METHOD FOR MAKI NG A SUBSTRATE | N PARTI CULAR FOR OPTICS, ELECTRONICS OR
‘OPTCELECTRONI CS AND RESULTI NG SUBSTRATE Abstr act The in5gg%beﬂm%oncerns
a nmethod for making substrates, in particular for optics,eleftronics
optoel ectronics. The nmethod conprises steps which consist in:
transferring a seed |layer (2) onto a support (12) by nol ecul ar adhesi on
at the bonding interface; epitaxial gromh of a useful layer (16) on the
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SUBSTRATE"] LAR FOR  OPTICS, ELECTRONICS OR OPTOELECTRONI CS AND
RESULTI NG SUBSTRATE Field O The Invention The invention relates to the

field of nethods of 5 fabriesdi ©f BHESthaLEEichN particular for optics,
el ectronics, or optoelectronics, and alsO toO substrates obtained by such

met hods. More phet iaubAtliynt Belasebstsaties Ll deBudidds far use in

‘fabricati light-=_emtti nd | aser_di pdes. ckgrqund 10 For use in

opti%s, e?%%%%%ﬁ%é%? %Fﬁﬁg?8€?§Ct+%H?%5FlcﬁfaﬁEﬁﬁ?ggﬁ”&§§ired to obtain

subst r at eslehbtronhcs uder acptbe hevordmigs | ayet .albw Huo cadbStamtdses of

met hods aggt 5 KON, T, O | h. r . f.ar urposes. These
a ¥ O5ulRKhOOnSHE 3&’&5&' 1 %}ﬁﬁ, = Jugaj;_.—é%c gat

fam |ies are those conprising nethods )  “thin |ayer taken froma
source suBdPFhEYates ¢3mnke eppbrbladiqn daad ioh fabsissddnas Jightat e, and

met hods iém¥tLhy and laser diodes.

Background

10 For use in optics, electronics, or optoelectronics,
it is often desired to obtain substrates that include a
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.




the thin layer is deposited on a support substrate by a deposition
techni que such as nol ecul ar beam epitaxy (MBE), netal org?ﬂhpiﬁﬂﬁ%:ca
vapor deposition (MOVCD), 20 etc.. Neverthel ess, there exis Mal'ef1al s t hat
are not available or that are very difficult to obtain in the formof a
‘source substrate fromwhich a thin llayer can be taken, and/or whose growth
by deposition on a support substrate is not yet satisfactory. This applies
in} 25 partic t e i itrd i cChA,+S not

avail able in tﬁ%é%%r%f%?oggé%ﬁ%gké#ﬁgfgg%%yggé. %#édgﬁﬁﬁ?téb%nd/or di anet er
thal5are daingfbbisry FhdsordacumerasBRabl é8PrPte A iRP@SiREFesult it can
be grown oni ¥iBYtifAghshehogPLuBXE Ahe L E6PNL GHECh B0 Fetidtipeapre, w th known
techni ques for growing a working layer  on a seed nger itself carried by a
support, EREpRing bee ﬁlﬁuﬁeedN?Bngﬁ%%%s?heai{mﬁﬁﬁ? TRCFuRStion in order
to obtain the final product. 24 April 2005 1|a There are various techniques
that are known for 35 doing this. Thus, docunent FR 2 787 919 A descri bes
el imnating such a substrate by a nmechano-chemi cal thinning technique.
Neverthel 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 |osses of material and that can sonetines be expensive.
Docunent. US 6 114 188 A . describes a technique for 5 separating a conpl ex
transition netal oxide (CTMO) film made by deposition, in which a specia
~treatnment is perfornmed on the native substrate fromwhich the filmis to
be grown, and then the deposited filmis detached from the native _
substrate. Neverthel ess, that technique is 10 undesirable since it runs the
ri sk of conprom sing proper




@ starting of filmgrowh and of leading either to a | oss of yield or to a
deposited | ayer of poor quality. The present invention see5§ rdéﬁdslgate
those drawbacks. Summary O The Invention 15 To this end ﬁ I 'hvent i on

provi des a1 %tlﬁgglﬁgeﬁlgb 1'51:5;?51‘99 sub ﬁggsgrl n_part %S $er|9r opti cs,

el ectroni CS ectt ei ng Zed by the _
“fact that tﬁph@@qpcl acve tlhréeﬁsnramwngmcepsheyzmadtmnsi@mxfngalat seed | ayer

onto a supggkbsbyr Mt@fﬂéﬁraﬂh@ﬁéf?%éﬂ 88m@e RSk O | LSEHSLE: . 9T OWi Ng &
wor ki ng | ayer epitaxial seed _layer; and applying stresses to

‘cause the asseﬁBFym?%tc%%s§l¥hﬁeﬁgﬁyAtﬂ%s§§éﬁe¥a?e?e%ﬂEPQW% f®¥ ki ng 1 ayer
to beconneﬂataehﬁgl &r@?m;br@cswﬁt%nt;h@%aﬂmﬁkw g(l‘TNI@Y Lﬁ-i?ﬁn The
stresses a erf orm separ t ion ma e ake romthe group
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stresses, penﬂormg@ronSGherm&mhva|$mbstresee§roﬁiwhimhruheafz&md1m order to
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can constl(tgﬁlltjéé %{I(l'“?;ﬁ]seéeIjl et SI% rﬂa ek&%%g }h ?%r%%%??ia%(? or @%‘5 (5sl“rrater| al .
However , %%%p%@?%y¢sﬁ9#ﬁQﬂQ§ﬁrl(ﬂ#vei¢hﬁﬂ%§%r thﬁﬁ(ﬂﬁﬁhﬁ%ﬁn%aHWantage in
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presents the dramb%$J%] belnglexpen5|ve and difficult to obtain in |arge
“di anet er SEEHIHRIT I e difeateadiig itdsothé elrQ?é’pl taxy woul d

be {111} of Iyial orThics asmq;tdsat@d sipansisierngibrt euid iitdeal since it is a 5
~material in vgﬁxamnde%Pread us J_(cgnd t us %y%h'ble for

present inven see igate 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




nuner ous substrate processing systens in which this material - is already in
~.use), it is not very expensive, and it is available in Ia&gﬁqugﬁﬁters.
However, when attenpts have been nade to deposit gallium fi i n 10
{ili} silicon using the standard techgique of MOCVD at 1000C to 1100C
approxi mately, they have encountered probl em of dislocations formng in
the thin layer of galliumnitride at a concentration in excess of 108 per
square centineter (cnR), and even_qf said_thin laye 5 iRg. One
enbodi nerpreentBcshe dARRCERLAL s:‘?XR/%ﬁli‘hé/g é’%‘%i%ﬂ“ %C?}éjrlgg to be

obt ai ned tHabped £n - 10 146 i dyahdtatrs s  Ruet terlham nhidt. e | ayers

obtained in prior, art _nethods,, in 'y igul fPo €11 plsitiin.are not
avai | abl eld%?{t%‘él?sa%’?%t%e#?/r g?%tﬁa%% tho ogt?(falllln@i n the f}grm of_ a 20 source
subst r at erhif ensubsciatie is possidered ¢ & ket Bines et B Fmterial s

t hat _canng e; gr | Fs{ @G V(dmnnaiudysubeiie deposi ted on a
supp%rt %%%%fr%fe%g1$%g¥ugﬁ?§€§%f t he mo&kin ;ﬁiq?lagegiﬁgl1 question may
be assessedménowarsikstrrteraBRven (SYFFeNe i Y S acking and

secondarilln%t'gigfr{@ A r i & oLt hod) | concentnatt i very 28Xérs S{fpport may be

constituted_by a, materjal ose ,coefficie t £xpanpsion is 0.7 to
3 tines tABd theif|ayahtalie i LRT%T o %égﬁfgéngﬁ%ﬁ§$%ebd | ayer is

‘suitabl e ferempesnn@eatboen tivede heo nddpasdgarst bhi wh @*@F1QR)%%ppor; and of
t he_ wor Ki Eﬁigyer}%%?%:;ﬁg{g# ?%g&"ﬁ%% Uescihi e dhemoeip egpansi on

coetficie ons In ocument may relate to those,in a plane.
paral | el 1000t@ pbahk0®TC tdpryerknaely aydiey Z*Ha%r?ﬂlc‘%%%er%l BY neans of

this featB£gblé£eoﬁa&f§iéga€f%ﬁ§tf@%ﬁfhg in the thin layer of
. ' gallium nitride at a concentraﬁion 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 quality Fhat is
better than that of the layers obtained in 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

ed by a material whose
0.7 to 3 times the
d the seed layer is
1 expansion of the

The support may be constitut
coefficient of thermal expansion 1is
coefficient of the working layer, an
suitable for accommodating the therma

30 ?support and of the working layer.

