'*159159* WD 01/ 75186 PCT/FR01/00976 1 SUBSTRATE FABRICATICN METHOD AND
DEVI CE The invention relates to thenmﬁmm ﬂMMNM& substrates, in
particular for optics, electronics tronics. 5 Substrates for
use in the aforenentioned fields are gesasally obtained industrially by
cutting up ingo the case of nonocrystalline silico

the ingots ‘&?)e(sffﬁ]g&ned froma bath of nolten silicon byrh(ﬁtﬁ;@wgl ski
drawi ng nethod (referred to hereinafter mas CZ 10 drawi ng) or froma

pol ycrystalline ingot by the zone fusion nethod (referred to hereinafter

as FZ drawing). These grow ng net hods produce cylindrical |ngots whi ch
are then cut into si i SUSSPRMEENBRBRFSATEON: NETEGPSARP PREICEy! | nder,

general |y using arrriet eipaén€ubncCi rzféll|a6tre§aV\tol5 tHewevesbri bet abave dret hods
strates w th satlsfact sions for. s
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| ar ge subst rattes- aﬂﬁﬂtmnnndﬁa used to nake flat or other shape display
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substrates, the docunent oses cutting 1ngots parallel to
t heir Iongl tm%l%klgbt@@e@b]léétlséflﬁﬁ Yi Werﬁtitdhlri% 37) Qﬂ@@éé’?e arot her

way of fabr|tq;:g| &gs%ubétr&t&soéfmammes s49 iARet, heEoQbJ @;@5m§iet hehe
invention is to obtain substr gt%% of a.monocrystalline teria ch as

monocryst al ST 13 onPFarne PE 2witF " duler™© ?%%lué (]JﬁOE‘oijtystt
with prior arzoctetdiodsi dietinopjreethod achfeveddbyoah&EEhndfmbrfamrmmat|ng
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cylindrical These growing methods produce cylindrical ingots which
are then cut into slices perpendicular to the axis of the
cylinder, generally using an internal cut circular saw.

15 However, the above methods do not produce
substrates with satisfactory dimensions for some
applications. This applies in particular in the field of
fabrication of large substrates that can be used to make
flat or other shape display screens or solar cells.

20 To obtain larger monocrystalline silicon
substrates, the document FR 2 752 768 proposes cutting
ingots parallel to their longitudinal axis.

One object of the invention is to propose another
way of fabricating substrates from ingots.

25 Another object of the invention 1is to o¢btain
substrates of a monocrystalline material, such as
monocrystalline silicon, for example, with lower

production costs than with prior art methods.
That object 1is achieved by a method of fabricating
30 substrates, in particular for optics, electronics cor
opto-electronics, the method being characterized in that
it includes:
- an operation of implanting atomic species under
the surface of a material in the form of a cylindrical

35 ingot at an implantation depth distributed around a
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'35 ingot at an inplantation depth distributed around a *G0002* WD 01/ 75186
PCT/ FRO1/ 00976 2 particul ar val ue by bonbardi ng said atom c species onto
an area of the cylindrical surface of the ingot, and - a detachnent
operation at a detachment depth in the vicinity of the inplantation depth

of the | ayer,of terial between the surface and the d th to
10 detach thY 9Hy%{§%fromthe remai nder of the ingot. Thu?&fﬁﬁﬁﬂ%ﬂ‘@gﬁ
with the invention a substrate is obtaihed by peeling off the surface
| ayer of a «cylindrical ingot parallel to the axis of the cylinder. It nust

be understood that the term"substrate" is wused throughout this text in
the widest e BHlathevatdemPyi nPppRFdiy dsatd d<iyrat EPeFEREr OAr©

el enent of afmtaﬁfda’:ﬂofabilfetcﬁy]Sﬁ[dh_elc@éSl a5 \ SRS tof ourh@nmw e&z&ﬂrent or a
thick or thin, rlg_ldor;C etc. fllmo

r
"cylinder” and "cyl ihd ogleggtﬁ‘ u %EIaSt ea%achﬁ“?rh eBEEnalrny
sense. |n tHbse sensenla_\/ @ﬂ ltﬂd@r implangeltiidnbodiyp generfattete bjlzaaest redl ght

line that ppues parableledn thsell, 2L.eag ihe fé‘&@aQRméngod% 'the- td n

this text a cy er can therefore have a round 25 cross section or

pol ygonal crdﬁtsa@éctthain Laprr et gTod e clofteR Hyfde o ehethavErgoon

advant ageousl y enaty.es Q@nfalcf&'é@él%nfc%br\hi?@ﬁl QBeOflmﬁéHkSifdr@t g8s. sxﬁ%@é&% the
nmet hod accor di ng to th r%/yentl on can | enent e contl nuousl

i ncreases t he’ ofP& r1“—31=,1brc? t| of® & at’gy ‘yﬁ hé9r efore
reduces pr ochy:]tllrmrm]t SlngTde peetdloce 1 sto patd i ol ard§ tﬁesaecfyl:ixadierf it is

requirggd to fabricate, 30, npoocHYstalhiae Sild cof SHRRLT aLES <L QW cost,

for exarrpl e.
used throughout this text in the widest sense of the

term, in other words to designate either an element of
material able to serve as a support for another element
or a thick or thin, rigid or flexible, etc. film or

15 layer.
The terms "cylinder" and "cylindrical" must also be
understcod in their primary sense. 1In this sense, a
cylinder is a solid body generated by a straight 1line
that moves parallel to itself along the surface of a
20 curve. In this text a cylinder can therefore have a round

cross section or a polygonal cross section.

The method according to the invention
advantageously enables continuous fabrication of
substrates.

25 Because the method according to the invention can
be implemented continuously, it increases the

productivity of the fabrication of substrates and
therefore reduces production <costs. The method is
particularly beneficial if it 1is required to fabricate
30 monocrystalline silicon substrates at low cost, for
example.
The method according to the invention has the
following advantageous features, independently or in
combination:

35 - the implantation of the atomic species is effected by



'The method according to the invention has the follow ng advantageous
features, independently or in conbination: 35 - the inplantation of the
atom c species is effected by WO 01/ 75186 PCT/ FRO1/ 00976 3 conti nuously
bombardi ng the cylindrical surface of the ingot with a |ocalised beamthat

IS swept in e itudinal direction of the ingot whil i ngot

rot ates aboJ@Qh%“ggﬂg parallel to the cylindrical 5 surf d@?ﬁu“ﬂ%@9ﬂi

i npl antation of the atom c species is effected by continuously bomnbardi ng
the cylindrical surface of the ingot with a beam of el ongate cross section

corresponding to a given_ area while the ingot rotates 10 about an axis
paral l el to theceyilrHErFéEl POTPRECENT Ghfe ¢viblattatdbnSBrieRe &forfile

species is effeaged byithonbandmenti £of r gepandicRgct 018 gbwepr argd ahe
successi ve zoges adhacenﬁ R€§§c¥ljndrl%§l ﬁurface of %hi ingot. . while the
i ngot rotates aBBHLTHATART S APt &Lt nkE5 HATNdIPEar stPFacdd it t he

i ngot between eachtebonbavdnendnanaxide pexdllel t e | mieantatliioafcdlhe
atonicE§peciesSL?fngected by continuously bonbardi ng the whole of the
cylindrical strface 6f the ingot, for exanple by i mersing the 20 ingot
in a plasnma;- -the fimtlkertaticdnudes Bheopératicorsrsfciveat { ngefhecteyl inwri ca

surface; the heghiRguensiat k¥hoeadike G réediouti bef okgrrduLi B qmeafter
i npl antation; the heating operation can _be carried out by the 25

i npl ant ation i tBEPF; thetheatd ng P58 at Pén reHRRe’LEhe CHtess&SFds¥e of
atom c speci escoipkapbadiagd/tar a egeognagesal wisilldl bieal ingodf sanges

P St on, SBLSELSh o BIPRUSE 20 SRR MASRN cLhanslaLeng (he aver
det achnent deptheontplargugipgant ;of the atomic species is effected by
bombardment corresponding to a given area of successive
zones adjacent the cylindrical surface of the ingot
while the ingot rotates about an axis parallel to the
15 cylindrical surface of the ingot between each
bombardment and the next;

- the implantation of the atomic species is effected by
continuously bombarding the whole of the cylindrical
surface of the ingot, for example by immersing the

20 ingot in a plasma;

- it further includes an operation of heating the
cylindrical surface; the heating operation can be
carried out before, during or after implantation; the
heating operation can be carried out by the

25 implantation itself; the heating operation reduces the
necessary dose of atomic species implanted and/or
encourages in situ healing of some implantation
defects;

- it includes an operation of transferring the layer of

30 material between the cylindrical surface of the ingot
and the detachment depth onto a support:;

- it 1includes an operation of pressing the layer of
material between the cylindrical surface of the ingot
and the detachment depth by means of a roller; this

35 pressing operation causes a thermal shock if the roller



- it-includes an operation of pressing the |layer of material between the
cylindrical surface of the ingot and the detachnent depth by neans of a
roller; this 35 pressing operation causes a thernmal shock if the roller WO
01/ 75186 PCT/ FR01/00976 4 is cooled or heats the ingot if it is heated

and/ or appl ni cal pressure and/or shear stresses cour age
and/ or cause g%?&@ﬁagnt fromthe ingot of the |ayer oflnﬁé#ﬂﬁﬂnﬁﬁpagen
the cylindrical surface of 5 the ingot @and the detachnment depth; - the
support is adhesive; - it includes an operation of covering the |ayer of
mat eri al between the cylindrical surface of the ingot and the detachnent

depth with a | F§uitPPiEsectr gass 18PphasgodepbSi £t -1 heeaaeer idad o
silicon; - theappotes W&ﬁl@lﬁp@ré%smﬁ@r 0ged/ b PNSheart her AL OBES &QeCI es

d
P Ldes oo EnERC B eapRY prn CaURE BT RERT E20 TOE hredaing o

mat eri al betmeeayéhecﬁylmader¢an resae Oheth@ﬂﬂﬂﬁﬂldﬂkiBhﬁ;deea@hﬂent
dept h Qy rollkgg Fgg% ag&e ﬁf %%%%%gmggklg i ncl udes an operation
t

of transferring a ayer conprlélné circuitry patterns onto
the | ayer of- nhEeﬁuapObétméeﬁdhhéia?bindrical surface of the ingot and

the detachment ;deptfio okt hey f abidicption ofe dbspbaynsoreros A sola

cells in partlcular anor phous or polycrystalline silicon 25 deposited on
a gl ass substr&?éeF%aéfﬁéﬁWﬁ§%U %%céﬁ%é“ﬁﬁﬁ&é#y§¥ﬁﬁ¥¥ﬁb ef 1 t86n WP he
deposi ted on ghass,tion dguachaenet cleg@th pwesknta obiyuby Ipakase t bansfey

technH_ es u5|ggs ggnocr¥stalllne silicon substrate to formthe |ayer

that is transf8rréd onto thé gl ass substrate. The 30 dianeter of

nmonocr yst al I-i néhsi matemisdbgdsr stiédcios;limted at present to 200 mm or even

300 nm - the atomic species comprise hydrogen ions;

- the atomic species comprise doping 1ons such as

phosphorus, arsenic or boron ions;

15 - 1t includes operations of applying a layer to each face
of the layer of material between the <c¢ylindrical
surface of the 1ingot and the detachment depth by
rolling those layers between rollers;

- 1t includes an operation of transferring at least one

20 layer comprising circuitry patterns onto the layer of
material between the cylindrical surface of the ingot
and the detachment depth.

