"1:5 State of the art and technical problem The docunent US-5 374 564

di scl oses a nethod of fabricating thin filns of sem conductor materials
conprising the follow ng steps: (1) bonbarding 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 m crobubbles form ng mcrocavities
defining a weakened layer; 10 (2) bringing this face of the substrate into
intimate contact with a stiffener; and (3) obtaining cleavage at the | evel

of the mcrocavity |layer by the application of heat treatnent. In the above
docurment, the ions inplanted in step 15 1 are hydrogen ions, but it is

i ndi cated that |ight |ons %f ellun1t¥"e or _of ot her L re gases nay al so be
used. As for the suBSRES: 8L EtRerREtean HFEEEE&EEALRé&_iEE!s fornmed of
silicon, but it is |r1rdeca1<ﬁduﬁérai Ut-BRy7al 504 bﬁ@l&%ﬁ@oadu@éa{odr@m group
|V of the per.i odi.c able of, 20 t Ienent such as rrmani um  sili

car bi de or %F&Sﬁ d@?n&n?ﬁﬁ?allgﬁﬁﬂslr1q S68vE°G ggﬁﬁﬁﬁi @F555é8

obt ai ned by cmm@masdhgheab ttréabment, sbepslt is thereafter proposed |n
variantg of the method Ll bout cl avage by 25 t k|n of h
treatne%t and/ or by 3 §§W§a589n§| #%lndgéF?esép( %% exakﬁl %8 i gertlng
a bl ade betwees tihe DmdesubsxrampbaQMdkbpsby.pr$yungefucoheentraaconon

and/or bendi g eandlgheshear darses and/ale bufirther applicali o ofac

)(

ul trasound or m crowaves J udi ci ousTy chosen power a requency). It
may be not edmﬂﬁépbpﬁélé%véoﬁ%%lh@d RgHeEv ithees defining a weakened
layer;
10 (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.

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 sgilicon, 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 wultrasound 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 is light ions that are implanted. Implanting light

35 ions has the advantage that implantation to significant



“formation of a weakening layer formed of microcavities resulting from
gaseous species ions and that in practice it is |light ions that are

~inmplanted. Inplanting |ight 35 ions has the advantage that inplantation to
significant 2 depths may be easily effected, but this is counterbal anced by
the fact that these ions create few defects in the material so that it is
therefore necessary to introduce themin |large quantities to induce 5
sufficient weakening (typically greater"than 1016 or even 1017) . The paper
“lon inplantation into GaN' by S. O  Kucheyev, J.S. Wllianms, S.J. Pearton
in Materials Science and Engi neering, 33 (2001) 51-107 and the paper 10
"lon inplantation in GaN at |iquid-nitrogen tenperature: Structural .
char act er i st i9€®&5d aﬁﬁpbhiz%?ioneaﬁﬁaﬁ. Lﬁéfec§?dwbns§ﬂﬁhg, M1i9eit A8, K
Vol z and B. Reauschemddehmded Physheal fRevi ewaB afhdde Avmei caredy sifeql
Soci ety, 1998, . val 57, NO 4 .. 2530-2535, disclo that _inplanting Au 15
or Ar ions i eégﬁ%hc’asn\/é:rkleoumsatgeg{/laﬁt asgoegt,snall% b%r}?cgﬁgFe??ﬁﬁngFegﬁﬁ Ves a
wel | - def i ned tionpuint yodecee itigmant ed diargenel qudetinedsdepidh i mnduce
substrate; i rti.cular. . j Qs t f 0SS) t fechs Ci dopin
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or to insulat§7pre0|se vol unes el 0 cause the 20 Tocalized
formati on of 1&ppropriate inclusions. However, experinents have been carried

out to characterize theg ggﬁginQQﬁ{oqmF@gﬂgggigﬁ tpﬁgokhﬂgwofh&np?g@tation
and to determne howto elimnate or at least mnimze it. One“effect of

i mpl anti ng g8MENRERY /i n TN | SWihkiams, cr 8adi on PR IEA) st alh | nMalEsdRrdEr
associ at ed wskthehbe & MBhyOReoFiRGCr goavidd®@s that169nsndt e "pupbies” of
N2 that resylt from.the aggloneration of N atonms fromthe substrate. The
passinéoinplaﬁpgdﬁmm%é ookt aga at liquid-nitrogen temperature:

Structural characteristics and amorphization" by C. Liu,

B. Mensching, M. Zeitler, K. Volz and B. Rauschenbach in

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 volumes 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) 1is

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.



“di-spl acenents of substrate atons. These cascaded 30 collisions induce a
stoichionetric inbalance in the substrate: the heavier elenent (Ga in the
..case of GaN) is in excess at shall ow 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 inplanted. 3 The
invention tends to exploit this drawback. Definition of the invention It
ainms nore precisely to exploit the degradation induced by the inplantation
of a non-gaseous heavy 5 species in a substrate fornmed of at |east two

el ements of which at least one is able to forma gaseous phase to bring
about cl eavage of the substrate to yield into a thin |layer and a residual
substrate. It is worffRendtivegtina: teanshsegkxPReitedimisl gpwbETkdescri bed in

t he docunent US-5 374F6hi¢ibad oFbene Rasenk@en known for nmany years,
including prior to thé experinents concerning the inplantation of Au ions

in substrates such &§ @GRS MOUPHRAL Ieh YRafFREQt habet AEITa8§F4a8t i on
ilnduced b]}/ t Rinstuicesal ﬁr]iyatiulfébCOﬂﬁpillahﬁ:atéi%reXp%]Di ]E@d h@rﬁt—ﬁésﬁéﬁgfi heakrya

cl eavag unction. This m e i ned by e ct that t cavities
creat ed%by t F€STh51%antatd dﬁvﬁ“‘%%%%#%eecgtﬁg Fpettatt dgwﬂoFEEB‘ﬁPEFnC’%

i npl ant ed i ondhilolt atol @éeabées orfer red dolem voe foansta t gaskeoslse @ sof tbhe
substrate in i e jnpl atjen S cted, kgh
fundanentalI§%gf¥¢e§§%§pff%%??%@kﬁegghfﬁ% o?gﬁﬁgg%%guﬁ%%tngggS:§§%35§4 (or
of docunent s tiiat lhyee eodsidersdduedr sabssretet-he method) in which the
gaseous phase, if any, foupdin LBeiALCLAGRY! et du orRedratnhaRbayt ed

25 ions.
10 described in the document US-5 374 564 cited above has

been known for many vyears, 1including 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 1is
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, 1if
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



Furthernore, there is nothing to | ead the person skilled in the art to
think that the quantity of gas contained in the mcrocavities induced by
the inplantation of ions of a non-gaseous species could be 30 sufficient
for heat treatnment or the application of a nechanical stress to be able to
bri ng about cleavage. Mreover, the degradati on observed in the GaN because
of inplantation of Au ions was describeg as being distributed and di spersed
within the volune (for exanple 35 fromthe free surface of the substrates
to a depth of a 4 few hundred nanoneters) , with the result that there was
not hing that mght |l ead the person skilled in the art to suppose that such
degr adati on %%s neverthel ess sufficient A to weaken the substrate locally and

to lead to al&fedViytraes sURRPREEREFY wiilth) ddif i 88U lEn thisd chlerer WREat
treatment or nbk@iagpliieal imigld Iesdapheéabestbasskilld eceniabl €hd hertorsat i on
of a thin |ayer usab% fter%ﬁggs. | n .ot her words, the inventigg.is based on
the observat SRtHhat i $44 qﬁr§4%ﬁ¥ﬂﬂeﬂ?%nn%YefBﬁ§ BFSaSU161fdhR §aseous
heavy speci eso weakseubsthreatsnfsanmead dfoct] leastid tvd Béedendsaonteafrawbi ch is
able toform ph can .Lead tqQ cleavage sinmlar-to, th
cleavagg obgg;gggﬁgﬁ%gﬁé 3%§H%ol%ééggégggibegj%or@?%e F%th f?%e hFﬁgthe
docunent US- 5r8afmgés. Jhe tehepr eppilonatheavyolls mypdueista heatsessspetbes