35 preferably, the values of the thermal expansion

coefficients considered in this document may relatekiio
those in a plane parallel to the plane of the .wor g

layer.




’ forn1the support presents thermal expansion coefficients that can reduce
or- even elimnate significant tension or conpression stre§§ﬁ§"gb0%he ki nd

that arise-during the 5 variations in_ tenperature that are eren

growi ng the working layer, or that oécur on returning the substrate

formed.in this way to anbient tenperature. It should be observed, in

particular with reference obl ens of, crac Sgieé€égr ce relatlve
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~when sai d gt BLANGELER0S ! OveRORRIRIRLRR 11 i RBAAYS s opposed

to when it leads to stretch ing of sard |ayer.” Thus, in conpression, 15 the
t her mal expmpsesaicnestiresens of the %H@@oﬁhaﬁaﬁé%ﬁ%lduEéﬂgb%h%everal times

greager thaps 5P$&n9flhh§ M?é%é@greléﬂﬁﬁ aFOWeNBErehD E€XtgASWDNG the thernma
expansi on coefficient o he support materi al % Prefgﬁably not be |ess
YERINI0

than 0.7 theeYorkéngodf¥fEieflt b th%cﬁB¥k?ﬂgr? t should be
- observed Lhgktiheesegdmbayen €Rfsbeaystbt albeehor tadpptabtgreo the ther mal

expansi ons | Dosed, DYaUlie SHRROLL,andh op LDEMPLE! 00ch Y EEerEfto! Il S

purpose, the sékd® fess 'S sna enough to
enabl e |ttbOpbebﬂeﬁsraﬁbteaehlag tohablt@Mﬁth@C@Sr@lﬂﬁhgﬁoﬁ%I vari ations

dueah0 L NY FBL-EXRANHORLDLn! D, CHORRAL GROLASIGH Lbervotkings)oger. This

't hi TKness " may e en erla constitutin t e seed % er and on
t he respetheveeﬂpﬁetlﬁﬁsm@terhélgu%%o¢$eaﬂ@r%%nﬂ Y%Br%? g%

Typical lyg ﬁﬁér@-smé CPRcpak bk ORnsHPPRIA dBBrbavhbg Ebadknéss of 300
m crons (n¥ agalliumnitride workin Iayer havi 9% hh%ﬁnfés of several
an

“ni crons, ﬁoﬁﬁﬁ%%$y%¥a}mlEEesVPF%bﬁgc FHT e S FPPAVRr ave t hi ckness
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- 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
25 dimensional variations due to thermal expansion of the
support and/or of the working layer. This thickness may
depend on the material constltutlng 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

‘can have thickness that is less than O.§ pm, and that may

Epreferably be less than 1000 angstroms ﬁAL.

35 ' Advantageously, the materlal constituting the seed

“layer can also present lattice parameters such that the

working layer can be grown epitaxially on the seed layer




l.ayer can also present ‘lattice paranmeters such that the working layer can
be grown epitaxially on the seed | ayer 24 April 2005 wthzgl S|II%%%I ons in
the working layer at a concentration. of |ess than 107/ cn®’ ‘T\Ple person
skilled in the art knows how to per?orm such epitaxial growth by selecting
parameters and orientations both for the seed | ayer and 5 for the working
| ayer. By.way. of. ex Tabl.e o] i zes t araneters
and t he ¥Hdt r%’rS]é%‘fJ%t{'TrE‘?%% oS c‘f I¥v (S)];g%%ir:l%%s n%{%g%%}éi;éf%r? are .
sui t abl eof dresusetlian 10fNcmient Thg phescmt abdlaedt hB EHEeATFOKNO¥Pt her as a

10 mat ery al for r VELx 1 Swtmteyiabi1beeihe seed |ayer or
as a mat}écf‘fa %éh]fe %\Rs%%&gr% subjétrata{?ér %ﬁ?ll 20 5 Tabl 1 GaN (W

AIN (W pRposeyeys 3111@0)’1?54&11@0013%130%&?& be sgedglayer 0915 5 - 4 758
C 5 5. 43,2 thd PSrPRGNBARES. C 5.185 ¢ 4982c:1299c=15.12 (A

long & of o B{XEeY 6KE 1$xawmﬁ<?mf“if‘%siz°%e€ qitukdrfeds GBS Uty o
(W cm K)1adbidaupadaBelerdi antt eiie curexma ] yexpaasianl eoeffhehenys
. of various materials that are suitable for use in
implementing the method of the invention, either as a
10. material for the working layer or as a material for the

seed layer or as a material for the support substrate.




Quality of Excellent Excellent Variable substrates

avail abl e

Rel ative 10

proposes various techniques suffering from drawb

the invention makes it possible to overcome.
Thus, in prior art techniques, a substrate was used

acks that

made of monocrystalline silicon carbide or of sapphire to

1125 prices for 2-inch substrates (arbitrary units) ng ne can
particul arly be advantageous when it is desired to forma fﬁf ayer 5
out of. galliumnitride. To do this, téhe prior art proposes various
techni ques suffering fromdrawbacks that the invention nmakes it possible
to overcone. Thus, in prior art techniques, a substrate was used nade of
monocr ystglli e silicon carbl de or of sapphl re to 24 April_ 2005 7 serve
bot h as stipport—ang as_a ﬁe % Mot kidg (qyef. dHoseeer)
when thd working | aypr 638 e P% t %n1tt|ng di odek (LE%E), usi ng
a solid} silicon carpide or phlre support means|that it i not-5
possi bl g satistacfory Ie a the pegiltd ans. 496 | ed ecBrogaf
contactd, tHet%e&r actPon %ﬁﬂ¥% Aig t en1tted bg fhe diode, jor _t e of
a refledt ipgasutéace| c et.145) the pr2&2ftC cadd *A{first suppSrf can ‘be
sel ect ed thatg)s suifable for the deposition operatiion, 10 apd that cah
~al so be jecovered—aha—thernr—apecond SUpfort _ can He sglgcteﬂ which is
fitted dfterhehelfirft Supgort| hab-Ieen |remdved that r's suifable for |
achi evi ng Q%%J%!O ohtral igver the5aﬂpve-nenuianed aspects. Fur thr&Bnor g,
substr atfe P'nunocrystal ine silicgn carbide) and 15 t¢ a | esser
extent dfcesfifdRieets ire expensjve and of | limted diameter, \hereas in|the
present qg§§mp§sggqg I ayer is lused which |can be thijn and tak¢n from a
| (x10~6K"1)
Thermal 1.3 2.5 0.5 1.5 4.9
| conductivity
(W/cm.K)
2
Maximum 4 8
diameter
currently
available
{inches)
ouality of Excellent | Excellent | Variable
substrates
available
125
Relative 10 1
prices for
2-inch
substrates
{arbitrary
units)
The method can particularly be
advantageous when it is desired to form a working layer
5 out of gallium nitride. To do this, the prior art




substrate which is optionally recyclable or froma single crystal, thus
making it possible to save consunption of a 20 materi al th?ﬁA@ﬁQﬁﬁ%
“expensive. Furthernore, the nethod can nake it possible to use a seed | ayer
which is constituted by a material that is easier to obtain in large
diameters than is monocrystalline silicon carbide, for exanple. 25 |
Furthernore, sapphire is an electrical insulator, ' Is-retained in

sq _f i
the form aéree sodthl auppotuppaHernid a%h et Y the 888 P Sﬁ"eany el ectrodes
needed fofotPend Mepded appldFat, Gl tihe wiikinag lagper isousedpr ovi ded

solely on the working |ayer jtself,_ whi can give ris to probl ens of
avai | abl et%p%%’é‘"(]f%ﬂg'é' a9 ci’vﬁ)dee‘f e@ﬁ‘?‘“@al %(,solr?lgagt %O%?gi to be made on a

front facgilicén corbide dr esmpphineeswipdite nwenlsi fatayér s TRE met hod can
make_ it possible to decorr tifes Ahat nar eodesiibad for

f or 7 ng ap%?%%?:ﬁe s]e%ag?%%sf%?cfeﬁ#ehﬁ\;\%?%lgg ac_!fg% and the%_)propérties that are
desired fof ¢hectsuppot tcongzaatsulthe eXxi@rting ebppder 119 i ni nat ed 24

