1 THY N FILM SPLI TTI NG METHOD The document US-5 374 564 discl oses a nethod
of fabricating thin filnms of sem conductor materials conprising the
followi ng steps: 5 (1) bonmbardi ng one face of the substrate with ions in
order to inplant those ions in a concentration sufficient to create in the
substrate a | ayer of gas microbubbles forming microcavities defining a

weakened layer; 10 (2) bringing this face of the substrate into intimte
contact with a stiffener;3Eﬁg—£g¥iéﬁﬁéiﬁﬂﬁéigﬁﬁgﬂage at the level of the
m crocavity |layer by the application of heat treatnent. |In the above
document, the ions inplanted in step 15 1 are hydrogen ions, but it is
indicated that light ions of heliumtype or of other rare gases may al so

be used. As for tH&sudetumert PA-he/exzhpl éssebrres nad Methpd oafor med of

silicon, bUEabhcaémgpdl eatigd thatnd t ARY ades@ cpRuResen cpnductars from
group IV of the periodic: table of 20 the elenments, such as germani um

silicon car SPGErb?m%ltm%cﬁ?lg}Wﬁﬁﬂl 8RFBFI oys. in the above docunent,
cl eavage is obtained )b)bon{Ha&ﬂingf dsw@t fbbéatdafntt,hd?utsubbtkSté herieaf t er

proposed, in_vari antsa of { tflo bri. about clcea age te/ 25 t hat
kind of heatPFedf'mett e&ndt/%rlw %’brpl VIRY a 1° Bl itftithg 2??%’2%15( 1§ exanpl e,
by insertinguafitiaeiet bet weemttehemwctlmjbsmbsmm:eand/ oraymr appl wasg furt her

traction angleronensiag a8dhons el dataeseandian By Tur thelapnl | cat i on

of ultrasound or m crowaves O dicious y chosen power an guency),
It may be néR¥erthat the above met hod inplies the formation of a weakening

layer jfpor med of m cfocdHihig8%g this face of the substrate into
intimate contact with a stiffener; and

(3) obtaining cleavage at the level of the
microcavity layer by the application of heat treatment.

In the above document, the ions implanted in step

15 1 are hydrogen ions, but it is indicated that light ions
of helium type or of other rare gases may also be used.
As for the substrate, in the examples concerned it is
formed of silicon, but it is indicated that it may also
be a semiconductor - from group IV of the periodic table of

20 the elements, such as germanium, silicon carbide or
silicon-germanium alloys.

In the above document, cleavage is obtained by
means of heat treatment, but it is thereafter proposed,
in variants of the method, to bring about cleavage by

25 that kind of heat treatment and/or by applying a
splitting stress (for example, by inserting a blade
between the two substrates and/or by applying further
traction and/or bending and/or shear forces and/or by
further application of ultrasound or microwaves of

30 judiciously chosen power and frequency).

It may be noted that the above method implies the
formation of a weakening layer formed of microcavities
resulting from gaseous species ions and that in practice
it 1is light ions that are implanted. Implanting 1light

35 ions has the advantage that implantation to significant



resulting fromgaseous species ions and that in practice it is light ions
that are inplanted. Inplanting Iight 35 ions has the advantage that
inplantation to significant 2 depths nay be easily effected, but this is
count erbal anced by the fact that these ions create few defects in the
material so that it is therefore neces8ary to introduce themin |arge
quantities to induce 5 sufficient weakening (typically greater than 10" or
even 1 The paper "lon inplantation into GaN' by S. U Kucheyev, J.S.
Wllianms, S.J. Pearton in Materials Science and Engi neering, 33 (2001)
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Physical Review B of The American Physical Society, 1998,

vol 57, N° 4, pp. 2530-2535, disclose that implanting Au

15 or Ar ions in GaN has various advantages, in particular

that it enables a well-defined impurity to be implanted

at a well-defined depth in a substrate; in particular, it

is therefore possible to effect precise doping or to

insulate precise wvolumes electrically or to cause the

20 localized formation of appropriate inclusions. However,

experiments have been carried out to characterize the

deterioration induced by this kind of implantation and to
determine how to eliminate or at least minimize it.