For the fabrication of display screens and solar
cells in particular, amorphous or polycrystalline silicon

25 deposited on a glass substrate is often used, because

monocrystalline silicon can be deposited on glass, on
quartz, etc. at present only by layer transfer techniques
using a monocrystalline silicon substrate to form the
layer that is transferred onto the glass substrate. The

30 diameter of monocrystalline silicon substrates is limited

at present to 200 mm or even 300 mm.

Using the method according to the invention, it 1is
possible to fabricate larger monocrystalline silicon
substrates. Even if the monocrystalline silicon

35 substrates obtained with some wvariants of the method



"Usi ng the nethod according to the invention, it is possible to fabricate

| arger nonocrystalline silicon substrates. Even if the nonocrystalline
silicon 35 substrates obtained with sone variants of the nethod WD 01/ 75186
PCT/ FRO1/ 00976 5 according to the invention do not have a perfect

crystalline or] jon, they have better qualities than 0 r

pol ycryst al I‘&ﬁiﬁ&&ﬁ on. Thus when they are wused to nmake &Eﬂﬂg@?@gé t hey
offer an inprovenent in 5 terns of integgation density (nunber of pixels
per unit surface area), screen refresh rate, etc. Wen they are used to

make sol ar cells they increase the efficiency of photo-electric
conver si on. AFFRHENG hetQubshrat é&vané igmal I9r 1QF gehavhe Ractreri®ithat

the nmethod ofrfahicatd ngrwﬁﬂa@aanbeth@gl el efet €0AL bjﬁlalQli%h)ésr adliges
their cost. Note that the i |t|al L anet er qf the i g little
por t ance, THIRIATT el ROTYCRIPE T IparL St -a TgeherBERr GhEY (e
greater the ubahret er nefkeanfl agotscirleenkb oy t erf fietrs alrengmprox\emendl ngl vy,
Gependinig O diie, bet SN ARNGCAUL NSy | (nbipREClar 3Bl 10 Hae A ngot
of smal anet er, beca S6 it is easler tain ter engt h.
However , thesql%@ié?e maé@alby t9fE g RSt héafraébormﬁt@, t@tt:he mefenth@m jare

obt ai ned fromddec20ngxbi BdnbGalcsurd aos pf 1 8BrbHEOT thbn FFTR j@FRQdigEent s
of the nmethod according to the invention, this layer can initially be

given a cur R At icHh PPNRFE¥ical in  some circunstances. For
example, if the | ayefther tithdesulsé Or£te ®nNade Cyhbhdebrwilki giehe o viaddy e

rever 2 chapi.cal .stresses n .be .generated that egrad t he ality
of t h:lerfaye?thrmt g\gen I%eécanse&l % fCa(’t:)}grrelaﬁ(a ﬁ}l dlcaarrr%at er mept%hemelnnt 3%1
i ncreases, tdmstelrumwsa]txurleeqmco&ﬂ e‘mellcacrpiaiecorre | ess severe. It can al so be

beneficial to use N&Jegetﬁéé‘”%h%r 1r§10c1'aﬂgoé§aﬁlété£ b Ws§ﬁ%¥tt98r%'ce
the period in the resulting layer of variration of its crystalline
little importance, but its length is more imgortant. As a

general rule, the greater the diameter of an ingot the
15 shorter its length. Accordingly, depending on the
intended applications, it is preferable to use an ingot
of smaller diameter, because it is easier to obtain 1in a
greater length. However, the layer made by the method
according to the invention is obtained from the
20 cylindrical surface of an ingot. In some embodiments of
the method according to the invention, this layer can
initially be given a curvature that can prove critical in
some circumstances. For example, if the layer is to be
stored on a cylinder with the curvature reversed,
25 mechanical stresses can be generated that degrade the
quality of the layer, or even cause it to break. As the
diameter of the ingot increases, these curvature problems
can become less severe.
It can also be beneficial to use large-diameter
30 ingots if it 1s necessary to reduce the period in the
resulting layer of variation of its crystalline
orientation with the direction in which it is wound.
What 1is more, the curvature and crystallographic
orientation problems referred to above are considerably

35 reduced, or even non-existent, if the method according to



‘orientation with the direction in which it is wound. Wat is nore, the
curvature and crystallographic orientation problens referred to above are
considerably 35 reduced, or even non-existent, if the method according to
WO 01/ 75186 PCT/ FR01/ 00976 6 the invention is used wth ingots which have a

square cro section, for exanple. In this case, the |lay t he
nmet hod accor ﬂﬁ”%%lsﬁhe invention is obtained from pl aneeﬂ%ﬁgzmé
crystal l ographic orientation is clearly ¢5 defined. A 200 nm di anet er i ngot
is typically 1.5 mlong. As a general rule, before they are used in the

met hod according to the invention, these ingots are cut into 40 to 50 cm
| engt hs. 10 Yt in¥epsien aks i H@@td asith awmgRas amhich- defviened sS4add or

shape (undulc’:ktdsrw s ared el . rekChxaliiend & dH©d | FA 88 Yeakep a9kt handeet hod
i nventi on, i ngot turned. or nmachined to ob al n an

according t th

o o et i GP S e s ST oBhr Be HRYERS Chn1 8 o duiac

section. Thep]taﬂmlfn;cem wache nchgstapitogtaphitsoecaeniced iotit Jbsefdjreeaxdj’y after
the cutding 4 eaglons previously referred to. Wth silicon ingots, a

| ayer o the or er of 10 [tm thick is obtained by inplanting hydrogen ions
with 20 energies PonQmém@r@e@m@Eell Megot HogetEpicahdl ils Segsdmncal Ass to

have a suffigi %‘gﬂe\r‘rarl' g'r%l@ssb%ffor@at %Bb?' Retvege § hei detachment: dept h
and the surface of, the in to avoi d probl ens, associated with the

fragility affuetigidab?l Fg9 N VERE lrRy ertdiesss TPt aERnERE d&dtn 4%
advant ageousdy 3eten ndregthso that the continuous Iayers for med by the

nmet hogjto accordi ng vhga&t he invention are eIf s(#l}rp%orrlt %{l GEV ntea eous
vari ant” of the net actorafny o ltnﬁé) i ive t Hé Ié’;l?er ot ced
to prevent S{terioht enshassociatddlatihngitdimagelkityetc)def duabid itay by
depositing g, fdi{pfAeiare thepdetgehmnt ORRLALLON AUocording to  the
invention, the ingot is turned or machined to obtain an
ingot 1in the form of a regular cylinder or having a
15 polygonal <cross section. The turning or machining
operation 1is carried out before or after the cutting
operations previously referred to.
With silicon 1ingots, a layer of the order of 10 um
thick 1is obtained by implanting hydrogen ions with
20 energies of the order of 1 MeV. However, what 1is
essential 1is to have a sufficiently rigid mass of
material between the detachment depth and the surface of
the ingot to avoid problems associated with the fragility
and deformability of the layers.
25 The detachment depth i1s advantageously determined
so that the continuous layers formed by the method
according to the invention are self-supporting.
In an advantageous variant of the method according
to the invention the layer 1is reinforced to prevent
30 problems associated with its fragility or deformability
by depositing a film before the detachment operation or
even before the heating operation, if any, or even before
the implantation operation. This variant is particularly
advantageous when it is required to fabricate layers that
35 are too thin to be self-supporting. In the case of



‘even’ before the heating operation, if any, or even before the inplantation
operation. This variant is particularly advantageous when it is required
to fabricate layers that 35 are too thin to be self-supporting. In the case
of WD 01/ 75186 PCT/FR01/00976 7 silicon, for exanple, a 10 m deposit of

Si 02 proves Lcjgnt to reinforce the mechanical stren | ayer
formed (a nﬁpifégkggﬁher than Si 02 can equally well be ugggyﬁﬁg@m@magnera
rule, and therefore not only for 5 applitations of the nethod according to

the invention to the fabrication of silicon |ayers, deposition nethods of

the epitaxial, atom sation, paint, spray, etc. type are_also feasible. The
anount s of t%k}%ﬁQﬂﬂ(:ﬁ@ﬁéc?éémpﬁﬁkangedﬁ%ﬂgn FEESRdnt &feotsPy FE XSS or der
of 1017 to 1Nl icintV tbh thesefomtmunhe, méchan dept h safrepeyret rati atheof the
order of on to several tens_pof mcran it,i.s passible to separat t he
| ayer of rratelearSfeali %E%%ni?hrgagteﬁ 3ce05§8rt tﬁgandetlg}zhﬁéﬁt e@élﬁt%ﬁyf rwoeﬁli]t he
remai nder ofbe hes¢dpot A teh grendisa hddit eenaindhedtd mef operadt orndnd fwit h t he
appl i cajion flo1 4440 Ltk SOE CERES @b nBKEM 0, ILEPSES: (A8 dQeRend, rl e, 1f
stresses are &bﬁlledjto t he ayer, they are advantageously nechani ca
stresses (sHearfabehgabhoncehprdddicon Laxeasoundroeielpn petapest rifcal
stresses (elatd reptabkea0r %Jt%ﬁtirs@mﬁgti})gaiﬁtpl praierdmt. stipesese

(radi ation, convection,, conduction, etc.), etc. pl'ying stresses can al so
entail diréttih ?ﬁﬁib%%e | ayer/ingot detachment interface a jet of fluid
(l'itquid or gas) thdte i smeunlter cbnttihriouscori25sparies |implaetedherral

Stressgs in aQﬁfatx#-tCéjg#%ué:lgp @f tﬁeer&/(gé’rféfm}]éhe 3PRlLEALLON 1Al BN o g o
electronagnetlc | € , n electron eam t e(no-electrlc heatlng, a
cryogeni ¢ fangunts saper @oslemth i gl BenetEat Apdt vdr tHrxpeerdef phe one

i nvention pryi desecdatdewiars 30 hakralyi cating phsd natescol ndaddicul ar
for use in aoptics, electronics or opto-el ectronjics, which device is
the layer of material Dbetween the  surface and the
detachment depth from the remainder of the ingot with no
15 additional heating operation and with the application of
limited stresses or even no stresses.