Apri | _200:%:7mi¥‘¢]é<§'c}5)'?' ROSFIdid | tor Afnd i JeGy dedd ecthug mmitifagei t possi bl e
~to mtigate the drawbacks nenti oned above. In other prior art techniques,
attenpts ®Ewe bEertheaFeINUSHTE1 YA 1T TEe <G &1y on solid

gal lium Senddtédecde i Ndaad bedtiyridie gilfatic ion operadiom. gal | at e.
However, soli alliumnitride is expepsiye h c i are not
matif e. I?P%tﬂ'@% prabr LY R it e%er?t\ﬁldo%% na%‘o%%féogﬁ \%g? %P%g | ayer of
gal | i um nidst ilste dwisediash wepdsiiedigrted Giterl thei Figes sHERSO¥VEr, if {111}
silicon e, 11960, a8 Pl 18- cl it Al SrOLEn1 EReRCLHREKERY 1S Observed
in the v%r imng T ayer because ot poor matching in terns of thernal

‘expansi orcomByralecorer|the mlbass wmantgiened REPasEEhod FEERPRERETr possi bl e

firstly tg58leated Sl o dadriridiall iine Wildeba tarbidel eandon and t hat
'S 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 1is
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




sufficiently-thin to deformunder the effect of thernal stresses and
second'ly to select a thick layer that is matched in ternms, ];“hﬁj'oga
expansion to the working layer which is caused to grow on t see Iayer
20 Advant ageously, the nethod may incPude: the followi ng characteristics
taken separately or in conbination: at |€ast one bonding layer is

I nt erposed between the seed | ayer and the support, -the_agdhesion interface
) 25 inv@ﬁh@h@@msmﬁmrﬁﬁlﬁlw#cmﬁoﬁ uﬁg“ﬁ]ﬁ&g i constituted

by a mat eéé%lb)f‘?k@& FiOBdhe dhStacamdis m@ntgavhleﬁumbmvterl de, al umi num
nitride,

I um and “al um num ni.trjde (an en ner,
seni conduct i veIIhlc?‘FIi‘%Fé@W MR %% ﬁg pgccf’ ?‘h see%% ayer

conpri ses,n@dgaﬁ@rd@d;oéﬁi(eja]flm tmﬁ:rzldestqutrlrysmgsm&pﬁar ld iugy | j con’

carbi de, zjnc. {111 e hdismsel ected to
obtain a P ’r‘é’é’r‘g O%r%c?ea?d st %ef and E’{rllh%r‘ft%a;%ﬁ’:on‘fﬁy]fior lexarrpl e to obtain

35 hexagomallate cuHaweadti wsehid rgaﬂelllblF nift riglesil st £EPFSYCH e i s

sel ected a seed layer of silicon carbide;
24 April %%%Spgé%%n{i\&%\%%g%é gy%a%%]of ?qal | i ,um Eil ag)l de of very high

quality, i.e. HaQFREY aEYOX RET 10T MHIUS Gd&re “centi meter,
e.g. gal 'wmm r1a39e19m@1gbemmntmrﬁm trend a:lednaﬁemlsw\ﬁdr growt h (ELOG)

t echni que; e, support ri ses, rial en f t | i st

comdi sin fm‘?]p]rfdﬁg"'rrat}g?"frg‘fesr p](fy{zfls}g 51]1110%% %ast ilr%l E‘% and sintered
mat eri al ssuﬁﬂs@rtsupjpoeri irongiii e f crmvattdrera|c realkdmof rl@nﬁhﬁ‘@r"le@stln

conpri si r%b‘? pol taa{r?l,e|pebes(56ldsceorbé:%;£§d%‘at‘1:@1ﬁqgnq_g Yebdlsl bFe silicon

car bi de, al um nhum ¥st al li n% gal I ium
’nltrlde Ehﬁtmal expan51on By decorrelatlng selections,

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;




nmomocrystalline galliumnitride having a high concentration of

di sl ocations (greater than 107/cn2) the seed |ayer is of tgﬁﬁsa{gqﬁhem cal
conposition 15 as the support; the seed |layer is taken fr RN ce
substrate, by dissociating the seed?l ayer fromthe source substrate at a
pre-weakened zone; the seed layer is taken froma source substrate 20
assenbled to the support and then eroded via its free -face so as to obtain
a seed | ayer. oftifesised tdyeknessnadd orf tdnblipan poideride if pE¥si bl e to use
a technigue taken. fromth [ Sk Of g0k ARG iBmes peat es and of
t he 'typehk%e%v\?i‘lﬁ”f%é 5?%' g%é‘g%_ang ﬂét ch bg%:?( Ell i con, 25 C}?i nsul at or
(BESO ) )squathe peet ivwakened zbnedd bl HEda By 1691 2t d P4 D ' species in
t he sour%rgi LPs1{ af e @ba P SePE-IRHEN(ECEtY espetiqi®; t he thi ckness of the
seed | ay ignoring finishing ste s%; an 3 E'\?eéefg%rha%?é is .
di sSoci ated frof#eheuRRF eSO Fate BETERSt TR par _an operation

- taken fromi r@ombfﬁéiﬁ@@éﬁéfﬂgéu@emtérmlm@le’%ﬁl}b{mhani cal

. stresses, and, chem cal, etchi n%d oL a.£ ination of at |east two of these
oper at i oR&EEBE2hBovR AT P ReTRe Tenal nderZof this document, “atomic

i pl ant at i on" - | sShesedpportcovenprhseborbarrehtl usalen SXIR T-T ionic

speci es g subkabl g; LT bo1yOHNE 001 e APL1 1c8A0BarDe | hese speci es into
a material°s0 as 10 ac fe'e_% concentration naxi m'j;l” t%‘ﬁ%ﬁix? cies in

t hEO mat empabcryseallimgi fitd gen nigpehidae P et er et dep rel ative
to the bonpasrgded syifaepscdipiné 0Tl Dimiwhteide speodes are introduced into

- the material wth energy stributed,around m Atom c species can
be inplIa‘ﬁfl‘é‘arYﬁt?%%lﬁﬁt%?ﬂa’rm&slﬁtbr]a%eil&?'lv'blégmg%i anter, a

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




plasma i mersion inplanter; etc. The term"atonic or ionic species" is
used to .nean an atomin ionic, neutral, 10 or nol-ecul ar fo%% ar 5§I ecul es
inionic or neutral form or indeed a conbination of diff RY' 29P8rs or

"~ nmolecules inionic or neutral form 1Brief Description O The Draw ngs

O her aspects, objects, and advantages of the invention will appear on
reading the follow ng detailed 15 description, and the invention will also
be bett erthesslespsdaiot virttho tshendtel «0f ddheasadowrdnidweg adr awi ngs, in

whi ch Fl Sl et g8 orlBOEATS RGN J GRS, b Fhe WIRIGTRAL AL on of the

met hod i n" accordance wit I nvention igure 2 1s a di agr am of the
steps i n sfst iEaxinum hedae aliterted @te ansletarnineskt dsm¥dhce with the

I nventi ojel ddi0H &3 tite HARAIRHRA FudiR St epshd nodliarat iemid 25
npl ement ati on of the nmethod of .the invention;, and, Fl%{le4|sa

d| ag?r amEtHSC 56 St i AUGH DA i Makd SH¥h four seed
| ayers, aidthe ddtell ddvainde an rbsinsad | RAtaondar Isqmtcmafs ida@ det hod of the

nventi on.,, 24 Abr 15, 2095 103, Dehaiad Pescrid 0,39 e fiEbhod, of the

i nvention s el owin manner Wi t rende to four
particul @lasma imwedsion imgliempesnestat.i ofhea Hexwof'atiomig o st

i Mpl eMent; ;N o RRQW v 1} sFLGUHE b, nanl WAl cSP I dbgiits h%u@&gﬂ conpri sing
a working layer "16 35 on a seed_layer 2, by performng t ﬁfollovvl ng
d

stdfs: i esui@reLosm. aREr PROGSUHESeAlall o Crgke NEULEGAJERE™ ayer 10 on
a surf acerofindesdUECeombishtabge 6r24iAFerkbn208%oms 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; .
Figufe 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.