naving an at e uelgll gLratsbn bRl Ehin0h Guen Al 1 2Yeh 0%, Thus the

i nvention proposes a net fabricating thi sem conduct or
materials by inplanfRngtkris wWerssy stlbst riavernddmposésd drased| @ast thao 20
different el gpBRt-$adtoheaHatONenLd Whhh sFan fOr Rt SRS EBHYS RRRSE PN,
bonding with itself and/or with inpurities (residual or introduced, etc.).
For ex 9p|e1non—gaseous heavy species 1n a substrate formed of at
least two elements one of which is able to form a gaseous
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



the nethod may be applied to the follow ng substrates: GaN, GaAs, a-Si :H,
di anond, etc. 25 The nethod includes the follow ng steps: (1) bonbardi ng one
- face of the substrate with ions 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 30 phase forned by
the el enment of the substrate; (2) bringing this face of the substrate into
intimate contact with a stiffener; and %3) obtai ning cl eavage at the |evel
of the mcrocavity layer by the application of heat treatnent 35 and/or a
splitting stress (for exanple, inserting a blade 5 between the two

substrates and/or applying further raction _and/ or bendj ng and/or shear
forces and/ o etVSFPheﬁxﬁbpl?%%ti8Hb8%rﬁF?Fas r rﬁ%g%ﬁgW%s SFrtﬁer
j udi ci ousl y thlasedopowemdyut f riesudivey) . abdAoeor diheglry, fordde abadgoret hod,

and in cont Lstinct] to.t. net hod ri in.the docunent US.5 374
564, the iongﬁg%%%gntéﬁﬁﬂﬁi§¥%b%ﬁ 5? 8?@%880858 o RO (T §f

are n gaseous specl es: ons
i npl ant ed ar gudayibypéyofhnern pevesusnHedwgauensy(Au, W Si, Ag, etc.). The

10 effegtiveness of Aggo§gghggggnpt{ﬁc I alagggvgndq%ﬁ%ugy t i

inplantation is in direct pr rtion to the nass of e inpl anted ions: the
greater the AARBSrafishénchpPranted thepmethaske defigriket Hosehaedessaeptt o

achi eve cl eayage. 3bha 8exari apt of ohhe ﬂﬁ%b@ﬁte&heiﬁ MBYepe @bt gbaednods
after step 1 a region of mcrocavities that extends from the surface to a
depth of a fBRSEEHE SPSEVES *hitfr et Df IMRhARHRE eREChENYW HRE i fBER. There

may theref or gaBeougbt aidredy af tiehsi mplaaf at iwon assyrf age, fileticaf) .a  The
"Struc&gred"eg%gggaggnggng Igggoétgigggékétgggeil g&a%ce induced 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, i.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 is always a depth such that the
density and/or the size of the microcavities 1is 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 electrical and/or nechanical properties
conpared to the initial material (for gxanple |ike porous Si conpared to
Si). It has neverthel ess becone apparent that, even if this region of

m crocavities extends fromthe surface to a certain 30 depth, it is possible
to bring about cleavage at a given depth, because there is always a depth
such that the_ density and/or_the size. of th%Dnicro avities is at a nmaxi num
or such that °Ph81BEP8s et wWetRe YRS r 83P8h o nPELB8RYI et hdPERECRRL ri x
is at a nmaxi kil 1%Hi s ideptth85 deti, negyithm cllebyagexpendernidse aper athag