As a general rule, if stresses are applied to the
layer, they are advantageously mechanical stresses
(shear, tension, compression, ultrasound, etc.),

20 electrical stresses (electrostatic or electromagnetic
field), thermal stresses (radiation, convection,
conduction, etc.), etc. Applying stresses can also entail
directing onto the layer/ingot detachment interface a jet
of fluid (liquid or gas) that i1s either continuous or

25 varies in time. Thermal stresses 1n particular can be
derived from the application of an electromagnetic field,
an electron beam, thermo-electric heating, a cryogenic
fluid, a supercooled liquid, etc.

Another aspect of the invention provides a device

30 for fabricating substrates, 1in particular for use 1in
optics, electronics or opto-electronics, which device 1is
characterized in that it includes:

- means for implantation of atomic species under
the surface of a material in the form of a cylindrical

35 ingot at an implantation depth distributed around a




‘characterized in that it includes: - neans for inplantation of atom c

speci es under the surface of a material in the formof a cylindrical 35
ingot at an inplantation depth distributed around a WO 01/ 75186

PCT/ FRO1/ 00976 8 particul ar value, - detaching neans for detaching a | ayer

of materi al t fachnment depth in the vicinity of the j t.ati
dept h, and é‘% Q@Fgﬁ%n means for rotating a cylindrical .é@ﬂ%%@ﬁg
mat eri al about an axis parallel to the cglindrical surface of the ingot.
The above device inplenents the nmethod according to the invention as

previously described. It advantageously 10 includes neans for holding the
| ayer of nmatRFiEicheiveenldde cylindrical surface of the ingot and the

detachment depth t qgaidieimd/hsaid fayeheahtRinkt ai 9 adetracifedhfdaamait he
i ngot. The hol di ng means adv ntg}%eous include a %I urality of reversible

I
or T ppi ng medtls i STTTHURRA" 0IEP L5 1P of ['8r YAFI-V8 " He&its. Phe AT & bf
such gri ppi meprgansands known in the art. Such gripping neans enpl oy

pressurg di 1 er ences,, 6l &6/ 1 4sLAL Gd0r 688, hG- o FOL1 exaMRLE, Qher.

aspects, objects an vant ages o Inventi Wi econe apparent on
readi ng t he dfol tioi Rt e P Hetapedadessi EpPraal 1 Fhe tionvédret N Jinglegst lai ned
with referengerd@ the awdgss in which: - figure 1 is a diagrammtic
perspective view of an ingot subjected to ion inplantation and to the
detachnent of a IdiferaRAVeaeteries BYPLCPPRSE ERBodrERH Graatel Py to
substrate faind cahventehhed aoeoridiugly odéferibyent Ten advdritgifsouksliy a
di agr rq:atic.viewof one ex I f,..a bstyate fabricatiaqn.device
accorgli g tolrf%]eu%erses%%?nsi \ggn?‘iogﬁ,mignscg}eos A¥ett Pon Iegtlia\}eeqeot"f%eé1 axi s
of the cylitivercplinteicagotsustiews iof f tger enyot30andf icher el dchment
di agrammati Gybayw 06 Ghendse f &igeeqpdr-enpediment of e Bkt ron
according to the preséent . .

the 1ingot. The holding means advantageously include a

plurality of reversible gripping means distributed over

15 roller drive means. The principle of such gripping means
is known in the art. Such gripping means employ pressure
differences, electrostatic forces, etc., for example.

Other aspects, objects and advantages of the
invention will become apparent on reading the following

20 detailed description. The 1invention 1is explained with
reference to the drawings, in which:

- figure 1 is a diagrammatic perspective view of an
ingot subjected to ion implantation and to the detachment
of a layer of material by a first embodiment of the

25 substrate fabrication method according to the invention;

- figure 2 is a diagrammatic view of one example of
a substrate fabrication device according to the present
invention, in cross section relative to the axis of the
cylinder of the ingot shown in figure 1;

30 - figure 3 is a diagrammatic view of the use of a
second embodiment of the method according to the present
invention, in cross section relative to the axis of the
cylinder of an ingot like that shown in figures 1 and 2;

- figure 4 is a diagrammatic view of the use of a

35 third embodiment of the method according to the present



‘invention, in cross section relative to the axis of the cylinder of an
ingot like that shown in figures 1 and 2; - figure 4 is a diagrammtic view
of the use of a 35 third enbodi nent of the method according to the present
WD 01/ 75186 PCT/ FR01/00976 9 invention, in cross section relative to the

axi s of the ' of an ingot |ike that shown in figur -
figure 5 |S‘X%{)Qz tic view of the use of a variant ﬁﬁ@"ﬁ@?&r‘mm
of the method according to the 5 presem invention shown in figure 4, in
cross section relative to the axis of the cylinder of an ingot such as

that shown in figures 1. to 4; - figure 6 is_a diagranmtic view of the use
of anot her VAW HHIUH the EFRSEi st g t Felakt hed tecddrdi #%1s 10 ft & hithe

present inventiiehon dm fAgy el fke i that osiSowecin ofi get@d i vecd03f he axis
of the cylinder of_aj{}]]in ot5 such as, that shown in fig&reﬂ}l to 5; £ figure
7 is a diagrammtic %W‘Eof thE s TIIE™Yurt hY efiBoditmemM® ofSEh&tmét hod
accordi ng t orahiearpr esEnthelsmbodenenan,ofi nthor asstisedt aonordliagi ve tthe he
axis ofgan ingat /i . .sho .0 fi.gu to, 6; ;- fi | S -

di agr arfr)rrati éiw ev{/.ﬂj'of ﬁﬁﬁggﬁgg%otg\gow ifltrﬁ ggggé?rreéln’t of' t%gg%rgt %oéciialgocnor di ng
to the preseifilatiient? obhei axéposd Jd& ivnl deit ivk 206 £REOCAXISSICHS ah 20

ingot |ike tiadt oW iih faomiess 11t 74; 25 - figure 9 is a diagranmatic
view of the use of afeisg\é“ﬁ‘iria t of the fourth enbodi nent o% t he net hod
according to the pr € i Rventi 8n, 9130 PRI Kect'it6l ref atillfe P8 tHe axis

of an ingot dridkehdhatashomn ofi thguerbodimen®; of thgumethdd ssdcording

di agraerrati G Vi %WeOf tggeH e iorIveantiSc!nXt hh%%odigergi ofret h<§1 meH]]odC aocscsordi ng
to the presen? iMveRtTon, ~i i cross Section retative to theé axi's of an
ingot |ike tdetishoweelativguresthet @xd;s -off ighe ectlanidsraodi agr aimeatti c

view of a subgiyale épa@bgﬁgmdilyviﬂb@régwng@ enbodi ment of the nethod

- figure 7 is a diagrammatic view of the use of a
fourth embodiment of the method according to the present

15 invention, 1n cross section relative to the axis of an
ingot like that shown in figures 1 to 6;

- figure 8 1is a diagrammatic view of the use of a
fifth embodiment of the method according to the present
invention, 1in cross section relative to the axis of an

20 ingot like that shown in figures 1 to 7;

- figure 9 is a diagrammatic view of the use of a
variant of the fourth embodiment of the method according
to the present invention, in cross section relative to
the axis of an ingot like that shown in figures 1 to 7;

25 - figure 10 is a diagrammatic view of the use of a
sixth embodiment of the method according to the present
invention, in cross section relative to the axis of an
ingot like that shown in figures 1 to 9;

- figure 1lla is a diagrammatic view of a substrate

30 obtained with a seventh embodiment of the method
according to the invention, in section perpendicular to
the surface subjected to bombardment by the method
according to the invention, and figure 1l1lb is a diagram
showing the concentration profile of the atomic species

35 implanted as a function of the depth of implantation in



according to the invention, in section perpendicular to the surface

subj ected to bonbardnent by the nethod according to the invention, and
figure 11b is a diagram showi ng the concentration profile of the atomc
speci es 35 irrpl anted as a function of the depth of inplantation in WO

01/ 75186 P 76 10 the substrate shown in figure - figure 12a
is a diagra g spective view of three |layers i ntenﬁ%@r@&@é&%ﬁ
superposed in an eighth enbodi nent of tilbe net hod according to the
invention and 5 figure 12b shows the structure obtained after assenbling
the three Iayers shown in figure, 12a - figure 13 is a diagranmatic view of
the use of & N&iFHI® Erfddi FTREN™ of P thied hgjda'accordi ng to the present
invention, in cross fsle;uﬁeom:zsl atsl \ae dih(jﬂ‘lﬁruﬁé(‘dﬁc of:etbpecwvéykzh@cberopf t he
i ngot shownth fIgLiI‘ Jt ure 14 ]ICS aegla am*ratlceg\{h wof a
square Cross section i ngot USe 50\,a Fant"Bf 'Y Rhe“pre 5%n,
cross secti ambadigtente 06 tthe av@:isl'lm theorfpnggt .tol5tide inethodoac cordi ng
to the preseifq i vensyolnbs %%crwﬁpcﬂ%ee' BBEL ehelin alhe pPardd Gl an,
context” of obtaini ng nmonocrystalline silicon substrates froman i ngot

obt ai ned by tC‘iE drhiee drad 7y, St coh hsgubeeh?achosen because it is by far
and away the nost Wﬂegld/rélsﬁﬁ 29 peiehigdamnd ttike Jid) bPfthe use of a

m cr o- el ectroni I—gv\g the invention is not |imted to this materlal
The inventi dﬁ'nébp?’i“ g b‘@ﬁBFaIOI%/ §F W@BPgdoiﬁ% crystarl igfesent

pol ycryst al limerori@nor phou&ormt evdaliyn | pepativeular trsenagondodt atse 25
Fi gur sha o) C I cpn. ob ined by the CZ or
FZ dr:lvalng pérlg(?)lcgﬂshséqu]('I ] é(;é)lgn%(?"sr? L% %‘%%éée gf a %(?rcul%r cyl i nder
with an axis X-X.- m@qrrﬁgotul i Ai tﬁlald%ﬂmtducarr@tléw 0Pf200 raAuatl a

length L = Io%d8 ardcics ousuhyt CUlsddt @nl €Q9tNSeiant of the present
invention, 1in cross section relative to the axis of the
ingot.

