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10 ) (57) Abstract: The invention concerns a method for making
g /" substrates, in particular for optics, electronics or optoelectron-
Frrie ittty T ics. The method comprises steps which consist in: transfer-
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- 6 % , ring a seed layer {2) onto a support (12} by molecular adhesion
T - % at the bonding interface; epitaxial growth of a useful layer (16)
. ‘ i A1 on the seed layer, and applying stresses o produce removal

l i I 12 of the formed asserbly from the seed layer (2) and the useful

100 l layer {16} relative to the support {12) at the bonding interface.

: ) & " (57) Abrépé 1 L'invention concerne un procédé de fabrica-
’_'3 tion de substrais, notamment pour 1’optique, I'électronique

-------- 4 / 10 ou I'opto-Electronique. Le procédé comprend les étapes sui-

2 x] I  EEErErEzEaa; il vantes : report d'nne conche germe (2) sur un support (12}

0 0 OO 0

/ 12 par adhésion moléculaire au nivean d’une interface de col-
" lage, épitaxie d'utie couche ntile (16} sur la couche germe, et
application de contraintes pour conduire an détachement de

2001 1'ensemble constitué de la couche germe (2) et de Ja couche
' 2 utile {16) par rapport an support {12) au niveau de I'interface
10 de collage.
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" known for maki ng such substrates for such purposes. These famlies are
those conprising nethods in which a 15 thin Iayer taken fr

substrate is transferreg - RN A ' ﬁﬁ
whi cho—the thin | . aVakl mik~S0laYaYa . v G

t echni que such as nol ecul ar bean1ep|taxy (NBE) netal organlc cheni cal
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sour ce SEBHKPMDE ECABISHHIBIOCE RIM. ayer ™}df)>be taken, and/or whose growth

by depoEE{?@?éh v%;gﬁﬁbﬁ%ﬁi <ﬁ%§e IS not yet satlsfactory ThIS applles
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to obtamﬂm&h@mmemmcxmmdnamlqznGMmmJ 12008k dulPAT Ther e are vari ous techni ques

that are known for 35 doing this. Thus, docunent FR 2 787 919 A descri bes
-elimnating such a substrate by a nechano-chem cal thinning technique.
Nevert hel ess, all techniques of 2 24 April 2005 elimnating the support by
etching or sone equival ent technique are undesirable since they lead to
significant
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| osses of material and that can sonetimes be expensive. Docunent US 6 114
188 A describes a technique for 5 separating a conpl ex tra?ghébﬂﬂmgetal
oxide (CTMO) film nmade by deposition, in which a special treatnent is
performed on the native substrate frorhwhich the filmis to be grown, and
then the deposited filmis detached from the native substrate.

Nevert hel-ess, that technique is 10 undesirable since it runs the risk of
conpr oni siigrs®Pefrorst Ak RgGOf A i | sypsorirmndief  Ipead TgIBARhe FCRO a

| oss of W rt Qsitedqkay it yanpherpseseniNG
inventionw}zﬂ11 S flﬁ%$$g§pg%§%§sgh‘d?g%g%% S. ﬁﬁ%gfy %ﬁ The Invention 15
To this:end, fivention provides a nethod of fabricating substrates, in
particular for optics, electronics, or optoelectronics, the nmethod being
characterized by the fact #baldi bfCORRPrisesSnthsnfol | owi ng steps: 20 .
transferring a seed |layer onto a support by nolecul ar adhesion in an
adhesi on i nt er fheeingeaviog felRt&sNgo | eyerfvfid ad adddhdis tdre seed | ayer;

Fayes e AR s b kR o S R Ao £ S S upbort at the

adhesi on elaceréates, The sprestestapplied dral pardoron sefstatdtes may be

taken fro risi 1. M ' t hermal stresses,
8ht BEngE OHp S8R 3t A% ! %@% gggaldrlt%cruq%%q_ thd

el ectrostatlc stresses, n aser 'at I on SUresses. Furt her nor e,
and in orﬂ%PSF%a?%$u?%nt%ﬁg%¥}¢%ﬁﬂe for use in fabricating light-

emitting and laser diodes.

Background

10 For use in optics, electronics, or optoelectronics, f
it is often desired to obtain substrates that include a : i
thin working layer. Two broad families of methods are
known for making such substrates for such purboSes.

These families are those comprising methods in which a

15 thin layer taken from a source substrate is transferred
and placed on a support substrate, and methods in which
the thin layer is deposited on a support substrate by a

deposition technique such as molecular beam epitaxy

(MBE) , metal organic chemical vapor deposition (MOVCD),
20 etc. Nevertheless, there exist materials that are not
available or that are very difficult to obtain in the
form of a source substrate from which a thin layer can be
taken, and/or whose growth by deposition on a sﬁpport
substrate is not yet satisfactory. This applies in
3} 25 particular to monocrystalline gallium nitride which is
not available in the form of a solid single crystal of
quality and/or diameter that are satisfactory and/or at
reasonable price, and as a result it can be grown only by
a heteroepitaxial technique.
30 Furthermore, with known technigues ﬁorlgrowing a
- working léyer on a seed layer itself carried by a
‘support, there is oftén a need to remove the support in

guestion in order to obtain the final product.



nitride, it is known that sapphire and silicon carbide can constitute good
seed substrates for heteroepitaxy for 35 this material. ?ﬁ rﬂzaﬁ@phire
is an electrical .insulator, which is adisadvantage in cerfai

applications, and nonocrystalline silicon carbide 24 April 2005 3 presents
‘the drawbacks of being expensive andiaifficult to obtain in |arge
di-aneters. For galliumnitride, an ideal substrate for 'heteroepitaxy would
Pe LIt 11! CBflere LS SUBSDIA! Lebfin fQNSLIERED L0o DEnbMEaLoRT NCE 1! 16 2 5
material in very W déspread use us suitable for nunmerous substrate
pro¢®essi ngosngt ehisi n Whiteh dacementt BRi 3l 788 317 Adjesarikey, it is not

very eXpe@fiMﬁnatﬁﬁg éﬁchsaaéfﬁbééi?&@e'@yl§r19§cl‘ﬂéx%mél€érﬁ1cérpV\BVer when
attenpts have been de_to dep 05|t |un1n| i de on, 10 % } silicon

usi ng thet%%%ﬁagdt%%ﬁh%%e R KEEVEr LESS 1 0BBE §eeRABeS 1t oxi mat ol y,

t hey have encountered a problem of dislocations formng in the thin | ayer
of galliumnitride at a concentration in excess of 108 per square
centinmeter (cn2), and even of said thin |ayer 15 cracking. One enbodi nment
provi des a nmethod that enables. working thin |layers to be obtained that
are - of quality that is better than that of the |layers obtained in prior
art nethods, in particular for materials that are not available or that
are very difficult to obtain in the formof a 20 source substrate from
which it is possible to take a thin |l|ayer, or materials that cannot yet be
-grown in satisfactory manner by. being deposited on a support substrate.
The quality of the working thin layers in




ﬁ question may be assessed in particul ar, and above all in terms of craéki ng
and secondarily in ternms of dislocation concentration. 252 8 B ort may
be constituted by a naterial whose coefficient of thernal exBanS| on is 0.7
to 3 tineg the fficient of the workjing |ayer nd the | ayer is

sui tabl e %&QIgE%g%ﬁ%d{éﬁ?nau?ﬁ%r‘% hg}’rr%f:&el)l(% n§¥oﬁor8$ T elvﬁf)glggpport and of
" the wor ki hgchajeane 38ecPuedestbilylet héneal bbsyoleadete hetomi £ expahsi on
coef fi ci enbgseanskdghedri tihe gﬁgensgﬁ BB¥ef hak %% 0e>6%£&9§§véf‘ a plane
parallel to the plane of the working layer. 24 April 2005 4 By neans of
‘this feature, PREVAREErVEIS sklected £odereribefe® sipffrtape eSehits t her mal
expapsi onsepetét heNd Scompbéx Cﬁ‘aﬁf@ﬂﬂﬁ@n%ﬁegaB No®d ddn (tarrgo 5i giih ihcant
tension or_.cC ressi on stresses o e kind.that arise during the 5
vartatt ongetf PREEFATEE B0 pots el ehia, RRECHOL Qoo WY HE wor ki ng | ayer
or that opeufooredetwrtrhagdthieve ssilsstadee f Hromdelich hilse wailm oi@anbi ent

temper at ugg it SO e SSPTYE oLBBRELhCEL AL M Ly SLeLENER Y (O

probl enms of cracking, t erance re fve To erences between the
t hermal ekPandtbive cetbstiains dlevenehelepect fhat radmidee ofs t he wor ki ng

| ayes andudfied heab RURDOIde MY shigd oa8e Whap opldbilidaronce pegds to
S O stretcni ng

conpression in thta%emqrjﬁ ng | ayer as_opposed_to when it |ea
of said ISRFEIHHRE S graisiand a5 iepdingSidibes fihS oiPttef fi ci ent
of the supborielthicaritdl a ewpdad tseV elaler iR p@neapeilitdian that of the

~-wor ki ng The present invention seeks to mitigate those

drawbacks.

Summary Of The Invention

15 : To this end, the invention provides a method of
| fabricating substrates, in particular for optics,
electronics, or. optoelectronics, the method being
characterized by the fact that it comprises the following
steps:
20 | - transferring a seed layer onto a support by
molecular adhesion in an adhesion interface;
- growing a working layer epitaxially on the seed
layer; and
_ | - applying stresses to cause the assembly
_) 25 constituted by the seed layer and the working layer to
become detached from the support at the adhesion
interface.

The stresses applied to perform separation may be
taken from  the group comprising: mechanical stresses,
.thermal stresses, electrostatic stresses, and laser

30 ‘irradiation stresses.