11 that is to be subjected to having atom c species inplanted therein,
formng a layer of anorphous material on a surface of a spppgiiteodd to make
anot her bonding layer 11; 5 inplanting atom c species at a determ ned
depth in the source substrate 6 so as to forma zone of weakness 8; 100,
putting the bonding layers 10 and 11 tf®o contact; 10 200, detaching a

. seed layer 2 froma source substrate 6 via the zone of weakness 8; and

- 300, depositing a working Ia¥e[ 1% gnsggg ;gggace of the seed | ayer 2
corresponding to the zone ; he steps of formng the
bondi ng layer 10 and of inplanting the atom c species can be performed in
t heyg order spegid ingstIahdusr Whd niraraitieom o sledesdxdmpd dselbdw the step of '
i mpl enent | ng .at om c speci e and. t he st 0. of i seed | ayer 2
are 20 déiect%lgle%ﬂr?? Encht pht'e e%rfcei:%%z%%‘iloﬁg, éor Eg']gagrrp e. The steps
of form ngod-Hei rhionidig gi gelyeswesn te( fands thexswff espond, by way of exanple, to
formng a |ayer. of .q;gq{ %H sl Udign@ndh OFs ddnge et hpds known to
& fli 3 e t%{ﬂ Q:ln, 36;5

the person skit 1% he~art. et ween steps 200., angrllr 300, ]'Eée met hod
of the ifiveanlt isorbdpatendl4 yigd madelemIersnd s W bipar I t surface
of dde Seafl d Berda At 3.5 he JARRING I A hAOrdd g ray esectfs : The
preparation operati ons conpri se, or exanpl e, pol.ishing operations,

anneal i ng operatiBHEIBE SfesthiHg mq% “é)ap'ger‘%'ﬁsjontscg(“éa%? Under
hydr-ogenhondaiiedldyRe Querdi isonsirffeice eifnforsngd milsdhesiers interface
bet ween the bonding |ayers 10 and 11, sacrificial oxidation operations
(oxidation followed by elimnation of the oxidized material), etching




35 operations, -etc. This first inplenmentation of the method of the.
invention'is described in detail with reference to five 24,/ppjjlo08805 12
particular but non-limting exanples that are described below one after
another, with the way in which detaghing is perforned at the adhesive

I nterface provided in these exanples being described after Exanple 5. 5
Table 2 bel ow summari zes exanples of materials that are suitable for use

i n i npl @4RRt 10 M@ i edvBl alEHatie) deseid hgskabave. Table 2 Wrking

l(? z;e)ircglejﬁgﬂla%g’rﬁl iht%r%iréd&ll{)n'g(fis ; jgj;qt I%%?G’CI?G% t%pa::ccjarlpl%ﬂﬁng%/rﬁ%%?ill ﬁlor ALN or
"Mono Si GrSIiaOBufaGie3NE Rolsuppdtori2 AldGanler amrtthssr Gerdim@al nN or SiC :
sapphi r Q.o el her- poly- AIN or poly GaN GaN or AIN or (111} Si Si Q2 or
Si 3Nd P 9"%’5. ¢¥r AlGaN or nono SiC or GalnN or Si C sapphire or or other
polsy . AIN or poliypGant iGN asroniiN e SHH AT & S?@ze’ﬂ?l%‘?‘gl\‘ﬁew y5i C or
Al GaN or R, side AubEY N Olc SL SRR FQ-Wla WnOtderweatyesd N or  poly
GaN GaN or AIN or Mono GaN SiQ2 or Si3N4 Poly SiC or - AlGaN or nono SiC or
Gal nN oiSi C sapphire or | .
' . 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. under 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 operatioﬁs, etc.’ ' -
This first implementation of the method of the
invention is described in detail with reference to Five




or*other poly AIN or poly GaN 24 April 2005 13 GaN or AN or NdGaQ2 or
Si02 or Si3N4 Poly Sic or Al GN or LiGaG3 nmono Sic or Gabg]?,[ A 2085C
sapphire or or other poly AIN or po Gal In the above tab g as in the

t abl es bel ow, the term"nono" is used“to msan' nonocrystalline” and the
term "poly" i's used to nmean "polycrystalline". S EXANPLE 1 In the exanple
corresponding to the first i ow of table f a mnrkln ayer %6 |s made of .
gal | i umPR¥FiEelanh DAt sk 148 éFlﬁgc%ﬁéTP ot et'dy ﬂf g?ysfa Ffne silicon
10 car biglelowtsed fabben @ﬂbyﬁeystaithnEheldvagomcvahbcuedesaplpmng 12, with
~bondi ng | ayers 10ad 1 f r pas tweenthe
support 12 S Bt o HEE s%édﬁ gdﬁ‘ig?}ée E&EQL?Q %p(?"i&éﬁejp'geggeggyer 2 1is
1000 A‘t@m&mpleaEbéh@gs@@@@rlbﬁé agt@UOEﬁamPhﬁcﬁ for exanple. The
strycture CO“fdétsié’tf%Qi’o&:hguﬁﬁ@szQé EP8m %E@Q of agEe2i@lsmoRger ystal i ne
si-l1con car bi bonding layers 1 é of silicon oxide, and
the - sU@ﬁ%r%uHE?Qﬁep%??c??%tbPl%%%1§??PEbﬂgc%P%| 75 made by 20 a |ayer

: transferlmgmémgh$agwmht@egaglggﬂsgnoﬁglIIed in the art (e.g. see an
‘application of the Smart-Cut(r) nmethod in French patent No. FR 2 681 472).
The working |ayer 16 can be nade by chem cal vapor deposition (CVD), by
hi gh tenmpslslt ute cheni cal vapor 25 deposition (HTCVD), by MOCVD. by MBE, or

D1 PR PR R T Oy Sl i > T

(typically layers 10 11 (typlcally

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 mono SiC or
GaInN or SiC . , sapphire or
or other ‘ poly AlN or
poly GaN
} caN 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 AIN ox

‘ — ' poly GaN




et al .,

techniq

Phys. Stat. So

ues.

|..(a), No. 180,

p. 51 (2000),

or other equi

substrate' 6

val ent

30 The use of silicon oxide for the bondi ng Iazghpﬁgmogakes it
easier to take the seed layer 2 fromthe source

.pl anari zed deposit of silicon oxide ba April 2005 14 nmakes i t possnble to
el imnate surface |rregular|t|es and

pl anari
- of

Wi thout crackifo.},Q Sﬁgvéhﬁéﬂf%

vari ous operations nentione
of the abweosotl abpeysed tatPeRRul ‘gongCryakal hipe| 52

Exanpl eszdoapd 25 8868PEotMSsnt MgospedykayeliReirs made of
permtting good epitaxy of

Sapphi r

to perforn1a pol i shing step,

a

— 1 Ny

and a step

e 1s anot her

mat eri al

OVE

that is

known for

s exanple (t

hj
FbﬁlEﬁFmto t ha

sapphire.

