4 Cctober 2004 1 SUBSTRATE FABRI CATI ON METHOD AND DEVI CE The invention
relates to the fabrication of substrates, in particul ar 4 dctopegrs2004

el ectronics or opto-electronics. Substrates for use in the aforenentioned
fields are generally obtained industrially by cutting up ingots. In the
case of nonocrystalline silicon, for exéﬂple, the ingots are obtained from
a bath of nolten silicon Czachr al ski drawuﬂﬁ%nethod (referred to

b h
hereinafter as CZ dP9RFA T%r%ﬁP§ﬁF£ﬁiﬂﬂuﬂﬁﬁﬁQﬁl Pﬂ&ﬁ?Eby t he zone

fusi on method (reherr ecthdehtiesiei naklieeas Féodr aidg) fabIhesd ighoW 8¢

met hods produce cylindrical ingots ich_ are then cut jnto slices
perpendicuI%Fb§5r¥ﬁ85axi§nofpa heCeyRENdEPT gRRBLGFIy %i?ﬁ@raﬂlFﬁtePﬁal cut
circular saptoHewevekontike .above nmet hods do not produce substrates with
satisfactory dinensions for sone applications. This,appligéi%£ articul ar

in the field of SFRBFFELEFoRFOST USH g stiBet AALESTERA ABse £5%make
flat or othgenshapeydiohpladynFTriaenss ©fisDlarbgekhscihey ol aingdas gern

nonocrystall%ne silicon substrates, ihe docugent FR 2 752 768 proposes
cutting inGBEs (il Pl TFPHEYF ERbAGFEUCT it CHRi 5. £ e FBIOLE of tPfe
i nvention i $nyetprapesedRAhel £¥aY £bishr bEaholgslRSITHi®S by 0fhiengots.
Anot her obj ect gf &hg,ln entjon is . to obkalg sulstrates of, a
npnocrystal??ﬂ@ fét& Pm,r%w&%gaQEQW%%c yStarre Eﬁl%€5ﬁ1WQﬁt%&aﬁﬁle
with [ower cpragusting) stsréhan WolvddtaBlingeihgds. yhnecispeeheof the
present invention provides a _nmethqod of fabri,cating substrates, in
particul ar FBFIOBpMTIot] SEBESREES oro oBEBSPB& i €8, nc RarhBE) -bei ng
characteri zeHek8 thadwing i Relkttdes produce cylindrical ingots which

are then cut into slices perpendicular to the axis of

the c¢ylinder, generally using an internal cut circular

sSaw.

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.

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

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

Another object of the invention 1is to obtain
substrates of a monocrystalline material, such as
monocrystalline silicon, for example, with lower
production costs than with prior art methods.

One aspect of the present invention provides a
method of fabricating substrates, in particular for
optlics, electronics or 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

ingot at an implantation depth distributed around a



- an operation of inplanting atom c species under the surface of a

material in the formof a cylindrical ingot at an inpl aht@Ererrdestfl

di stributed around a 4 Cctober 2004 2 particul ar val ue by bonbardi ng said

atom c species onto an area of a cylindrical surface of the cylindrical

I ngot, and - a detachnment operation at detachnment depth in the vicinity

of an i nplantation-.depth .of | ayer .of _.material between the surface and

Uhe det achnBRE TUSHER T o' 15 aBK CRAPASEO (73Rt AEORESni SRR ST PHEC

cyl i ndri cal ani ngo¢a Thiis d n cgdderdtdneea. wistlr fiahes | mfenthen aysih&tiake is

obt ai ned byiﬁee#in ff the surface layer of a cylindrical ingot parallel

to the axis™6f°the ggiinder. It nust be understood that the term

"substrate" is dsed ddtacbhhent tduerdteddni atthe fbdashmeanselqfti hen term

i n ot her moégs to.designate ei_t her, a? el enent of ter%al ahle to serve as
[ §) gt :

a support forcanothertsY erftht ®For *APLAPER TP hARPCH of Pl 8- etc.

filmor | ayeterThe betmedrcyhadentfand Aayl ithdr idcaddchmusit aflsptheto g

under stood iin,their .primry sense. In this sense, a linder.is a sol

body generaggaagg 512?%233%?rlgﬁgm e 5%%%%n§3?apﬁeﬁ¥F% ?¥£é?$réF8ﬂg t he

surface of angotrve. In this text a cylinder can therefore have a round

Cross section or ol.ygonal cr.oss secti.,on..The. met hod accordigg to. the
8Lty ;

A AEHRIBPELEontt Mo T8 abP YTREEOR &f SuBSFFatss.

i nventi on advant a
Because t heigetbotaanedr dbpg pecliheg neéfiti ehecapurliacienplarent edf a
continuouslx

subst rat 65, SHHLPEREFET o EUARAIE PHEHUEY | Do CBEES. O Fne RoeHAQE™ -

particul arly bengti cualt ide i tndercequilr ethato flabdr ikeaie “ gummeraiséal sne

silicon S“bﬁééét etsl'u?c%uc_:lﬂ%vugosctﬂisr OEex%Xa{gl)l %‘he 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, etec. film or
layer.

The terms “cylinder” and “cylindrical” must also be
understood in their primary sense. In this sense, a
cylinder is a solid body generated by a straight line
that moves parallel to itself along the surface of a
curve. In this text a c¢ylinder can therefore have a
round cross section or a polygonal cross section.

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

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 is required to fabricate
monccrystalline gilicon substrates at low cost, for
example.

The method according to the invention has the
following advantageous features, independently or in
combination:

— the implantation of the atomic species is effected by



The met hod according to the invention has the follow ng advanta eous4
features, independently or in conbination: - the inpl ant a25erP 1fe
atom c species is effected by 4 Cctober 2004 WO 01/75186 PCT/FRO /00976 3
continuously bonbarding the cylindrical surface of the ingot with a

| ocal i sed beaW(x0HT518 swept in the |ongitudinal directi orp(pE/FRIowogg@t
while the ingot rotates about an axis parallel to the cylindrical

surface; the inplantation of the atom c species is effected by
‘continuously bonbarding the cylindrical surface of the ingot with a beam

of elongate crogsnsestib@BlyCBEMBSRARAGNG HO @y&ﬁ@ﬂ@dleasﬂ\f'ﬂ@etéﬁ k. Rgot
rotates 10 about ap axls parallel to the cylindrical surface; the

i pl antation of *PE8Cat Ghi’e she (;1°€§‘]1lsse€ff?@la§‘d Bpatpohbardimiit in  the
correspondi ng t boagjtvennai ealiofecsuicaessifvethgonegcadj asent the ingot

cylindrical. f ng e ngot .rotates ab ut .an axi s
pgr allel to the£§ggge dg?%{él és)rﬁjrf%%ieg ofpatnﬁael]ieglgot Qbet en & &Hdr cal
bombar drfent andstlﬁéaﬁ@xt - the inplantation of the atom c.species is

effected by -COBhénqﬁﬁahﬁtQQqeﬁrdﬂﬂ%ﬁ@ea%ﬁhe %eth%scylé ?Ef&é{edsﬂy ace

of the ingot, for ex nmer si ng in a asma; -
further i gcl ude‘éo%ﬁl%g&lﬁ%yoﬁoﬁpaﬁgéﬁgnéjhﬁhéyldy} ]caffuéﬁﬁcf—%lc@f the
heati ng oper atibngean beiticar ra edbed be&;@re,emﬂgglga or afdser i grkanLation;

th heat nbe carried out b | aptatjon itself;
thg hegfll Inggogg(?éﬁ%%gr%guc s“Phé Fiek %%sﬁf%adggléagf tQ:F ontdepetrEates

i mpl antléd and/ orbowhcaurages paraslielheal thg oflsodeicapl almrﬂacen def ect s;
- it includes afh@pﬁﬁéﬁb%a%ohr@}sf é'QQanQS 's%% eQf 1 30 PRLELLA by

bet ween t he cyllndrlcal surface of the ing
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 cvlindrical 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 includes 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



and the detachnent depth onto a support; - it includes an operatiaon of
pressing the | ayer of material between the cylindrical RS %RR??ﬁzq%%
ingot and the detachnment depth by nmeans of a roller; this 35 pressing
operation causes a thermal shock if the roller ,4 Qct ober 2004 MO 01/ 75186