One effect of implanting gold ions in GaN is the

25 creation of crystalline disorder associated with the

formation of microcavities that consist of "bubbles" of N,

that result from the agglomeration of N atoms from the

substrate. The passing implanted ions cause cascaded

displacements of substrate atoms. These cascaded

30 collisions induce a stoichiometric imbalance in the

substrate: the heavier element (Ga in the case of GaN) is

in excess at shallow depths while the deeper regions are

enriched with the lighter element (N in the case of GaN).

This effect increases in proportion to the mass of the

35 ions implanted.



30 collisions induce a stoichionetric inbalance in the substrate: the
heavier elenment (Ga in the case of GaN) is in excess at shall ow depths
whil e the deeper regions are enriched with the lighter elenent (N in the
case of GaN). This effect increases in proportion to the nass of the :35
ions inplanted. 3 The invention tends,to exploit this drawback.
Definition of the invention ains nore precisely to exploit the degradation
i nduced by the inplantation of a non-gaseous heavy 5 species in a
substrate forned of at |east two elenents of which at |east one is able to
f orm gaseous phase t ri Qu f .t bstr oyieldinto
a thin layer and a ﬁ5§5ﬂﬁ%%t§§ s%?gbg%xﬁggggiﬁﬁ$?ﬁa%o?%ﬁgbgﬁgf, al t hough
the technol ogy 10 imigden oft Khe di o' US-5 374 564 cited above has
been known for many yeafi,g 'nﬂﬁléjgﬂz@&igé'lwtEOekB?oiQXE’FEé!HE%£§d£@ﬂ§r?rn' ng
the inplantation of Au tons in substratés such as GaN, it had not been
real i zed t hat8need degy adelts onl THACEE1BY t REs Rnplaftd@ferutodtef'Be 15

exploited tospheibenghid Siosk&leavregaeliupet kenledbt stwaye bemexid aimed by
the fact that the gaviti S created gX the inoplantation of a non-qﬁ§eous
speci es do n8PiCHonf i&q%ﬁaaﬁﬁ%leoﬁ But" o | 8s I%P§PREd B35 orfe
constituent brémgniabolitt hel ssuester abtfe the2@ubsicchtehecd npiabd atinon kas been
ef fect ed, whi i Il hf omthe teaching of the
docunent US?§§%7§§€%5 ?or o%%ﬁ%§ﬁg%n%§5§§§?&%ave considered variants of
the method) in whi chtt his gesedusnphbee, that, amthewdhdthe Feehmrlacavities

is formed of qbgpl A &din23 HOt Gocudett NEEMDr £74 thef eciBefOlBRG fad ead the
person

been known for many years, including prior to the

experiments concerning the implantation of Au ions in

substrates such as GaN, it had not been realized that the

degradation induced by this implantation could be
15 exploited to the benefit of a cleavage function.

This may be explained by the fact that the
cavities created by the implantation of a non-gaseous
species do not contain implanted ions but molecules
formed from one constituent element of the substrate in

20 which the implantation has been effected, which is
fundamentally different from the teaching of the document
US-5 374 564 (or of documents that have considered
variants of.the method) in which the gaseous phase, if
any, found in the microcavities is formed of implanted
25 ions.

Furthermore, there is nothing to lead the person
skilled in the art to think that the quantity of gas
contained in the microcavities induced by the
implantation of ions of a non-gaseous species could be

30 sufficient for heat treatment or the application of a
mechanical stress to be able to bring about cleavage.