Furthermore, and in order to return to gallium
nitride, it is known that sapphire and silicon carbide
can constitute good seed substrates_for hetercepitaxy for

35 = this material, However, sapphire is an electrical
insulator, which is a-disadvantage in certain

applications, and monocrystalline silicon_carbide




| ayer. However, in extension, the thermal expansion coefficient of the
“.support material may preferably not be less than 0.7 ti nes t.he %ffici ent
of' the working layer. 20 It should be observed that the seeépl 5&/%0% can be

suitable for adapting to the thernal $xpansi ons inposed by the support
and/or the working layer. For this purpose, the seed | ayer can be of a
thickness that is small enough to enable it to be defornable so as to
foll ow the 25 di mensional variations due to thernal S 5 f the
support apreeened e FEARPHIT KerPeHd sfa}%‘?rﬁlrye%sarr%% r\fgﬂelgieﬁnlg on the
material gonsbidisi g 1heysabthhayers andfan dalel nes pektiide ndterial s of the

support apd of the  worKki layer.  Tyqi | for {11 Q% 1Gagde .de support.
30 havi ngl‘?‘?ﬁik%‘gg%t](B?t%O%g‘Fd%%tero%ﬁpééa% Woul®bd Fiiif

ons a gallitumnityride working |ayer
havi ng t hirnkaessbof raeyeisl comsidered to Rmddsat 115 S 13 6h carbi de
seed_| ayer n. have thi h SudeeSGatdarbs Sspitalsie fidrat may s
. pr efer abﬁ“?ﬁ%rel%sgnt‘ﬁ%ﬁ#%%%e%%?? glm; % . 3P Adl\éa% OéJS| y, the
mat eri al womstowst FEes EIRl S REPCFIFENT WY Tt L8 ?‘%?]f‘l ce paraneters
such thatthe,; WO ki ngn +ay@y £aNube) grivwni emdaxvaty yespenhe/seed | ayer 24

April 2005 wth, dislogcations,in the worki yer £fonggsy ration  of
| ess t han@n97+&nds mljg%t?ﬁ%nlgﬂ}‘?ﬁf%%v&lnar?%%% k%%LV\%@e how to perform such

epi t axi al age o s byasel lessn ngadpatandtmysi rah bkl entatF6HE B8t h for the
“seed | ayer. 5.for th ' Bl M@ Rhuexafmiecvi add e 1 bel ow
sumhr i zeglfﬂg S%L}??%eg%%ﬁinkg?%rés@%ﬁicﬁﬁ he therfr%lll expansi on coefficients
of variousoomt@rial 5100 aperexinaly f drheg g e encountered

problem of dislocations forming in the thin layer of

gallium nitride at a concentration in excess of 108 per

square centimeter (cm?2), and even of said thin layer
18 cracking.

One embodiment provides a method that enables.workipg
thin layers to be obtained that are -of quglity Fhat is
better than that of the layers obtained 1in prior art

B methods, in particular for materials that are not available
or that are very difficult to obtain in the form of a
source substrate from which it is possible to take a th%n
layer, or materials that cannot yet be grown 1in
satisfactory manner by being deposited on a suppoFt
substrate. The quality of the working thin Vlayers in
‘question may be assessed in particular and aboye all .1n
terms of cracking and secondarily in terms of dislocation

.concentration.

20

25

The support may be constituted by a n@terigl who;e
coefficient of thermal expansion is 0.7 to 3 times t.e
coefficient of the working layer, and the seeg layer 1s
suitable for accommodating the thermal expansion of the

30 ‘support and of the working layer.

| 35 preferably, the values of the thermal expansion

i i t
coefficients considered 1n this document may relatikino
those in a plane parallel to the plane of the WO g

layer.




worki ng | ayer or as a material for the  Seed layer or as ugmLaiegh for the
support substrate. 24 April 2005 6 Tgbl e 1 GN (W A1N (V\; A&@O@%H) Si
(CQ) 6HSC (W Lattice a =3.189 a = 3.112 a = 4.758 ¢ = 5.430 a = 3.08
garSarzre-EeLszg :e>5<' ;ggi gn:34.138§ _07:812. 39 c = 15.12. (A) Thermal 5.59 4.15
(x10- 6K- 1) THBY ngFans 303, Bhéﬁsgﬁ?%ﬁﬁ‘?g'g‘%ﬁdﬁ%’%%%e&%@?‘g{m&ﬁ%é@;i mum 4 8
| %/arid:a glrrgt Qbrﬁ?th@néhppoayapkabéﬁts(i:]mg:he:s) expansign ofogkEerients Excel | ent
cubstrat eiﬁ‘ﬂg% raheseqtdl LgblgenRehatiive 10 sk JHAT iRfdrRe & driyior2-dch
compression stresses of the kind that arise during the
-5 variations in temperature that are inherent to growing
the working layer, or that occur on returning the
substrate formed in this way to ambient temperature.
It should be observed, in particular with reference
to problems of cracking, that tolerance relative to
10  differences between the thermal expansion coefficients of
the respective materials of the working layer and of the
support may increase when said difference leads to
compression in the working layer as opposed to when it
leads to stretching of said layer. Thus, in compression,
15 the thermal expansion coefficient of the support material
can be several times greater than that of the working
layer. However, in extension, the thermal expansion
coefficient of the support material may preferably not be
legs than 0.7 times the coefficient of the working layer.
20 Tt should be observed that the seed layer can be
suitable for adapting to the thermal expansions imposed
by the support and/or the working layer. For this
‘purpose, the seed layer can be of a thickness that is small
enough to enable it to be deformable so as to follow the
J 25 dimensional variations due to thermal expansion of the
support and/or of the working layer. This thickness may
depend on the material constituting the seed layer and
on the respective materials of the support and of the
working layer. Typically, for a silicon carbide support
30 having thickness of 300 microns (um) and a gallium
nitride working layer having thickness of several
microns, a monocrystalline silicon carbide seed layer
fcan have thickness that is less than O.§ pm, and that may
gprgﬁerably be less than 1000 angstroms ﬁAL.
35 B Advantageocusly, the material constituting the seed
~layer can also present lattice parameters such that the
working layer can be grown epitaxially on the seed layer




(arbitrary units) The nmethod can particularly be advant ageous when it is
desired to forma worki ng layer 5 out of galliumnitri de chtoﬁgl s, the
prior art - proposes various techni qugs suffering from dra Q t he

i nventi on makes it possible to overcome. Thus, in prior art technl gues, a
substrate was used made of mnonocrystalline sili.con carbide or of sapphire
to 24 Aprjl serve both as a,su S for the
wor ki ng ‘I”a% 1%% l‘Dh Worky r%o{%%d?g %2%%58%&%?%?1

| i ght - end tlexgs dthmieslijiﬁﬁ) Iﬂbengeasgnl sildptli éanthsr BEekBPYSapphir e

- support. rfe‘,?néot;g(fég! Fm! SudQtei BOSEL Pl Srod 8 aby sEaTé ok yngaNner to control

t he p05| i ons ectrlcal cont acts, the extractio ff t he Iclight emtted
by the diaxametrrs h@@s@rb@n‘ﬁatﬁe@‘ll%cl?‘i’% 5oF tihe, 5© YRt He% present

case, a flEst équgﬂngapa}b@r sel ected that is sui tabl e for the deposition
operation, 10-and thaf can ﬁetE%eCfver %\J%QPEQe Eﬁgond suppor t

can be sel ect®d WY chL i SXFTR %d o7 |rs support has_ been renoved
that is patitabéepipimactireving tiet tehercaht expanveent fechbbgientft i oned
aspects urt her rmre e honoc t i pg silicon carbide,
and 15 t%Ea ViRLeeF B ?gf% g%%%h??% Sg% expefnas!?vgg%nd of linited

d| arret er:,my\kmnmmmg\ tlh@ pethehtof agke al%\é‘é@th’%ye?lwgeﬁs%ﬁ %hi ch can be

andy é@éﬁfﬁli rﬂgil]athéu‘péfkfﬂ@ WMER B @@ta%@téylakcﬁotabhe or froma

S|ng|e crysta s making it possible to savec of a 20
mat er i alsﬁﬁtlwrb‘ére&%eﬁﬁ%’éerﬁﬂ'tmnﬁt?% HRor "SUBBLERR.




met hod can make it possible to use a seed Iayer which is constituted

mat eri al

that is easier to obtain in large dianmeters tha

n )
nonocrystalline silicon carbide, for exanple. 25 Furthern%%angg%Bhir

an el ect
support,

i ntended application of the working |layer to be provided

rical insulator, so if it issretained in the formof a solid
then it becones necessary for any el ectrodes needed for the

by a

eis

solely on the

wor Ki ng |ayere |fself whi ch can give riise 30 to problens of availamfi
space (f exanpte T tTWO el ecfrical onta o0 be (@de| onsmasico
face, i.Je. on the f}e€¥uWacle 8$ﬁ ﬁl%g§{ayer). The nPtho can make
it possible to decor elate t he propertles that aré¢ desired POr MRl a
growt h deedfor o I ay d J he sproperd Les . i@l aar=e3desl red
for the supb%ﬁﬁlcepar Fcul #ﬂg Wien ?he support is_elim natedj24_Apriil, pO0S
with thd pessibiérd y| of = b&ﬁh@ | scyche®®? tlfus ABkPAG it possi bCe”to Hit] gate
t he drﬁggacks( nti ophed above.iIn other grior art tfechni ques)| attenpts| have
" been e to-depost{—gat-t—umpitride diTjecty on sollg galll um, Sonityide
or indedd omheeedyni ym GalbPat e| or S ndilum dafl atd. HoWRver 5ol i 3 lium
nitride ise B§Q§Eye and, ithosp teghuy quegs arsesnot [mature. | ot%é@ pr or
art techni ques nenti pned above, a working |ayer off galliumfitride hapg
been de o@@%ﬁiﬂcéﬁPtQL) {111} si}icon. Howgver, if {311} silic¢n is used|as a
support,| irdhg hnofhi“k form then cracking is obserfjved in the working
| ayer because _ef _poof matchinglin ternms of thernalj expansiof. By
decorr eljat {134 g SB[ et ons—the—+trethod—canrake Tt JoSSI blLe Tlrsthygto
sel ect a seﬁ@brmal 1.3 2.5 0.5 1.5 :
J | conductivity
(W/cm.K)
2
Maximum 4 8
diameter
currently
available
{inches) .
Quality of ‘ Excellent | Excellent { Variable
substrates
available
125
Relakive _ 10 1
prices for
2-inch
substrates
{arbitrary
units)

The method can particularly be
advantageous when it is desired to form a working layer
out of gallium nitride. To do this, the prior art
proposes various techniques suffering from drawbacks that
the invention makes it possible to overcome.