Hg—st-ep cfeanng—step, g chemcal—prep atla %tgp

bonﬁbﬁy sai 818 birchn SR, 0AF0 t heSi04 oS ioli dp BPLYh&E BBnd ng
| ayer 1f1 fqgﬂgghqgrthe suppei&ad2 usipg convention me@bnsanQrthat are
easy tol i nmpl ement way of exanple the set of bond r Of and 11
is onel iFFYH ?%l%%g 10 EXAMPLE 2 In[this example ( eco gh?§% % above
table),ja otrocherwre ip provided that|is equival ent }opprhat AN oFxahple 1
except that the seed lpyer 2 of silicpn carbide S ephgggp &xva sped
| ayer 2Lof{11l}-siH-ebpa—t5—TFhethteknress—of—the{tIif—SrtrTTOom 1S
preferably limted to |less than 3000 A so as to enable it to adapt

exRangi PRt bab1uk! beldks thbaeersluring the
20 EXAMPLE 3 In_t

du

hird row
t of
25

galPiumnitride. EXAMPLE 4 In this exanple (fourth row of the above table)
a 30 stexmmorne Ls made that is equivalent to that of Exanples 1 to 3,

except that'tfg Eﬁgdekgﬁgfe2c$§r§§ﬂ§n8£ng 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.
15 The support 12 is 300 um thick, for example.
o The structure constituted by the stack of the seed
the two

and the

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
see an application‘of-the Smart-cut® method

20
the art {e.g.
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 vapor
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 -

25

30




monocrystalline galliumnitride. EXAMPLE 5 35 In this exanple (fifth row of
the above table), a structure is nade that is equival ent b0 abkidloosf 24
April 2005 15 Exanples 1-to 4, except that the seed |layer 2 is made of
neodym um.gal | ate or of lithiumgall&ate. Nunmerous variants of the above
exanples can be 5 envisaged. Thus, the silicon oxide in one of the bonding
| ayers 10 and 11, or the silicon oxide in both bonding llayers 10 and 11
can be r&@ké%edtbposemﬁletberemmmenaaé stiofaeraipregsilhiribaesi endde

(Si 3N4) Thlsggaterla ggh%g |cuE§tan gégggizgﬁ g£@burgs than silicon

oxi de. THPsPS §thggols par Bavant ageo s in fhe context of
opt|n12|ngedapuslstep o# chemmgak|ngepayéElQB ﬁﬁeErdéﬁdtB SE8PnP4

”Dnocrysbéh EQX s@ileeﬁdoQHaE'BMt@rthedseﬂlcﬁheaxhael&fdehbred to
i ncrease t deposition. 15 Silicon nitride al so has the advantage

of Elnltbﬁgdéﬁg é@&ﬁra@ arrgedi PRULhEnSBPPEEF| LAnPFAPE the support 12. In
yet an0tE%hvé&khéﬁblotebhhsqﬁEésthaﬁphgaeaaaylan bfnpl Beenet ho8yof t he

i nvention, aII|u de,i eplaged by a

wor ki ng wayép 18X8Png agﬁﬁlﬁﬁg1ﬁ%tpgﬂglng #%%%o%océg h,ggn al | oy of

al um numoardmifcroal thiok.and all oy of galliumand indium or sone other
conpound. The working layer 16 of gallium nitride can al so be replaced by
a multilayer structure constituting a stack of layers of the gallium

ni &Pi de, EXBMPLE| dni num nitride, galliumand indiumnitride, etc. types,

possi bl y- havi rg @h&éeéﬁﬂhptén@§e@&ndoﬂbﬂgofe&§ovéntablepthar variants, the
"pol ycrystalline silicon % 5 de su ort 12 geglagg £ éfnnnocrystalllne
silicon SEEMBLYES(iA BEPYFLE Fh@ﬁe tﬁguéﬁ%%%? S t4R“b8*30 recycled as
ment i onegxbRb0w) 1, SaRpEptechaol yheyseadl lager 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




alumnumnitride, or polycrystalline galliumnitride. After grow ng the
working layer 16, the support 12 is renoved, possibly afteg4A§H|1@bg%C| ng the
structure as a whole, where necessary for questions of strength,

means of some other support either By direct adhesion; or by forning sa| d
ot her support by depositing it on the working |ayer, etc. 24 April 2005
16 The support 12 nust then be capable not only of vmthstandl t he -
*condi t i dfrsampies MW ¢ IRxamRtkitiRl dfe sepdl ilaygrovn, i Hads C%:\‘gvant aged by
bei ng suid SBhEidRga ey dr ofhe itteshit gua 13@leected for withdrawing the 5 3
~intermed ate support 12 can determne the material selected for
constituting it. If it is to be sacrificed by etching or by nechanical or -
chem cal remvgherddievddiantst i nhearbaenevanpdteespsandeal so t he

intﬁr medi at.e su&gort 12 itself nust be as |ow cost as possible. Under 10
such ci rdd t he support 12 should be made of ol ycrystal line

al um num ni t rThms DdteacHiligror mxtilde iimyome of, téer ing i ¥ Srechani cal |

15 Lhermpd ol 001 Ol Al oiliasehn il 3l PdteondiRy Ustfbxd A cause the
assenbl y 10 Jefﬂt into two portions situated on either_side of the
t

adhesi orefdht ek feRTe PeudpRrl agach by Samss oheEs Matsg 18dppAE 12 can be nade
of nonocysisd |s!1@.3§ic|ﬂ Ciﬁﬂ:z(i%réﬂl((m Hms:e THid Snatodr 281 C@zmurred and can be

reused | n .anot h riant, all of t e co he wor ki ng

| a%r 16"H trﬁiﬁi gp&rgt&r sz 1\(/39513%13{1% supporJt In a
second |&m}aaﬂmgatna)rpa1ftﬂd1tdamé1§h@«ﬂv@ﬁmalgeow Ly &t mnta%?{tsmﬁ/m in Figure
2, a S”#?éﬂl'{lez zqt’@eg)%ﬁ idd e Hel Lbek Q LaYieon Ploddeg- i@ hod of the

|nvent|o ove, the structure nmprising a
form a monocrystalllne layer of good quallty 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 nitride, 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.



morklng Iayer 16 on a seed |l ayer 2 |tself on a support 12 wth bonding
|'ayers 10 and 11 interposed between the seed 30 | ayer 2 aqﬂ;A&q2@y§port 12.
Then, in accordance with the present inplenentation, a thick l'ayer 4 is -
dep05|ted on the free surface of thaeworking layer. 16 and the. support 12
"is renoved, possibly together with the seed layer 2. The thick layer 4
then serves -in partitcular to forma 35 support for the working |ayer 16,
after the supﬁmetsﬁ@pohas1bemnsteﬁﬁéﬁdbe2é bl %@Q50P1§-E§b{gxf gflfﬁﬂs
sunmari z o] terials that .can S in e c

second |§%F§%ggpdﬁﬁ' Eh%? “ PREAUBASEh ¥ ﬁé CoM O iGh F&YS\Wor ki ng
Seed | ayé® B§nﬁrﬁgn8ubp@ru81adThntkgedabgrbé&ng bajeablleayer 4 10, 11 GaN-

mpno Si3N4 or poly
o ot Lrtkbvan S BReOt Rl a0t 80PAd oF- 91 chlCN 0l TP sapphiro ALN

I L _or
po %therlgﬁﬁﬁﬁ?géaﬁﬁ FHRBObEr b4 CBR fAtACRiBectbe materdelor or Li Ga3 poly
GaN met alseaeopeerfor%iv@ltitﬁtiﬂgt s exanpkelsatéeﬁg ls.ar&éﬁ-gfgﬂgpcon 10

S 111}, silicon LS a,polycrysta

Carbi de. BRpRbPRias G RYsTeFBSRt Sl ot beRBRABar Apelevas. AREn1EhEet veen
t hem Therehingrandwekdngl| ayeps wn@falmneﬁéyshgékmaalgaél i um ni t:lh def I's
deposite MGV, hi r. 4 of appnd is osi f.ed on e free
fage ofg? eOnDnoéiggge}Fl%%égg?+?%%1%l %% of® tﬂ%sﬁbggg &gg?ﬁyer 16.

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 used

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 wvariant, 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 support 12
~ with boriding layers 10 and 11 interposed between the seed
30 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 suppért
12 is removed, possibly together with the seed layer 2.
'The thick layer 4 then serves in particular'to form a
35 éupport for the working layer 16, after the support 12

has been removed.'