Moreover, the degradation observed in the GaN
because of implantation of Au ions was described as being
distributed and dispersed within the volume (for example

35 from the free surface of the substrates to a depth of a



skilled in the art to think that the quantity of gas contained in the

m crocavities induced by the inplantation of ions of a non-gaseous species
could be 30 sufficient for heat treatnment or the application of a
mechani cal stress to be able to bring about cleavage. Moreover, the
degradati on observed in the GaN because of inplantation of Au ions was
descri bed as being distributed and dispersed within the volune. (for
exanple- 3 5 fromthe free surface of the substrates to a depth of a 4 few
hundred nanoneters), with the result that there was nothing that m ght

| ead :Eel per gep fa!@hbkete in][&nbhh@téfré) %Owiﬁﬂgﬁgéetxfe@i%tltsLtﬁﬁtdag{efk@}{ba@\d \tNas
neverthel ess sufficie 0 weaken.the substrate lacally a o lead to a
cl eavage 5 sBPFfltP%n'fﬂ?/tv@’r?}.‘t ?ﬁ%%‘?ig%%,p???qrhes%a@ee flyrhe ® 3r%edihrent or
t he appl i cat boppoée nelcdanseat d&dqgwesmtiva wasabkeserhbel espaabubhiofere t hin

| ayer usabl e _af I I rdsaqt,he_ nyvent] i a he
observation Fﬁa%?%%?édﬁ?%daéﬁé%ﬁe\gﬁtog?%% g‘f‘al gﬁsi%$@a£§1% ﬁgn-‘g%seteous
heavy speci esufhiaientblt r avel or hedabized,. |&astthao ékégentf oreadf which

is able to formang@aseeys phase ianatlsR |l@adntongheaynge st arcdo the
cl eavage observed in the tec_hnolpogy described for the first time in the

document US- 813%ke sige f@ahdpe8§i entrheal@yeis Wiiktice &L UEHAZASE - speci es
having an atom c. weirghbtpéeatwrdst hathe20invénevem 46, ds@vebn HHe Thus

the invention proposes a nhethod. of .fabricati g hpn fil .of sem conduct or
material s byObFﬁﬁF%ﬁﬁ?rhgt?%%stﬁhs alty? uBtt rlglpg Béﬂbbgﬁdog}s 180° ast® two 20
di fferéant el eoengasetus | basvyormpegfieghiich earsvomtmade ghsemesds phasdg on
bondi ng vi t N p4sel{, S0 e id ond TRUGS LES: Cr gsiduab Sbhnirodiesd, etc.).
or exanple, the nethod may be applied to the toll ow ng substirates:
phase can also lead to cleavage similar to the cleavage
observed in the technology described for the first time
in the document US-5 374 564. The expression "heavy
15 species" means a species having an atomic weight greater
than 20, or even 40, or even 100.

Thus the invention  proposes a method of
fabricating thin films of semiconductor materials by
implanting ions in any substrate composed of at least two

20 different elements at least one of which can form a
gaseous phase on bonding with itself and/or with
impurities (residual or introduced, etc.). For example,
the method may be applied to the following substrates:
GaN, GaAs, a-Si :H, diamond, etc.

25 The method includes the following steps:

(1) bombarding one face of the substrate with
ions of a non-gaseous heavy species in order to implant
those ions in a concentration sufficient to create in the
substrate a layer of microcavities containing a gaseous

30 phase formed by the element of the substrate;

(2) bringing this face of the substrate into
intimate contact with a stiffener; and

(3) obtaining cleavage at the 1level of the
microcavity layer by the application of heat treatment

35 and/or a splitting stress (for example, inserting a blade



GaN, GaAs, a-Si :F, dianond, etc. 25 The nethod includes the follow na
steps: (1 bonbarding one face of the substrate with 1ions of a non--gaseous
heavy species in order to inplant those ions in a concentration sufficient
to create in the substrate a |ayer of mcrocavities containing a gaseous
3i ? phase fornmed by the el enment of theSsubstrate,, (2) bringing this face
of the substrate into intimte contact with a stiffener; and (3) obtaining
cl eavage at the level of the mcrocavity |layer by the application of heat
treatment 35 and/or a splitting stress (for exanple, inserting a blade 5
between the thwrwaiehst ratees tand/ adutaplayiesg famd/ber appdetingn dudtbrrbendi ng
and/ or shear for s, aC|d/ r_appli io ul I nd