Thus, in prior art techniques, a substrate was used

made of monocrystalline silicon carbide or of sapphire to




15 layer that is suitable for nucleationand that is sufficiently thin to
déf orm under the effect of thermal stresses, and secondl yzag\pﬁpéo%gt a
‘thick layer that is matched in terns_of thermal expansion to the working
| ayer which is caused to grow on the $eed |ayer. 20 Advantageously, the
met hod may include: the follow ng characteristics taken separately or in
conbi nation: at |east one bonding |layer is interposed _betwen the seed

| ayer andsehee sopioras a RuRRiNdsiad (37 & fQuth) se8d (’fll{\f?‘ﬁg the or each

bondi ng | QYL nd hEaYoOF Ki bWy, 1wh&dNSHd tdxed oy layeat disi alsedt aken from
21 i nam FPTEPED. Foe Pl 1 oL SR GO ARt des having a
| ar ge bangi pa@in Sfrihide seeddppleire amppeds wearst &hiagl itakén®PFom t he '
e sSormeAgh TSt BRI Burqll PRI 1 S satibhal) ) con
ori ent at i of, efert ekemb| eontaaiii aitihe %ﬁtﬁ’e"a@é&ﬁhpfoﬁ:h@ul?rﬂ@&'ﬁal liumnitride,
cor if an éhé!?&?&lﬁ e dask | Lsalipctetk r depesiledtiagieukitagel ayer on a
seed layer of silicon carbide; 24 April 2005 9 the seed |layer is made of
- gal i um re¢i delBftRerBresandh Rt 13, HiTE SRR 80Pt han 106
di sl ocat i gofedisd SEHEAN By AT dBllerfore. the gRlpdsimioint Dp@e'a@bpali,ned. by the
TatH ) ol Tk SR LT 1 RN o St te CecL R g BPOTE | 568 @
pol ycryst@dh ie selected which is fitted after the first support
has been removed that is suitable for achieving better
control over the above-mentioned aspects. Furthermore,
substrates made of monocrystalline silicon carbide, and
15 to a lesser extent of sapphire, are expensive and of
| limited diameter, whereas in the present case a seed
layer is used which can be thin and taken from a
substrate which is optionally recyclable or from a single
crystal, thus making it possible to save consumption of a
20 material that can be expensive. Furthermore, the
method can make it possible to use a seed layer which is
constituted by a material that is easier to obtain in
large diameters than is monocrystalline silicon carbide,
for‘example.
25 Furthermore, sapphire is an electrical insulator, so
if it is retained in the form of a solid -support, then it
becomes necessary for any electrodes needed for the
intended application of the working layer to be provided
sdlely on the working 1ayer itgelf, which can give rise
30 to problems of available space (for example if two
electrical contacts are to be made on a front face, i.e.
on the free surfaée of the working layer).
The method can make it possible to decorrelate the
properties that are desired for forming a growth seed_for
35 the working layer and the properties that are desired for

the support, particularly when the support is eliminated




mat eri al s, and sintered materials; the suppo‘rt conprises a material taken
fromthe [list conprising: pol ycrystal | ine silicon carbide }\

24 rd%?OS
nonocrystalline silicon carbide, polycrystalline alum num "ni
pol ycrystalline galliumnitride, and 8nonocrystalline galliumnitride
having a high concentration of dislocations (greater than 107/ cnR) the
seed Iayer is of the sane chemcal conposition 15 as the sup ort; the seed
| ayer is wikerthe qposs Houkidey sebdreing reqxrldidss s e *Seed | ayer

fromt hecggégﬂel %t,ﬁﬁ;f% atad &@r@rﬁﬂﬂ@m%@ﬁenedt haboseed | ayer is taken
froma source substrate 0. assenbl tothe(??;té&gnort %tq'tlﬂ)%% eroded Vi a
its free facelBPEHEY PHRRIHG fi ckness (for this

purpose ihads 0OSEEDELt QyASE wn txeatn‘mdwei:tr@ke:dy frowofltid gedAdigue used

for obtainj ubst r at nd_ of he. 1he @itun@S bond and etch

back® si | i%b 5’9 ‘%% h }rlh(g‘:ﬂ?cgt Tt ?%Eg@’)%‘y%e"tlhﬁe%gpé"f&/é’a ened zone i % nmade by

i npl ant i rm]ala)tmc Bperias, isolit gohliowm SUFstider dSatXRPEIHT F

correspo d&?h ﬂ# q{og hewiaged | ayer (ignoring finishi ng st eps) ;
t e see e

“and 30 SOCI ated fromthe source sgfbstraate at | east
in part by an Bpe?léﬁlerplflék]erﬁlfﬁ’ JrR AR UGS MeToRes) RY°VRea treat nent
appl yi ng yxesba Caly eﬁtdﬁmltﬁaﬂ%ﬁﬁrﬁé:aiasewemglepmswedom nation of at

T ot . o ML
atom cor dg@spsrispecies andlsiok atian f athémtoreddingg is observed in
the working layer because of poor matching in terms of
thermal expansion. By decorrelating selections, the
method can make it possible firstly to select a seed
15 layer that is suitable for nucleation and that is
| | sufficiently thin to deform under the effect of thermal
stresses, and secondly to select a thick layer that is
. mmatched in terms of thermal expansion to the working
1ayer which is caused to grow on the seed layer.
20 Advantageously, the method may includei
the following characteristics taken separately or in
combination:
. at least one bonding layer is interposed between
the seed layer and the support,-the adhesion interface
25 involving the or each bonding layer;
| the working layer is constituted by a material
taken from the list comprising: gallium nitride, aluminum
nitride, and gallium and aluminum nitride (and in general
manner, éemiconductive nitrides having a large band gap);
30 . the seed layer comprises a material taken from the
list comprising: sapphire, silicon carbide, zinc oxide,
and {111} silicon;.
the seed layer is selected to obtain a precise
¢rystal structure and orientation, for example to obtain
35 hexagonal or cubic gallium nitride, or if an Si face or a
| C face is selected to deposit the working layer on a seed

layer of silicon carbide;




24:April 2005 10 -these species into a material so as to achieve a
eoncentration maxi num of these species in the material, sghgpn%iorgum bei ng
situated at a determ ned depth relative to the bonbarded Su 2 The
atomc or ionic 5 species are introdiced into the material w th energy

di stributed around a nmaxi rum Atom c species can be inplanted in the
material using an ion beaminplanter, a plasma i nmersion inplanter, etc.
The term "at on €h@rseednl syspecs aside o sl } et BédetdmYSFY oni c, '
neutral, 1Q or | ecul ar_f - I Nod Qi RHatiemls dlexrf orm  or

i ndeed ah%%ﬁbﬁgf’r%%’ ot - Gi ?‘?a{e%leﬁ _%%%L%?élrrp{%cgllqesg, | 0 jion ? or neutral
form BrégfaBescenptherery e [Favd HYs DEERbie LAYated 3 %, and

advant aggs; of . f he 14P¥eR] | SReMitdw@PPEALOGN t&dthgud he fol | owing detail ed
15 descr?%tlon, and the 1 nvention will also be%bet}gerg f]g_.g‘ge{ﬁ ood with the
hel® of the atcohparyPREEErGMRGESET P TRFTh-a+i Gl e

igure 1’ 1S a diagram show ng
~the stepsikd @HwptiBlegensdbighond mieenbshod polyvecosdahbE@ith the 20

" of the MBRYGH I aceBlaSiRES TR R 1T R Ent font | Floure 3 1o a di agram o
the steps in yet:h_aneupport_:}c@ﬁp#m@n@m@w@habftq]p@n n%’f%dtl?ﬁ t he
|t or medl A BB o L e e e Phatscan be used
i L@ varbanecuystabl ipe hodl bgor fearbide, polycrystalline a i

nitride, polycrystalline gallium nitride, and
monocrystalline gallium nitride having a high
concentration of dislocations {greatexr than 107/cw?) ;
the seed layer is of the same chemical composition
15 as the support;
the seed layer is taken from a source substrate,
by dissociating the seed layer from the source substrate
at a pre-weakened zone; 7
- the seed layer is taken from a source substrate
20  assembled to the support and then eroded via its free
face so as to obtaiﬁ a seed layer of desired,thickness
(for this purpose it is possible to use a technique taken
from the technigue used for obtaining substrates and of
the type known in the art as bond and etch back silicon
25 ‘on insulator (BESOI));
the pre-weakened zone is made by implanting atomic
species in the source substrate at a depth which
corresponds to the thickness of the seed layer (ignoring
finishing steps); and o
30 - the seed layer is dissociated from the source
substrate at least in part by an operatiom taken from the
list comprising: heat treatment, applying mechanical
stresses, and chemical etching, or a combination of at
least two of these operations.

- 35 - Above and in the remaindér.of this document, "atomic

| implantation® is used to cover?ény bombardment using

atomic or iomic species and suitable for introducing




invention. 24 April 2005 10a Detailed Description 30 The method of the
invention is described belowin detailed manner with refe ‘f gl t085four
particular but non-limting inplenentati ons thereof. In a W2

" inplenentation, shown in Figure 1, al®final substrate 14 is nmade conprising

a working layer 16 35 on a seed layer 2, by performng the foll ow ng
steps: formng a |ayer of anorphous material to nake a bonding |ayer 10 on
a surfaceludsa s;mnmsiuhxiraamat@ﬁzh]AFHd la20db acllidvmata is to be subjected

to havi n%ﬁ@éﬂ&% ace‘?r?afx LS ort etléleetsgléb éesorlrﬂ Wﬁmea ofG! Qf, amor phous

material "on a s anot bonding | ayer 11; 5
i npl ant i rigriat G‘Fﬁ%lf@-ﬂ'éd?@slgatsléu@éﬁé? Athed drdpmnined GePtdour ce substrate 6

SO as to fdBa-& e Qe WRAWETRA Burklbe putaﬁnéﬁ&ttdmdomduwllcayers 10 and
11 into contact; 10 200, det %ahl ng a_.seed | ayer froma source substrate

6 vita t hEBSHE DR e difaoguge VRPN TS ERE “&%ﬁw@lﬁ ayer 16 on the
surface d]fstiﬂ“lﬁ)tﬂﬂﬁﬁ alm;ymd -3 mrmampondmntm: témczi@meaam weakness 8. 15

The st eps A 19, Whe RORdG L] BX8c Grpdh O eduBlALIARL,L N atoni c

speC|es car per for e SBovetor i n 4ndt her order.
plasma 1mmer31on 1mplanter, etc The term "atomic or

ionic specieg" is used to mean an atom in ionic, neutral,
10 or molecular form, or molecules in ionic or neutral form,
or indeed a combination of different atoms or molecules

in ionic or neutral form.