Thereafter the resulting structure is subjected to
det aching the assenbly constituted by the working |ayer 1§ f
assenbly constituted by the support 12 and the seed | ayer 2

treatnment 20 conprises using nmechanizcal,

-t her mal ,

stresses to cause two portions to becone.separated on
adhesi on i nterface.

possible to u&gFQe

|l ayer 2

it

S poor

finished
formed bgaw F’?ub‘se@f ippgh

electrostatlc,
ei ther side of the

PhARdse

treat nent suitable for

etc.

Thi s exanple presents the advantage of making it

but on
94cﬁﬁF?¥t

e_th

>665hig

wor ki n

gg&q”

5§pBeibw13umﬁﬂﬁﬁzé§réﬁﬁﬁp&hatoESmhﬁe?Salscehae t he seed

g BpTomifeghy

is pogsi bhe tmetmekeod thenahvenppont (the thick layer 4) for the working

N has been
silicon,

| ayer 16 that has properties adapted to using said working layer 16 (in
this case, with dianond, it is the good 5 thermal conductivity and
el estri cakbilesdl ati ng properties that are desired, e g for mcrowave |
appllca1IOﬁ3% 1§ d 'éeé&sfﬁ Q-305§6H&fné° ord hizgh quahity inferface
bet ween]t he % | ayer t he worki ng |1yer 16, e.g i obtgln better
heat co1dd@0ﬁ¢h1510 Thi s %xanpla cdRYEFPpri e numerous YarTants.™ Thus, the
seed layer 2 of (11}) silicon cpn he, napl aged by nDnoc ystalllne s{licon
car bi dej—sapphrTe,—meodymium g ||ate or 1 qugﬂq ng
layers ﬁ?bﬁm}" 2A%{  diikidoPox| deSt8n Fe r=p|ty§’;lé’dg% %105)"% > ni fride;
t he pol Cl‘djgstp@ddme S|brcm@n@ar Di dessymport 120rca¢aljae eplodoe & 15y
monocrysgtal lin ' car or by sapphire;,angd- the Lhigkyl syef 4 of
di anond céﬁfcﬁéniie ol ycrystal ling %IICOH caf bi de, by
pol ycrystarl $he gal |un1mu1r|de (e.g. deposit ERPPIIHFPE] 281 N\¥Thor pn
‘nitridel or p¥eg et alg %% Copper, etc. (@rgmog@p0>|teﬂoﬁ§na t hi ck
| ayer b el @ rolysts t shoujd be observed that the % rpperties
: or NdGaoO, . S51C or ri = JY
or LiGa, poly GaN metal
B (copper)
EXAMPLE 6 _
In this example, a seed layer 2 of monocrystalline
{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, . electrostatic, etc.
' 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




of the thick Iayer 4 can be of inportance, for exanple when it is desired
to make electri.cal contact with the 25 rear face of the fipalhp sulgErate 14
or when it is essential to be able to evacuat e the heat generat ed by
conponents made on the working | ayer 186, or indeed when it is desired to

| nprove extraction and control of light emtted by a di ode or a |l aser made

in the working |ayer 30 16. Jt w |l then be under that the properties
sel ect edcge? Iage¥hd kE | 5p1 15P¥e Jatdje%‘)r%%s%lf S i subst rat e

f abri cat  Dha Irehesisrt heghd Sthp@]ﬁtlﬁjdéﬁrziy ﬂﬂnaﬂsﬁagmd&m@teta}n@kl ng

substrate for tics, electron ptoelectrto , t is also 35
possi bl e'% o thah %g ST 7 e%% FT‘% t:S?.Ibu% Ita({’ & (gb“ﬁﬂc%t |%n net hods by

prow di napeepnE atimntlsiepsagknowithi diahendel fesit chhedd son skilled in
L ar L) DRI Lodhu AP 2000 dfedOrf0Rh) tnddifad iy lt Srctkd 0 be

equent y Separ at e working |ayer 16 SI m hese
var| ant stlafa'r—l aee tdeptpded t9D- E@?Lﬂ&%@é‘?&a‘(% R HHat W)‘?%hgélt yer 16 is

mafjle of f’taigpai‘é@h'ﬁbééi@f‘e tgcf: éﬁéuﬁ@mcni@hd@;aHtpLimemacal Ium num gnd
gal lium_ or of other conpounds, instea ng, t.he ayer 16 out
 of gall iBREFHEER| e A e staYPhd? 2B &%h%oggw urﬁ‘}helt"rl e %ki ng | ayer -
16 can gbsebbein m&ﬁefay&ttsd:dsmldﬂmteont acking layers of the 10 gallium

E:]h L-de alu num%(gdéﬁ) erren?lgl%@fseg[?ﬁﬁ%lb&ys Wiihgaping of different

etc. Bt net hod of the invention as
shown in Fi gurleués,, m@tsmut@wg et {hL1isEhiede €37 3R | ayer 4 is

deposi t 155)? M R 1 BYET s 161 @ol ¢ seed é@gy;_ﬁtlﬁehave been
. separate contr y to that whi ch is descri bed ab e]Iteference to

the secomPdyplemankkateh AT thethiB T bRtehd b aYFEan then
ei ther bgp dep@sii esk of I Hess ab®i ¢ deamshe replaced by 5111con

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 layexr by electrolysis).

It should be observed that the thickness properties
of the thick layer 4 can be of importance, for example
" 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
'fljin-themselves to the person skilled in the art) in order



the free face of the working |ayer 16 or else it can be 20 deposited on the
sanme side as the seed |layer 2, either on said seed | ayer §4gpm%% :
corresponding face of the working |ayer 16, if the seed |aye I'S renoved
either together with the support 1 or after the support 12 has been
renoved. 25 The third inplenentation of the nethod of the invention is
described below with reference to three exanples. . The nmaterials used in

corrcopor ottt ehe BhfSr £A008; £ruf B HORGEAR 1S ddtfdeatnd ey

B Vor ki ng feed thyewoBoidkgnbapPeppdét 12 Thick |ayer 16 2 |ayers layer 4 10,

11 GaN or Al r+Mpng,Sksc gtlll\j:,@rt @éeffd@N or {111} Si3N4
or poly or po or%I ﬁkﬁ%sg v E Ilor gIC or q%s phire poly AN
[

di anond @1t@$ttﬁmﬁo¥nowhb@hoﬁ WRHE%EE %?Y%%pbﬁl¥%‘ﬁ? or LiGaO3 or
poly met g ,eehlim G 25 dd] NoFbBO1 Sb6n5d82b 0de Momo. S IoAIME or GaN  or Al GaN
g;péﬁ}EéasiégﬁyggﬁﬂﬁggﬁﬁghgmorOEt8ﬁ|ﬂgﬂ%¥5%%éﬁﬁpn ﬁf%ﬁgg%%%hufé E:Erlde or
NdGaO2 omaRingotye mebakihygGhéBefalNs suetchi gyl Mwe SO Bl92®r Mno SiC
Poly Sicdescribed above. The gallium nitride working layer 16
can also be a multilayer structure stacking layers of the
10 gallium nitride, aluminum nitride, etc. type, possibly
' with doping of different kinds, etc.
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

a portion or {111} Si3N4 or poly or dianond

or the AIN sapphire + poly AIN nitride or or the etﬁbéﬁﬁzﬁb
Al GaN or" GaNor sapphire the Gal nN NdGO2 or or poly [
EXAMPLE 7 In this exanple (first
conprising a nonocrystalline silicon carbide seed

bor on

rowwf Table 4),

of the GGN Si or Sic or or
nmet al
or the EﬁCB &GN
a structure 5 is nmade
| ayer 2 oil a

nonocrystalline silicon carbide support 12 wth silicon oxide bonding
layers Xhwnd 41 between them