15 The method according to the present invention is
described hereinafter in the ©particular context of
obtaining monocrystalline silicon substrates from an
ingot obtained by CZ or FZ drawing. Silicon has been
chosen because it is by far and away the most widely used

20 material in the field of micro-electronics. However, the
invention is not limited to this material. The invention

applies generally to 1ingots of any monocrystalline,

polycrystalline or amorphous materials, in particular
semiconductors.
25 Figure 1 shows an ingot 1 of monocrystalline

silicon obtained by the CZ or FZ drawing process. It 1is
approximately the shape of a circular cylinder with an
axis X-X. The ingot 1 initially has a diameter of 200 mm
and a length L = 1.5 m and 1is usually cut into lengths.

30 The drawing process 1is chosen to obtain an ingot 1 in
which the faces perpendicular to the axis of the cylinder
are oriented parallel to the <1, 0, 0> crystallographic
plane. The <0, 0, 1> plane 3 and the <0, 1, 0> plane 5
are therefore parallel to the axis X-X of the ingot 1.

35 Ten examples of implementation of the method



*30 The drawi ng process is chosen to obtain an ingot 1 in 35 which the faces
perpendi cular to the axis of the cylinder are oriented parallel to the <1,
0, 0> crystallographic plane. The <0, 0, 1> plane 3 and the <0, 1, 0>
plane 5 are therefore parallel to the axis X-X of the ingot 1. Ten

exanpl es of tion of the nmethod WD 01/ 75186 PCT/ ERQ1/ 7

acccr)nr)di ng towﬁzéﬁ?ﬁ%gti on are descri bed hereinafter. Exa%f@ﬂgﬂa/@?%he
first exanple, shown in figure 1, the mgtthod according to the invention

i ncl udes an operation 100 of 5 inplanting atom c species and a det achnent
operation 300. In this exanple, the atomc species are H ions. They are

i mpl ant ed WidFFA Figh Eherlyy . I TH bllim MRt bPed nejec 1 mst$5- el ongat e

in the | ongitudi naxgiglection of the ingot. To obtain a 10 mthick |ayer 2
of silicon 10 the ::F Ions_are accelerated with,an _ener y&ofa%ZS ke The
rt

amount of H ions ihptEnter$s 2P 103779 WHe i PTHé o S8t i on
100 is carrietoutiny tewede ngnheerlebon ofinatodker atredoad ot cospeédlesoover
the suwface Qf; A NAt o ¢ OV I i . bat ghing the
rotation spee"ﬁCI o%rh%he&i r_lg%t 1 t%é%%%ewéﬁg?h‘? %%t%%@%ﬁg?nég%ﬁ}?%%hg@gm%i ng
rate to obtain the appiépra T toseNThed tapl @nfRECORSdepth Hp Vietes
accordi ng toridie agéyshalbageaphiicori entghi @hedlgyt.herndipbaahedasier figee 20
relative to C%{[he nci dent beam oﬁ atom c .speci esl I n_aggl_l Cﬁ;t)l Ns i n which
vari ations i9F t RREBRi dOREss Df SLABIAF Gyt 2L F e LOPPE LGSR LRGP t he
thi ckness ofof hehel aygot2 bt abtedn s adyant agedeis| Yagyei ded fbys imnictdrat i ng
the inp an}qg%ﬂ&%@@%&% 3% 3 Jungion of, the fotallon 25 %{e\}\btiﬁ'gee d

however’, t i1 f anngot "1 which has a square Cross sectl on I's
t hese probl esmowft tdff dknéons viapilamiteds isand B8 redWcedersr. even el i mi nat ed,
because the The implantation operation 100 is carried out by

sweeping a beam of accelerated atomic species over the
surface of the ingot 1, over the whole of its length,

15 matching the rotation speed of the ingot 1 to the width
of the beam and to the sweeping rate to obtain the
appropriate dose.

The implantation depth Rp varies according to the
crystallographic orientation of the implanted surface

20 relative to the 1incident beam of atomic species. 1In
applications in which variations in the thickness of the
layer 2 are critical, modulation of the thickness of the
layer 2 obtained is advantageously avoided by modulating
the implantation energy as a function of the rotation

25 angle. Note, however, that if an ingot 1 which has a
square cross section is used, these problems of thickness
variations can be reduced or even eliminated, because the
implantation can be effected on faces whose
crystallographic orientation is clearly defined.

30 The implantation operation 100 creates, within the
volume of the ingot 1, and at a depth close to the depth
of penetration of the H ions, a fragile layer dividing
the ingot 1 into a lower region constituting the mass of
the ingot 1 and an upper region constituting a layer 2 of

35 material destined to form the required substrate.




"inplantation can be effected on faces whose «crystallographic orientation
is clearly defined. The inplantation operation 100 creates, wthin the
volune of the ingot 1, and at a depth close to the depth of penetration of
the H ions, a fragile Iayer dividing the ingot 1 into a |ower region

constitutin of the ingot 1 and an upper region

| ayer 2 of %ﬁﬁ%’m destined to formthe required subst rﬁﬁ%@?gﬁl%
PCT/ FRO1/ 00976 12 In the exanpl e descrilBed here the layer 2 is
approximately 10 m t hi ck. That thickness is sufficient to avoi d

deformation of the |layer (for exanple the r i f isters), and the

i npl ant ati on condi't or@1 p?r"c?d‘l?ée? st ?ﬁccqjé?ﬁdo p%gﬁq [ ttﬁ"eat ave detZacHrient
depth for tdmpd@yeratzlw be dat athedk fronathehingotesks wikh dugssi cfeprce. 10
The separated | aye i dvant.ageously ,held to enahle it to unwound.
Figure 2 shgcws & elvolzce%"taﬁ13 nncacogloroi)agnceklll tt%&}yher '(%Oernt i Ot glr T
fabricating @m@ttrmres O\ﬁhlbhls‘npreherﬂrsi t hbe nithbantat st r atcedlihyidrigur e

1. 1t igcl udes, IJ{F%:S %&é%nt'@ggn& t'% dgss‘eﬁmérﬁ@ fd%;ptlaolﬂm the

| ayer 2 when een separate e Ingot 1, and rotation 15 neans
410. The i npthht 48¥YBR rfeahs ?fo %Wh%% éﬁornnp*} t 8A9Okhi hWpEBdUGESS H-
i ons accel erdresb t 0 an energy of the order of 1 MeV. This type of

i mpl ant i | | d by t J At E R h
I notitute 20 (JABRY | SPRETPOE| bR WBars 470 GGG PRECAGS 16 1Blat e

about the axmabieX 1tTrteorhnEkdnmg:>mecans 310 conprise a support 6. The
Suppoﬁlt 6 is advarg t%y ﬂ%w@d%es&é&?%éé' ﬁle) The é%@%d@nc@wh%hbrt%g

di rect Yy into cont ac e support ort ressed agal nst
the | ayer 2QﬂNQﬂﬁkﬂﬁﬂf@gt@@brlcatlng substrates whlch 1mplements the

method illustrated by figure 1. It includes means 110 for

implanting H  ions, means 310 for holding the layer 2 when

it has been separated from the ingot 1, and rotation
15 means 410.

The implantation means 110 comprise an implanter
which produces H™ ions accelerated to an energy of the
order of 1 MeV. This type of implanter was initially
developed by the Japan Atomic Energy Research Institute

20 (JAERI) .

The rotation means 410 cause the ingot 1 to rotate
about the axis X-X.

The holding means 310 comprise a support 6. The
support 6 is advantageously an adhesive film. The layer 2

25 is brought directly into contact with the support 6. The
support 6 is pressed against the layer 2 by an applicator
roller 320. The applicator roller 320 is mounted on a
shaft that is mobile so that it can track the movement of
the surface of the ingot 1 as its diameter is decreased

30 by the removal of material. Accordingly, when the ingot 1
begins to rotate about the axis X-X, before it has been
implanted, no transfer of the layer 2 onto the support 6
is effected. Then, when the implantation operation 100 is
started, and the implanted area comes into contact with

35 the support 6, the latter enables the layer 2 to be




‘roller 320. The applicator roller 320 is nounted on a shaft that is nobile
so that it can track the novenent of the surface of the ingot 1 as its

di aneter is decreased 30 by the renoval of material. Accordingly, when the
ingot 1 begins to rotate about the axis X-X, before it has been

i npl ant ed, r of the layer 2 onto the support 6
Then, Wnen B&Qﬁﬁgﬁﬁ ation operation 100 is started, oﬂérﬁ&ré(ﬁzﬁ@%ed
area cones into contact with 35 the suppdrt 6, the Iatter enabl es the | ayer

2 to be WO 01/75186 PCT/FRO1/00976 13 transferred onto the support 6. After
cont act W|th the layer 2, it separates the latter fromthe rerral nder of
the ingot 1.tFAEESERY ePPGP ttﬁla-‘e | 8§BPOStorfto PhESEUPPBITACTS WaRNt HeP
continue. 5 Egaerml R, 2:itA sep@mltexarmlee Déttempl ement athonrefhat heemretdod
according ta.,he inventfi S ikn fig includes, a |rrplantat|on
operation 10 © “?1% |£ngagrﬁ)%rg ?rcl)?\ 200° a ge 18 tac%rren too%er at on 300.

The species @ rqﬂrarﬂfeeh aentadvat ageously hydrogen ions. Hydrogen ions are
inpl anted with an @gnergy of. the order of 700 keV and a dose of the order
of 1017/cn2. Wth 1 rotating contjinuously about its axis X-X
the area of the sutf&EBECBE thETMpL O% H@b‘%‘ﬁ%’?@éﬁo‘by Athetheomet ispbei es

during the lara&caﬂhaiq oao QPR ath@dn t10h IO¥BSWwhowa! df_sl@uh@at:sl ngirafeajesihe
heati ng operatio i E carried out af é%r the .inplantation Oﬁeratét%d; 100
by heati ng naeranémﬁ G ERRE e T HYE bPer 4% n ?06‘ NG sCREF aEhPHg

| ayer 2 20 betdveendidteciswiacsparat idre 3@ achnment depth fromthe renninder

of thejngot 1. Theheatingeaperalian 200, .enabhes,L05od0ses ofy AN

species inplanted to be diice a Ive tot ose’refer
exanpl e 1. mmeaﬁyﬁgoa@angozﬁo %@silgpl@htadh@atthngirr ofhergy2sf21Hd n t he

formof a cigeidaroeylondesv WAl 4 tosxiSr PR ablgdrtort heyetati on axis of

the ingot 1. The heatln
g %he ingot 1 rotating continuously about its

axis X-X, the area of the surface of the ingot 1
15 bombarded by the atomic species during the implantation
operation 100 moves towards a heating area.

The heating operation 200 is carried out after the
implantation operation 100 by heating means 210. The
heating operation 200 assists detaching the layer 2

20 between the surface and the detachment depth from the
remainder of the ingot 1. The heating operation 200
enables the doses of atomic species implanted to be
reduced relative to the dose referred to in example 1.

