s‘Phl r a e

the | ayer 2 er ent ating may then be used to treat the
heat ed zones 2a.Then, as shown in figure 4, an irradiation of such a light 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.

This application produces, under the effect of the prior heating of

—
(8]

the sub-layer 4 and according to the mechanism as described above,

liquefaction by heating the layer2 on a zone 11 corresponding

approximately fc the light flux application zone, said liquefied 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.



For exanple, as shown in figure 9, it is-possi ble to performthe heating
obt ai ned above with reference to figure 8 in a chanber 12 containi ng oxygen
and/ or water vapour. The presence of axygen and the tenperature rise
| ocated in the zones 2a of the layer 2 result in the 25creation of silicon
oxi de zones 13 on the front face 3 of the layer 2, self- aligned on top of
the deep zones 4a. 11 CLAIMS 1. Method for heating, at |east
|l ocally, a wafer conprising at |east one |ayer to be heated and a
sub-layer, at least locally, adjacent to said |layer to be heated, under the
effect of aé | east,,one light flux pulse, conprising the follow ng steps:
Sel ecting & .e 4 ux - Wwherein the wavel ength is such that the
absorption coeffh\gi @dwrPin Fiautk 8, Wtakingt Weth! ayein-bepde Merd@gstaliinkow as
long as the tenperature of said |ayer to be heated is in the | ow
t enper at ur esitie@ysubsiataai Wrabeptbaskingdef facel &enep fér 868 edesigghityi cant | y
when the te rat ur f_the. - I Leperature
range sit uaﬁg%n p rsglﬁﬁ%tdgﬁﬂg:%fg%éécgea?% q?%%&fg.ln%%xﬁag% E\’r@ clir\k!:a{%{gtgbeﬁ - and
wher ei n t he{gabgen-Bnt ehsiype and deingt | conagrgiodut h i¢dtatiquésn tisedabisence of
said sub-layer, the tenperature of the layer to be heated repmains within
sai d | ow t effi@PGlasENICANGE; 2SEr ODIRIAGAR AATRIREY ejub-layer 4 _CopgistiBe Pt he .
absorption ol Idoal SBheOhasTdfl Sidhbiel 'edtntbonid ReLasidaiavELagth 1S
hi gh in sai ow tefperature range - and erern the tenperature
enters the Higmdsenpeapproxematehg® wreonsand sides| epenl tosasprioxecatetyo t he
i ght flux; . And_applyin aid light flux to said wafer, . at | east
| ooal 1 yi S BOMRErari oty SSReTd Biwern B el o Ry | PSS, ayer
25 microns.
Then, as shown in figure 7, epitaxy of non-doped silicon is
performed on the face 8a so as to form a layer 2,
Then, as shown in figure 8, on the front face 3, an infrared power

light beam or flux 7 (for 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

oo
o

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

aligned on top of the deep zones 4a.



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
tenperature range, that, in a second prﬁse, t he sub-layer heats, by thernal
di ffusion, the adjacent portion of thelTayer to be heated to a tenperature
situated in said high tenperature range, and that, in a third phase, this
adj acent portion thus becom ng absor@iﬁm&]d generating, in the layer to be
heat ed, an absorbent thermal front wherein the tenperature is situated in
said high tenperature 12 range, said absorbent thermal front progresses
towards said fronf Wegeduafeeating, SOMEsAestaNy, Buakbiesidotsdrisitg benawst d _
thermal diffusion of the thermal front and a thernmal energy supply by said
i ght flux wehelpvesde hesheated antkensub-faventatvieast lesaliyvt adjacentbioosdiént

char act or | SoB P 1 T el Bl fle ofagt ot A et B R AL Bl B

range can becarpagiag @tk fflowiliestepsour transition threshold of the
~absorption coefficient as _a function of the tenperature. 3. Met hod

according to cl aipelgctinalight¥pi sed in that said behaviour transition
threshol d of the abggrd iyod \A%Q/%fé(rlg% ?Q%u@ﬁ'tﬁ?}fetﬁ%g%ﬁ%?g%n %B@ﬁ{c?ém%rfat ure

extends over a tenperature range. ctording to any of the
above cl ai nssaid hxaey die tperito Hehhbatddeis layeas tlond @shibat ethpesatuoarofioped
silicon. ccording t f the above clains

.. 5. Method 0 any o )
char act er | st nBURALIOL BE PESEE (%5 Be hoabla (PP cananced #ifer al .
6. Method acaoulfish befhRniirRrHEEASKRIcaRty bihd e Rahsbrbe!TRE! at ur e

range corresponds substanti y tot range” wherei n the oplﬁg i's not

i ntrinsic andysnaiodhd hghtedeaniersaa high teampprative rasge aitisated Eppaoxiietély to t he
range \A,herei%?the dﬁ% ng IS intrinsic. 7. Method according to any of
the above cl@WE SAAIPUIGTBPPBLYS'ANBRat the | ayer to be heated is gallium

nitride. & aluheseinare MlilgWirtenaflyard dRfioAbAEEs NS, in the

characterised in that the sub-l'ayer is anorphous silicon. 9. Met hod
accor di ng t oakgancef ot Iseidasobdaygraithg , teomarakcrerafste fayer Hat behlkeajad- | ayer

ciaims, cnarasrat 88 seie ja el BhRrBREe heated i 2 balliumnitride and
the sub-layer is Sélkt@@pa sub-layer 11. Method according to any of the above
claims, charact er_i \zﬁgreiinntﬁehggsgrgt?orll iccg)Q%ﬁc{énltj)(()f isgidqi%?:ﬂig}( %(tj sgg{j s?eielac?cesag B
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



ABSTRACT The invention relates to a nethod for heating a wafer (1)
conprising at |east one layer to be heated (2) and a sub-layer (4), under
the effect of at |east one light flux lél se, conprising the foll ow ng
steps: selecting a light flux (7), a layer to be heated (2) such that the
absorption coefficient of said flux by the layer to be heated (2) is |ow as
| ong as t he rasgpesaidupbsabeshithkrmma) drontopiogressisetdwasds saichdrdnbface

t enperature rapge, (PBT)  and, sai bsor pt i coef fjcient .i.ncreas

si gni fi cant 1Y When'™t fi2 H}ﬁSePétcﬁiﬂz %fe h(_éfo & @ébe%é]bg'fﬂgﬁlpea?zlﬂ?er s a

hi gh t enper ghififar foweard A hérnad @reeh e stppy By sdib-ibRYRix (vhichskeglahbsat the

absorption coefficient of Salug lml@ght flux at said selected wavel ength is
=

hi gh in sai caidihesmdrentuda yebeppodent ramainstesaf dbarayemioebe t he
hi gh tenper gt ure, range (PHT) when said sub-layer is subject to the |ight
flux; and appefyl(l;lu'g said light flux (7) to said wafer (1). 15 Figure 2

2. Method according to claim 1, characterised in that said low

temperature range and said high {emperature range can be separated by
a behaviour transition threshold of the absorption coefficient as a function
of the temperature.

3. Method according to claim 2, characterised in that said behaviour
transition threshold of the absorption coefficient as a function of the
temperature extends over a temperature range.

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

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

6. Method according to claim 5 characterised in that said low
temperature range corresponds substantially to the range wherein the
doping is not 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.