in the sane nmanner

‘ 1ayer 2 oh a monocrystalline gilicon

‘10

with silicon oxide bonding layers 10

in the same manner as that described

for Exgmpte 1., Thgreaf ter, a vjor kj ng,.J ayer % Dodr ystglildkne d
10 ni trfi d&GTEIRe oﬁe?hei?ygﬁ suﬂ%ﬁggn th%§g$ fggn 44" Apri172004
car bi dd seegetayer {2 by MOCVD. [Thelayeusturle obtained ijn lewes day
subj ectled to treatment suitablg foy, separgting the striucture const
by the |seedt-ayer—2—and—the—warki-hgtayer—{t6 from e support 17,
provi dedsG&Nret| 1% |st MopbuBeCcdnst§iQu 6F by aMeaP| $im |nhtli ok GV |
layer 16 gpvgiggdni N acseedihayar 2 of y,nondcr st gldliyne [si lorc golgar &

a suppdrt €2 tﬁat is regdy_?or recyc fng. A tglék | aydr 4 9& v
pol ycr st ar| $aEnNsill i c6H @ bide is then ddposPted®by qvD Bh-tRE sd
layer 2. Thp gpoocrlyssapphfeesifl i con carbi de sopporiN1] dsamerd a0¥ \
expensijve, but in tihe %%ﬁ?qg gxample it ig recygcled vhenyjjpyenen
met hod |of the inventi 4 qubsequent odcasi on. 15 BXAMPLE 8 In
‘exanpl d (second row afdGah) erd)] of this tHirdapppisaentaitbhadfO¥ |
of the linvention, tihe 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
or GaInN 8i or 8iC or SiC or
or SicC sapphire. + poly A1N 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
In this example {(first row of Table 4}, a structure
5 is made comprising a monocrystalline gsilicon carbide seed

carbide support 12
and 11 -between them,

above for Example 1.

Thereafter, a working layer 16 of monocrystalline gallium

nitride is wade on the free surface'of the silicon

as that descri bed above

allium
21

is then -

i tuted

This 5

I ng

i de, and

ed 10
ely

ting the
anot her
e met hod




" sprior to forming the thick layer . 4 of polycrystalline silTco

same structure is nmade as in Exanple 7, but the.seed 20 l'ayer 2 of
‘nmonocrystalline silicon carbide is withdrawn, e.g. by pl aﬁmﬁﬁ%a pg,
carbi de.
EXAMPLE 9 25 In yet another exanple f this third inplenentation of-the
met hod -of the invention (third row of Table 4), a structure is made as in
Exanpl e 8, except that not only is the seed |layer 2 of nonocrystalline
silicon gafbide séeavveger hutbyMalED. i sThe psrrucined et iRrki¥y | ayer 16

30 of gallJiumnitride so Ser v, ' @WsTe 1 t hat presents
as few a‘é‘?%%t‘%a%slf)o‘glg‘i:’%l%ibi%cz%%@n %%%ae%% tEtrE%fatit the. seed | ayer 2 of

monocr ystepaiaei sil toenstarbieee oronsiel Vst Rd ngy | @R rias 1AYSorocrystal | ne

gal 'l um pigrigde.  Gap; R PaPLLCIE4fESm 3Bnyaghppsraddl 1 i artals t echnol ogi cal
steps prior to being Subjected to degositlon o% t he théi;g;i Aver 4, these
steps ReRVE@es of provlve? sorEuS US| CORSHARUEFA Y Ghi ¢ ril 2005 22

conponent $g r Ple CRAPK L B4 NQay@ki 1§ covéoed thepassesd ofayedd: t®onal fil ns,

ei ther epitaxiall (_otherw se. |t. shoul | so sefyedhibhaigt he

“pol ari tW%O?%Sté%gbn?a?/gl‘io%fc%%%%?ys%%(ﬁl %nse‘p%ﬁt%on carbj de (Si face
5 or C faesjyafdrt hecpolimgty bfthhekwbakengs| afepolscBrsiyat 1 nitri de
can be deternine cLhe.polarity. seleched, fevnthe i tsabdsource

subst rat%lgj.“ccﬁ"lleg?rg%;ﬁ%% l%f&?‘%ﬁé cly?ll—i)/ent i one(g)%t ionally includes at |east one
daubl e lawesf2r enabling polarity to be changed twice over. 10 Simlarly,

these exanpl esp&afchEciyaPSPPERE &01i8bhUaaiBIGe i sumivrth, 12 nimccor dance
with the invention, i i s nade, of ] ﬂgtride, of

nt a working |ayer lﬁ ngym
silicon r%la?‘b%‘d%}Yo?xﬁ?ﬁﬁ%ﬁ%mg}%‘a a1 FRanPErret oF |%:g%um and gallium
al | oy, Ore®fcseaewhEhelmpDapenttng | tisé emetbéd 16£ nelké nERTHRE @R KPhg | ayer 16
out of gallium nitr‘i:de as._.
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 monocrystalline 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




- e b St AT AR s e

descri bed above. The galliumnitride working |layer 16 can ai so be a _
Jrultilayer structure conprising a stack of layers of the Q‘QI éir"%&)gi tride,
alumnumnitride, etc. types, optionally with different Kki né of “dopi ng,

- _etc. 20 The seed | ayer 2 can be rrade‘z%)f {111} silicon or of sapphire or of
€,

"neodymi um gal | ate, or of indiumgalld
- monocrystalline silicon carbide. The support 12 can be made of

~polycrystalline 25 silicon carbide or. 9 15_’81&’8%&(5&@&)(%1‘?5 ShFicon nitride or
f 0

etc. instead of being nmade of

of pol yGRAFT e 7T AL 1T 119 L2876t sapphi re or pol ycrystal | i ne
gal | i umadditi denal nsibesl, ofieengepbidexbillyeBcotReEN1$%e silicon carbide.
The thick |ayg &3l Pe-JBdle ObsPPLYST Vel thaepdl 4l Byroni the de, of .
di anond, 30 or o oron nitride, |nstead, of bei ne? nade ﬁ% pglé/crystal l'ine
si | i con @eadi HRyeT 2 (P FROTHRYT rpl bheRt 21 LroBf cFHRI A2t Fidt 67T he

| nuent i 355: @ iﬁééél}?tawi& &ﬁ% @@Eaﬁﬁtj/n%‘f hehabwyek txanpiesy 1@xefpt that no

internedi ate | ayers 10 and. 11 are nade. For, e ..a.seed layer 2 is

t aken f rﬂﬁﬂ]al%bﬁ%’érl‘g%b%?q gt‘?‘:é %EB?ITJ_LI_‘L‘?L%S%YI ":;%%ﬁ?gg%]gl?g assenbled with a

- pol ycrs)@l@é&écﬂleféflti:lm@nixmhi_rbéaliescsumperm}ll@tbyt@i6ectT12@,_m®‘Flilde2005 23

adhes"onchéeeqxg% A3 A8OLh bﬁéﬂ&é PI SCRAENY ot MPLESENGRE T @Bsh1e Thereafter,
ment I

one of t hni ques oned above is used to deposit a working |ayer
16 of datansfenierabbinm pekasted Fayee chamgafinefde® SYFer variants to

t hey above'deﬁi{&@fﬁﬂ | NDLIOBOt 3t AP § aParl 56 BEagspbsagetow t hout goi ng
beyond the anbit of_t%e i nvention. For exan‘“glet? t.he o ‘%ﬁpg S gescri bed in
di f f er ertitustaiphesinfwieh i i AERPREFErE ¥ EE N et RO 6t 7t he” 10

i nvent i QRoR@mdel £pabi nedi )i dddenef anbiuhinum Asi stibdw, | of FEglieoa, one

~vari ant corlssj ts i

car
gallium alloy, or of some other compound, instead of

1ide, of aluminum and gallium alloy, of indium and

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




T N ot e, =R e e TN

perform ng batch treatnment on the seed layers 2 prior to depositing the
wor ki ng |l ayer 16. Under such circunstances, the seed Iayeé%ﬁé.ﬁgﬁ fixed on
-a common 15 support 12 of |arge size. The shape of this ¢ H Bport 12
can be arbitrary (circular, rectangdar, etc.). - Under these
circunmstances, 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
det achi ngyfhie; seets | @y eds faomtiBeg UPROETie IRredydinay of exanple, the
comon support 12 can be a plate of _polycryst [ Lk car bi de

cover ed %Wp%ﬁmﬁﬂﬁ?ﬁﬁ?ﬁs)siIfﬁﬁﬁﬁaggeﬁﬂv%%?dééJﬁg y?g%ﬁgééﬁggnin substrate
i s bondafeh®iond® aloske nis | ayed 16 dépesth dfwekeindriaksras8e®blies prior
to the operation seeki 0, t t rking |ayer assenbly 16 on the