m crowaves oﬁrac ICIOUS choseﬁ%gg rgaﬁzggregl?g%gy)tf g%%gcorgdégfy, in

t he above netﬁunthanujappllcgﬁupadl9i|n@ﬂt@ﬁSPnn heoitet hdgrdwseesbedfin t he

docunment  US 5 udié%dﬁs§§4chéggn'§5ﬁéfQﬁkﬁ&&%@ubﬁc§§ep }. are not gaseous
speci es; the |ons i npl anted are any type of 'non- gaseous heavy jons (Au, W

Si, Ag, ®tc.), The 18CEPFetrgi¥nesdfof Ghfe sEBPERI oMEE P! | %Gncéti nduced
by this inpleamtataddestiact Dol t@cth@r@@mdd Cdbécﬁ:ltﬂeel rms&r@f docheehspl ant ed

ions: the gr r of the inpl.ante |ons ower the dose
necessary toq'?% 31;72 é?gavablée 1 vare aPtS?i th h‘i vyet Rére rr§§ be
obt ai ned 159aﬁa@mssmepCIea regeonooﬁ pmpilechedt fee thut tgreenlsnbnom the
surface to a of ﬁ%%i?N Egﬁ g0 (@yen qyndrggs ofy § nanQ@@ters @géOM/the
re I an i

surface. The na ther obtal hed after HE tatiron a surface film
of a al%trucﬁflfreéG'ivﬁﬁﬁéﬁl 8f ¢hesissaiggiemesr pat irRadppeei aAngpged by

this implantation is in direct proportion to the mass of
the implanted ions: the greater the mass of the implanted

ions, the lower the dose necessary to achieve cleavage.
In a variant of the method, there may be obtained
15 after step 1 a region of microcavities that extends from
the surface to a depth of a few tens or even hundreds of
nanometers below the surface. There may therefore be
obtained after implantation a surface film of a
“structured" material consisting of a matrix (the initial
20 material) and microcavities (voids, 1i.e. absence of
material), i.e. a porous material. There may also be
obtained a structured material consisting of a matrix and
precipitates of implanted ions and/or elements of the
initial material. This type of structured material may
25 have advantageous optical and/or electrical and/or
mechanical properties compared to the initial material
(for example 1like porous Si compared to Si). It has
nevertheless become apparent that, even if this region of
microcavities extends from the surface to a certain
30 depth, it is possible to bring about cleavage at a given
depth, because there 1is always a depth such that the
density and/or the size of the microcavities is at a
maximum or such that the stress between the region of
microcavities and the matrix is at a maximum. This depth

35 defines the cleavage zone; the operating conditions for



20 material) and mcrocavities (voids, i.e. absence of material), i.e. a
porous material. There may al so be obtained a structured nateri al
consisting of a matrix and precipitates of inplanted ions and/or el enents
of the initial material, This type of structured material may 25 have
advant ageous optical and/or electricalgand/ or nechanical properties
conpared to the initial material (for exanple |like porous Si conpared to
Si) It has neverthel ess becone apparent that, even if this region of

m crocavities extends fromtine surface to a certain 30 depth, it is

possi bl e to g aheut: iileaviagh A aHMen bededt iediecaysentheeeshs al ways
a depth such that thé density and/or the size of the mcrocavities is at a
maxi num or sEH1tESt the sthessiBet wedh’§'he PEYi of*BFY1FR€T oc8Vi t FBE and
the matrix i&ﬁ%&n@l@@ iaaﬂiviﬁgSfﬁBﬁNdmeﬁaodeﬁbnesushehzvfgwage zone; the
operating conditions _for 6 obtaining this eavage_shou e evident to
the person skilled Mfitthe BT en TS egﬁ%riggﬁglﬁ tﬁ%ﬁztegﬁgSFOQy
deri vi ngs f r omntflendecinment tdScaudeéd 6bd. nHeatochveatirent tomyewsd viear byed out
after 5 inpl I; a LCEocaviit] %
diffusion/reég%%?%§§ﬁ6%85§@# ﬁ?%ﬂ%}ggég ? elg¥§§§égeq%?4 ?ﬁgyﬁﬁééoﬁg phase.
To bring abouthecbeseaye, Phaeestructured material surface filmmay then be