Brief Description Of The Drawings

Other aspects, objects, and advantages of the

invention will appear on reading the following detailed

15 description,‘and the invention will also be better
understood with the help of the accompanying drawings, in
which:

Figure 1 is a diagram showing the steps in an

implementation of the method in accordance with the

20 invention;
Figure 2 is a diagram of the steps in another

implementation of the method in accordance with the

invention; .
Figure 3 ig a diagram of the steps in yet another
25 implementation of the method of the invention; and

Figure 4 is a diagrammatic perspective view of an
intermediate support with four seed layers, of the kind
that can be used in a variant of the method of the

invention.




Exanpl es of the step of inplenenting atom c species and the step 200 of
detaching the seed |layer 2 are 20 described in French patem ap-206R 2 681
472, for exanple. The steps of form ng the bonding | ayers 10 and 11
correspond, by way of exanple, to form ng a | ayer of anorphous nmateri al
using any of the nethods known to thel®Berson skilled in the art. 25

. Between steps 200. and 300, the nethod of the invention optionally

~incl ude; operations of pre arian e&h SSUL. @¢gnof the seed |ayer 2 ft_hat is
to receive the working |a . on operations conprise, for

exanpl e, polishing operations, annealing operations, 30 snoothing anneal i ng
opey@t i ons ( e.The Utgod )i agen)inveaitieal i g dpsratbaehsodoew rish nf or ci ng t he

adhesive _interface between.the bonding.l ay rificial

oxi dat i orﬁi‘%tp?e‘ﬁa?c? d??sm’(%&i"ﬁ%l}dﬁa eoﬁ‘?rb%\%d:%y’%‘g ijl’r@ﬁnad(f%irlla%f the oxi di zed
mat er i al Jnoretlchiitgi 1) oneremdrores; it . thiferfirst inpl enentation of the

met hod of the.._iny | 15 destrd I LRl g ferepce to five 24
April 2005 1ZInpaar t]figﬁtg;h@} non-é[t%i(r%lg}t'i %g _exarrjf)rll\g;]’g ‘h]gf are descri bed :
bel ow ond isfalersubrdttadre M tie RlerGPRRE MHID JSTASHIMY 13 Det or ned at

t heyadhegiy g iJU&T NaRRPIOVIEEGIrEdRETR e Eowinidigstiases | bed af ter
Exanple 5. 5 Table 2 bel ow summrarj zes %rﬁpl es .of r%e‘irl arélaﬁcthéat are
suitabl e for usd9TiNhIPEMSHEt RPG S Wt Ersht a

oK destri bed above.
Table 2 Wordingy ayer Seedi ayeurXBendihg Suppord sibstrate 6 ,




16 (typically layers 10, 11 (typically 1000 A thick) (typically 300 m
thick) 1.mthick) GaN or AIN or Mno SiC Si Q2 or Si3N4 PobyasiGops A GaN
or mono SiC or @GlnN or SiC sapphire or or other poly AIN or  poly GaN
GaN or AIN or (111} Si SiQ2 or Si3N41Poly SiC or Al GaN or nono SiC or
GalnN or Si C sapphire or or other poly AIN or poly GaN GaN or AIN or
Sapphire SiQ2 or Si3N4 Poly SiC or Al &GN or nmono SiCor GalnN or SiC

%?2‘&2' L g:ll'f&rts_i%r o MAISQG%JI\?@M@& Qo gm}%gsa\t e arptdemr Mono GaN Si Q2 or
oly SiCor - A or nono Si C or nN or .Si C Ly or or other
ol y Al RTBRaRSSR) RS At B0 3 br K BRI S 51 02 or
Si 3N4  P@lry aSistir@aceAlod®aN arupgpdeOsl 2rone mBike anotGxnNeerd8iE sapphire or or
ot her p I%e,%l qlqr poly Gal In the above table, as in the tables bel ow,
the ter !

5 - implanting atomic species at a determined depth in

" the source substrate 6 sO as to form a zone of weakness

8;
. 100, putting the bonding layers 10 and 11 into
contact;
10 - 200, detaching a seed layer 2 from a source

substrate 6 via the zone of weakness 8; and

300, depositing a working layer 16 on the surface
of the seed layer 2 corresponding to the zone of weakness
8. . '

15 The steps.of foiming the bonding. layer 10 and of
implanting the atomic species can be performed in the
order specified above or in another order.

Examples of the step of implementing atomic species
and the step 200 of detaching the seed layer 2 are

20 described in French patent No. FR 2 681 472, for example.

The steps of forming the bonding layers 10 and 11
‘correspond, by way of example, to forming a layer of
amorphous material using any of the methods known to the

. person skilled in the art.

25 : Between steps 200 and 300, the method of the
‘invention optionally includes operations of preparing the
surface of the seed layer 2 that is to receive the
working layer 16. The preparation operations comprise,
for example,-polishing operatibns, annealing operations,

30 smoothing annealing operations (e.g. ﬁnder hydrogen) ,

anﬁealing operationé for reinforcing the adhesive

-interface between the bonding layers 10 and 11,

_sacrificial oxidation operations (oxidation followed by

elimination of the oxidized material), etching -

35 operations, etc. ' -

This first implementation of the'méthod of the
invention is described in detail with reference to Five




"mono" is used to nmean "nonocrystalline" and the term

ean. "pol ycrystal | i ne".
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a working |
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Smart-Cut(r)
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‘phase epitaxy (HYPE)

for é
180, p.
oxi de f
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pat ent

No
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The wor ki ng | ayer

ernbattlepRsiéseniheEd Q) ve by MOCVD, by MBE, or by hydride vapor

see for exanple the docunents "GaN bul k substrates

fromtHe sourc

April

G aN-based LEDs and LDs", by 0. Oda et al., Phys. Stat. Sol..(a), No.
Bdbl2000), or other equival ent techniques. 30 The use of silicon
R R M e e (g

2005 16 (typically layers 10, 11 (typically
- 1000 A thick) (typically 300 pm thick)
1. pm thick)
| GaN or AIN or Mono SiC 8i0, or Si;N, Poly 8iC or
AlGaN or mono SicC or
| GaInN or SicC sapphire or
or other- poly AIN or
poly GaN
| GaN or AIN or {111} si $i0, or Si,N, Poly SiC orx
AlGaN or mcno SiC or
GaInN or SiC sapphire or
or other poly AlN or
poly GaN
} @aN or AIN or Sapphire - 810, or Si,N, Poly SiC or
AlGaN or mono SiC or
GaInN or SiC sapphire or
or other poly AlIN ox
) poly GaN
GaN or AIN or Mono GaN $i0, or Si N, Poly SiC or -
AlGaN or 1 mono SiC or
GaInN or SiC sapphire or
or other poly AlIN or
‘ poly GaN




14* makes ‘it possible to elimnate surface irregularities and
polishing step, a planarizing step, "a
preparation step,

and
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except that the seed layer 2 is

I hout cracki ng
various operat

p
this exL“ of—+he—above
equi val ent to that of Exanples 1 and 2,

_made of Sapp%r Ehe2§b§@8p9é15f | 5,8N9hhehe TBRABLEA! e DB, | BhkNE@ES OF
perm tting goo It ax ?lun1n|tr|de EXAMPLE 4 hi s exanpl e

(fourth Peanef #ﬁeuﬁﬁévéotﬁﬁﬁé)"ﬁongérgﬁFﬁ%%hP%" %nﬂaﬁé %ﬁfmls equi val ent
to that ejoEranpkegsdat €o3mesiCepbliybaysthelsaed. |l ayer 2 is nmade of

nDQgcrystalllne galliumnitride. EXAMPLE 5
EXAMPLE 1 ‘

' In the example corresponding to the first row of
Table 2, a working layer 16 is made of gallium nitride on
_a seed layer 2 constituted by monocrystalline silicon
carbide, itself on a polycrystalline silicon carbide
support 12, with bonding layers 10 and 11 of silicon
carbide being interposed between the support 12 .and the

10

Seed‘layer 2.
By way of example, the seed layer 2 is 1000 A thick.
The support 12 is 300 um thick, for example.
o The structure constituted by the stack of the seed
the two
and the

15

layer 2 of monocrystalline silicon carbide,
bonding layers 10 and 11 of silicon oxide,
_support 12 of polycrystalline silicon carbide is made by
- a layer transfer method known to the person skilled in
the art {e.g. see an application‘of-the Smart-cut® method
in French patent No. FR 2 681 472).

The working layer 16 can be made.by chemlcal vapor
deposition (CVD), by high temperature chemlcal vapor
deposition (HTCVD), by MOCVD, by MBE, or by hydride wvapor
phase epitaxy (HVPE), see for example the documents "GaN
bulk substrates for GaN-based LEDs and LDs", by 0. Oda
et al., Phys. Stat. Sol. (a), No. 180, p. 51 (2000), or
other equivalent techniques. ' '

The use of silicon oxide for the bondlng layer 10

- makes it easier to take the seed layer 2 from the source
substrate ‘6. - The planarized depoéit of silicon oxide -

20

25

30




35.1n this exanple (fifth row of the above table), a structure is nade
that is equivalent to that of 24 April 2005 15 Exanpl es 1 Bpfr208¥cept
that the seed layer 2 is nmade of neodym umgallate or of ? |un1gallate
Nunerous variants of the above exanpleés can be 5 envisaged..Thus t he
silicon oxide in one of the bonding |layers 10 and 11, or the silicon oxide
in both bonding layers 10 and 11 can be replaced by sone other material,

f.or exaﬁﬁh&e&IhthasBubledEO(Slshmhatihsarﬁaternategahar®tmﬁshgndnd hi gher

tenperatgéﬁg % a?WZIL%C stgp{nlzﬁggggggggn sgpaptigularly

advant ag eposition of the working |ayer
16 i n or ddeandngf etepa ﬁnﬂbcmygﬁélPrﬁéaréyéﬁnoﬁtgﬁodaaéaﬁlﬁ?eBroﬁndeed

when i t b% A8 sl %glhosimﬁégﬁsgxia@ bats 0hedgpO$LbhoBxidd Sl khen nitride
al so has e advantage of limting or even av0|d|ng di ffusion of gallium

int8 theb§ﬁéﬁ69t1§26r LA §@Fm§ﬁoPHth9a§PﬁﬁPr5f LEhPE*PPr st i npl ement ati on
of the nebhQdnefichhe tavBALLABs thatmar&lagsyayerlﬁﬁlehengalIByn1n|tr|de is

replaced b %gwg%Pwag?g éESféggﬁ%Fu Ogéﬁg&g gggkgrige gf 1§ higcon car bi de,

an al | oy™ Prum an i ndium or
sone ot henecatipeondthIb®k.wor ki ng | ayer 16 of galllun1 nitride can al so be
replaced by a nmultilayer structure constituting a stack of |ayers of the
galliumnitride, 25 - alumnumnitride, galliumand indiumnitride, etc.
types, PBEIMPBEy2having different kinds of doping, etc. In yet other

variants, thespokyesyskanblae (56bbh@Nrokabbi 8Bosyppablel? as replaced by
nDnocrySga;LLE%rglggcgrov1ded that is equivalent to that of
Example 1, except that the seed layer 2 of silicon
‘carbide is replaced by a seed layer 2 of {111} silicon.
15 . The thickness of the {111} silicon is preferably
limited to less than 3000 A so as to enable it to adapt -
without cracking to the thermal expansion that will take

place during the various operations mentioned above.