conditions for obt ai ni;ng.this ¢l eavage shoul d be evi dent t he person
skilled int SCQPF?OaVVSﬁgﬁygngxEgPPeﬁgs %PCPW n%tggﬁﬁosgéy%§ériving from
t he docunent US-5 374e5864. tkeitmermiat nemty mayebe canriied oubuaft eaftbr

i npl ant ation, .the mcr Lti tq. | ve. .Qy:
diffusi%n/reé@ﬁ%?%géﬁéﬁgang&t69%%%$e5§§3tﬁg%%%gggﬁﬁgﬁﬁ: tfheeagéggusbﬁhase.
To bring abodifébedvageeconbisatienurasdl nheeriralreasig f hbe foremasune t hén be
bonded to a shiffgaghuEShRRASE)- 10 The cleavage step 3 is effected in the
m crocavity layef. The |ocation and the wdth of the mcrocavity |ayer
depend on the natureT8f PERET AIUH: cBLPBVRICt hEhe MBI T Pakareadrs

(energy, dosgurtg@Beralil ay &lffen ,b@nNBohBedCckeawags: emdnd¥ easreptz) i f any;
the 15 person skilled in the art kno how 1 o sel ect these Para ters
wi thoutBany PaFt FLERYRSR: PREEP: itdh S SR gt the microcav ey ayérs

The location and the width of the microcavity layer

depend on the nature of the implanted ions, 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 is 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 filmmay therefore be
transferred in whole or in part to the stiffener. 20 Thus the general

.. method of the invention nay have the follow ng advantageous 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 partigular practical benefit is gallium
nitride, - the substrate is an arsenide; an instance of particular

practical benefit is galliumarsenide, - the substrate is a hydride (which
gives rise to 30 the formation of gaseous hydrogen as a consequence of the
inplantation% i nst.ance_of art|%ular |caI Enef q;o enat ed

anor phous si Feoh 1e’SaQAlns$ tréFe |s egéeﬁf?g F?a oP ¥ bon
and cont ai nsdaamesddual anount of |npur|t|es such as 35 hydrogen (atonlc

quantity of the order %ﬁ (fléHtﬁ$'6§8 Iante%n hgg;g qgﬁoinqghycuégé

practical benefit is ion i metal "Ton; the
|nplantatlonlﬁplﬁﬁF@tigﬂsCﬁ% %@I@ad?nﬁkllskﬁéﬁﬁaﬁﬁ nﬁ@J-5ka@wn B e

accordagce wath, tRaci nverddr-pihel ons PBY 2h$enkeohneraled;osdicha@s
tungst en, S|Iver silicaon or _cesium 10 15 - alternatively, the inplanted

ion is a non?l®Rt Bl iiHaRAed onSUShc RSad WHTRAR, sl éMPtm &l WiCut®t - t he

i mpl ant ed i ogegsSumpl anted at a dose from 10 12 cm 2 to 1016 CM2 with an

ner from2 Vv 40, keV
energy 0 ve to, g&ternatlvely, the implanted ion is a non-

metallic heavy ion, such as erbium, selenium or bismuth,

10 - the implanted ion is implanted at a dose from
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 brought about by simple heat
treatment,

- cleavage 1is brought 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

0* cm?. There were

conditions: energy = 2 MeV, dose =1
obtained in this way spherical microcavities (bubbles of
30 N,) 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.



"respectively, the dose being adapted in particular as a function of the
mass of the inplanted ion and of the material to be inplanted, - cleavage is
- brought about by sinple heat treatnent, - cleavage is brought about by at

| east one application of a splitting stress (where appropriate in addition
to heat treatnment); this stress may in 20 particul ar be applied by inserting
a bl ade between the two substrates andéor by applying further traction
and/ or bendi ng and/ or shear forces or further by nmeans of ultrasound or