bonded tota ftiffen?To(FE@Hg?bbou@oc}@ﬁvﬁb@?xéﬁg ?ﬁ%@cgukédeﬁbsékﬁglin the

m crocavity | ayer. e_locafion an e 0 e _ni crocavi yer

depend on th@dﬁgﬁﬁFeQ&#thQyi Enggd 8 53 fRe? Fﬁﬁﬁghpﬁfigﬁtﬁérgﬁeters

(ener gyi0 dos&het efperatar erepes Cis, efifekctdie iol eavage dreatavtitgallagat, if

any; the 15 RYSORoSKLILRd Ak t BRAM: JIOWR.NOWLLO RelBSLa IG5 e1apR BB o S
ar endi ng

wi t hout any particu ifficulties.

depend on the nature o the implanted 1ions, the
implantation parameters (energy, dose, temperature,
etc.), and the cleavage heat treatment, if any; the
15 person skilled in the art knows how to select these

parameters without any particular difficulties. Depending
on the experimental conditions, the structured film may
therefore be transferred in whole or in part to the
stiffener.

20 Thus the general method of the invention may have
the following advantageous features, separately or in
combination:

- the substrate is a nitride (which gives rise to
the formation of nitrogen within the substrate as a

25 consequence of implantation); an instance of particular
practical benefit is gallium nitride,

- the substrate is an arsenide; an instance of
particular practical benefit is gallium arsenide,
- the substrate is a hydride (which gives rise to

30 the formation of gaseous hydrogen as a consequence of the
implantation); an instance of particular practical
benefit i1s hydrogenated amorphous silicon «-Si H,

- the substrate is essentially formed of carbon
and contains a residual amount of impurities such as

35 hydrogen (atomic quantity of the order of 1%); for



on the experinental conditions, the structured filmmy therefore be
transferred in whole or in part to the stiffener. 20 Thus the general

nmet hod of the invention nay have the follow ng advant ageous features,
separately or in conbination: - the substrate is a nitride (which gives
rise to the formation of nitrogen within the substrate as a 25
consequence of inplantation) ; an instance of particular practical benefit
is galliumnitride, - the substrate is an arseni de; an instance of
particul ar practical benefit is galliumarsenide, - the substrate is a
hydri de (whi exagipves rinseinsrar@@ tdfe partetiler ofraasevus hgdebgenias a
consequence of; jtReg,i mpl antation); an instance of particul ar practical
benefit is hy&rogenated annrphous silicon a-5i H, - the substrate js
essentially fornmed of ©2f bdAPlaRECEortCa nkS adr RFUNAl "EEBUNtLIVY | FpRiriti es

such as 35 hyg@nagenat{ahowmitc gplantidns ofst aeready‘r wefl 11%novroriexenpl e, an
i nst ance_ of partlgylar practical bene I Ianted ion is

t LS
a heavy Tret alPftonPUfhe™ fﬁﬁiéﬁ?ﬁf?oﬁlgb 6%Fdlpgﬁ§ f%haPpgﬁﬁ 871 "Rhown i n
the 5 art, buB0|mamxmpkknuad\Madturusitmmgﬁuqny0$hbveron31hagomjen be
i npl anted, sy i85, tungsten, silver, silicon or cesium alternatively, the
implanted ion 1S a non.- netallic heav ion, such as erbium selenium or
bi smuth, 10 - the inprhrrErtiisielys i fpranteelanted dds® f iém 20120em' 2 to