The heating means 210 consist of a heating roller

25 215 in the form of a circular cylinder with 1its axis
parallel to the rotation axis of the ingot 1. The heating
roller 215 is placed downstream of the implantation means
110 relative to the rotation direction of the ingot 1.
The heating roller 215 is in contact with the ingot 1.

30 The heating means 210 advantageously heat the surface of
the ingot 1 locally to a temperature of around
500°C/600°C. The temperature is adjusted to suit the time
of application of the heating means 210 and the
implantation conditions, such as the implantation dose

35 and energy. The dose and energy parameters also determine



‘roller 215 is placed downstream of the inplantation neans 110 relative to
the rotation direction of the ingot 1. The heating roller 215 is in

contact with the ingot 1. 30 The heating nmeans 210 advant ageously heat the
surface of the ingot 1 locally to a tenperature of around 500C/ 600C. The

tenperature | ed to suit the tinme of application
means 210 an ﬁ?pl antation conditions, such as the i tﬂ‘ﬁﬁiﬁ@?@ose
35 and energy. The dose and energy parandters also determne |I. WO 01/ 75186

PCT/ FR0O1/ 00976 14 the tenperature reached by the surface of the ingot 1

during the inplantation operation 100, Thi s heati ng of the ingot 1
i npl ant at | orf-1%  FERBRTPAAPES CackRRFRET n PivhetRe heFdR Mudget T chnI@Ferlm nes

t he condl ti (m!Brﬂ‘fg Stdet aﬁmrmﬁt@ilémeob@y@mlanf r ooo | h@l’ﬁ%mihﬁél@ﬁn@f dhe

i ngot time of application of .the heating neaps 210 al so. d ends on
e appi | catiih SOFT el BYed PRSI GiF SHEGY DEESnaCPRGBE An dHiE The
| ayer 2 | s ttﬂmrmalansbedgen ommxcah supgpoetrmbneslo Es desondbédona e>ca?rp| e
1. EBxanp %et”ac}]rmér?‘c e& %ywpbe gfgafth%”Ir%in]a%%le'fe%*}octhea%%réjd ng to

t he |nvent| own in I ncl antation operation 100
and a heatinlg ope? atiBf sPé mlllqaléé-qnhdéfe e e&aﬁb%@gzmeanas 2d Odetlchnent
operation 2Qjé’;%}ucpﬁrfo@1r MeHeW 4 b 1 e @i sh ofs hdadiengameans Sd8. retihal ding

means 310 can en%)(#/ tg?gressure difference, an electrostatic force, a
reversi bl e adhest d e hppfiCation of a | owtack adhesive), etc. If
t he hol di ng nmeans TH asgeof 2t hies stisén onrhypeer rebielorady ant 3gepusity 6,

conpri |ts arallel to the axis X-X of thelngot
g ar a%C?e:sLSC%‘oL? T% r%?f £

1. The essure inside the bar is reduced to hold
the layer 2 rever dixd I_P}Qm ‘Zuction. Detachnent of the

A third example of implementation of the method
according to the invention, shown in figure 4, includes
an 1implantation operation 100 and a heating operation

15 200, like those of example 2, plus a detachment operation
300 performed with the aid of holding means 310. The
holding means 310 can employ a pressure difference, an
electrostatic force, a reversible adhesion force (by
application of a low-tack adhesive), etc.

20 If the holding means 310 are of the suction type,
they advantageously comprise a bar 315 with its length
parallel to the axis X-X of the ingot 1. The bar 315 is
hollow. The pressure inside the bar is reduced to hold
the layer 2 reversibly by suction. Detachment of the

25 layer 2 from the remainder of the ingot 1 is encouraged
by the heating operation 200.

To begin peeling the layer 2 off the ingot 1, the
holding means 310 are applied to the first area of the
ingot 1 that has been subjected to the implantation

30 operation 100 and the heating operation 200. Because of
the suction 1in the bar 315, mechanical stresses are
applied to the layer 2. Those mechanical stresses are
reinforced by movement E of the bar 315 away from the
ingot 1. A separation front F is then obtained.

35 The holding means 310 are moved by the means shown




25 layer 2 fromthe remainder of the ingot 1 is encouraged by the heating
operation 200. To begin peeling the layer 2 off the ingot 1, the holding
nmeans 310 are applied to the first area of the ingot 1 that has been
subjected to the inplantation 30 operation 100 and the heating operation

200. Becaus suction in the bar 315, nechani cal

applied to S\Ng{%ﬁgﬁgﬁz Those nechani cal stresses are relﬂnéﬁ&ﬁgu?@%
novenent E of the bar 315 away fromthel5i ngot 1. A separation front F is
t hen obtai ned. 35 The hol di ng rreans 310 are noved by the neans shown WO

01/ 75186 PCT/ FRO1/ 00976 is figures 5 and 6, for exanple. In the
embodi ment  sHbvint §H §5 r‘:e“d;') halrr FPBRES - di stributed over the periphery

of a drive roller mGthérhemb@aumehpl esdwrd | Ouir €16uirs the }S@ﬂe a3 st hate of
figure 5, 5 but the bars 315 %ée di Strl‘abUt ed_over, a conve: e6[ 3I1h7
er? t

noving in acgjtsrtaﬁ 159 N2 Bt WeerPEOPAFT VeCF of 3F§V§1§o
enbodi nent s ;sd'mvmip]refbg‘urfes_;u&ear@ Bst depremsar esi ndiade dhefbhaurdlS i s

reduced j ust,, hef.gfe ﬁér%lg th&QQE‘Eﬁﬁfce}ﬁ‘ we&h% 90k Ly A ftthf‘eflnpm?“t

of 10 cont act t he bar eres e surface of the r1'ngot
i ngot has ndtobigeh Subi e%ttre@qfotth@eﬁmwettm @lpevet¢@hlq0@ ahd- t he

heating operati on Z00¢hei ey BE&a Hf seephacin bﬁft %st he ingot gl tafﬂéi t he
bar 315 the latter nopve.rel atl ve to eﬁ:ﬂ qt her he 15 contact i s

broken. On tHETIHS hERGAS f-ihePrrgot L hadS bER u%‘ﬁ eSdd Pefape it
i npl ant ati orcaopes atthon lfthtact heitar esheof iagntact. betv\eﬂ-re t hemengotofl and

the b ar 315, .S r i nder of e t 1
and is %el d Cbcgrh%hce14 %ﬁésﬁgr 'I%e \%@Eﬁ%l nQ{;phtet ﬁ%ﬁges %g f):rrh%ken C‘{%ﬁten t he
area of the Jlayelfz Wdled byngde bdas3imot eabﬁeg a sWkkeaped ol ker &herhis
enbodi nent rh%ﬂi}?céa@i’&ﬂt@&@ré’ﬁ’%nti‘@o PLEMI QHE nerRkaqdi ”%fﬂ}ertabcaltorﬁ %d ayer 2

is subject to lower nechanical stresses because there no reversing of
t he in the area of contact between the ingot 1 and the bar

315 the latter move relative to each other and the

15 contact 1is broken. On the other hand, if the ingot has
been subjected to an implantation operation 100 in the
area of contact between the ingot 1 and the bar 315, the
layer 2 1is separated from the remainder of the ingot 1
and is held by the bar 315. The vacuum in the bar 315 is

20 broken when the area of the layer 2 held by the bar 315
reaches a take-up roller 8.

This embodiment has the advantage over the previous
embodiment that the layer 2 is subject to lower
mechanical stresses because there is no reversing of the

25 curvature of the layer 1 between the detachment operation
300 and the operation of storing it on the take-up
roller 8.
In a variant of these embodiments of the method
according to the invention, the layer 2 is transferred to
30 a support 6. In this case, the layer 2 is moved away from
the ingot 1 by the holding means 310, as previously
indicated, and then transferred to the support 6, to
which it adheres. The layer 2 is then released by the
holding means 310 and entrained by the support 6.
35 In this variant the layer 2 can be cut into sheets



25 curvature of the |layer 1 between the detachnment operation 300 and the
operation of storing it on the take-up roller 8 1In a variant of these
enbodi mrents of the nethod according to the invention, the layer 2 is
transferred to 30 a support 6. In this case, the layer 2 is noved away

from 35 the | y the hol di ng means 310, as previousl i§€b> ted, and
t hen transfe‘wg@b?%l#ne support 6, to which it adheres. T4 ?&)?e/gs
then rel eased by the holding nmeans 3101&nd entrai ned by the support 6. In

this variant the |layer 2 can be cut into sheets WO 01/ 75186 PCT/ FRO1/ 00976
16 before or after it is transferred to the support 6. nple 4. A fourth

exanpl e of Rfpfi¥fertatddfoilt heS et HotE © Beedr o ngh ¢ os‘fH’lEéC’W\v%ntl on

i ncl udes an i npl argxain & operation 100, an operation 400 of transfer
onto a stiffener up ort and heatln operation, 200 car ed t before
or during the tra EP 5ﬁgra?|aonﬁp 0CIThIRP TS Shbn: PR £ uH@e mqq%otcﬁ
exanpl e, tmaqaqﬁdwnmllbm opbeatuonemﬁmons 1melcdesle@nouumnlant&nmmgy of

100 to 00 @ ra:rtn.cﬁ”x engf@y ds 'd;ységafﬂl%r?nt d® medyce seddys tipg

| ayers 2. T port 6 then acts as a stlf ener. This prevents the | ayer
2 breaking aﬁfeﬂ/fbﬁew oFWPRRr E by f 6Nl iy Ralsing soperar ieramPlle)ca s ethe

support 6 lsom\@éﬁ@ag@%hsla/uﬁh@dmélﬁ&eaﬁéfé@ ogdeaethesiye, fil mconsists
of a polymer resin, for, egaggl e, t her substance suited to this

function, which W s heated or when it is
i rradi at ed wth UM a’dlnam eramphe, acihmn\m;]fai:ttfﬁtiﬁon?Ooﬁéretﬁ:had llbet ween two

DL 8, 1 ARG sl OOt} SoesseloORe. R UI LGS T
initially mdl@wtl@facmlyto@p rpquenrceloself-supporting layers 2 The
support 6 then acts as a stiffener. This prevents the
layer 2 breaking and/or deforming (by forming blisters,
for example).

15 The support 6 1is advantageously an adhesive film.
The adhesive film consists of a polymer resin, for
example, or some other substance suited to this function,
which becomes adhesive when it is heated or when it is
irradiated with UV radiation. The adhesive film 1is

20 stretched between two rollers 8, 10 between which the
ingot 1 is pressed onto the support 6. The axes of the
rollers 8, 10 and the ingot 1 are parallel. The support 6
is initially wound onto a pay-out roller 10.