20 EXAMPLE 3
In this example (third row of the above table), a
structure is made that is equivalent to that of
Examples 1 and 2, except that the seed layer 2 is made of
sapphire. '
25 Sapphire is another material that is known for
permitting good epitaxy of gallium nitride.

EXAMPLE 4
In this example (fourth row of the above table) a
30 structure is made that is equivalent to that of.
Ekamples 1 to 3, except that the seed layer 2 is made of

" monocrystalline gallium nitride.

EXAMPLE 5
35 : In this example (fifth row of the above table), a =
structure is made that is equivalent to that of




carbide (in particular when the support 12 can be 30 recycled as nentioned
below), sapphire, polycrystalline alumnumnitride, or poiygﬁmszbggl I ne
galliumnitride.- After growi ng the working |ayer 16, the support 12 is
removed, possi ny after reinforcinglfhe structure as a whole, where
necessary for questions of strength, by 35 neans of sone other support
either by direct adhesion; or- by form ng said other supporf by depositing
it on tHexanwked rig Haylr exsept Yhatpiite Zoes legethe dpiide £ nust then
be capab) &, fahi @0l 9a 10fa t dMdrh Frandivdd Jah @=0QReiel.i ons under which the working
layer 16 1s growi, but is advantaged by being suitable for renoval. The
techni que selected for withdrawing the 5 internedi ate support 12 can
det er mi ne t haumienidalvarselract edt fole clnrstd textampd eist .cdrf e is to be
SaC%IfICEd b C{Chl ng or by nechanical or chem cal renoval, then the

etc |ng Val steps and also the internediate support. 12 itself nust
be as | ow coSl'hua&s, M@lﬂ;lle,cammdtﬂ(}rsw Sfr Eles g thfyesiport 12
shoul d M—ﬁé' wﬁléam%ﬁa@l@p@d&lﬂ Hopri idptiaghizng 1d n the

i nventi on, stresses such as nechani cal hermal,, _el’'ectrostatic, |aser

i r r adi atansh, Letaan d1e npd@cad hya foe Wé?hﬁs"sgﬁﬁleflla& 9% into two
por ti onse:sdrpid e 1 idbreiditeridd d@iQh, X he Bdhesiareridkréace. Under such

o bi de e rrand bR 5 %%ﬁgbea%d@aﬁ‘iéel%ﬁéeés& o ?%?ﬁi'e'r' variant,
al | or sodenffagehd scorperientlaxdly advantageous in the context of
' optimizing deposition of the working layer 16 in oxder to
form a monocrystalline layer of good quality or indeed
when it is desired to increase the rate of deposition.
15 Silicon nitride also has the advantage of limiting or
even avoiding diffusion of gallium into the support 12.

In yet another variant of this first implementation

of the method of the invention, the working layer 16 of

. gallium nitride is replaced by a working layer 16 of

20 aluminum nitridé, of silicon carbide, an alloy of
aluminum and of gallium, and alloy of gallium and indium,
or some other compound. The working layer 16 of gallium
nitride can also be replaced by a multilayer structure
conétitutihg'a stack of layers of the gallium nitride,

25 - aluminum nitride, gallium and indium nitride, etc. types,
possibly having different kinds of doping, etc.

In yet other variants, the polycrystalline silicon
carbide support 12 is replaced by monocrystalllne gilicon
carbide (in partlcular when the support 12 can be

.30 recycled as mentioned below), sapphire, polycrystalline
aluminum nitride, or polycrystalline gallium nitride.

After growing the working layer 16, the support 12
is rewmoved, -possibly after reinforcing the structure as a

| whole, where neécessary foxr questions of:strength, by
35 means of some other support either by direct adhesion, or
| by forming said other support by depositing it on the

working layer, etc.




the working layer 16 are nade either before or after renoving the support
12.. In a second inpl ementation of the met hod of the 25 inwgpA&q&oo s shown
in Figure 2, a structure is nmade as in the first inplenentation of the :
met hod of the invention, as describad above, the structure conprising a
"working layer 16 on a seed layer 2 itself on a support 12 w th bonding

| ayers 10 and 11 inter posed between the seed 30 |ayer 2 and the support 12.

Then, in accofenseppiott tikemuptesteh bapkepamiat her, onikhiggk |ayer 4 is
deposi t ed,; fre urface. of the r Ki ayer 16 and the. support 12
i s rermvgﬁ?gsgéglgﬁp t% E)%etc g‘?il\%/ilf)ﬁlst HQ%&H%&&%%E‘? W Nohi'leW Sayer 4
t hen ser v+&slpngparni cbbdr isoafiventagd88 byppetngf enith®lwoifikizng | ayer 16, :

after theegupRpdlt 4R ha r 2 I; . 17 bl e 3 bel ow
su rizeg examl es gf nnggﬁngS?Eé?gega%?ggggggéggﬁlpﬁétc%htext of this
second i MPrERERtARFEnSUBPOrhe lReEABddBECrMENENTBAL MokeriaTabl e 3 Wor ki ng

Seed | ayeelBonddngobuppaetitdcingCke .| ayeridb6id Laygesshayeriteqll. 11 GaN
] Al GaN or nono Si 3N4 or poly

or AIN {111 i .Si 02 or poly. sic amond_or, o
‘poly Sicﬁio%tggfﬂﬁ %Fcﬁgrm Reaf e rOBrC%%WFS?E bemeyveler thenshpghi re ALN
or ot hereteapphirendrremnvabosbaps cundldiheR the Oncaiheddacer or Li Ga3 poly
GaN met akupport 12 itself must be as low cost as possible. Under

10 such circumstances, the support 12 should be made of

polycrystalline aluminum nitride.

Detaching

In the invention, stresses such as mechanical,

15 thermal, electrostatic, laser irradiation, etc. are uséd
to cause the assembly to split into two portions situated
- on either side of the adhesion interface.

Under such circumstances, the support 12 can be made

of monocrystalline silicon carbide since it is not
20 consumed and can be reused.

In another variant, all or some of the components‘on
the working layer 16 are made either before or after
removing the support 12.

'In a second implementation of the method of the

25 invention, as shown in Figure 2, a structure is made as
in the first implementation of the method of the
invention as described above, the structure comprising a
~working layer 16 on a seed layer 2 itself on a supporﬁ 12

~ with boriding layers 10 and 11 interposed between the seed

39 layer 2 and the support 12. Then, in accordance with the

' present implementation, a thick layer 4 is deposited on
the free surface of the working layer 16 and the‘suppcft
712 is removed, possibly together with the seed layexr 2.
?he thick layer 4 then serves in particular'to form a

35' support for the working layer 16, after the support 12

has been removed.'




EXAMPLE 6 I n this exanple,

a seed layer 2 of nonocrystalline

(copper)
{111} silicon is nmade on a polycrystalline silicon 10 carbbg ﬁ URpart 12
with silicon oxide bonding layers 10 and 11 between them T greaft a

wor ki ng | ayer
and a thick layer 4 of dianond is deposited on the free face

16 of

nmonocrystal linertgal liumnitride is deposited by MOCVD

nmonocrystalline galliumnitride of the working 15 | ayer
resul ting Str¥gbmée3|§eiaﬁi@ﬁﬁﬁﬂri@eetéﬁahﬂﬁab s mabkeikbs tbaaching the

.assenbly constitute
the Sappbft u$g

by

becone. separ at ed on

dgﬁ& ¥H

~either

t he wor k g gx
g SQBHeFEy f ohigy,
mechani calf, thBemgehodebgcthestiateatiehc.

16 fr
FSCPP

bR e3Ee

of the

16. Thereafter the

gphg constituted
conpri ses using

stresses to cause two portions to
side of the adhesion interface.
presents the advantage of meking it

Thi s exanpl e
possi ble to use a support 12 whose

surface Thaflei 8 to 25 receive the seed layer 2 is poorly finished, but once
5885 mggk;eedkfxéer €§§i?§%k?a:|Iicon%ﬂégEjgﬁ%%fgﬁiﬁg o TE§C§4 ?p;;
suppor t.| (tHeethilék |ayer 2) for|thdaWSH& ng|l ayer 16 t1at RS  pf opbrti es
adaptedltg 9§ing sa d working aqu,1a1(in‘this case, WMth dlaﬁDﬂd\ it is
are dos] B % GY br Tidrovelve| apeieedt onf) PoANa Tt | SRR, TG
ensure @ kghiesa i1y bateohace] beBwgen the tbrckolaye QQ%ﬁj&mk hor ki ng
Fayer 10, or YaInN | SiC or GaN AlN or or GaN or
| or SiC or or sapphire AlN or
other sapphire oY mono boron
or NdGaOZ- SiC or nitride or
or LiGa, poly GaN metal
’ (copper)
EXAMPLE 6
In this ekample, a seed layer 2 of wmonocrystalline
{111} silicon is made on a polycrystalline silicon
10 carbide support 12 with silicon oxide bonding layers 10
| ' and 11 between them. Thereafter a working layer 16 of
monocrystalline gallium nitride is deposited by MOCVD and
a thick layer 4 of diamond is deposited on the free face
. of the monocrystalline gallium nitride of the working -
15 layer 16.
Thereafter the resulting structure is subjected to
' treatment'suitable for detaching the assembly constituted
:by the working layer 16 from the assembly constituted by
the support 12 and the seed layer 2. This treatment
| 20 - comprises using mechanical, thermal, . electrostatie, etc.
h gtresses to cause two portions to become . separated on
either side of the adhesion interface.
This example presents the advantage of making it
possible to use a support 12 whose surface that is to
25 receive the seed 1ayer 2 is poorly finished, but once the