PCT/ FROL1009A§0 ¢1/7§18%00l ed or heats the ingot if it is hegi®ef é¥§76
appl i es nechani cal pressure and/or shear stresses to encourage an

cause detachnment fromthe ingot of the I|%yer of material between the
cylindri cal surface of 5 the ingot and the detachnment depth; - the support

i s adhesive; - r.at verd n I terial
bet ween t he cyllndr|c§1 sur ac%B§ %gglgkggg gﬁ% ?E q%%t@% teg ggPﬁ wth
a liquid phase BPPyass I@%ﬁd@é%ﬂep@ﬁﬁsuret redvetter phkars %ﬁﬁ&mﬁ the

atom c species éﬁaﬁﬁkégehMﬁHQgenchQQ§ dEBgcﬁh@Hth§BﬁCtﬁ§ EQGBE'E? dgri ng
ions such as phosphor arsen |§ % bor on |ons i.t incl

operations of appY§fnda PaAyeFied &sdfyerscet %fCﬁﬁé”ﬂéﬁéﬁlofsQﬁﬁ%@¢an
bet ween & he cyl thdringbt sndfabe akthbrmengotieptd;the detachnment depth by

rolling those |a ¥8r§?8§5¥@638 gdhgr§v - it includes an operation of

transferring at |eas dyer Cohprising circuitry patterns onto the
| ayer of matertl b@@h@@@ﬁthﬁlc@pem@¢w©al sfir fawesning hecHengdtayeandoffhe

det achment deptﬂatEQEalh%e&%%%hCQHanc?i1H&§P&%¥ §9E%§§%dgﬂg8?$ed Oﬁ8%||5

in particular r phous or crystalline silicon

gl ass substrat e} 6¥F%nd%5%8 m%%Ea@§§tﬁbH%%¥@sﬁel14qﬁﬂ%|F’ééﬁ c@h bes
deposi ti&d on glpﬁsseOGepquattz etc at present only by |ayer transfer

t echni ques US|QQ amgggocr stall e silicon substrate to formthe |ayer

that is transferfed on l@l%% tStBstrate. The
the atomic species comprise hydrogen ions;

- the atomic species comprise doping ions such as
phosphorus, arsenic or boron ions;

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

- it 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 1is 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 is
possible to fabricate larger monocrystalline silicon
substrates. Even if the monocrystalline silicon

35 substrates obtained with some variants of the method



30 dianeter of nonocrystalline silicon substrates is limted .at present to
200 mMm or even 300 nm Using the nethod according to thgll(ﬁ‘?/té?ﬁ‘?]f) 0@16
possi ble to fabricate | arger nonocrystalline silicon substrates. Even | f

t he nonocrystalline silicon 35 substrates obtained with some variants of

t he nmet hod 4 Wotgxrrs188004 WO 01/ 75186 PCT/ FRO1/ 00976 5 aceeriiRg1lgstde

i nvention do not have a perfect «crystalline orientation, they have better
gqualities than anorphous or polycrystal i ne silicon. Thus when they are
used to nmake flat screens they offer an inprovenent in 5 terns of

integration dersidd nghuriRer ©le Pi X8l EnPEONUNHL S agg @l ea), JELeeR:
refresh rate, etc en the are ~used to nake solar cells they increase

the effici enSyYsta 3l AonvEReY ohaveh&atdre metabibsteat £5aar e
small or lar gtmortjlm@l.lfsa(lir wljz@ﬂjzsw:emﬁé hQﬁilezoﬁabmh@%tlvﬂﬂart hene ¢anrbe

I ted t their hat the initial
hlrrgng[rgp gf tu%’%rail Irggo?%ﬁ?l]s(gof ?S%?]ée?h%or gﬁ’ce % ut Pl's Jtr%‘?f@gﬂ‘ﬁéri“lsm'rmf%
i nportadt.. A§eazmsge1feraht€9retl©hec1@rf6atte’r tmanhtmaneferplocfel@n pawgotintihe 15
shorter its ls@Rgthke A&FQ&ﬁ'HQEXeeQe Ly SE@e ehﬂgengﬁgnagﬂhépagkgns

it is preferable to use an ingot of sma I'afeter, because 117 iS éasier
"to obtain inU&edgrteatedk ?eﬁ%%%r FBM\?eltheﬁ/héquf)?@rseﬁdﬁee byt fhelemeroat

accordi ng tophbed-puertiror iceneiraiiked fromthe 20 cylindrical surface of
an ingot. In sone & t he nmet hod acc o the invention,

f r di
this layer can ini gbggiege%ilsg%\}l@ﬁt%a&ﬁ%fﬁﬁ e Icg‘gnii‘ﬁ%%e ehfefesk in

sone cilfcunstaatesthd-ometkanplef ifhbtrheakaypgr tlsent ocha st oimdleneated
cylinder wt I&Ohggnggél\égb(u r%dru%\g%r 8 1‘I2%Ory,=cchan| cal stresses can be

generated th egr ade qual’ity of the Tayer, or even cause it to
break. As the di aNetér Wratt hehe ngbitindr sHegetathes® thevdngod probbEéns

can becone | esst3eve@i@ortance, but its length is more important. 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 in 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 giyen a curvature that can prove critical in
some circumstances. For example, 1f 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 i1f it is necessary to reduce the period in the
resulting layer of variation of its crystalline

orientation with the direction in which it is wound.
What is more, the curvature and crystallographic
orientation problems referred to above are considerably

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



It can also be beneficial to use |arge-dianmeter 30 ingofs_if it _

necessary to reduce the period in the resulting layer o % 9%??%??020%4 its
crystalline orientation with the direction in which it is wound. What is
nore, the curvature and crystallographic orientation problens referred to
above are conyidgr/abige 35 reduced, or even non-existent, it 0'1%0'99@

according to 4 Cctober 2004 WO 01/75186 PCT/ FRO1/ 00976 6 the invention is
used with ingots which have a square crdss section, for exanple. In this
case, the layer nmade by the method according to the invention is obtained

from plane fages;nhege:Ghystal hegfa R Oihgﬂkgt AR 62887 Y 25l ned

A 200 mm di aneter ingot 1s typica eneral r §I% % ef or e
they are usedi9$f3 heFHetdod %Ec@?‘ﬂ‘i“ﬁb@tolﬂhéhlﬁve?ﬂﬁi%n tbﬁeéengmé@eare

cut into 43 Hyo 6 qmdkﬁfwti&o%&ld@a@oI%hémmve@@lbﬂg%uefalt%&%% hagan
|l -define xte r sha undu i a er
IpreI i ﬁ”l Ingry s[ﬁ of T rf’@??l%% %E%%t?%fﬂﬂg]f@ he OFh?/‘e%uf‘Fbﬂn tHe GLRGSE Y s

turned ¢r naclifiedd.o obtain an ingot in the formof a regular cylinder or

having a 15 pol ygonal uy ni or chinin eration is
carried out befor e%orzogo;?%? C?}%%étcg]il n 1;opeé:a ?%ns g? v?oés\qylpg‘ger d to.
Wth silicondngénsrad | ajée. of beherer delrenf ae pmsddi dk i $hebt aietddcby

i npl anti ng h)éﬂfd%ﬁ‘%ﬂricj)rk&) Wid 1 20.gp€64i e%heEet H%g%"t%era&f &ué\/E‘Ynt{s‘O wever,
what is essenti is to haye a sufficientl y rigidmass of nateria between
pt
1S Bpch A

t he detachne 'surface of the ingot to avoid problens

associ dtted wi th thelhfaltaglsl |rﬁc;/re,an£lndeﬁgbﬂalaisl idnawef dde hayens-d2%ihke

det achnent d adv go eo srllc}/ erm n so t hat thf COBtI nuous
a e

layers forme B e abe 2t aF " OBLETHE

sel f- supporURﬁ?llmlnarY step of the method according to the
invention, the ingot is turned or machined to obtain an
ingot in the form of a regular cylinder or having a

15 polygonal <cross section. The turning or machining
operation is carried out before or after the cutting
operations previously referred to.

With silicon ingots, a layer of the order of 10 pum
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 is 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



In an advant ageous variant of the method according to the inventig 4he
layer is reinforced to prevent 30 problens associ ated wftACFeRe¥r @9 ity
or deformability by depositing a filmbefore the detachnent operation or
even before the heating operation, if any, or even before the inplantation

operation. Thwg oar3i@gt 1s particularly advantageous when lidT/Fﬁﬁo'i%Eiié ed
to fabricate layers that 35 are too thin to be self-supporting. I'n the case

of 4 Cctober 2004 WD 01/ 75186 PCT/ FRO1/ 00976 7 silicon, for exanple, a 10 m
deposit of SiO2 proves sufficient to reinforce the nechanical strength of
the layer fqnngda megeri per than Si P al d).
As a general rlul e, and ther%%r% not only #or gggggﬁsﬂca{#o\r’]\%% ?ﬁgk}%e%t hod
accor di ng t o StHé iGivert | bR 16 infer Jeabkheatieshasti &l | bnehagbr Rf the
deposi tion matRheds frmddeiLphdved sdl E1Q81 SBhLANS; BRI Rhn SQLAY1yehe1 1t yPe
are also feasible. K The anpunts of the ﬁtomc species inplanted are 10
advant ageous?ﬂ? t5§He oftleP SEPEFRF 0 hv1 8P b PRRHER Otfe ¥ anblnt £°Tand a
dept h of5 penetprdtiican iohst hef otlder mofhode actorsidvier alo tgns OfiveheionAStoit S
possible to ar - . | ay - rial tween the surface and the
det achnent dzgllt%h rkgrrﬁét%;%c%rgn(glfngté%qgk tr%yienédt {iher o s rﬁ%ﬁ???%nﬁ&
heati ng oper &hicoredeRxiaky t REcmppRitéani opaiint | | Abray, stat@sselsype even no
stresses. As ;3 genealipiel. e, if stresses are applied to the layer, they
are advant ageously chani cal stresses (shear, tensjion, conpression,
ul trasound, etc.), 126 efBRtPFEalOkt fE&seatPBLECt FRREEET ¢ 19 l8Ind@d omdignet i ¢
field),10 her pmlvasttoesses 1(r adl atieomrdonwection, tocootyekionywiehC theset C.
Applying str an o_e i irectin ontot%elayer/'n ot
det achnent |%?n§r% éC%’é aae}]lcgta (E)ifg'%lt}luic% (R?Qﬁf%‘aﬁo{bag it ‘?’%Aeeﬁgtﬂgr one
continuous ofo25seregt@l Eanti . Wherems, stitesses posspailel cub asepamabe
derived fromdhe apRldreatdon fcan £l etdoppgneticefiglfdrace 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 alsoc entail
directing onto the layer/ingot detachment interface a jet
of fluid (liquid or gas) that is either continuous or
25 varies in time. Thermal stresses in 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, in particular for use in
optics, electronics or opto-electronics, which device is
characterized in that it includes: o
- 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