The ingot 1 1is rotated about its axis X-X by

25 rotation means 410.

In this example the heating means 210 take the form
of a roller 215. The roller presses the support 6 and the
layer 2 together and heats them at the same time. The
support 6 serves as a stiffener which prevents

30 deformation of the layer 2 (for example by blisters) that
could otherwise occur during the heating operation 200
that 1is wvirtually simultaneous with the coming into
contact of the layer 2 and the support 6. The heating
operation 210 strengthens the adhesion between the

35 support 6 and the layer 2 and contributes to making the




"The ingot 1 is rotated about its axis X-X by 25 rotation neans 410. In
this exanple the heating neans 210 take the form of a roller 215. The
roller presses the support 6 and the |ayer 2 together and heats them at
the sane tinme. The support 6 serves as a stiffener which prevents 30

deformation yer 2 (for exanple by blisters) that W se
occur during &@ﬁ%@ ng operation 200 that is virtually %%'ﬂ’&z@g wth
the comng into contact of the |ayer 218nd the support 6. The heating
operation 210 strengthens the adhesi on between the 35 support 6 and the

| ayer 2 and contributes to making the WD 01/75186 PCT/ FRO1/ 00976 17 ingot 1
fragile at tH¥Uetladhishtl bt IArILr2 Mt fFRY t he support 6, the [ayer

2 | eaves ]Ehehi ngOiftJeratadHEErJSrﬁ;pat[@ttl@él suppbdrE. GSylﬂﬁthﬁiyéié*n@ tiheives )
rotation of the jngot with . the novenent o uppo pr.opagat es the
Separation oit% HETayer 3% af \APAT e TRUGE b ACTPRETFPARCIE A the
separ ati on fromtign ¢hethat éngak ils wsiuftf i themdbyeheayi bé frbe tshgport
mechanical é%??ﬁgﬁaé‘?@ o 0o bhEa E0GR! o D¥nd NEaGURPOT t 6110 ,COMR et

det achnent . | antation and heating paraneters are chosen
accor di ngl y,tft%el@@?écﬁnﬁﬁ bhet Heandyer- 2RFr & t$RPIFRjoton KASNAl rfeady

occurred by drhe fh!aﬂ@r@él”l% beat i DY RPEY alrirag12Q0 and the sidpRidifinerely
entrains the | ayer romthﬁﬁln ot 1. I5 The conbi nation oéthe

| ayer 2/ suppori®e % FI‘? %uﬁa N9Qke- tip 71 1K 8SEBPOStor 8gd-° As an
al ternati ve dang e ealobvtes cirlentsupport 6 can be preheated before it is

brougt‘itq |h2to cont act \/E%ehls 1 Lr{g%cgllo]rt org tcpe rég;cgrﬁl] %aa'} l?neetpé'r{ezgt ed

bef ore 20 support o €ont act TN ano
vari ant of tdwsarbodiraentdiotlyhe the hddtagbwendi mf t dheheldyaenti drrom

des;:rl :)ed hengl ”@a?&%\é% ajwedge, a1hlads Obc8QTReAt ey tiRe efinaechanigal
contact or
heatlng operation 200 and the support 6 merely entrains

the layer 2 away from the ingot 1.
15 The combination of the layer 2/support 6 1is then
wound onto a take-up roller 8 for storage.

As an alternative to the above, the support 6 can
be preheated before it is brought into contact with the
ingot 1 or the 1ingot 1 can be preheated before the

20 support 6 is brought into contact with it.

In another variant of the embodiment of the method
according to the invention described hereinabove a wedge,
blade or some other type of mechanical contact or a jet
of fluid, such as a gas, 1s used to initiate the

25 separation of the layer 2 from the ingot 1.

In a further wvariant of this embodiment, the
support 6 takes the form of a plate 20 (see figure 9).
The plate 20 is rigid. It is made of glass or quartz, for
example. Thus an implantation operation 100 can be

30 carried out after which the layer 2 is transferred to the
plate 20; it can be heated to facilitate detachment and
transfer of the layer 2 onto the plate 20 and adhesion of
the layer to the plate. It is also possible to interrupt
the implantation operation 100 to complete the transfer

35 of a portion of the layer 2 already implanted onto the



‘of fluid, such as a gas, is used to initiate the 25 separation of the
| ayer 2 fromthe ingot 1. In a further variant of this enbodi nent, the
support 6 takes the formof a plate 20 (see figure 9). The plate 20 is
rigid. It is made of glass or quartz, for exanple. Thus an inplantation

operation 1 C 30 carried out after which the |ayer LS. T rred
to the pl asgoz@,h?f%can be heated to facilitate det achrrer}tzcta?dwl?(i@kgfer
of the layer 2 onto the plate 20 and adheésion of the layer to the plate.

It is also possible to interrupt the inplantation operation 100 to
conplete the transfer 35 of a portion of the |ayer 2 already inplanted onto
the WO 01/ 75168 PCH B/ 60976 13 ladai oV Ery 3 Hesr g ke a%%i nwith a new
pl ate 20. Exanpl e:;&;.mpﬁlé‘la‘th exanpl e of inplenentation of t he net hod
according to the |nv§n%t IS deilved from.t he fou,érth

illustrated by fi he*FP R SXampl® ool rlé?tnedoﬁy nlg)uftee%’ od
i ncl udes an dayphaiitreg | o Oper dnivemti®d, asheddnigedpéram onh@0C andan

operation 400,84 ranshor.antap g f ener suppord, & as i thendourth

exanpl e |nc es an op n tha cTeates a th 'shock.
After the i mpulamtatatcﬂﬂ opbls’at iforgurk0O, 8t he urmjletdels i saat admpalaattiatelon hi gh

terrperatureopf’éfraﬂolr&ﬁswg a aCoRd ththd ObbEFa216na0RINSind heni RGRIrak jidh t he
areas that ve been subjected to the |r§TEI antati on peratl on, a thernal

shock is pro eBTt HAtPFHEY | PAFBs @ 18T $EHEPEET i RART § afer 2F anB tHE i ngot
1. Exanpl e &ouktdi xthaspaepl eowd thetihepl eteol edéon aof dheraeibnd that

| 10Q,.
heat! g oper TS 200 H L He AR e nr B oS hrac T 2506 2 S i ar e
of the sane Kithd tizet hoget o&f isxatpla nelepbweeby hitghf gremper aitngleuddy an

operati on CHré:oﬂéfﬁ{ ng EB@lLﬁ&%o@lQ?p@%‘é %q;acirhsté’etﬁélpP%&t61Wltnh tthe
coveri ng nateri al . The cover]| ng nateri al
areas that have beén subjected to the implantation

operation, a thermal shock is produced that facilitates

15 separating the layer 2 and the ingot 1.

Example 6:

A sixth example of the implementation of the method
according to the invention includes an implantation
operation 100, a heating operation 200 and a detachment

20 operation 300, all of which are of the same kind as those
of example 4. However, it further includes an operation
of covering the layer 2 deposited on the support 6 with a
covering material 12. The covering material 12 1is
deposited in the form of a film or in the liquid or gas

25 phase. This example is illustrated by figure 10. A system
of three layers 6, 2 and 16 is then obtained. One example
of use of an embodiment of this kind is described
hereinafter in example 8.

Example 7:

30 A seventh example of implementation of the method
according to the invention includes an implantation
operation 100 which is advantageously effected
simultaneously with H  1ions and phosphorus ions (figure
lla). With the same acceleration energy, the H ions are

35 implanted more deeply than the phosphorus ions, because



"deposited in the formof a filmor in the liquid or gas 25 phase. This
exanple is illustrated by figure 10. A system 30 of three layers 6, 2 and
16 is then obtained. One exanple of use of an enbodinent of this kind is
described hereinafter in exanple 8. Exanple 7: A seventh exanple of

i npl ement at i e method according to the invention i es
i npl ant at i on& %@7%&60 lﬂ(ﬁ“ﬁtmm&b@m

n 100 which is advant ageously effect
simul taneously with H ions and phosphongs ions (figure 1la). Wth the
sane accel eration energy, the H ions are 35 inplanted nore deeply than the
phosphorus ions, because WO 01/75186 PCT/FRO1/00976 19 they are not so
heavy. The HNOhs2iherd ore R ef miTee thhe 1o@épttheae hnficc Klederadmeeithe

ocgurls._The d&mpth dh@¢usW1196§ dﬁémf ra rd)'CgZQlQ%d. F@ﬁéng%rl%@y@ﬂpows lﬂaﬁliayer

unaer I N e opl N ayer or.nNs -do er . | gure |,

ot T hed R 100 S heds PRt M T T he: WREET 18 lepcetiEtny e

fand PH3 as &Heyrtd:dsp’a'gmg olaybe déptflrofs _ai rps)Jrcmp@:iiba]yén ?Lﬁle Fayere? ldamd t he

I ngot 1 Sho"%}\évﬂs hgurem]fjig-e Tops tﬂ%p'é‘@né&ﬂ—tﬂ@i&{l‘t ation fpr the pyrpose
n e ou nme tine. rrﬁl e |

of detachnent can carrie at” the sa .10 Thi's exa S
advant ageousine&isimpl Bt ed Pbliye aanfeditisngg oper divireit 1200, o8 ddteacHeaphh of

operation 30G,and @« fdansherciopenatjgn 40Q, a5 dgscrihed in exgaphe 4, |
Exanpl e 8: An eighth exarrgl e of inplenentation of the nmethod 15 according
to the inverftiBirg sl teri VSt AeRiDRe 1%t HRIRN t 3el@ht ROEXARS! SV TSRS | bed

her ei nabove.ofl ridte-ieigid hcare Xt £r r sdwwWhud naf | Qe eSandl@a: anel. 12b, the
support. 6 and the, coverin terial 12 already incorporate tterns.

Fi gure1012a shows gfhslusppoer}faq%gf% I%ﬁ/eragvgrﬁéagegﬁﬁ%oveleﬁgeﬁ%geri 4l 2. The
support 6 ircdaidiesy opeeatbanectlilon padeeanbménot opleowi)ionTheld&i kihdora | ayer

2 is obtai r{%y{é’ﬂ{@ aoﬁéx_lé% imtaé é@’séppoé@tﬂpdexample 4.

Example 8:
An eighth example of implementation of the method

15 according to the invention 1is derived from the sixth and
seventh examples described hereinabove. 1In the eighth
example, shown in figures 12a and 12b, the support 6 and
the covering material 12 already incorporate patterns.