~ seed IajgggfﬁyTr%%%fﬁégg%%p%g $§§§ g%Y%gé%'connnn support .12 is recycl ed.
| n ®not her valumexows oHecHeYABHABESt Fe ?%@e%??%%ide?ﬁgl%ﬁganeters

goyerniQEmgﬁgﬂéﬁéééibﬁﬁ the £hiskptayevidaged ewDphout zgding as to neke a
thick layer 4 that iIs nnnocrgstalllne. 35 Even if the nonocrystalline

thi ck | dyeyond | gheRrmit gbsthgublYeY 2 ?2s quality can neverthel ess be
sufficient 24pdprékamdPDsd, 2Hei cpavaeions dpptttaedons, difiéasesE very high
crystal _gqualjty is required onl h [ Ki eLflBhe The net hod of
t he invéﬁg%TPi?% %gr?P%u}%? e %%%?é%%oﬁg f%ﬁﬂg?%g e crys?als cannot be
grioown ( abnvent Som heaw dse obmigahed uwi Bl t el edNFh9Fen they are difficult to

grow (as is the Gase. ol Pibufonscoshtdedridit ctbesinesi ants, the
description a pye can be t ansposed tghgrggggglg_gggkbn8r£8¥e£oout of
ot her performing batch treatment on Y
' 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
rlayer 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




sem conductor materials, such as indium phosphide, 10 gal lium arseni de,
germani um silicon-germanium etc., or indeed other mater'bglf_\% %g as.
| ithiumniobate. In yet other variants, bonding |ayers 10 Or T4are 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 internediate |layer is nade,
e.g. an insulating |ayer, between the working layer 16 and/or the seed

Layer 24 { iuujdrd s 995P(¥RoARd WhencyePRSEy HE2qNrciyiecabi ck layer 4 so

as to forma substrate _conpri si ng a sem conduct oy _on iggul ation. By way of
20 exanprualiey i 18 cFomui sed Palerieanthe WRHEIRY ATbnt®-of . fine oxide

(500 A thick)gh@tfetidd Apf i th@005veRbi&hAl pattidubethpd of fabricating
substrates, in particular for . optics | ec ' t ectronics, the

ethot BN e (e i gL € e Tare By pERRROE CBe, GFoll RRsepk R SO, 1

steps: tyiensdeses | of) gakkbodn | mieridal oorn wuppotiey byravfieEbigrlbdhesion in

an adhesi on_intefface, o woL ki pgod aygrpepbf axially on the seed
| ayer; }rﬁj gﬁ)ovép %ljhsg %I?%e%\és% ?% cause the, assenb{y constituted by the

seed | ayer arkh tohepridntpneyerthe (dpeeEHRE HeR aReWE [ F8h PRie support at
the adhesiamhdMeridcroding/a vdBking Bsgerdbng 6 othem 1, characterized
in that the stressesﬁgﬁgl i edjsto erformse arrﬁttiﬁgsa}rlgdéaken from the
group coRIMHEORPICHRE HarE et a LT r 3UER 2P he? RYPESeST el ectrostatic
St]ersses_Zjalalrﬁd_ld_l asefenidadi gérmemishs esskicoROgStmaniwnhogtaceoPHing to
Clalnlliﬁdéééué%é%r 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 seed 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.




characterized by the fact that the support is constituted by a materi al
whose coefficient of thermal expansion is 0.7 to 3 tines %&7_‘\ Clgﬁlrfid ent

of the 25 working layer , and the seed layer is suitable f P odat i ng
the thermal expansion of the support 2snd of the working |ayer. 4/ A method
according to claim3, characterized by the 30 fact that the seed | ayer
possesses crystal lattice paranmeters such that the working | ayer is grown
epi t axi aldpyn 4 t he seed |layer with dislocations in the working |ayer being

at 'a concentratiqn of le f han. 107/ .35 5/ A rfj,ng to any
pr ecedi n.gl/clpai‘?ﬁth%é?élcﬁs%?lflz%%w tﬁ’rﬁjn%ércatac?sﬁatl%g? af%glg:tlﬁc%%g .gﬂdi ng | ayer
24 April 3R0fcs 26Gliectmieiqos et nitwedredtrosiess | yemeihed heiupport ,
t he adhesi.on | nt erf.ace invglving the qr ;each, honding ayeyiicwielg A method

accor di nd T3y Pracedihg et ai'm h:(?'har acterized by the fact that the

worid ng Istyersdis made of galliumnitride. 7/ A nethod according to any

precedi ng cl ai Mg,-410. €har & i L&y biasidie factoddwta tdpraad | ayer

conprises a material taken Tromthe |i gt conprising: sapphire, silicon

car bi de, by melpguar (Edhgsign ity pn eisﬂﬁwrﬁrﬁ‘?rgfeafc%eodym um gal | at e,

~and |ithium gal lpttrind % 8bodkite} Hodreaccor di ngpitteaiml kyr egediheg cl ai m

characterize H%l’thea];lﬁ%t that the support conprises a material taken from
|

the |ist Sy rphous materials, polycrystalline nmaterials, and
si nteer ed  nat er iadpily 2y Hevesmtshdd avewredithte @89 7, characteri zed by
the 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

-depth correspon

el A ol T

fact that the support conprises a material taken fromthe |ist conprising:
polycrystalline silicon carbide, nonocrystalline siliconh%?rbLgi :
pol ycrystalline 25 alum numnitride, and sapphire. 10/ A AR ngrding
to-any preceding claim characterizegcby the fact that the seed |ayer has
the sanme chem cal conposition as the support 30 11/ A nethod according to
any preceding claim characterized by the fact that the seed |layer is
taken froma source_substira Yie t] : S | ayer sf508Ke he source
substrate via a pré83§n§%a é%%g ?%ﬁgééﬁ Eggi%gg%o§§935 12/ A met hod
accor di ngstpporti m 10, tharadhesieadinyerhaces deYol¥nandt ke pPE- weakened
zone is by i n§ | atom c species in the source substrate at a
BdEn Mogggggt%é?ﬁg'thickness of the source substrate 5 13/ A
met hod according to claim 10 or claim 11, characterized by the fact that
the geed LAYRImbBho§eRatai@ingr e khe poucedisgbsiadmne by an operation 10

taken fromthe |ist c risjng._heat.treaine | yi mechapj, ca
stresses, € ﬁﬁaﬁﬁ%ﬁféﬁgn§¥cﬁbﬁg?a8§ éhaéoﬁ%an%f%%R fyg?gfeast ta% of these

~oper at i omaadéd4bf Agakl hoad attoidéng to any preceding claim 15 characterized

by the fact that the working layer is deposited with a thickness of |ess
than 10 mcrons, and preferably less than 5 mcrons. 24 April 2005 28 A B
S T RAC T7/fha iavked aRCpréingeto aanit REECSR1RALFI 24P ng substrates, in

par{gcul agnfPLcOREL £684 B CEREOPAES, tRAL 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




A

L el 7

- 5 optoel ectronics. The method conprises the followng steps: transferring
& seed layer (2) onto a support (12) by nol ecul ar. adhesiopn in. dhesi on
~interface; growing a working |ayer (16) epitaxially on the£4&@“§@8 | ayer; .
and applying stresses to cause the agsenbly constituted by the seed | ayer
(2) and the working layer (16) to becone detached fronthe support (12) at

the adhesion interface. 15 : _ '
12/ A méthod according to claim 10, characterized by the
is made by implanting

at a depth

fact that the pre-weakened zone
atomic species in the source substrate
corresponding to the thickness of the source substrate

5 ° .

13/ A method according to claim 10 or claim 11,
characterized by the fact that the seed layer is
- separated from the source substrate by 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
| depogited with a thickness of less than 10 microns, and

is

‘preferably less ‘than 5 microns.