- working layer 16 of GaN has been formed by virtue of the




to obtain better heat conduction. 10 This exanple can conpri se nunerous
Variants. Thus, the seed layer 2 of (111) silicon can be gagghﬂgﬁg by
nonocrystalline silicon carbide, sapphire, neodymumgallate, or |ithium
gall ate; the bonding layers 10 and 8 of silicon oxide can be repl aced by
5|I:condlg nitride; thFIponcrystalllne silicon carbide support 12 can be
repl ace y nnnocrysta ne silicon carbide or hi r and the thick
| ayer 4 #%edi baned €t fe*"plr]a%%‘anbyl'bo’ﬁc?%%/’aﬁf? ne’ s Efeilécon car bi de, by

ant )r/C(rjysfﬂukl n@tl]ﬂ_@(')]%ﬂ; Ue I Ltlflh:dek(Eager deposort echdywdtiEE)g Rydsy bor on

I de nmetal such. as h

| ayer %I 'é%%'f’ ali‘%|QSOP?th%%%u?%ggge%btg%r?/se%f( h%%u?ﬁg&ﬁ% %ngzsapﬁ olpglr(t i es
of the thay,é(rl agefid thais beaot, | wpoht dherond orifexkbapiiee gRrth is desired
to gmke @ﬂ&%&i Cabn&eat itw éﬁﬂdt%feéér{@ﬂ {mﬁlﬁ@%féﬁ@itﬁ@st rate 14

or Wwhen 11 essent a to be e to evacuate fhe heat gener ted b
corrponeniclsa'ﬁa@éedﬂ\eﬂﬂéa%r%%g f‘ayéﬂl‘iBOW%Yelq’Riéle’cFWPe‘?P it 31 ca?lde5| rgd to
mProve £it{gciign @Mkt e Shakighh hash e by aldiadcs a |aser mde
in the vvorklngla er 30 .16, It wll elé nder oodt tétg; properties

_ sel ect edP®B¥ethet i G-y kY or pf otf ]en%f Feedom T 1T substrat e
fabri Catt@fbm&ﬁ@dSettlhat he:at pashdeat bohy advant ageous when naki ng

trates f op r @c. It is also 35
3@; ble to %Waé r}' 8%%%?% s&gés%%% g‘%]i‘cgél‘orﬁl cation net hods by
prow di ng pr ePansut |td|te s‘?@@’é Iayewn2 ¢f {hehbetidkican €3t Berson skilled in

the art)réﬁié’ééj&rbyz%(ﬁﬁéfyg@ﬁllﬁg silicon carbide, sapphire,
: neodymium gallate, or lithium gallate; the bonding layers
10 and 11 of silicon oxide can be replaced by silicon
15 nitride; the polycrystalline silicon carbide support 12
can be replaced by monocrystalline silicon carbide or by
sapphire; and the thick layer 4 of diamond can be
replaced by polycrystalline silicon carbide, by
. polycrystalline gallium nitride (e.g. deposited by HVPE),
20 by boron nitride, or by a metal such as copper, etc.
(e.g. deposited as a thick layer by electrolysis).
It should be obsexved that the thickness properties
of the thick layer 4 can be of importance, for example
o when it is desired to make electrical contact with the
35  rear face of the final substrate 14 or when it is
essential to be able to evacuate the heat generated by
ACOmponents made on the working layer 16, or indeed when
it is desired to-improve extraction and control of light
emitted by a diode or a laser made in the working layer
30 16. It will then be understood that the properties
' selected for the thick layer 4 provide a degree of
. freedom in substrate fabrication methods that is
particularly advantageous when making substrates for
‘Uoptics, electronics, optoelectronics, etc. It is also
35 possible to add a degree of freedom in substrate
fabrication methods by providing preparation steps (known
'[ ;in-themselves to the person skilled in the art) in order




to.enable the thick layer 4 to be subsequently separated fromthe working
Layer 16. Simlarly, these variants can be transposed to §£hpﬂ1t20‘695 in
‘which a working |layer 16 is made of 5 alum numnitride, of I con car bi de,
an alloy of "alumnumand gallium of ot her conpounds, instead of

maki ng the working | ayer 16 out of ga?l iumnitride as described above. The
galliumnitride working |ayer 16 .can al so be a nulti I ayer structure

st acki ng Ia ers.of the 10 Ilum &ls. type,
- possi bl yEourRAPHopFhG B‘Plﬁ%#%%’%’ﬁt ki dge S@y :ln at cF hpl ement ati on of
- the met hbdowf théewotrkieat 1ayeasi§hown in Figure 3, a structure is made in

whi ch the thi 4 p f dec vdidhdged xbayer 16 and the
seed | ayer %avef%gie s%ﬁ%gg ggkisggﬁt %%E Eto Iha%‘ib#h i s described

above wi ‘éhtﬁ@te@@ﬁcén W’Bl?heas‘éééhélngnbﬁé‘ﬁ’én%%tJr*"brf“ i nvention. The
thigk |2ay8hiduRanitPededl ébeélb@cdﬁpearbmlepmm hel bayreofi de as the free

face of the working_ | a 16 or e can _be 20.dep on-t he sane

si de as #heémigey ?'ng?ggil‘éﬁ“t h8F 8?1 Otﬁ?’a %%Plll%?lgé'r 1(Zjl%ﬁggc1 (?fh

COFreSponﬂdkﬂﬂgfahe @cf)rkhﬂg May&rngslayEroﬂGgyalhmrhens’eleddfP—a@I%r 2 is renoved

ei ther Lhe p A2 has been

rem)ved fk}é ?h?’?%" |'§fr$§n§5§‘.l%ﬁm ]’P e%%(?%re‘%(ﬂﬂ{w%%e |1nv ntion is

descrl bedabe«hbaovﬁ)tthar@flbtehéﬁerostlﬁ\d@’éur%x%‘hﬁ‘ﬁ]‘é]sng layerseeriBfs used in
hey cont %il fthf@?lan eg1uR¥adR! ﬁ%tﬁi&esuéﬁf@“@ﬂﬁlej npdediiely, and they

Correspo*w1‘c.h doplng gfngiggégégtoﬂlnggleeSC 24 April 2005
In a third implementation of the method of the

invention as shown in Figure 3, a structure is made in.
which the thick layer 4 is deposited after the working

© 15 '1ayer 16 and the seed layer 2 have been separated,
contrary to that which is described above with reference
to the second implementation of the invention. The thick
layer 4 can then either be deposited on the same side as
the free face of the working layer 16 or else it can be

- 20 deposited on the same side as the seed layer 2, either on
said seed layer 2 or on the corresponding face of the
working layer 16, if the seed layer 2 is removed either
together with the support 12 or after the support 12 has
been removed.

25 ' The third implementation of the method of the
invention is described below with reference to three
examples..

The materials used in the context of these three
- examples are summarized in Table 4, and they correspond

30 to the materials of Table 3.




o A

20 Table 4 Wrking Seed | ayer Bonding Support 12 Thick layer 16 2 |ayers
tayer 4 - 10, 11 GaN or AIN Mno Sic Si02 or Mno Sic AN 054EEN20 g Al GaN
or {111} Si3M4 or poly or poly or GalnN Si or SiCor sic or or glc
sapphire poly AIN dianond or or GaNr or boron NdGaO2 or sapphire nitride

In this example {(first row of Table 4}, a structure

is made comprising a monocrystalline gsilicon carbide seed

‘ 1ayer 2 oh a monocrystalline gilicon carbide support 12
with silicon oxide bonding layers 10 and 11 between them,

‘10

in the gsame manner as that described above for Example 1.
Thereafter, a working layer 16 of monocrystalline gallium

nitride is wade on the free surface'of the silicon

or LiGaO3 or poly netal GaN GaN or AIN Mono Sic 5102 or Mono. Si C ALN or
GaN. or Al GaN or {111} Si3N4 or poly or poly or GlnNSi or Sic or Sic or
G o S R oot ot Seeil
“Mbno Si|C GRS asﬁﬁ?tgaﬁgﬁr {%%?¥L%$%hmcg?p%% ?t%?lggaggﬁgksgf ?ngcgk
Si or diclapepriborjon or2the AIN 3apphére [+ poly AIN it didd€Tort o the
etching or netal Al-GaN or GaNgr sgephiie tjhe Gal nN NdGaO2 or or pgly or
the Si ¢—-GaB—CaN-—EXAMPEE7hn—thrSs—examjle (fTrsrTgwof ~Table 4), a
struct yr@aN or AIN | Mono SiC 510, or Mono SiC | AIN or GaN
or AlGaN or {111} Si,N, or poly or poly
or GaInN Si or SiC or 8iC or
or SicC sapphire poly AIN diamond or
or GaN or - or boron
NdGaO, or sapphire nitride or
LiGao, or poly metal
' GaN
GaN-or AIN | Mono SiC Si0, or Mono SiC | AIN oxr GaN
or AlGaN or {111} Si,N, or poly or poly
oxr GaInN 8i or SiC or SiC or
or 8iC sapphire. + poly AIN | diamond or
etching or boron
GaN or sapphire nitride or
NdGaO, or or poly metal
LiGaO, GaN
+ etching Mono SiC Sio, or Mono' SiC Poly SiC
a portion or {111} Si,N, or poly or diamond
of the GaN Si or SiC or or boron
| or the AIN | sapphire + poly AIN- | nitride or
‘or the etching or metal
AlGaN or GaN or sapphire
the GaInN NdGaO, or - or poly
or the SiC LiGa0, GaN
EXAMPLE 7