Figure 12a shows a support 6, a layer 2 and a

20 covering material 12. The support 6 includes
interconnection patterns (not shown). The silicon layer 2
is obtained from a silicon ingot 1 Dby the method
according to the invention. The layer 2 includes an
n-doped layer 16 that 1s advantageously doped with

25 phosphorus or arsenic and a p-doped layer 17, as
indicated hereinabove in example 7. The covering material
12 also includes interconnection patterns. The
combination of the three layers 6, 2 and 12 is assembled
by the method according to the present invention, for

30 example the variant of the method illustrated by figure
6. This produces a photovoltaic device like that shown in
figure 12b, in which the face including the covering
material 12 is exposed to the photons 18.

The covering material 12 provides an antireflection

35 coating. The surface of the layer 2 1s rough because it




“according to the invention. The layer 2 includes an n-doped |ayer 16 that
i s advant ageously doped with 25 phosphorus or arsenic and a p-doped | ayer

17, as indicated herei nabove in exanple 7. The covering nmaterial 12 also
i ncl udes interconnection patterns. The conbination of the three |ayers 6,

2 and 12 is by the nethod according to the pre j Lon
for 30 exanﬁ?§F¢ﬂ2% riant of the nmethod illustrated by fﬁggt@ﬁﬂéﬁﬂ$hgs
produces a photovoltaic device |ike thatOshown in figure 12b, in which the

face including the covering material 12 is exposed to the photons 18. The

covering material 12 provides an antireflection 35 coating. The surface of
the |ayer 2h3s rRighPBeRabse 1shefoders 185 PET FROIP0D9?6°26 LA&ES &0 been

pol i shed aftsr the @eitafureatcopaiayi an 30Re rddetret hednacenr dimgd o the

t inventian. Thi. les light 18 t t into the |ayer 2
W eh Ui T ot obie, 18 BXamA S A a WA h Banpl &b 2 Ciih

i npl enent at imonl wifp tsherenfeltdrodi oraccordi ng to the invention, shown in figures
13a and; 13b, thed nt af.ion operation 100 is carried out over the whole
of the surface of 1. To this end the 10 ingot 1 is placed in a

pl asma i npl ant at i g chaibREn| gxamRilen athel R bR spekeesohr éhgcadtédrast ed to

the requiredcaidiage 44 ienk eiddantidhe sRERL Ini $igheasoptiaonald Y1 3p,
subjected to. a heating operation 200, diggndlng on thg conditions uysed 15
'n the precddiig THBPAREALPBN TRIrItih 186, *FeCRREBESL A4 t RERTwTHdr awn

fromthe inpltariteat bdn trehasherfate peel tokf ihgot ayer Po The d ayed ZHes
d t ly t f i .Of cedin
Sdvantageousldy 2SI AL R,0L0 B SUPRSLLofy S A0t Oy gpeeoegi o

exanpl'es (figu b)" 'n-a variant ot 1
subj ect ed t ovhtigh otlher abpriat ispes legadiney aeceherated nhei sheofradd deayer 2

in the sane\ﬁﬂgggﬁg @@iéJyg 13a).

The ingot 1 1is then optionally subjected to a
heating operation 200, depending on the conditions used

15 in the preceding implantation operation 100.

The ingot 1 is then withdrawn from the implantation
chamber to peel off the layer 2. The layer 2 1is
advantageously transferred onto a support 6, as in any of
the preceding examples (figure 13b).

20 In a wvariant of this example the 1ingot 1 is
subjected to the other operations leading to the
formation of the layer 2 in the same chamber as the
implantation operaticn 100.

Example 10:

25 A tenth example of implementation of the method
according to the invention, shown in figure 14, includes
an 1lmplantation operation 100, a heating operation 200,
and a detachment operation 300, conforming to those
described in connection with example 2, but the ingot 1
30 has a square cross section relative to its longitudinal
axis. The heating operation 200 and the detachment
operation 300 are carried out simultaneously by means of
a heating roller 215. The heating roller 215 is mounted
on a shaft that 1is mobile so that it can track the

35 movement of the faces of the inget 1 as it rotates and so




“inmplantati on operation 100. Exanple 10: 25 A tenth exanpl e of

i npl enentation of the nethod according to the invention, shown in figure
14, includes an inplantation operation 100, a heating operation 200, and
a detachnent operation 300, conform ng to those described in connection

w th exanpl the ingot 1 30 has a square cross sectj el at | to
its |ongi tuglwﬁ’a?ﬁ%i%‘ss. The heating operation 200 and thetﬂo(gflzgrgmz(hp\;g
operation 300 are carried out sinultaneausly by neans of a heating roller

215. The heating roller 215 is nmounted on a shaft that is nobile so that
it can track the 35 novenent of the faces of the ingot 1 as it rotates and
so WD 01/ 75188 tPPCTFFRAT 06926 k2 1t hPatmatemedtt t PAcK-the SHBEfrENtObf Hife
surface Offtihﬁ;od rngﬁstsdlit@ sii'éﬁe Siige:écﬁjcr&ﬂlmﬁdré}yovﬁ@' wil;mtgegﬁpri Sl . Many
vari ants of the od accordi,ng to_t inventign can .obt ai_ne

Conbini ng_the var TELS S0t Brerts. dEaEr | BEHRREY e RABEIERD) n tone THE
enbodi nent s idesurtiized hsrei nabdovebta heedi nplantambanioger athieon vEAQ duss
carried out éﬁ%é&mﬂ{t@ r}%séﬁeoé&urﬁ&ceq]rpgbé\y@ ingot 1 either with a beam of
atomic ~ species or by Immersion in a plasma. 1f a beam of atom ¢ 10 species
is used, it can have ath¢neambedimesftangdencr Sirthe bPranpabeHer gédifetry.
The ingot 1 iGah Alsaike bpgabatdsH nad aldy Ay -Aewe dhans9ne ReaPding

si mul t aneousl at ?everal poi nts on the surface,, %re even over_ the whol e

of its surfdd® 9%°13°¢ h8fei6diMdf’s teSeFBEd “HéeihaBod®, %4 Rdarirg
operati on 2Gp«aredeocabyi eflmeusiba enceurdEigesmand/ Df achdss det agturend  of
the layer 2 fromthe.ing . That p [ on can conpl e ted by the
appl i glaofi on Bt mechani clg%e&s,t relts]:segagoe%%;n%l rel‘t e égfggrde acﬁ%%ané;nugazto
separat e t heshapeer oz famm ohderenatoderrpi tHe | Agertl.l Kewevaisot e
detachment Qfoddierddyeradidi o bhe ndigoterlan CoRe PBBRCOW: AR R/ Q1 Fcaused

entirely by the heating .
at several "points on the surface, or even over the whole

of its surface.

15 In the embodiments described hereinabove, a heating
operation 200 can be carried out to encourage and/or
cause detachment of the layer 2 from the ingot 1. That
operation can be complemented by the application of
mechanical stresses to complete said detachment and

20 separate the layer 2 from the remainder of the ingot 1.
However, the detachment of the layer 2 from the ingot 1
can be encouraged and/or caused entirely by the heating
operation 200. It can also be encouraged and/or caused

entirely by mechanical stresses.

- 25 Similarly, in the embodiments described
hereinabove, the atomic species implanted to create
microcavities 1s hydrogen. Other atomic species can

equally well be used. Examples are helium, boron, etc.
Boron 1is advantageously used to dope the layer at the

30 same time as encouraging or causing detachment. Boron can
equally advantageously be used to reduce the doses of the
atomic species implanted and/or the temperatures and/or
the times of heating of the optional heating operation
200 (see US patent 5,877,070, for example).

35 For some applications, and in particular if the



"operation 200. It can al so be encouraged and/or caused entirely by
mechani cal stresses. 25 Simlarly, in the enbodi nents descri bed

her ei nabove, the atom c species inplanted to create mcrocavities is
hydrogen. Ot her atom c species can equally well be used. Exanples are

hel i um bor Boron i s advantageously used to dope Fﬁ@ﬁ t he
30 sane ti rr&og (ﬁé?@(%r agi ng or causing detachnent. Boron é}éﬁle/ gfopgﬁ
advant ageously be used to reduce the doges of the atom c species inplanted
and/ or the tenperatures and/or the tinmes of heating of the optional

heati ng operation 200 &see US patent 5,877,070, for exanple). 35 For sone
appl i cati onSUTEREFS noparticc Ut IOt f Lt IRKRAS DL/ 791 86UPEHPRODID0078E 2P

Isurface ofb dtlé&@dt 1 %pt%ﬁﬂfélo Itm)Jz@flt a&é@nfﬁbStdb@olsﬂlf:t@'bltecb@idlt&ebmfer

ayer can be posite st.re e o ant.atio

ol at i ve 't 0 T SAT o6t 0n G FOFatTEI AL AREN nbol 1 TG A oy PR can

be benefi ci alitextdeposift nptaﬂmﬁfeﬁéﬁhn1iﬁgpﬁn@ot 1, even before the

i npl antgation ope%qglqgl%gp @ﬁlacgﬁpeggé rHéeefggpggdlg% o%gbggllnt gnded
e

appllcatlons it can b nefici al posit a support stiffener,
reflecting %ﬂkﬁfeW%% ProrrheneiB@obotlh 0fVER s beffares ble¢ orl@rde rdfteon he'
layer 2 is pgelediofif .1don a further variant of the method according to the
invention, the layer 2 is transferred tengorarll to a support 6 serving

as a stiffener endtl i fy FPLthnentlas oPePaRfoRI306Mt o thE cadmticddesut, or
even only aa@@ﬁrlaiatarbns:omsﬁldaﬁlm bepe£lttahaty tepbbetdat aelpmtt 6

operatlon ch as a heat in peration 200, preventing defao tion such
as th se cadz%'qbf“Fﬁe for%% |on‘%f F5t eF 5C Th! 8ﬁep8ftk ggv&ﬁt%ﬁbously
carries the laesy e ffarmmathe 261 ngot Lefewnom we aredtedhast been obtained to

storage means or Gard i/s-4{e | QYL arde BSFOLRel hetBolir aRELELARY ©Q @0t her
support that confers the re%elred mechani ca
invention, ayer is transferred temporarily to a

support 6 serving as a stiffener enabling a detachment

15 operation 300 to be carried out, or even only a operation

constituting a preliminary to the detachment operation,

such as a heating operation 200, preventing deformations

such as those caused by the formation of blisters. The

support 6 advantageously carries the layer 2 from the

20 ingot 1 from which it has been obtained to storage means

or carries the layer 2 Dbefore 1t 1is transferred to

another support that confers the required mechanical

strength on it. Thus one face of the layer 2 can adhere

temporarily to the temporary support 6, which possibly

25 also serves as a stiffener, after which another support

is caused to adhere to the other face, after which the
temporary support 6 is finally removed.

A roller in contact with the ingot 1 downstream of

the implantation means 110 can alsoc serve as a temporary

30 stiffener. This is advantageously combined with a heating

operation 200.