1016 cm 3 Wi tlaranleneh8yvy room 2 Metals0e48i kY, semsmtdzveiﬂémutthe dose
being adapted in particular as a function of & mass of of the ipplanted
ion and%f the materidletBeRl ahtRglis implanted at ose Lrom

10*? cm™® to 10'® cm?® with an energy from 2 MeV to 40 keV,
respectively, the dose being adapted in particular as a
function of the mass of the implanted ion and of the
material to be implanted,

15 - cleavage 1is Dbrought about by simple heat
treatment,

- cleavage 1is Dbrought about by at least one
application of a splitting stress (where appropriate in
addition to heat treatment); this stress may in

20 particular be applied by inserting a blade between the
two substrates and/or by applying further traction and/or
bending and/or shear forces or further by means of
ultrasound or microwaves of particular power and
frequency.

25 Example 1

In a first example, a crystalline GaN (°Ga*N)
substrate was implanted with Au ions under the following
conditions: energy = 2 MeV, dose = 10! cm?. There were
obtained in this way spherical microcavities (bubbles of

30 N2) with controlled characteristics (dimensions = tens of
nanometers, depth from the surface up to 400 nm below the
surface with bubbles with a maximum size of around
250 nm) . Porous GaN was formed in this way, which is a
material that may have advantageous optical and/or

35 electrical and/or mechanical properties compared to GaN.



15 - cleavage is brought about by sinple heat treatnment, - cleavage is
brought about by at |east one application of a splitting stress (where
appropriate in addition to heat treatnent); this stress may in 20
particul ar be applied by inserting a bl ade between the two substrates
and/ or by applying further traction and or bending and/ or shear forces or
further by neans of ultrasound or m crowaves of particul ar power and
frequency. 25 Exanple | in a first exanple, a crystalline GaN (70Gal' 4N)
substrate was inplanted with Au ions under the followi ng conditions:
energy = 2 MThe dpseous1 @ calilst Tes ewaer ehegbt bdoméed | Byt Hiclagylar
spheri cal m cLaeaidd &%  Pubbl eee il 3&%7)&%51&%@11'&@ chapactgr stics

(di nensions = tens manonet er s, fromthe surface up to 400 nm

bel ow the sUPHERIES Bh IRHSH e@fwlstlﬁ)za SPRmUPR sPFevefedr sithdthes&2hm
Porous GaN wagub&irRe i % thés way, WhbChntst gonvat €biral dxbaipleny ITaee

dvant I | ectri d/ h t
Compar 60510 RS FOTHEATIRA0E CAR SUBRLTATE VG Lhen SoARIEA By Miecul ar

adhesi on to aTlsis f wenerfqifloweekanpl eesapphcag)cheroral hpoliphiposand | ayer
of Si Q2 coul ﬁ‘a‘%’ﬁ/ ided opsthe. GaN s ac’f’bééx{t%t& prior to inplantation, for

exanpl e. The re substrate was rovided with a layer of 5102.
This was foll owed byA@ec%ﬁ?ﬁQ’E&lla@ﬁerﬁQ?dl F)Bﬁ“é‘l‘ﬁrrfg akd aTBephdhag StEe

substrates intQ contamber APUAOPEOBRI 206 f&@atlltoro@a_t)rmé}{atqresamefaﬂusﬂ@nst ep
(at a tenperature from 200 to 1100T.) szl es diffusi on. 0 a; various
at ons amB/ or %%ec'iké-f‘s ORI &8P |ﬁ'B At at PBRC HrY/ o? Fon of

the cavities implantation and/or pressurization of the cav1t1es to
cause them to grow. This growth of the microcavities
induces stresses and causes certain ones of them ¢to

coalescence, which leads to cleavage of the substrate at

15 the level of the microcavity layer.
The thickness of the layer obtained was from 100
to 400 nm.
Example 2
In a second example, a wurtzite type crystalline
20 GaN (’°Gal®N) substrate was implanted with Au ions under
the following conditions: energy = 300 kev,