" “layers 10 and || between them i.n the same manner as that

51s made conprising a thocrystaIIine silicoh_carbide sééd | ayer 2 oil a
‘nonocrystalline silicon carbide support 12 wth silicon O§Aﬂ§meﬁgging
deScribed above
for Exanple 1. Thereafter, a workimjl|layer 16 of nonocrystalline gallium
10 nitride is nmade on the free surface of the silicon 24 April 2005 21
carbi de seed |layer 2 by MOCVD. The structure obtained in this way is then
subj ect egh+19i &4 eaéS@NL aBen: t Aldbe MOTVD sepEhat shguctiers tokicd i cdhst i t ut ed
by the seed | ayer. 2 nd . ' I dénf romihssuppert 12. This 5
provi des“#17 s¥§Y é?sYﬁﬁ%t%ﬁéﬁ%%%%?P@%t€%8%5 a gallium pitride %nrking
| ayer 16sepaezeingnthe sserudtyee constiverddrhEtdre iFRFLi 9% Tarbi de, and
a suppor 9ind Pyt Ol6 r £6YR! £RE. shppbiEkid Ay eThits of
.poIycryé%%%%?%%a&%%g%%%n cé?bide IS then deé%%i d Qy OB Q@ t he seed 10
| ayer 2.pooeidemobiysthy | etEYFieon carbid u%%ﬁ%h 1S relatively
expensi Vigj ¢ Pilie i otkengr BSpst Exancptered is arseyd| bayewheh ¢%pl enenting the
met hod of the invention on, .a subsequent i EXAMBLE: 8id n anot her
“exanpl e T%%%%ﬁﬁsFﬁgib?eT%b}%cag %?Pghgg' %ﬁ??% %ﬁkﬁ%ﬁ%ntation_of t he met hod
of the ipwsayi boy teeychime. sthuckick layemdé of polysamptel 710%ut the seed
20 | fiyers%l;?c‘éoﬂ“!?&fﬂééaié' ﬂﬁeé'ééﬁ&%‘i@é&%ﬁecvﬁ &t axwed €. g. by plasma
etching,”pr17or to Tormng the thic ayer 4 of polycrystalline silicon
cathi de. LEX&NPEE 9

The monocrystalline silicon carbide support 12 is
relatively expensive, but in the present example it is
recycled when implementing the method of the invention on

a subsequent occasion.
15
EXAMPLE 8
In another example -{second row of Table 4) of this

third implementation of the method of the invention, the
same structure is made as in Example 7, but the seed

20 layer 2 of monoérystalline silicon carbide is withdrawn,
e.g. by plasma etching, prior to forming the thick layer

4 of polycrystalline silicon carbide.

EXAMPLE 9

25 : In yet another example of this third implementation
of the method of the invention (third row of Table 4), a
structure is made as.in Example 8, except that nhot only
is the seed 1afer 2 of monocrystalline silicon carbide
removed, but o also is a portion of -the working layer 16

30 of galiium nitride so as to conserve a working layer 16

| that presents as few defects as possible:

‘It can be observed that the seed layer 2 of
monocrystalline silicon carbide or the working layer-16
of monocrystalline gallium nitride can be subjected to

35 various additional technological stepé prior to being
| subjected to deposition of the thick layer 4, these steps

seeking to provide.some or all of the'electronici
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25 In yet another exanple of this third i npl ement ati on of'-the met hod of

the invention (third row of Table 4), a structure is madez‘,'fi i.rbolaéarrple 8,
. N ]

except that not only is the seed |ayer 2 of nonocrystallihe B 4E8n

- _carbide renoved, but so also is a ppytion of the working layer 16 30 of

'galliun1nifride so as to conserve a working layer 16 that presents as few
- def-ects ‘as possible. It can be observed that the seed | ayer 2 of

~monocrystal line silicon carbide Or?‘%@%&%‘ﬂﬁ&‘l‘a&d‘%&é@ts ofgmonocrystal | i ne

gal | i umSTRIYEE Can bS] Eet'Ed varrous additional technol ogi cal

st eps prdduditiioomel nfilwsbjettizel teptepobilvrobfotdRrYhEek | ayer 4, these

steps  seeking, [0, L0Y1 M UE Hsdliedlthhie ChegispaiLelofprhe 2005 22
i ng

conmponents, oOr conprising ma uni form deposits o% ad\%tl ngl filnmns,
ei t her ageddarey drobiHrerseStalling F il ared Hrvhier Vol 2T the
polaari t yo0fc thgee el | BYEIpRL BF 1 EPNOET ¥iaé akdikingi lagen tardfde (Si face
5 or Cface). and the, polarity of the workin : galliumnitride
can be & %ﬁ“ﬁe‘&ilW‘{i)%ec%I%‘?i‘{l?te%f%% e f%ﬁgﬁ%ﬂgﬂ?%ﬁfal sour ce
subst r atgeBectde Pet hode ofithel | svente osubptiabal 6y | Heeuseshed | east one
double t sfer_e ' | t n LiCen¥elloudDe Sim l arly,
t hese efa%qé% %%%@%giélggorg%%ﬁ%i%% P%?&g‘tglgoﬂgd%%\%vﬁl ch, in accordance

Wi th t heranefer oenakl ing e b i Gy eko 18e | shan@ed oFYWAFEnPYeh nitri de, of
sijg con carhige; 1081 @l Uhawen @Rskngads i dam abé oyraéposed ubwand gal i um
aI]l oy, or_of some other conpound, 1nstead of.llg Ki nlgvégg.ggrkéng | ayer 16
out of daltyaideRs riyevRich 9ok (P Peardddve. ih ﬁ?l} mnitride working

| ayer 1Giorking layer 16 is made of aluminum nitride, of silicon

carbide, of aluminum and gallium alloy, of indium and
gallium alloy, or of some other compound, instead of

15 making the working layer 16 out of gallium nitride as
described above. The gallium nitride working layer 16
can also be a multilayer structure comprising a stack of
layers of the gallium nitride, aluminum nitride, etc.
types, optionally with different kinds of doping, etc.

20 The seed layer 2 can be made of {111} silicon or of
sapphire or of neodymium gallate, or of indium gallate,

etc. instead of being made of monocrystalline silicon

carbide. 7
The support 12 can be made of polycrystalline
25 silicoén carbide or of polycrystalline silicon nitride or

of polycrystalline aluminum nitride or of sapphire or of

polycrystalline gallium nitride, instead of being made of

monocrystalline silicon carbide. The thick layer 4 can

be made of polycrystalline aluminum nitride, of diamond,
30 or of boron nitride, instead of being made of

'polycrystalline si1icon carbide.

. In the fourth implementation of the method of the

. invention, a. structure is made as in the above examples,

except that no intermediate layers 10 and 11 are made .
35 For example, a seed layer 2 is taken from a source

substrate 6 of {111} =ilicon, and is assembled with a

polycrystalline silicon carbide support 12.by direct
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can also be a nultilayer structure conprising a stack of |ayers of the

«gal liumnitride, alumnumnitride, etc. types, optionally _wth different
-Kinds of doping, etc. 20 The seed layer 2 can be made of { E&P con or
of sapphire or of neodym umgallate23zor of indiumgallate, etc. instead
of being made of nonocrystalline silicon carbide. The support 12 can be
made of polycrystalline 25 silicon carbide or of polycrystalline silicon

nitride Qihe®fowOolydysial déserdbedi Mt e tgs:rébe@in@f sapphire or of

pol ycrystal]ine gal JTum nitride st ead of nocrystalline
si |icon HEPIFRRNCAtEORF ck TAGEF2 %E%ﬁh © ﬁ@ £Bg ﬁ? s?glllng al umi num

nitride m@zﬁtﬁbmrmbovésol@ru@éd booo@emmu: de, W¢ﬁ§1—@ﬁd1@‘¥e§eiﬁg°ﬁade of

_ pO'YCVYStaiqug Eiéff % SArodes.Ll igfegqyrth i npl enent ati on of the nethod
of the FhventTon ructure 1s nmade as i n the above ¢ | es, except .
thei no |nteﬂmmd$am@SI@§b¢§ Yarhpate 1tar heprieovesd %%Fré§§§3 a seed

layer 2 4 ié%%ﬁtéif@%@-é&HréfsoSH@Séﬁaiéaéé@fwiﬁﬂd&tsgbnngn ‘and is
assenbledﬁﬂn polgc stall{ne silicon carbide support 12.by direct 24

April 2008YoD3 G E gthes19E8RY+98d in the preceding
i npl enent at i opsy . eﬂ&m@r@ﬁteme @per@tlbhe de&@nlhm@51nnémﬁf@n€dtabove is

‘used to dep OS%%§QQ€P¢§%?%m?f nég [ STy &ﬁ%&é%ﬁﬁbﬂeo?ntﬁae seed | ayer 2.

5 Numer ot HR Boves dascr I npl enent ati ons can al so
baJBnV|sageehum¢mmmmngb¢ngomheyﬁﬂdwlhb amdi an@FheRe | nvention. For exanpl e,

the operationg, dgschi bed Fg@H-Ef 87 eBhe variant consists in
performing batch treatment on the seed layers 2 prior to
' depositing the working layer 16. Under such
circumgtances, the seed iayers 2 are fixed on a common

i5 support 12 of large size.

The shape of this common support 12 can be arbitrary
(circular, rectangular, etc.}.

Under these circumstances, the seed layers 2 can be
identical or they can be different. Each of the seed

20 ~ layers 2 can be subjected to a separate operation of
detaching the seed layer from the support 12. By way of
example, the common support 12 can be a plate of
polycrystalline silicon carbide covered in an oxide qf
gilicon.

25 g Advantageouély, a stiffening substrate is bonded to
the working layer 16 of each of the various asgsemblies '
prior to the operation seeking to detach the working
layer assembly 16 on the seed layers 2 from the support
12.-

30 " -Each common support 12 is recycled.

In another wvariant of the method of the'ihvention,
the parameters governing deposition of the thick layer 4
.are optimized so as to make a thick layer 4 that is

, monocrystalline. '

.35 _ Even. if the monocrystalline thick layer 4 is not of

- best 'quality, its quality can nevertheless be sufficient




exanpl es of the inplenentations of the nethod of the 10 invention can be
conbi ned with one another. As shown in Figure 4, one varia § 0gts in
perform ng batch treatnent on the seed |layers 2 prior to p I'ng the
wor ki ng | ayer 16. Under such circumst ances, the seed |layers 2 are fixed on
a comon 15 support 12 of large size. The shape of this common support 12
can be arbitrary (circular, rectangular, etc.). - Under these

ci rcunst éfle@é ath &heycgean be different.
) $fiftne; %&@%ﬁ@i@a@{&g SaRchey igh tbp

Each of ers 2 can_be subjected to sepf&ate oper ati on of
det achi ngralie % eks #%f?é*r‘?‘? othef ehphlar t varking W exanpl e, the
common supporfhd Znédibd o tﬂh@tmﬁéntpﬁhym yx_saﬂtidnmhasliﬂ con car bi de

covered an oxide of silic 25 nt a I f i substrate |
s bonde"tfi]‘féﬁltﬂ‘%c’%r"ﬁ% ?Je&%of 15°6F each %s&gﬁe%%agr%%% g%%e?r%l ies prior
todhe apes atden cefahpivo nitaidel her wohkhnghey agee d55ERBREC16 on the
seed Iayers 2 frﬁ%g ?g %gﬁpp&rl%] dﬁlg_,f, §£1§é‘81‘? ELPHPRepUpPOrt 12 is recycled.