an el ectron beam therno-electric heating, a cryogenic luid,.L a
supercool ed liquid, etc. Another aspect of the invention®pPotPaes 20Ukvice
30 for fabricating substrates, in particular for use in optics,
el ectronics or opto-electronics, which device is characterized in that it

i ncludes: - neans for inplantation of atom c species under the surface of
a materi al inr%he Eo&n%pf a cylindrical 35 ingot at an inplantation depth
di st ri but ed®&F 5uTH 874 V& Ser 2004 8 particul ar val ue, -- detaching neans

for detaching a tadetachimet eidaals Bdr addetanbagnta deptdy i thecyicani ty of
the inplantation depth, .and - raqotation neans_for raqtating a cylindyical
i ngot  of t%glnﬁeri tABIR %ﬁPIHxUéFIatQ% t W& Syt 'ndri Cal E%?face
of the cyliidpleakaicigat depvh ,aleov® devi ce i npl enents the met hod accordi ng
to the invention as previously described, |t advantageousl.y _.in¢ludes
nmeans for hol di ng trr?ééoqtai'yoé} ISFXHﬁt ef?%l TREAREEY ?hgygﬁﬁa‘?&ﬂaéal 18@PFace of
the ingot aofl the detechakntbodeptih bxigatdallplsad deyesybBit@Fichli s

detached from -the ingot. The .hol di ng nmeans_advant ageously include a
plurality O?HFE%?SP% gth& i gwlﬁﬁi%ca%s WLYibuted over roller drive

means. The pri ncTheeabbveudevwyrdeppimyl seanss thek mwhdd ddwoBding Sueh

gri pping neans enploy.pressure differences, electraostatic forces, etc.,
for exanpleeﬂ%e%ggﬁ8¥ﬁgp'5§bé%fe%+o?ﬁ Y n Sggﬁﬁkﬁ eﬁ?ﬁdﬂ§viﬁ%ﬁgﬁﬁgs Ynet hod
for fabricatnofjudesubstmat €or copdisdg ngheplaviedi RE ansdd ikl i satweagot of
a material el ectronic

substrate; F%%?%H?ﬁ% €g¢%%Eé%%gégéggﬁgﬁ%hfhggéggf%ﬁ@#i g @%é%%h?ﬂ?Bugh a
cylindricaldemthritor gattfeaaceupt hat €ofl dyera pftestet etniigedidtydiesd atton depth
by, Dorb Lgg KIE L) A oAl AOgE! e DR AT RS ST 2
plurality of reversible gripping means distributed over
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.

Yet another aspect of the present invention
provides a method for fabricating a substrate,
comprising: providing a cylindrical ingot of a material
that is useful to form an optic, electronic or opto-
electronic substrate; implanting atomic species into the
cylindrical ingot through a cylindrical exterior surface
thereof to a predetermined implantation depth by
bombarding the cylindrical ingot with the atomic species
to form a cylindrical surface layer having a thickness
that essentially corresponds to the implantation depth;
and detaching the surface layer at a detachment dept
that is located 1in the wvicinity of the implantation
depth to detach the layer from the remainder of the
cylindrical ingot.

Yet another aspect of the present invention
provides a device for fabricating substrates,
comprising: means for rotating a cylindrical ingot about
an axis parallel to a cylindrical surface of the

cylindrical ingot; means for implanting atomic species



that essentially corresponds to the inplantation depth; L and etac%bng t he
surface layer at a detachnment dept that is located in theGFePRFt908¢ the
i npl antation depth to detach the |layer fromthe renai nder of the
cylindrical ingot. Yet another aspect of the present invention provides a
device for fabricating substrates, conpfising: nmeans for rotating a
cylindrical ;ingot Qut an .ax|.s rallel to a cylindrical surface of the
cylindricall%ﬁ%bt;%%ﬁéns oﬁQ4ﬁﬁé§}irqu§%ﬁﬁc E%eci%s 4P€E§8%8Fm268$ 8a
into the cylimpdentaltiongotieptha prmdetrramsnedori MdiadhRtheon adeptibfaaad
means for d ing,a surface . layer at det ac nt depth in the vicinity
of the i rrpﬁ%%f%%ti %ﬁ d%pt%&ﬁ%?ﬁgsp(g%?@ o]tﬁerc}g‘ge aﬁ&c}i&%a gs %het he

i nvention wihblbedterd cappherit. on reading the following detail ed

description. The.invention is_explained wth eference to the drawings, in
LR b RO

which: - figure PoPSta ARt i SO0& s FectIRe vASKA t S06j ect ed

to ion inpl anvahitdrnandiib bheodet aghraardnt ofnarkayengofchamt eol abwhynga
first enmbodi . 10f, t substrate brication. method according, to.the
HEER AR SR acR B it e SLCBTTI g O t AGTQrOCR LB

invention; - flrgure 218 a‘d
invention, referessesect itdre rétatimgstoihhehbxhs of the cylinder of the

i ngot shown in figuyf .-, fdgure.3 is_a diagrammtic view of the_use of a
second enbodi ment g#%F%E &Efﬁ%daagﬁ%?EFW8aF6gtQ@ﬁﬁgﬁﬂﬁﬁveiY&%mt?gn?nin
cross secti ongpél aubjyectedt e dons iofplidreatdydr rdet tof e | Adgbbchinkatt hat

shown in figure 2, .- figure IS a_diaggra ti.c yi ew of é?e se of a
third enbodgﬁeﬁ% éfg¥%% ﬁgtﬁgﬁg%E%%fdﬁﬁﬁ fo fﬂﬁsgr§§$ﬁagp?i?06’ 5584 VO
01/ 75186 PCFUEROrA@@QTEbrd datient immthod acossdsagt tonthel dnvweati®er;he axi s
of the . ) . . .

- figure 2 is a diagrammatic according to the present
invention, in c¢ross section relative to the axis of the
cylinder of the ingot shown in figure 1;

- 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

third embodiment of the method according to the present



cylinder of an ingot like that shown in figures | to 3; i is,a
dlyagram"ratl C Vi ewgof the use of a variant of the enbodi rre ?9%11? @r%jt hod
according to the 5 present invention shown in figure 4, in cross SeCFIOH
relative to the axis of the cylinder of an ingot such as that shown in
figures 1 towoDe/fsmére 6 is a diagrammatic view of the ugg fFROﬁW‘?@r
variant of the enbodi mnent of the nethod according 10 to the present

i nvention 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 5; - figure 7 is a
di agrammati ¢ j\HyRWi9ford helHSersts seféM&rP £0000] PNt ,0f, L he ;U;tet hé’%‘ Ehen
according to the present Invention, 1n Cross Secli om r el ats v e

axi s of an ddtnqqlké’fc W’a“t Js%‘ﬁWn Siksg |t'dtﬁffes'31’l0‘ftfb B Liduxpmel &a s3a

di agrammat i c view of dilgieses ofsaa fdfé?ﬁl@@ﬁ@?@ie@{ EPthrégtLPéggoggc%r di ng
toth t Ss section relative to X
i ggot eI PLgsSRé-’t %t\?mnoﬁ OQIP? gﬁ?‘gggimﬂ}t? oL HheUretird sagcardyraniat itdevi ew

of the Use ofpresardri anvenftithe SfWFﬁhle]rTbﬁﬁgUEét af &he cﬂjﬁﬁé’wd saCEqQlei Ng
toth e i i S j$eghion. Iy ive the axis of an
ot 1 ke TRt 1008 BLPESoFORIOR I e od San | B8aSE! ByPhi i o

ingot |ike that shown in ures 1 |gure
vi ew of the R@tofs@wrmlﬂ IS erfto oq" t he met hod according to the

present | i nvention. imqe/@sSesqael i an deldAlindse thecaXisr obnan  L0gQY | ke
that shown in ' - gure Ila is a diagrammatic vi ew of

ures 1 to9;
substrate “(95?‘5 P ANt é’%e%%t?ﬁ‘%%b‘ﬂ?ﬂ’én?fofi ?h@eﬁépﬁoew@c:éi@m ng
to the l|Onventt|oonthen meeddon Aeneendicsul shotid  1he rSyifraces subjpciedsto

bonbar dnent et ho accor dj to.t he enti o nd figure llb is a
di agr am sho%)ér?;tqg%he %%nag:eln ar? olﬁQ%r 5fPe 9 éfntt\i}ﬁe ]g]rﬁ“g %p%%: 88 dggot
i npl ant ed as sachulet |tmtofsht0m§1 deptiigpfrdsyl ant i on in 4 COctober 2004 WO
01/75186 PCT/FROl/QO%E%ur%p'? is a diagrammatic view of the use of a

fourth embodiment of the method according to the present

15 invention, in 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, in cross section relative to the axis of an