dose = 6-10" cm™?. Lenticular microcavities were obtained
in this way with controlled characteristics (dimensions =
a few tens of nanometers, depth: up to 50 nm below the
25 surface with a maximum cavity density 20 nm below the
surface), the size and the density whereof were a
function of the implanted dose. The GaN substrate
structured and weakened in this way may then be subjected
to a step of bringing it into intimate contact with a
30 silicon stiffener by molecular bonding. The insertion of
a blade, either alone in combination with heat treatment,
for example carried out beforehand, leads to cleavage of
the GaN substrate at the level of the microcavity =zone.
The above method may be used to produce thin films of
35 "structured" GaN on silicon, for example, the thin film



cause themto grow. This growth of the mcrocavities induces stresses and
causes certain ones of themto coal escence, which | eads to cl eavage of the
substrate at i5 the level of the mcro-cavity |ayer. The thickness of the
| ayer obtained was from 100 to 400 nm Exanple t 1In a second exanple, a
wurtzite type crystalline 20 GaN (Gal4N) substrate was inplanted with Au

ions under the follow ng conditions: energy = 300 key, dose --: 6 - 10e4
cm'. Lenticular mcro-cavities were obtained in this way with controlled
characteristics (dinensions = a few tens of manoneters, depth: up to 50

rimbel ow t he@Bistrihgce w tie apoaxionunoLavhey sdensiraye2Gemaihéhgwonhe
surface), i ¥@§[eof were a function of the

i npl ant ed doqj&g%%l%ggﬁgg 8gF€gt%yestr fctured and weakened in this way nmay
then he subjected t&xamptep3of bringing it into intinmate contact with a 30

silicon stiffener: byuﬁﬁggggla&agmnlﬁﬁlggteghe ihnsgrigomef sidpfhade, either
al one i n_conbi nhation heat _treat nment for exanple carried out

bef or ehahd, 1H&EE t 8P EFRa¢RgE3ENTt REaGal XS at B2t abRfdedevalt 8f t he
m crocavity aghgeratheeabaveeaehdogsoray. be used to produce thin filns of 35
"structured" GaN on Eilicgn,4for exanple, the thin film9 consisting of
the portion of the s remai ning on the stiffener after cleavage,
Exam | e 3 Tungsten wasngaptanvas inmplanGess isubst wafe;H Subdtmtenshi ch
anneal i ng heat treatnment was applied at a tenperature exceedi ng 450C.
Exanpl e 4



Tungsten was inplanted in an a-Si-H substrate. CLAIMS 1. Method of
fabricating thin filns of sem conductor materials by inplanting ions in a
substrate conposed of at least two different elenents at | east one 5 of
whi ch can form a gaseous phase on bonding with itself and/or with
inmpurities, the nethod conprising the 1§ollow ng steps: (1) bonbardi ng one
face of the substrate wth 1ions of a non-gaseous heavy species in order to
inmplant 10 those. ions in a concentration sufficient. to create in the
substrate a | ayer of mcrocavities containing a gaseous phase formed by
the el enment of the substrate; (2) brifghigSthis face of the substrate into

intimate contact with a @é%—gc;‘cpnerof aanaiﬁlﬁsﬁhﬁgt ai g%lgﬁecl gayage atethe

| evel of the mcrocavit ayer application treat ment
and/ or a spl ﬁﬁmﬁ@néwté% mazten\mlwomaéwrlapﬁgnﬁolepau AR12 EHBFRERER i zed in

that the Spe@bfa§ogédtbﬁ henseaBd the bipEaptat i ONendd: £ondi LEHNS e

sel ected so trF; I%éer of mcrocaV|t|es exteng as far, %sl tp lsf:urface
of the “subsf af"’@lc t i84Malc §PGFAYSt BREFGi M 1°8PIERYi