I'n anot het Vart a e invention, {he parameters
gover ni ng depusiether otaxantsi ckhe a9efcyiPhien oppPPYF 2€8"sB%as to make a

thick I ac)&%(ns}:éé@ci EéO?M%Y§t@$J:kﬂﬁg B&y&ﬁe@utfof h@th@ﬂocr ystal line

thick layer, 4 1s not best. qual it its quali t can, pevert hel ess be :
suf fi ci eTRWBZPHE ‘?OIQGﬁ)%terZ’tlaJr'?’v %oﬁ% h‘b‘g’rﬁ"ﬁ R’ \Mgwénever very high
cryst al galiium arsenide, germanium, silicon- germanlum, etc., or
indeed other materials such as lithium niobate.
In yet other variants, bonding layers 10 or 11 are
not used, or only one such layer is used (either on the
support 12 or on the seed layer 2).
15 ' In yet other variants, an intermediate layer is
made, e.g. an insulating layer, between the working layer
16 and/or the gseed layer 2 (if it is conserved) and the .
support 12 or the thick.layer 4 so as to form a substrate
comprising a semiconductor on insulation. By way of
-20 example the intermediate layer can be made of diamond, of

fine oxide (500 A thick), etc.




quality is required only for the working |ayer 16. The nethod of the
il-nvention is particul arly advant ageous when single crystaI? ﬁgnn%bSbe gr own
(as is S the case of galliumnitride) or when they are di il to grow
(as is the case for silicon carbide).2sin other variants, the description
above can be transposed to growi ng a working |layer out of other
sem conductor materials, such as indium phosphide, 10 gallium arseni de,
ger mani Urpy Sipd con-germani um etc., or indeed other materials such as
l'ithiumnipbate. In yet other variant bondi ng l ayers . I re not
used, or ¥nhi& ‘?ﬁ@%ﬁ#l lq%t’dé%cfm(%éﬁttrr?re}resdn Jtrﬁé)e{%ulg)cgg’%tr jlf]é)xgr on the
seed | ayespt)cs,leldetyainidtderow aptantlsctaroniner idt adhody delng  nade,
e.g. an insulatingla t rKi ; QY il seed
| ayer 2- ‘%%r"’}ctteilglzceoa/ngﬂg v@% V%ﬁ%l: t%%e/\qséap%gn t@ﬁll%sort]t%heem{ihi ck IiIggyer 4 so
as to forshepsubstrate conprising a sem conductor on insulation. By way of
20 exanpl e the. iﬂyﬁ{mg‘%|§.y§ée&afhl}& made ¢{csliampgporaf fine oxide
(500 A thick), etc. 24 ApriT 2005 25 AING 1/ Ajgethpd of fabricating
subst r at & molgsara adres i Yhiat 2GRN gL opt oel ectroni cs, the
~nmethod being chapnehes izabiyiddadeant that dpitconplilsesn Wae ol lowing 5
steps: trans ﬁgrkgg a gfed | ayer onto a support by nol ecul ar adhesion in
c&

an adhesi®ifS 3l growing a working layer epitaxially on the seed
| ayiey ; and . applying stresses to cause the assembly
constituted by the seed layer and the working layer
to become detached from the support _at the

adhesion intexrface.

15 2/ A method according to claim 1, characterized in that
the stresses applied to perform separation are taken from
the group comprising: mechanical stresses, thermal
stresses, electrostatic stresses, and laser irradiation
stresses.

20

' 3/ A method accoxding to claim 1 or claim 2,
characterized by the fact that the support ~ is
constituted by a material whose coefficient of thexrmal
expénsion is 0.7 to 3 times the coefficient of the

25 working layer , and the seed layer is suitable for

accommodating the thermal expansion of the support and of

the working layer.

4/ A method according to claim 3, characterized by the
30 fact that the seed layer . possesses crystal lattice
- parameters such that the working layer is grown

epitaxially on the seed layer = with dislocations in
the working layer - _ being at a concentration of less
than 107/cm2.

35

| 5/ A method according to any preceding claim,
characﬁerized by-the fact that at least one bonding layer




sy

~interface. 15 2/ A nmethod according to claim1l1, characteri

| ayer.

el A ol T

10 applying streéses to cause the assenbly constituted by the seed | ayer
and the working layer to becone detached fromthe support adhesi on
2ERPHO0Rat T he

stresses applied to performseparatiop.are taken from the group
conpri si ng: mechanical stresses, thernal stresses, electrostatic stresses,
and laser irradiation stresses. 20 3/ A nethod accordlng toclaiml or
claim?2, ' characterized, b f t E58URPPLetS Ccogshi tnWbed by a
mat eri al whose coe%Fl%FE%%PEPg?hgg&w%gﬁe§ﬁgn§§on ?sye. to 3 tinmes the
coef f i ci eappbrthe 25.wohkiagheajen maﬁaf@ﬁ@ é@*éﬂlva%rth% Shitable for
accommodatlpng 8848 08" iBlegxpansion of the support and of the working

éi ﬁ g a%corg?ng to claim3, characterized by the 30 fact that
t he seed | ayer . possesses crystal lattice parameters such that the

wor king Igyeg m@tgbgmacc@paiﬁglablangnptbeeSEBg thgem wi th dislocations in
the workin centrati 0 107/ cnRgy 35 5/ A
net hod acﬁﬂ? Berz agb Eﬁgd?ﬁ € %B : gﬂ%hé?ggie |zegggy the fact that at

| east onemhdedoﬁgghhyeumznlﬂpldé 2005 26 i s interposed between the seed

| ayer and the support , the adhesion interface involving the or each

bondi ng | ayer.
7/ A method according to any preceding claim,

10 characterized by the fact that the seed layer
comprises a material taken from the list comprising:
sapphire, silicon carbide, zinc oxide, {111} silicon,
gallium nitride, neodymium gallate, and lithium gallate.

15 8/ A wethod according to any preceding claim,
characterized by the fact that the support ~ comprises
a material taken from the list comprising: amorphous
materials, polycrystalline materials, and sintered
materials.

20
9/ A method according to claim 7, characterized by the

fact that the support comprises a material taken
from the list comprising: polycrystalline silicon
carbide, wonocrystalline silicon carbide, polycrystalline

25 . aluminum nitride, and sapphire.

10/ A method according to any preceding claim,
characterized by the fact that the seed layer “has the
same chemical composition as the support )
30 _
11/ A method according to any preceding claim,
characterized by the fact that the seed layer = is
 taken from a source substrate ° by separating the seed

layer . from the source substrate via a pre-

35 weakened zone
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> 5 6/ A method according to any preceding claim characterized by the fact
that the working |layer is mnade of galliumnitride. 7/ A ng{ hociggééordi ng

-"to any preceding claim 10 characterized by the fact that fi | ayer

conprises a material taken fromthe I12%t conprising: sapphire, silicon

carbide, zinc oxide, {111} silicon, galliumnitride, neodym um gall ate,

and lithiumgallate. 15 8 A nmethod according to any preceding claim

charact erjzed et fatdondialg tthe «lpiporto calpnisesrizahter itdle t aken from

the list conprising: anorphou erials, pal gl 1 e 1BiEdal s, and
sintered éffgipe‘?ff% gc.hezdj-’@;"wfaﬁ%et rgg% Zacf:r(%or di ng%gﬁ%@ai r#?l?‘%char actggri zed by
the factatdwmic tapecigmant Wemmdwess suhdtarats takat F rdRthe | st
conpri si ng:_po SHpldd I Qe SR dthe ARG Y Sdldtdrtesi | i con

car bi de, &llplg%ér%s %llsr}qanéed g:glezldun% nurﬁ nitri de,e and sapphire. 10/ A method
accdrding to- any preceding claim characterized by the fact that the seed.
| ayer has. the sanme chem cal conposition as the support 30 11/ A nethod

ayer 1o L3R Rati @b B T 0 SEarstid The seed layer from
t he sour cehthsiamited iy ahy €33 wekerndw: aawl 2aygyri | 2065 27 12/ A
et hod acs?eopradlla%c{ ercc!maitrﬂelosow.@laé’ %Ilféﬂxzaq% byt hﬁ( an operation
10 taken from the list comprising: heat treatment, applying
mechanical stresses, and chemical etching, or a

combination of at least two of these operations.

14/ A method according to any preceding claim,
15 characterized by the fact that the working layer is
| depogited with a thickness of less than 10 microns, and

‘preferably less ‘than 5 microns.
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- -an ‘adhesi

fact that the pre-weakened zone is made by inplanting atom c species in
the source substrate at a depth corresponding to the thlcggﬁﬁfzﬁk5the
source substrate 5 13/ A method according to claim 10 or Iy
characterized by the fact that the s f%d | ayer is separated fromthe source
substrate by an operation 10 taken ffomthe |ist conprising: heat '
treatnent, applying nechanical stresses and chem cal etching, or a
conbi nation of at Ieast two of‘these %% 14/ A nmethod according to
any preceding claim 15 chara@téﬁfﬁaﬁ t gpfact that the working | ayer is
deposited with a thickness of Iess‘than 10 nlcrons and preferably |ess
than 5 mcrons,. 'l n provides a
met hod of fagf?% % ngyggeé 2 ﬁeg |cu ?Er&%&??%go el ectronics,
or 5 ommmww csn rmetnetlhen Egﬁp@P§é§Str hélﬁﬁFP-’SWFFr& Steps:
traé‘“”é%@&ef‘eé@f&'niéé’er R QBERoA ééﬂ@@&beélahe By1neleed ar adhesion in.
n interface; grow.ng a working |layer (16) epitaxially on the 10
seed | ay@¥eP@hd appl ying stresses to cause the assenbly constituted by the
'seed | ayer (2) @gﬁhéﬂ@rﬁ@ﬁglﬂgséa&elayéi6X2oOOheooaesdppachedlﬂﬂonthe

support (12) Bloile 29ResiSh 101 8h 45ReedBn interface;
- growing a working layer (16) epitaxially on the
10 seed layer; and
- applying stresses to cause the essembly
constituted by the seed layer (2) and the working layer
(16) to become detached from the support (12) at the

adhesion interface.
i5