m crowaves of particular power and frequency. 25 Exanple 1 In a first
exanple, a crystalline GaN (70 Ga"N) substrate was i nplanted with Au ions
under the fol how n conditions. energy = MeV, dose_ =_1016 CM 2 . _There
were obt ai né#Si PSS V\&S@I\%pﬁgpﬁEaﬁtﬁl d’facﬁ:a§btepesb?lb@l%%l &Y oPCBOCHRRTW t h

control | ed chahasteni id ¢s édtﬂ@@ﬁe@mfert exsampfle nRIpPrElRS)S, ©eptbhisom the
surface up to 400 nm bel.ow t he Cﬁge V\nih ubbl es wi.th a ITB.XI nmum_sj ze of
P L hi

around 250 RHFPOSBordud &N \Aﬁg f WRYOVHArEh 3 Lherafel al
that may haveubdtzaatagemxsmtzptlcal amg/lem t3Ht iedrect r foal  andingyl grech@necal

properties c t p S N. strate o) then bonded by
nol ecul gr g%gélkgget %ugggtfl ?teener ?‘1&8% ga\rﬁ% 8%5‘%%% laW)aL SFortt %ilg”
purpose a | afbisofwass OZOddmv@dbebpromquhmltme@NaJsupsﬂnaﬂBngri@ndto

i npl ant at i Onbriﬂﬁhﬁéagﬂée EFgrgaggpgg%echQgF{:ate was al so provided with a

| ayer of Si Q2 y nechani cal’-cheni cal polishing and
bringi ng the substrabes dPRTERIGRtact heah &geadpiendt eoheannaeddngenstep

anneal ing st@Rt a temperature from 200 to 1100°C) enables diffusion
10 of the various atoms and/or species obtained after
implantation and/or pressurization of the cavities 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 (’°Ga'*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



“(at a tenperature from 200 to 1100C) enables diffusion 10 of the various
atons and/ or species obtained after inplantation and/or pressurization of
-~the cavities to cause themto grow. This growh of the mcrocavities

i nduces stresses and causes certain ones of themto coal escence, which

| eads to cl eavage of the substrate at 15 the level of the mcrocavity

| ayer. The thickness of the |ayer obtaiged was from 100 to 400 nm Exanple
2 In a second exanple, a wrtzite type crystalline 20 GaN (70Gal4N)
substrate was inplanted with Au ions under the follow ng conditions: energy
= 300 keV, dose = 6.1014 cm 2. Lenticular mcrocavities were obtained in
this way wt . | e har acteci stics {dipensions =, a few tens of
nanonet ers, S%EE%EE%gt gjfgo%l?n g%\?v% heoéShSI%r él%g%vﬁattﬁ a Traxt e c 8% ty
density 20 nbhbebtwitheersaftaceyletiagsi-ze and the density whereof were a
function of the inplgggﬁglgo§e. The GaN substrate structured and weakened
in this way may then jected to a step of bringing it into intimte
contact with a 30 siThegRtshi f Vafer iBplaBiedul an bandPaghsTheubassateen of

a bl adeg eithetedl aneidin eeMaNationhaht h heale ddfat gaBt  aphPiegx P! §
carried out beforehand, |eads to cl eavage of the GaN substirate at the |evel
of the m cr oE&UPEY2EBKRE. ©*xFREIABEVE REFhod nay be used to produce thin filns

of 35 "structured" Gaphfplsi kicon, for exanple, the thin film9 consisting
of the portion of th sugsfrate rena'ning on_ the s Lffenegﬁg%%%r cl eavage.