20 ingot 1like 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 11b is a diagram
showing the concentration profile of the atomic species

35 implanted as a function of the depth of implantation in



the substrate shown in figure 1l1la; - figure 12a is a dia ti
perspective view of three layers intended to be superpo'ge rm%’%lﬁ %Q%ﬁﬁth

enbodi ment of the method according to the invention and 5 figure 12b shows
the structure obtained after assenbling the' three |layers shown in figure

12a; - figurewBoi/ssmedi agrammatic view of the use of a nipgpfyrpamopgnt
of the nmethod according to the present invention, in cross section

relative to the axis of the 10 cylinderlgf the ingot shown in figures 1 to
10; and - figure 14 is a diagrammtic vi ew of a square cross section ingot

used in a vardnts Hsd e PrERMH id paept rldlé n cross section relative to
the axis of the |ngot 15 The net hod acco to the present invention is

descri bed her ei naf tert i aehet 4rar 1§ cal éirla@échl(ﬁ PoObIRERHge view of
monocr yst al | Itﬂﬁ:eﬁd | legrrsubshrahasdf r s ape i g0 r@bdad ned, by CZ Qlynk4

drawi n Si een osen cause it by far and awa he nost

wi del ygused fﬁﬂ C{lgrein% ?h EQ’E th'ﬁ’dgfa‘?‘r‘f%’?%“é?e fr dftesInEd %‘é? afRe

| nventi dn is figudd nd2ledshows hthensstte:ruca:lureThs:)ttammﬂ [ aﬂteﬁpalslséﬁlbgalﬂ@r ally
to ingots of gy trm%%cdl)éi{ orsl%%g%q% %r%ﬁt al,lj ne or anorphous materials,

in particular semcon ure Showe ‘an i ngot 1 of
nonocrystal line sil ifdemreptlal ned dydiherammatifzvdeawiafy Preocess. oft ai s

appr oxi mat el w ithe shaped Dhede ChECWHaY Iﬁa&mweéc\%&ﬁlﬁa 68<'§h8< gre&%ﬂ ngot
linitially has a. dianmeter of 200 nm ,and a | ength .5 mand is usually

cut into | endtNENBE he Yr GRPRT FREEESS |%e]c’=hto]s‘é‘1‘1 F% Glb‘teal%?‘% Phgéhel in
whi ch tlife f aced iperrerdi dilear ngott Rt caxi imffltghﬁ:ecsylll RALIL0; araehcprl ent ed

paral el Lo L <t Gagfpeer gt Lo Rl Rhanee [050.0P. L gane

ingot 1. 35 Féﬁ’séxaﬁﬁ{:ééobf jngsitemeisest | b of tfhe‘matthodf4t(hﬂobemaﬁtﬁ4 VO

01/75186 PCTimM@BQQ%/6 in 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 ingots 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 c¢ircular cylinder with an
axis X-X. The ingot 1 initially has a diameter of 200 mm
and a length L = 1.5 m and is usually cut into lengths.

30 The drawing process is 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



11 accor di ng to the invention are described hereinafter. r’%) £ Jod N t he
first exanple, shown in figure 1, the nmethod according %O(F(%(tgo ThventTon
includes an operation 100 of 5 inplanting atonic species and a detachnent
operation 300. In this exanple, the atom c species are H ions. They are

i npl ant ed wi tWospii7aasgener gy. The beam made up of these i‘i’@;sT/FRgT)(}@@
in the longitudinal direction of the ingot. To obtain a 10 gmthick

2 of silicon 10 the H ions are accel eratéd with an energy of 725 keV. T_he
amount of H ions inplanted is 1.21 x 101'7/cnR2. The inplantati on operation

100 s carri edcalabiy gl N6 Rhea of Acsd aialed alanig Ssel os over

the surface of the ingot 1, over the wh Its mat'chi ng t he
rotation speed of EF@MPASatl 1 to the W|dth of t he beamand to the sweeping

rate to obtain theInappeommiiaite dlesg)dhesiam an afi@E‘chePt he Re M@Eh@é
according to_the stall | anted surface 20

I r aphi ientation of the inp
relative to t Corr?%nyen’i b a §tn8:rﬁ Q' sPectiedes | ﬁ“a;ﬁ’}ﬂeir@éﬁoélns % @A ch
vari ati éns i nmplenthingk mésmicf stpfwmlsayemrd 2 &i’e@:a@mmielnﬁ;ab,pelm(ﬂﬂcﬁlt izom .of the

t hi ckness of the kayer, 2 ol%g(fa:llmgﬁg i S v%r&og.g%ogﬁ)o i’;l%%)l gﬁ%] b[)( &gggl ating

t he i npl ant at| on energy as ction of the rot ,
however, thaf'hey s nﬁ‘&@liﬂ\“fm@cﬁlﬁés 2a h%ﬁua@@etgmssTbecthaam isads edp

these probl es afnddi ckpgss isvasisidons €an che reduead, oLl e; eLLE, pat ed,
0 ant ation clr? be ef(grI ect ed on faces whose cr s%aH:ogr aphi c

because the I
orientation {© gn%h@arll Yef i TRAPEBIFhE iip RN &S Iepetatd o‘Plf 1881&Fest es,
Wit hi n10he dkufs Dtbns heréngoteleranddakiahdent Bnekggeot 07t hexdept fineof

penetration af, the B+ !H9n§?ﬁ§ H@Qék? iia%erl %%I d| rf 17 thQ ingot 1 into a

| ower region constitutin &n" upper region
constituti ng a | ayépe2 Uﬁpl®t5&¢rmrer |O@Ierdt¢stomneh0® oHsormtheeaieqmtr edy

substrate. 4s(ekpbely 200fcam 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 incident beam of atomic species.‘ In
applications in which variations in the thickness of the
layer 2 are critical, modulation of the thickness of the
layer 2 obtained 1s 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.



WO 01/ 75186 PCT/FRO /00976 12 In the exanple described he I 21s
approximately 10 ~tmthick. That thickness is suffici entE ?cgt%@%dfdﬂ
deformati on of the layer (for exanple the formation of blisters) and the

i npl antation conditions 5 produce sufficient fragility at the detachnent
depth for thw0dayesigs to be detached fromthe ingot 1 wthpdesRorf@oss-
The separated |ayer 2 is advantageously held to enable it to be unwound.
10 Figure 2 shows a device 50 in accordaf€e with the invention for
fabricating substrates which inplenents the nethod illustrated by figure
1. It includes neang, 11Q,d OfexdnffAlANtHNG Hp d PN$e 1BBARES1Q SN hol di-%g the
layer 2 when it has been separated fromthe ingot 1, and rotation T
nmeans 410. THPHETRHEMER 0N Relfs thickconphrate thi kmgisant 82 swfifdis igndduces
H :ons accelwy a_taa_dﬁltolo mdﬁleflragmcgf tohzeh @federlac_e/fAerl !\(E\éEanéixs_l YRe thﬁ

i mpl anter was.initially vel oped by t an, Atom c ergy Researc
Institute 20 VIRERG" ?ﬁeek?g{%f?]éﬁpn@é’r?g ﬁ%g CHUSEA R MY o £OLIE 1O8Eat e
about tHe aximradute Thef hotdemyg Aeapsl3t eanpriesedat scippodt Bepfhe for
support 6 is a ouysl y, ap adpesi i T a 25 1 s, br,ought
directly int o@%n?%gggvﬁsh&f hg)esuppo‘glr(%/}%\fsé.l %’%éms%péorﬁéolgs 1pr"éis§réd 1%95% nst
the | ayer 2 bng%?-appl icator roller 320. The applicator -roller 320 is
mounted on a shaf trHdhakepsraRbyl e18pethat ik CaAviABEKeLRS POMRIENT +of

t he surface of {!ge i .ngot as its dianeter is decreased 30 by the renoval
of material. 9 iyl §° e He'9ngot 1 begins to rotate about -the

axi s X-DO before itFihasrebenshorpl antdskic® toansf efc@irddre-d ayeeh2 tort 0

t he support i f f ec e he ] antation operation 1 i
started, and rh‘}ee%}t(rarlpc{nan%ogrg faarl%gf%%yrr\%ggi% %S%g% %%twwil?ﬁ éE‘P}ﬁg‘egﬁﬁp
the latter emgdihesl thielushserted thy belgure 1. It includes means 110 for