"strength on it. Thus one face of the |ayer 2 can adhere tenporarily to the
tenporary support 6, which possibly 25 also serves as a stiffener, after
whi ch anot her support s caused to adhere to the other face, after which
the tenporary support 6 is finally removed. Aroller in contact with the
ingot 1 do r f the inplantation nmeans 110 can als

t enporary ngbsqelﬁg@ﬁer. This i s advant ageously conbi ned %éﬁﬂﬁﬂa&q?ﬁg
operation 200. WD 01/ 75186 PCT/FR01/009Z6 23 CLAIMS 1. A nethod of
fabricating substrates, in particular for optics, electronics or

opto-el ectronics, characterized in that it includes: 5 - an operation
(100) of inplanting atonmic species ufd®IMShe surface of a material in the
formof a cylindnicalpingeitncl) abran ifgplrarbatingn depblt r@itsts,i butied
around a parti %ul ar, val ge by bonbar di Tg aid, atomc sl%eci g_tse gnto .an area
of the cyli REHC& S f AR SIPTYUT 1t hE HSSP“&EF, @nd °P &~ Get&ctiment=S -

oper ati on ( 30@)raatt ex idetdacihmenttat deptimdluddese vicinity of the inplantation

depth of the |ayer (2) i gl t n. r.face .t h chment
dept h ?)o det ach thata(xﬁ a@lg%r%g§8§rgr%0mem@§5 lET_I %ﬁl&&g o?g(tgrﬂle&i% oe%q%%). 2.
A net hod acé®mddimg the clsairhace civdr aét eMated iad  tiiat ke ifiggmantodt i én
(100) of theyligdMcaispecigepd s @ff ectzed byrcontipuawslay ikenbardiyig t he
cylindri cal ,surf,%ce of the I ngot %1) Wi hh a |l ocalised beamthat is 20
swept in t hEIFHgitUEhaA T W recti BATSE PHE T NGt Sty ePOPRErAAGEL Siadd

rot at ed abouttcani caxdequagaldredo tan tdeea cyti tHei cglliadifigae. sdrfAceetdtod
according tq.claiml, aracterized in that the inplantation (100) of the
at om gospeci%ehsfe ilsngOIZFS <gfrsf’eca’tneqe(; by continuously bonbardi ng the cylindrical

surface of the ingota (Bebsichimeatbeampeafateloongdt3®0dr osg a detachment
depth in the vicinity of the implantation depth of the

layer (2) of material between the surface and the
detachment depth to detach that layer (2) from the

15 remainder of the ingot (1).
2. A method according to claim 1, characterized in

that the implantation (100) of the .atomic species 1is
effected by continuously Dbombarding the <cylindrical
surface of the ingot (1) with a localised beam that 1is

20 swept in the longitudinal direction of the ingot while
the 1ingot 1s rotated about an axis parallel to the
cylindrical surface.

3. A method according to claim 1, characterized in
that the implantation (100) of the atomic species is

25 effected by —continuously bombarding the cylindrical
surface of the ingot (1) with a beam of elongate cross
section corresponding to a given area while the ingot is
rotated about an axis parallel to the «cylindrical
surface.

30 4. A method according to claim 1, characterized in
that the implantation (100) of the atomic species 1is
effected by bombardment corresponding to a given area of
successive zones adjacent the cylindrical surface of the
ingot (1) while the ingot (1) rotates about an axis

35 parallel to the cylindrical surface of the ingot (1)



"sect'ion corresponding to a given area while the ingot is rotated about an
axis parallel to the cylindrical surface. 30 4. A nethod according to
claim1l1, characterized in that the inplantation (100) of the atomc
species is effected by bonbardment corresponding to a given area of

successi ve e j,acent the cylindrical surface of the j ile
the i ngot ( E‘@H?ﬂ@% about an axis 35 parallel to the cyﬁ#ﬂﬁ&%@éﬁﬁ?ﬁgface
of the ingot (1) WO 01/ 75186 PCT/ FR01/ 00976 24 between each bonbardnent and
the next. 5. A nethod according to any preceding claim characterized in

that the whole of the cylindrical surface of the ingot (1) is bonbarded. 5
6. A met hod RECHEA 3 Ao RAMaRdethaT sttt 28K n  that the whol e of the

cylindrical hsurfa@e ?fA t h@tihr@giolt adcbrdisigContd Eug@sl prl@g,rémh@ed Aim,

i mrersing t i ngot (.1 in a plasm., 7. A netho cc in Q _any,

precedi ng clciiarﬁa%c%fﬁl@?%ﬂ act’eri 25 i ntifat w??i?ur f’ger%%ﬁcl %éfésmirﬁgﬁtli ng
operation (20)fade A netehachadcorldi nig temdmrgadcedi ng cl ai m
characteeri zed in that 4t | rafti tr rLi e .l ayer
(2) of 5malt eri al be@ménwi%%lcgd%éﬁﬁr}idlﬂ?%aﬁ_s{a??g%e%f %?%ggicﬁsgtqz%% 'and the
det achnent tdept htleat @he leuppbr thee)cygindx imthoduaéesrdidly toecliaiants,
characterized ) nsthahcthubfsh ydesndarapar &y onudr PresstRg thgokayan (2)
of material between the cylindrical surface of the ingot 20 (1) and the

det achment déptth RMft¥ahe support (6) by means of a cooling roller (216).

10. A nmethod accorrdi n@ t eeaiddier aelcairaidioor tel aiamy 9 prehasddcier icZedn,n t hat
25 charhot o784 S 1 THAC | £ ndifides Hn_ GBaat on OF sBer g S Tsyer
(2) of materdreradatoreert Ghe

8. A method according to any preceding claim,
characterized in that it includes an operation of
transferring the layer (2) of material Dbetween the

15 cylindrical surface of the ingot (1) and the detachment
depth onto a support (6).

9. A method according to claim 8, characterized in
that it includes an operation of pressing the layer (2)
of material between the cylindrical surface of the ingot

20 (1) and the detachment depth onto the support (6) by
means of a cooling roller (216).

10. A method according to either claim 8 or claim
9, characterized in that the support (6) is adhesive.

11. A method according to any preceding claim,

25 characterized in that it 1includes an operation of
covering the layer (2) of material between the
cylindrical surface of the ingot (1) and the detachment
depth with a liquid-phase or gas-phase deposit.

12. A method according to any preceding claim,

30 characterized in that said material is silicon.

13. A method according to any preceding claim,
characterized 1in that the atomic species comprise
hydrogen ions.

14. A method according to claim 13, characterized

35 in that the atomic species comprise doping ions such as



‘cyli'ndrical surface of the ingot (1) and the detachnment depth with a

| i qui d- phase or gas-phase deposit. 12. A nethod according to any precedi ng
claim 30 characterized in that said material is silicon. 13. A nethod
according to any preceding claim characterized in that the atom c species
conprise h 0 ns. 14. A method according to claim I i zed
35 in that %‘ﬁ@@?ﬂ%sg speC| es conprise doping ions such amﬁ/‘%@%

PCT/ FRO1/ 00976 25 phosphorus or arsenic2bons. 15. A method according to any
preceding claim characterized in that it includes operations of applying
a layer (6, 12) to each face of the layer (2) of material 5 between the

cyl i ndri cal PERSPACEUSF AIth& 4S7gvtc P"Sand the detachment depth by rolling

those layers betwaen ral | geshodl6aclorriNgd 86CQirty ngarteo:eafmgore,q@dinng
claim chara ter ed . ndtchat %é?lhnd udes .an, oper ati on. of transtpﬁrrl g}g

| east one | SHA%cotpr g b1 G r?/p%]éﬁje?rh% 8ht 85
(2) of materal dJaytm ween 1he toyleach | Lade saf f abe okyehe (Engotf (k) earich 1t he

det achmge LR ﬁthé\g@ibﬁgr§§§? dLpgabe 3 HLORlAY FLAl Tha the

charact erl ze at the'in circul ar 5 section. 18. A

met hod accordrﬁtr@@m@r‘é@nﬁe@?téb i ol ididm thagfarlgotars R_E LR hed L tesS i ngot

(1) has a square agr@ssa sfekhed. 38cofddaYi ceof ainyg alyrtatd ingy swhstihat es,
in 20 particular for, use in opt

el ecfro or opto- el ectronics,
whi ch_ ol 6T SRS | 700 s hat St IO Rs. SFnodRereeton | of
i mpl ant ati onrahkerafira ot sSpegites onwdelaybe supf acezof aompirdrsiialg i n

the fqbnlof aré%%(ggllugéé¥ﬂsléggn é g gng RHPlggt%%E%@1%%p%etween
di stri'but ed aroun 6% i cular  va ue
the cylindrical surface of the ingot (1) and the
detachment depth.
17. A method according to any preceding claim,
characterized in that the ingot (1) has a circular cross
15 section.
18. A method according to any preceding claim,

characterized in that the ingot (1) has a square cross

section.
19. A device for fabricating substrates, in
20 particular for wuse in optics, electronics or opto-

electronics, which device 1is characterized in that it
includes:
- means for implantation (110) of atomic species
under the surface of a material in the form of a
25 cylindrical ingot (1) at an implantation depth
distributed around a particular value, '
- detaching means (210, 310) for detaching a layer
(2) of material at a detachment depth in the vicinity of
the implantation depth, and
30 - rotation means (410) for rotating a cylindrical
ingot (1) of the material about an axis parallel to the
cylindrical surface of the ingot (1).
20. A device according to claim 19, characterized
in that it includes holding means (310) for holding the

35 layer (2) of material between the cylindrical surface of



‘- detaching nmeans (210, 310) for detaching a layer (2) of material at a
detachnment depth in the vicinity of the inplantation depth, and 30 -
rotation neans (410) for rotating a cylindrical ingot (1) of the nmaterial
about an axis parallel to the cylindrical surface of the ingot (1). 20. A
devi ce accorg] | aim 19, characterized in that it 1 ng
nmeans (310)‘?Q&ﬁﬁ%ﬁg ng the 35 layer (2) of nmaterial bet%&é{gﬁﬁé%ﬁbqé
cylindrical surface of WD 01/75186 PCT/ER01/00976 26 the ingot (1) and the
detachnment depth to gather up said l|ayer (2) after it is detached fromthe
ingot (1). 21. A device according to claim20, characterized in that the
hol di ng meard's 31T nkt Lidena Epgrgﬁﬁﬁfhﬁﬁnt5‘¥ﬂ€¥1dﬂng?EB?ﬁguﬁe§ﬁ§d(315)
di stribut ediewerr dryvefded liey inpars dchkel £3bf) .the ingot (1).

21. A device according to claim 20, characterized

in that the holding means (310) include a plurality of
5 suction gripping means (315) distributed over drive
roller means (316, 317).