Exanpl e 3 Tungsten waSNPHPFRNYRE FHPLBARCAsIBuRRt Papd H BU fhi ch

anneal i ng heat treatnent was applied at a



"tenperature exceedi ng 450C. Exanple 4 Tungsten was inplanted in an a-Si-H
substrate. 10 CLAIMS 1. Method of fabricating thin filnms of sem conductor
.~ materials by inplanting ions in a substrate conposed of at |east two
different elenents at |east one 5 of which can form a gaseous phase on
bonding wth itself and/or with inpurities, the nmethod conprising the
followi ng steps: (1) bombarding one facg,of the substrate with ions of a
non- gaseous heavy species in order to inplant 10 those ions in a
concentration sufficient to create in the substrate a | ayer of mcrocavities
contai ning a gaseous phase fornmed by the el enent of the substrate; (2)
bringing this face of the substrate in & timate contact with a stiffener;
and 15 (3) obtaining cleavage at the | f the mcrocavity |ayer by the
application of heat 1ireaMeentd andfor dadpliicetiimg st rdsin 2.fibtdod of

according to I r L ! : jes; of _t i nd the
inplantationsg%g&g%%gfgggnggggéaégge%?édhggk¥%g?@fﬁgﬁkgj%? %fgﬁ?%gg%%gities
extends as fapmpgsefdecfureftaceast ttieo dubSerane. edempbtisod tackershi ngne o

Aaimilsor QaighZch Chal adslizedablotdabnbbe sUPHIRlSd Svfhifedder 25 4.
Met hod according to Caim3, characterized in that the substrate Is gallium
nitride. 5. %@@2@6 adedidi ngmPBr EFBEF 1 &0 aneod clreMmEtiinged FRt hat
the substratg£ol SoRiingr segpgde. 6. Method according to Claim5, characterized
'n (1) bombarding one face of the substrate with
ions of a non-gaseous heavy species in order to implant
10 those ions in a concentration sufficient 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 1level 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 1ions and the implantation
20 conditions are selected S0 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 in that the substrate 1is hydrogenated
amorphous silicon.

8. Method according to Claim 1 or Claim 2,

35 characterized in that the substrate is diamond.



"30 that the substrate is galliumarsenide. 7. Method according to Claim1l or
Claim2, characterized in that the substrate is hydrogenated anorphous
.silicon. 8 Method according to Caim1 or Claim2, 35 characterized in
that the substrate is dianmond. 11 9. Method according to any one of Clains 1
to 8 characterized in that the inplanted ion is a heavy netal ion. 10.

Met hod according to Claim9, characterigﬁd 5in that the inplanted ion is
an Au, W Ag, Si or Cs ion. 11. Method cording to any one of Clains 1 to
8, characterized in that the inplanted ionis an Er, Se or Bi ion. 12.

Met hod according to any one of Clains 1 to 10 11, characterized in that the
inplanted ion is inplanted at a dose from 1012 CM-2 to 1016 cm2 with an
energy from 2 MeV t8-40MRENCD, 8spRELLPE| O £BY MEh&F dckcdies nh 9 8ny one

of Cainms 1 thRardlteghaeactier ized ithd hahpThiee¥ageohs ik QUANM a@POMELald
simply by heat treatnent. 14. Method according to any one of Clainms 1 to
13, charactetP?ed in that the cleavage is brought about at |east by
application of a splitti ngesho@ssaccdxrdivi hed arlimli By toh&tattedized

characteri zed Ln_that the l.Litting stress i applied by inserting a
bl ade bgtmeeﬁntﬁgatmﬁhguB?P?%ngdaﬁapogsbﬁnagﬁryﬁngRBfugfh8¥ FPadPPon and/ or
bendi ng and/or shearlforcésthd8. alebhrddngccor dany tomeC af nCl8imshar acoeri zed
in that the gplihliag.cabiess | apRhi dnlY MEANS Qs 5 ULET 330U Ofe
m crowaves of "appropriaté power an frequéncy.
or Bi ion.
12. Method according to any one of Claims 1 to
10 11, characterized in that the implanted ion is implanted

2 to 10%* cm? with an energy from

at a dose from 10'? cm
2 MeV to 40 keV, respectively.
13. Method according to any one of Claims 1 to
12, characterized in that <cleavage 1is Dbrought 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 1is 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 1is applied by means of
25 ultrasound or microwaves of appropriate power and

frequency.