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

S
6,

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



4 Cctober 2004 WO 01/75186 PCT/1' RO/ 00976 13 transfer rfdoé’?él?e} h%)@typport
6. After contact with the layer 2, it separates the latter fromthe

remai nder of the ingot 1. The transfer of the layer 2 onto the support 6
can then continue. 5 Exanple 2: A second exanple of inplenentation of the
met hod accorWiOn@t/fsi8he i nventi on, shown in figure 3, inclMCEFRIBAO9T6

i npl antation operation 100, a heating opg:,ati on 200 and a detachment
operation 300. 10 The species inplanted e advant ageously hydrogen ions.
Hydrogen ions are inplanted with an energy of the order of 700 keV and a

dose of the Qﬁ@ﬁ?ﬂgrﬂ&i7?ﬁﬂﬁ-1N¥§Ps&@ﬁo%@?ﬁi ;Af@%ﬁabﬁ%gggﬁﬁgggggzEﬁfa?ﬁgt
its axis X-X,_the area of the surfa 0 e i ngo onb;
atom ¢ speci ésay(furr i %g e THPTERET | ﬁﬁe afers ogr‘ilﬁo thSv eeerdides &1

heati ng ar ea.thEhelrfigst ing Operatamf 2000t sticar Lagdr oAt oAt bekhehgupport

i npl antation i eating neans 210. The heating operation 200
assi sts det acﬁ?%@%%}\ ;C%%rﬁ%1 0 between the surface and the detachnent

depth frlomthe red@de @ the ingot 1. The heating operation 200

enabl es the doses of atesha se%@rifa%igﬁl ARkl & 1 Jredueed 8! ahirugqt o
the dose referred to in exanple 1. The heating nmeans 210 consist of a

heating rol | &°CO3EME tQ £RE ATHRTGH-OLci FReWar 1By IGisEe wit h iped uglgiss
parall el to time impashvatashs qgfeddredmgoto]l. aTheeheahiyn®ppd@dd £5n 2250 S

| aced downst.r t Rl ant at j.an 110 relative to the rotation
gi rection of tatn%grgl %&a@‘de@hg’ eé:aa[tllr?gn roll’er 215 is in contact with the
i ngot #£0 30 The hea“ﬂiiengsmahgsZMPddmcageoaslquagdmrg;wfa_@/elrof;ent he
ingot 1 localilonst.0 @ desmpes atdhe Qf-cargund, n QPG H00C, 1 The d eratyre is
adjusted to Sll?l tS th%yti ne. of ap Iirgatli on or% t he }Eeat Frrl;g mﬁ.ﬁgpg{ig an% t he
i npl ant at i on °¢&%d Clorddl &&th aéEJ thélaseplodnttas e dgdset 107 /cm®.

With the ingot 1 rotating continuously about its

axls 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 its 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



35 and energy. The dose and energy paraneters al so determ t 2004
WO 01/ 751869>I;CT/ FRO1/ 00976 14 the tenperature reached b‘?@ﬁ%@%f%@@i of
the ingot 1 -during the inplantation operation 100. This heating of the
ingot 1 by inplantation is taken into account in the thermal budget which
det ermi nes t WwOocondstscons of 5 detachnent of the layer 2 froriem@1f(@ong nder
of the ingot 1. The tine of applicati onlgf the heating neans 210 al so
depends on the application surface area, "the rotation speed of the ingot
1, etc. The layer 2 is then transferred onto a support 6, 10 as descri bed

in exanpl e l.tHxagphgeldatArthivdh@aimbe afnd nBLerapkatyon ok t hg get Rod
accordi ng todzf he | nvggtl on, shown in figure 4, includes _an inpl a%t ation

operation 106Hnd*% hB&t i GeH i Bh 2Bes8b1oR k' hodbist ksakbre 2f plus
a det achnent wpeeriatdon 13060 peplanmadivnt it healedrd DitdokdiBgneans t310.

The hol di ng 31 npl oy pressure.difference, an,. electrostatic
force, a reversi El 5 agkﬁggg%ﬁ f(‘i‘r(r?%i(ac%( bygea%f) 83t orrr(?l aCF B FhgRS ot
adhesi ve), etdetagdment g Hdlali ayswansf 840 ahe oemthedsucbifotheypegott hey

advant ageously. offirt fe 3opahpBlBckiBal Lt 18N ka PAIR! LELALOh e XIS X X
of the ingot 1. The bar 315 is hollow. The pressure inside the bar is
reduced to h&Pede PRycrh® PRFEiSGaN APy S¥EERICen. aDRR acHHEt retations

|l ayer 2 fromdded emitnderinefott g igwgot 1 is encouraged by the heating
operation 200. To i eelipng.the layer 2 off the ingot 1, the holding
neans 310 are appl F}E‘ Pjoa%fen% ?i St eta{}eé}f; %Fa?ﬁtgerFﬁ o< Hat SHBECBRe R
subj ectléd t o asheldswlidmdatiinore @pdeeriat i on 100 and t he heating operation
200. Because of th&aﬁ@q@ @n in the bar 315, nechanical stresses are

applied to the |ay . e nechanical stresses are reinforced by
novenment E of the BartBisdagxampbin ofe implementation of the method

according to the invention, shown in figure 4, includes
an implantation 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 in 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



ingot 1. A separation front F is then obtained. 35 The hpldin 10
are noved by the neans shown 4 Qctober 2004 WO 01/ 75186 @¢$§%§B€f3€@%§ 15
in figures 5 and 6, for exanple. In the enbodi ment shown in figure 5, bars
315 are distributed over the periphery of a drive roller 316. The

principle of wiogen/es86 s the sane as that of figure 5, 5 byictiRoiae7815 .
are distributed over a conveyor belt 317_ _noving in a straight |ine between

two drive rollers 316. In the enbodi ments shown inf igures 5 and 6 the
pressure inside the bar 315 is reduced just before it conmes into contact

wi th the inggty Jg; dhe e, ofor W Lontact the bar 315 adheres to the
surface of thé1 i nléﬁr 1. If the ingoort has not been subjected to the

i mpl ant ati on oper atifontN®ocBRAILRENRestiong oijer BEPVRE260, bats t BkSases of

contact bet werirs titieuitigdlove anthd Nee bshe 315t he hatier rARYE,r 8hati ¥g .t 0
each other and.the 15 cont i s broken,. on the other hand, if the ingot

ct d
has been subjécted 1o ?f‘rﬁf‘lﬁﬁta i bR GRS &376h AP0 thAC Hef 5 Rref o
cont act Sbet wéart tthee ibvgot 31 anmire heti parib3dsd dher hayenvaybs separ ated

fromthe reng f.ot ]r}%%} and i | d t par_ 315 . T acuum
in the bar g?igqﬂg{gzg’nbrag%gn glr{;tlhlg{éardgzc%%q.r@y a"‘t}gir‘fez %oglaerbsy%he' bar
315 reaches a takélupth®| lc@boglinmits epbodineit Bagurhe ddvantage over the

previous enpodismite t hakisbe drayepa? i subseciedidPWBnstmBchanical; ¢
stresses because there is no reversing of the 25 curvature of the layer 1

f t}
bet ween the FEFEEhnEREC ofEPAEDGN Y360 4§ the@berat idh Shestermert i ofon
the také up cooltert &hd nbarvarnibanidiefrdhese enbodivrics off t bre Mehod

according to4the jpavention,. | a 2 is transferred.to. 30 support 6.
In this case,.1 t heﬂfqayg%lleZ ils&%v.edxg\%vay fcom}?)l 2" ngc’('#nfcﬁfdt hgt(?]ol %?‘l‘?g
means 310, adMeplevitadsion dpwdiadditad, 1 hdnderhe rbasténgedpeoathensapport 6,

to in the area of contact between the ingot 1 and the bar

315 the latter move relative to each other and the

15 contact is 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 is 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 wvariant 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 wvariant the layer 2 can be cut into sheets



which it adheres. The layer 2 is then released by the hpldi 9(%0 0810
and entrai ned by the support 6. 35 In this variant the |ayer can e cut
into sheets 4 Cctober 2004 WO 01/ 75186 PCT/ FROL/ 00976 16 before or after
it is transferred to the support 6. Exanple 4: A fourth exanple of

i mpl emrent at i AWOp61/78E86et hod according to the invention i pdpeeH1AM976
inplantation 5 operation 100, an operatiaon 400 of transfer onto a
stiffener support 6, and a heating operatiion 200 carried out before or
during the transfer operation 400. This is shown in figure 7. In this

exanpl e, the papdantat i preoperati Hn A0k isrrdd CArdied @oal an energy of
100 to 200 keV. This energy, is insufficient to produce self-supporting
| ayers 2. The supm%n acts as a stiffener. This prevents the |ayer

2 breaking and/ or def 6onicnp (daw%m]reﬂ (o] tnlrﬁ;slaﬁ@qtaﬁzgin e&@rrpt’%}eel) m%@h‘&'&lgts
adhesi ve film _consi
‘Stpport © IS SR q’gggou"%y &[D?a E%éé{&én tﬁeFIgﬁﬁgtaﬁE‘e OPLE e PR s

of a pol resin, SONe o
functio V\/fﬁR,El*ifade](SUhesl%hesﬁlT\/e QM%-T@‘CIJIOH s #dat ef ot rwhedert onte a

i rradiated wigdy AN A athev: The adhesi ugdidm 'épQPaéiér?tEBSch%‘ﬁ% n two

rollers 8, 10 between which the ingot 1 1s pressed onto the support 6. The
axes of the i R§L%E %dd%ﬁj”tgnéj}ehgtd{arls%lé e tian 4@&-} support 6 s
initially wound ontfthiz p@ay-stidtwr ald alglﬁe The ingot 1 is rotated about its

axis X-X by 25 rotati n. reaps 410. this .ex l.e the heatjn ng 210
take the form of aﬁro er 215" The Fg‘IeI er'H TheRUpore 6n§ﬁdlt‘3he
| ayer 2& ogetd®erriadd delit stt kemertetdie sAn@00i e 20k keUPPDNLis 6eseiyes as

a StiTiener W ofh R erAn 5 30: JefabRon e IRB AN, 2 {191, exanple by
blisters) th\z;y{B coul d ot herw se occur uP&l ng tﬁﬂﬁeatl r?s o | oh 53‘8
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 is 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 is 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 & 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