characteri zeelndyiorhabuthe sinfpstrriatiesi s ahei t rmetgho?5 dompMetdiiody actcor di ng to
Claim 3, cha%%ﬂgmég that the substrate is galliumnitride. 5. Method

according to arm aim characterized in that the substrate is an
arseni de. 5. Met hod é@cd?@ih@g?dl@ga aien Facchapict'ere zegbisgrage twHih t he

substrate is;gakl bymaAansanigeeMat hatgc Cs%fe@‘l@g i, Bdd® 1O 1 G BIR 2,

characterized in that the substrate is h enat ed
10 those ions in a concentratlon suf icient to create in the

substrate a layer of microcavities containing a gaseous
phase formed by the element of the substrate;

(2) bringing this face of the substrate into
intimate contact with a stiffener; and

15 (3) obtaining cleavage at the level of the
microcavity layer by the application of heat treatment
and/or a splitting stress.

2. Method according to Claim 1, characterized in
that the species of the 1ons and the implantation

20 conditions are selected so that the layer of
microcavities extends as far as the surface of the
substrate.

3. Method according to Claim 1 or Claim 2,
characterized in that the substrate is a nitride.

25 4. Method according to Claim 3, characterized in
that the substrate is gallium nitride.

5. Method according to Claim 1 or Claim 2,
characterized in that the substrate is an arsenide.

6. Method according to Claim 5, characterized in

30 that the substrate is gallium arsenide.

7. Method according to Claim 1 or Claim 2,
characterized 1in that the substrate is hydrogenated
amorphous silicon.

8. Method according to Claim 1 or Claim 2,

35 characterized in that the substrate is diamond.



anor phous silicon. 2. Method according to aiml or Caim2, 35
characterized in that the substrate is dianond. i1l 9, Method according to
any one of Clainms to 8, characterized in that the inplanted ion is a heavy
metal ion. 10. Method according to Caim9, characterized 5 in that the
inplanted ion is an Au, W Ag, Si or Gstion. 11., Method according to any
one of Clains 1 to 8, characterized in that the inplanted ion is an Er, Se
or Bi ion. 12. Method according to any one of Clainms 1 to 10 11,
characterized in that the inplanted ion is inplanted at a dose, fromlOQ
cm' to 101b cm 2 W4h afeténer gycbtrdimg2tdbeshy ood® &EClaesperctioddy. 13.

cleavage | 5 BPOUEHEERa T AT IF byt elant @ b e hod

according toiany one of CJains 1 to 13, characterized in that the cleavage

is brought about atld.eaﬂet%dapﬁé&ﬁiir%n_eé 215Rhi td | ngnataessriddy Met hod
according to Claim19, characterized 20 in that the splitting stress is

appl i ed°by i hReFRdhgthe IMRIFELSEL weBnif na thly SbdtFratds °&nGForBy appl yi ng
further traction and/ior berdiodg aandrdinghear dor cese &6, clatihed 1aaeor di ng
to Caim15, characterized .in that t splitti stress is _appli by
means of 25°ul £ 3§6ﬁ{ﬁrb?ec?ﬁ %?O\E\ge'ésp%? éBB#’%BEﬁg%t &°Bowdr *Enhd™ 1t fsgequency.
or Bi ion,
12. Method according to any one of Claims 1 to
10 11, characterized in that the implanted ion is implanted

? with an energy from

at a dose from 102 cm™? to 10% cm
2 MeV to 40 keV, respectively.
13. Method according to any one of Claims 1 to
12, characterized in that cleavage 1s brought about
15 simply by heat treatment.
14. Method according to any one of Claims 1 to
13, characterized in that the cleavage is brought about
at least by application of a splitting stress.
15. Method according to Claim 14, characterized
20 in that the splitting stress is applied by inserting a
blade between the two substrates and/or by applying
further traction and/or bending and/or shear forces.
16. Method according to Claim 15, characterized
in that the splitting stress is applied by means of
25 ultrasound or microwaves of appropriate power and
frequency.