that is virtually sinmultaneous with the comng into &a@%} %%hfodfyer 2
and the support 6. The heating operation 210 strengt hens esi on

bet ween the 35 support 6 and the layer 2 and contributes to naking the 4
Oct ober 2004 WO 01/ 75186 PCT/FR0O1/00976 17 ingot 1 fragile at the

detachment dewiho1/A61& adhering to the support 6, the |aygicRrr@anmd7et he
ingot 1 at the separation front F. Synchrgnl zing the rotation of the ingot
1 with the novenent of the support 5 6 p pagat es the separation of the

layer 2 relative to the ingot 1 at the front F. At the separation front F,

the material ifgsuff Ipﬂ-@j’ﬁ_t]_é/ afﬁ’ ag;é ngggcﬁnt@]@w cal stresses applied
to the ingot 1 [ ete detachnent. 10 |f

t sup 6 ng t he
i npl ant ati on and hel}:lfteq ea]?fé?gér‘-so a‘f'ké SHBRRAC aBcokBENgRYCLt Re 1get&hment
of the layer thd rbmyot he angathel dmxesltrleﬁdyfmwr Fedspmchb@n&wﬁgofthtehe

heati ng operat | 0 e ort entrains ayer way
from tge Png?{d%&ﬁ%ﬁg Ef&%b%ﬁ§§?on of ttqﬁetq’f ayer et p%igtgge ulpﬁé’r’f%

wound orit o a & akecpparbEFerth® foepastar boe. ofs e alagenatd veelatihe above,
the support &igan;nbsrpnehpat edebehore ig. 'ﬁtbmggfg éiar}taocfoqﬁt ﬁgmw tzh the

ingot 1 or the ingof 1 can be preheated before t support i'S brought
into contact W% hpterialadst netf vieiamtlof fffﬁéléﬁ'bdc{ﬂl?rehltleof“ephénﬁé?taﬂod

accordi ng tostﬂkees%/@nfalp@aléelsctbbaﬂmeherl@kg@ﬁboye@V\@ﬂge,suﬁﬂaégg of gene

ot her type of ni c nt act or ajet of fluid, such as a gas, is used
t0|n|t|atet(?1°énp secgatraéﬁ tof t he | ayer 2fromthe|ngot 1. Ina
furtherlOari ant of Lhi S:F@rrbaahpri:@mtt,attﬂmel am@poheaﬁ&lm@ke@atriamefc@rrm okhra

plate 20 (SeQﬂ&kﬂH{eagéﬁrdIﬂﬁlPlaqﬁmgo LeaLh@bge e | %aq%X Q%g FoRt

quartz, for example us a npl ant a I on operatlon carried
out after whi'dl t R@IChyet 13 plareferreacedrefe by the time of the

heating 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 is 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 ingot 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, 1is 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



plate 20; it can be heated to facilitate detachnent and trap ]1; r % Ilhe
| ayer 2 onto the plate 20 and adhesion of the layer to %he prare. 9 IS
al so possible to interrupt the inplantation operation 100 to conplete the
transfer 35 of a portion of the layer 2 already inplanted onto the 4

Cct ober 2004 WD 01/73(8686 PCT/ FROL/ 00976 18 plate 20. and tgef/piididoo3gai n
with a new plate 20. Exanple 5: A fifth_exanple of inplenentation of(’ the
met hod according to the invention is defPved fromthe fourth 5 exanpl e,
illustrated by figure 7. The fifth exanple, illustrated by figure 8,

i ncludes an ig@atES G0 ORET Al on 100,52 Ji8ati 19, perali o200 and an
i 6

operation 400 of transfer onto a stiftener support as inthe fourth
exanpl e, but furth s an operation that 10 creates a thermal shock.

After the inplantati offidper atkempld0Gif t hepiegehtltisnat o8 rglat im\éﬁ‘dh)édhihgh
t enper at ure. essi cool.ing raller,216, agai nst the ingot 1 in _the
areas t hat haa\%c%ﬁé[él‘%? ugjgec 155 tléwt%ﬁlé_'liol"?‘pl ant &S ecf)ngSF‘i onie a fomegithal
shock i & producstblichat ifldeistiredtess by5 Siéparatihg tTe | ayeft? ardmphe,i ngot
1. Exanple 6:11A slpddrgxangle -?tuf]:%i | emgnt gt | of _the .netho .
according to ‘the | nvention %’ncqu{jL es ann?hplrrg‘%cgﬁlld%% o?)rtér at " ﬁfaﬂg@,tlé?n
heati ng oper fHGR 2R ahdla dethdigit opPevpeiani 8A03GMd akh obewhitdlnar e

of the same ko as tieseredf exa8Ple dei HOMRVET sudbfldr ther giancl hdeg an
operation offo%ouC ring thf Iaé]rer 2fde 05|teid on thse support 6 with a
covering mat er1al- 12*H R Eovet ing T Hat BRFal iRt 4des d8PosIRBER T ¥P1 hEDpsr m of
a filmldr inareeddsgu delorrgels @ophaseitdhi shexamplentstibhusbeated ohy
[1gure 10, Amist ame ofpdff o¢ Lavss 6.2 A8 I bhen ghialied, Qe |
exanpl e 8. ERIfSISENE a cocling roller 216 against the ingot 1 in the
areas that have been 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 & with a
covering material 12. The covering material 12 is
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  ions and phosphorus ions (figure
l1la). With the same acceleration energy, the H ions are

35 implanted more deeply than the phosphorus ions, because



30 A seventh exanple of inplementation of the nethod acgo ng 0266143

i nvention includes an inplantation operation 100 which %s‘!S(('{Qait_‘vae)tL ageously
effected sinultaneously with H ions and phosphorus ions (figure 1Ila).
Wth the same acceleration energy, the H ions are 35 inplanted nore deeply

t han the phosgogygsiggns, because 4 Cctober 2004 WO 01/ 751§G~P) ggﬁwgogm
19 they are not so heavy. The H ions therefore determ ne the ept

whi ch det achment occurs. The phosphorus t8ns produce an n-doped dopi ng
| ayer 16. The layer underlying the doping |ayer 16 forms a p-doped |ayer

17 Figure iy shavedihe prafidie alhd e SBAGCRLERLERD Cagt e (3t ol

species H, P2Hc, and PH3 as tion of ati on'S n
the |ayer 2 &fPtheafngehiah ssisahmerny gaeeursa. 'iﬁh%us Rimﬂmgamﬂj ions

i npl ant at i on greydddee fr posepe8f depiaghrxﬁ%rcqrs bert@@r !’Léggrmahd%trl G goanme
time. 10 Thi xaci’gal eis advan%g ously conp| et ,(’aatl ng opeération
200, a detac (A EpE IRt 1 DREB06° ahATES” fr &h: 3&’? oh’ 406188r8eddXi bed

in exand e 4sf@mpttee8prérﬁ1éegmm enanmcead@‘nﬂﬂhaﬂlefmncﬁabfont@é Talﬁ?rr]nii%t hod
[ d fro Si xt an seve
15 accordi ng %% i pvent] A&? %@ %% @utn he ;S| ﬁg\ﬁnﬁ? nlfl (j)ﬁfr o

exanpl es desc herélna%SV fe “&i ght i "éxamp
12a and 12b, aél]‘-@ﬁdrqn 6landha héageverd n@nldat‘elnqaalln]gbtal iLeaglyown J.I’l

i ncor porat e &afgtlﬁréﬁSlld:I OB &s 1d8p$HQWEna SURAQ L i | AYET tRed
cover:ong mat er he sus ? 68| ncl ud g{s?ﬂ i nt er connect | on° pAt gr ns (not
[ i

shown). The & qhﬁ?&t san ?eo&aérﬁ@di PdmaE e S rigdte 1 by t he
met hod 10accor di ng Whitshe sixawgnts or,s Theddayeigo 410} Ud@émﬁnet@ddola?d l,ayer

- ed
16 thay i adeaiageoyslyo foneduhin 25 Mosplonys gr  SLse G o 8, p-doped
al so incl ude§r|ammséﬁ¢om@¢talt0@npdt0t0elar$s deflve ibegriim atkiaop lef 4.he t hree
| ayers 6, 2 and' 1%Xia§1pqgsgr;bl ed
An eighth example of implementation of the method
15 according to the invention is derived from the sixth and
seventh examples described hereinabove. In 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 by the method
according to the invention. The 1layer 2 includes an
n-doped layer 16 that 1is 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
©. 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 is rough because it



by the method according to the present invention, for 30,exapple. thgq,
variant of the method illustrated by figure 6. This produces a

phot ovol taic device |ike that shown in figure 12b, in which the face
including the covering material 12 is exposed to the photons 18. The
covering mat aVOa01/I2186r ovi des an antirefl ection 35 coatin@eciirRoiwobage of
the layer 2 is rough because it 4 Cbtobea 2004 WO 01/ 75186 PCT/ FRO1/ 00976
20 has not been polished after the detac fent operation 300 of the method
according to the present invention. This enables light 18 to penetrate

into the | ayeras2 mét hbesnl pbpheneaf Leekironhe SaEX@Mhen 9 obBrathbAt Rog
exanpl e of i epentation of the nethod according to the invention, shown

in figures 134 ahd® 135 hAFRpT Attt iton Oper REF fntoot e e ¢ ed THE over
the whol e ofenad esur flagdtof 18 hetd ngenekrate t hinsoenthé hel diPe i Ngot wl £ihs

placed in a pr{lﬂ§qg)lienp)eqﬂte§tgi%qwschanber in which the atom c species are
VO

accelerated to the require tage (figure 13a). The ingot 1 is then
optional?y subject &kaf®l® %eating operation 200, depending on the

condi tions used 1Fn y thenok eegghpYei BBl qm;afén%t%ftqro@{ifﬁ #IQ Etaﬁoidngm
1 is then wthdrawn fromthe inplantation_ chanber to peel o t he ayer 2.
The | ayer 2 % <% agedd¥ ylrg)‘f%{ﬁ'slfcé?fr eth UMt ota Sippbee b32asnPnlamy of
t he precedi nghexahpbesn{4t o e ob3khtidd |T0@ Varientroddt bius exeaPl @ hhe

i i ' ‘ ' format ion of
the L ayer 2 FaolEe S8 hehanber gt G Chhpl it | bn dlfer h0Rsn T, tbeami e
10: 251K tentihgekanpl ésof Plapeemdm asi grlagima hémpdehodt iancartdintge t 0 ibhe
i nventi on, SQQW%H'%HéEB%&hﬂé’sﬁ@&i@geﬁrea%édgyéygﬁgdcgboeﬁéaEE%ﬂi%%%’ a
heati ng operation 200, .

voltage {figure 13a).

The ingot 1 is 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 1layer 2. The layer 2 is
advantageously transferred onto a support 6, as in any of
the preceding examples (figure 13b).

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

Example 10:

25 A tenth example of implementation of the method
according to the invention, shown in figure 14, includes
an implantation 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 ingot 1 as it rotates and so



and a detachment operation 300, conforming to those desgrd bed d.n 1004
connection with exanple 2, but the ingot 1 30 has a square cross section
relative to its |ongitudi nal axis. The heati ng operation 200 and the
detachnment operation 300 are carried out simultaneously by means of a

heating rol | esw@db751dse heating roller 215 is nmounted on —E I&nt/mu,?l S
nobile so that it can track the 35 novenent of the faces of the 1 ngot

it rotates and so 4 October 2004 WO 01/ 75386 PCT/ FROI/ 00976 21 that it can
track the novenent of the surface of the ingot | as its size is reduced by

renovi ng mat efy 4l . g(yﬁlg(artlr%r&tks Pt %‘;&2@}1 ggcqtglg% ng R:%atchee%lf nvention

can be obtai ned by co ning the various esérib
her ei nabove. #%thel ehboli frenhitze dies creBeerthdrei FRIbVENC tihete i hpl ant at i on

operation 100 is caidriyed it v donbar dtlﬁlé] h@%héélrf%%%oﬁﬁfilht}e 't%gOtthje
either wwth a beamof atom c kK specjes.or imersion . in a plasma. |If

beam of at omi ¢ 40 SPEti €52 s R dObFT‘lE%ﬂ hQVe SMPAR8AFJor théct é’ﬁgﬁﬂ%ﬁ
shape orS any athmetingmonetdesciiied rlgﬂteﬂnammeaJ so be bonbarded radially by

nore than one bean1r§lny %an%ﬁﬁgnge%%g é%%?rﬁgugdlHég?ihggég%zggghén

even over the mhole S sur
her ei nabove, Jd“Hﬂe%ﬁ%fglorbp@ParabhOQOGO@anl%eCea:rmeeld @Ut by erotunageg

and/or causerdet aghreat oF the lawpit 21“598}1&?9#1@: oty e dhahs QREYAN ©

can be conpl enented by the application of nechanica stresses to conp ete
sai d det achnetREGRF sRYalBerehaEn| dPer P ¢ hef r 2nbrABepfoR o d ngot

1. Hoviever, dpeidet aebrrame@f tire kamernavdr egm D.Bﬁela@gt?ér rze%%n:afnaécn

o150 be encou sy Shar B cRISEs CHRTTERY: by echaAPEal oCrBsghe 268

Simlarly, i erHHEreiﬁybdrMm"slﬂebgr moee themei oadobeant he iatdniatespedives

implanted to Aredd®eral 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 is 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



mcrocavities is hydrogen. Qther atomi c species can equaly-vell Peoused.
Exanpl es are helium boron, etc. Boron is advantageously used to dope the
| ayer at the 30 sane tinme as encouragi ng or causing detachnment. Boron can
equal | y advant ageously be used to reduce the doses of the atom c species
i mpl ant ed andOr0l/Hd86enperatures and/or the tinmes of heatPigWFRD100976

opti onal heating operation 200 (see US pat ent 5,877,070, for exanple). 35
For some applications, and in particular®if the 4 October 2004 WD 01/ 75186
PCT/ FROL/ 00976 22 surface of the ingot 1 exposed to inplantation nust be
protected, ashuffber |@afethean hideposidnban the impshiaanos de,of bae

i npl antati on ... relative to e jrection of rotation of the ingot 1. 5
Simlarly, i %%gﬁ:cf)céa enéf i ébltﬁg%% gje%%lft PN stPeferlePodhtefle PRgoEDE,

even before upstirgpiant adé¢ onf opes atlinpd ab@@tiAs al@enetrallakike, tependi ng
on the int endedecBRRK Al i:RSild ¢AN B BENERI Gial to deposit a support 6
i I etc.)

10 (stiffener, reflecting_|ayer, .) on orie or ‘both of its faces before
or afteP the |ayer S2midagdal ed idf f .cam &g urberefiaidhnttof thpoaethod

accor di ng tostherenavensh ORhet hendawern 2 dged r aasherr 6d,d e%B'iQB?cE}fi%g a
support 6 servi ng as _a sog)l ffener enabling a detachnent 15 operation 0Oto
be carried odPST8F &%ennly a operation constituting a prelimnary to the

det achnent operati8s, asugirnas-ad heatlidg opesaididng 208n pER¥ENt hB8nded
def ormati ons > ose.cC e the formation,of blisters. The
ag%?%@a%io 400 d s s q%éo EHEfl%l%rH?oEﬁt%%p%lgf ngot “BPPF brPuhi ch

support 6 advahiageously carri€s the Tayer
it haslBeen dbtafhedcro sedlegs imsanayewr, cdra.ileon hend ayerb@thebdr étist is

transferred fFaceangkhenesuRrPalt rhathcanferns ot heg r%%liiercﬁ%f'ﬁCha“i cal
strength on it. Thus one face of the layér 2 can 5) here tenporarily to the

tenporary support 67 GhitdfTHELSsiVRREY Asdherethed aceerdieneto hheer
whi ch anot heinsappéoh, the layer 2 is transferred temporarily to a

support ¢ serving as a stiffener enabling a detachment
15 operation 300 to be carried out, or even only a operaticn
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 laver 2 from the
20 “ingot 1 from which it has been obtained to storage means
or carries the layer 2 before it 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 poésibly
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 also serve as a temporary
30 stiffener. This is advantageously combined with a heating
operation 200.



I's caused to adhere to the other face, after which the ort

Is finally renmoved. A roller in contact with the ingot ﬁﬂgﬁé r%a%yg the
i npl antati on neans 110 can al so serve as a tenporary 30 stiffener. This is
advant ageously conbined with a heating Eper ation 200. 4 Cctober 2004 23
CLAIMS 1. A nmethod of fabricating subs? ates, in particular for optics,

el ectronics or opto-electronics, co :&§hgg an operation (100) of

i npl anting atom c species under the St¥+ace of a material in a formof a
cylindrical ingotl. (1)AatIaathuﬁlanbﬁtioﬂahmmmatldgstrshhsedaaesund an
particul ar 0 dj id cies onto area of a
cyIindricalﬁgkgﬁggéa%fqﬁﬁi b@ ?%dn é%%éﬁfgf PE a2 %f?%éﬁﬁ%ﬁFs’
operation ¢80Pyiating d@machmmmﬁtmmmh (hOtihe wﬂnrmMgﬂaﬁtImg | apbmmtati on
depth of a mat b h ur. e and_t det hrrent
depth to de%gﬁgt %a%un%Iea erﬁ% ?ufrlr%%m\ge I’EIT%.I ﬁl i) l% hjéncal &%&rl cogf I ngot
(1. 2. A neYhéddaécaﬂdlngngotclanmvl aher ean |nmbhantaglanon1de§pEC|es
is effected 0 drlc face of _the
yllndrlcald?¥ﬁgg?h%%? %&#ﬁngfﬁ¥§§§$§g§u%ean] E ré&ng sala
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2. 2 method according to claim 1, wherein

implanting atomic species is effected by continuously
bombarding the cylindrical surface of the c¢ylindrical
ingot (1) with a localised beam that is swept in a
longitudinal direction of the cylindrical ingot while
the cylindrical ingot is rotated about an axis parallel
to the cylindrical surface.

3, A method according to c¢laim 1, wherein
implanting atomic species is effected by continuously
bombarding the c¢ylindrical surface of the cylindrical
ingot (1) with a beam of elongate cross section
corresponding to a given area while the cylindrical
ingot 1s rotated about an axis parallel to the
cylindrical surface.

4, A method according to claim 1, wherein
implanting atomic species is effected by bombardment
corresponding to a given area of successive zones
adjacent the c¢ylindrical surface of the cylindrical
ingot (1) while the cylindrical ingot (1) rotates about
an axis parallel to the cylindrical surface of the
cylindrical ingot (1} between each bombardment and the

next.



corresponding to a given area of successive zones adjacg £ 'g}gﬂri cal
surface of the cylindrical ingot (1) while the cylindri cartfc"fdr’]}geot (dl

rotates about an axis parallel to the cylindrical surface of the
cylindrical ingot (1) between each bonmbgrdment and the next. 4 Cctober
2004 24 5. A method according to any preceding claim characterized in

that all of the gyliRdr] ur : he. cylindri I ( k
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either claim claim 9, characterized 1n e support
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accordi ng t9r§H¥f@E?§%ginQH@ ah@&er {2) of material between the
cylindrical surface of the cylindrical ingot (1) and the
detachment depth onto a support (6).

9. A method according to c¢laim 8, characterized in
that it includes an operation of pressing the layer (2)
of material between the c¢ylindrical surface of the
cylindrical ingot (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. 2 method according to any preceding claim,
characterized in that it includes an operation of
covering the laver {2) of material between the
cylindrical surface of the cylindrical ingot (1) and the
detachment depth with a liquid-phase or gas-phase
deposit.

12. A method according to any preceding claim,
characterized in that said material is silicon.

13. A method according to any preceding c¢laim,
characterized in that the atomic species comprise
hydrogen ions.

l4. A method according to c¢laim 13, characterized

in that the atomic species comprise doping ions such as



characterized in that said material is silicon. 13. A mejhgd-accorsimg to
any preceding claim characterized in that the atomc speC| es conprise
hydrogen ions. 14. A nmethod according to claim 13, characterized in that
the atom c species conprise doping ions25uch as 4 Cctober 2004 25
phosphorus or arsenic ions. 15. A nethod according to any preceding claim
char act eri zedosphbirats ior iarclardes iopes ati ons of applying a Iayer (6, 12)
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for fabricating substrates; in I'CS e?ec%rbnl CS
or optoel echaoartsyriwedch 1d1=JV|tdm11 S thar aoténdeed iam t Merattmrmcl ofles: -
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detachi ng abgé%gén Q%k %&fﬁﬂégiéglaéu?fggéaggn%%% %?14hdr1ca ¥£§6Q|ty of
(1) and the detachment depth.

17. A method according to any preceding claim,
characterized in that the c¢ylindrical ingot (1) has a
circular cross section.

18. A method according to any preceding claim,
characterized in that the cylindrical ingot (1) has a
square cross gsection.

15, A device for fabricating substrates, in
particular for use in optics, electronics or
optoelectronics, which device is characterized in that
it includes:

- means for implantation (110) of atomic species
under the surface of a material in the form of a
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

- rotation means (410) for rotating a cylindrical
ingot (1) of the material about an axis parallel to the
cylindrical surface of the cylindrical ingot (1).

20. A device according to claim 192, characterized
in that it includes holding means (310) for holding the

layer (2) of material between the cylindrical surface of



the inplantation depth, and -- rotation neans (410) for 4q?@$55@k69004
cylindrical ingot (1) of the material about an axis parallel to the

cylindrical surface of the cylindrical ingot (1). 20. A device according to
claim19, characterized in that it inchgdes hol ding neans (310) for
hol ding the |layer (2) of material between the cylindrical surface of 4

Cctober 2004h26 d&yeifytindLi Galgddgel ) (lAnd@nénkhejdel sphernt HgHh o
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means (310) ciynghdge ca1pliHgdd tyrf suction gripping neans (315)
distributed over drive roller nmeans (316, 317)..22. A method for
fabricating a suBstrafe d®EdimrfEFREIIBHVIRY RgR e AG nashRERCERESESE a

material thah ithatisehtl Hod dHiign AEaRHt i(B108! echeDRiE ar PRIAel ecyr ori C
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by bonbardi ggitibe medhandriical jgpt with the atomic species to forma
cylindrical surfsée | ayer having a thickness that, essentiallg corresponds
to the inplantatfén dépt h"e&R@%et 4% ng TARFGAT RS | Fer EPatHRESchnent
depth that cospkegaed in the vicinity of the inplantation depth to detach
the layer fromthe remai nder of the ,cylindrical ingot. 23. The nethod of
clai m 22, wher ei RTPR&9AEEnicc CHpetdesCat elNdgplanfed WA ¥t abhRE ife

cylindrical uskfigot edoutorad axi ogthpé, | eIRAHIrElc t 8xt hepeybivdeksak ¢
exterior surface and longitudinally sweeping the cylindrical exterior
surface wit RUPRETBGMBar di ng atonmic  speci es.

implanting atomic species into the c¢ylindrical
ingot through a cylindrical exterior surface thereof to
a predetermined implantation depth by bombarding the
cylindrical ingot with the atomic species to form a
cylindrical surface layer having a thickness that
essentially corresponds to the implantation depth; and

detaching the surface layer at a detachment depth
that 1is located in the wvicinity of the implantation
depth to detach the layer from the remainder of the
cylindrical ingot.

23. The method of c¢laim 22, wherein the atomic
species are implanted while rotating the cylindrical
ingot about an axls that is parallel to the cylindrical
exterior surface and longitudinally sweeping the
cylindrical exterior surface with the bombarding atomic
species.

24, The method of «c¢laim 23, which  further
comprises implanting atomic species as the cylindrical
ingot rotates by at least one of continuously bombarding
a portion of the cylindrical exterior surface with a
localized beam that sweeps in a longitudinal direction
parallel to the c¢ylindrical exterior surface, or by
continuously bombarding a given area of the cylindrical

exterior surface with a beam of elongate cross section,



24. The nethod of claim 23, which further conprises inp&a@#&&geﬁi
species as the cylindrical 1ingot rotates by at |east one of continuously
bonmbarding a portion of the cylindrical exterior surface with a |ocalized
beam that sweeps in a longitudinal diregyion parallel to the cylindrical
exterior surface, or by continuously bonbarding a given area of the

cylindrical orexperificssd pe81 W thbrodeamel £ Qudate Ghess $ect LefRess
Oct ober 2004 27 or by successively bonbarding a given area of zones
adj acent t hB93@reRritdq taddrcalurdaledr 195, sHhéafethod of clai m 22,

which further conpriggs sifatheaeousty kamhay di ng all gk chhe rgythadrical
exterior surface wth atgm c species, 26. The nmethod of claim25, wherein

the sinul t SRBBHSSESbard@BittaeAhtevedByLRERERS ng alde ¢ i ndEhea
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heati ng operation for_separating the cylindrjical surface |ayer fromthe
ingot. 28. The méfhodTBf cl BRHOY wRifch fAdrifer Zonpriesréi@nsf BRRi ng
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support by CHeaREréfrad d&siotnd™ & IRr3Sm®. The method of claim 22, which

further conprisgg. coyvgei ndndfigogur face lavam W bb at [aash ongurpfied
| i qui d- phase or a gas-phase deposit. 31. The nmethod of claim22, wherein

the atonic CSPRELEEScorfri §€2¢dFIong PRAEALION THe Tret REBAERLEME m Phe which
further copplisasiappl BhiRdaad ilStes UPRM tthayehgahd a second support

| ayer to first and second faces of the surface |ayer. 33. The _ nethod of

claim 22, which £8rtnEpe method of claim 22, which further
comprises transferring the c¢ylindrical surface layer
onto a cylindrical support.

29. The method ©of claim 28, which further
comprises pressing the surface layer onto the support by
means of a cooling roller.

30. The method of claim 22, which  further
comprises covering the surface layer with at least one
of a liquid-phase or a gas-phase deposit.

31. The method of c¢laim 22, wherein the atomic
gspecies comprise doping ions.

32, The method of claim 22, which  further
comprises applying a first support layer and a second
support layer to first and second faces of the surface
layer.

33. The method of claim 22, which further
comprises transferring at least one layer of circuitry
patterns onto the surface laver.

34, A device for fabricating substrates,
comprising:

means for rotating a c¢ylindrical ingot about an
axis parallel to a cylindrical surface of the

cylindrical ingot;



conprises transferring at l[east one layer of circuitry pajtesns-osg@ythe
surface layer. 34. A device for fabricating substrates, conprising: neans
for rotating a cylindrical ingot about an axis parallel to a cylindrical

surface of the cylindrical ingot; 4 Ocpgber 2004 28 neans for inplanting
atom c species into the cylindrical ingot to a predeterm ned inplantation

depth; and neansehfs defichi dgpaasuihace dw@eic at spedekachmaido depkh in
l.antati on depth. 35. The device of c]aim234, further

t he vicinitgﬁit t he iqp
conpri si ng FHETEGR NGy Fhe? sBFPSeE Sy &L L ancafioRt 48RER: from
the cylindrggal ingot. 36. The device of claim 35, wherein the hol ding

nmeans i ncl udes a glurali&y of suyction grig%in nmeans distributed over a
drive roller. means for detaching a surface layer at a detachment

depth in the vicinity of the implantation depth.

35. The device of claim 34, further comprising
means for holding the surface layer after is it detached
from the cylindrical ingot.

36. The device of claim 35, wherein the holding
means includes a plurality of suction gripping means

distributed over a drive roller.



