WD 2010/ 015302PCT/ EP2009/ 004792 Rel axati on and
Transfer of Strained Layers Field of Invention The

resent _invention relates to the field of conpliant
*Qgﬁéyﬁﬂ?@ enpl oyed in the manufacture of HECTmmmmwmmwz
sem conduct or devices and, in particular, to the
rel axation of strained heteroepitaxial islands by
means of conpliant substrates and the transfer of the
at least partially relaxed strained islands to sone
support substrate that can suitably be used for
further sem conductor manufacture processes.
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Thus, in the art, compliant layers, e.g., low-viscosity layers, have been provided
between the heteroepitaxial film and a final substrate in order to release the strains by

heat treatment.

Presently used methods for the relaxation of strained heteroepitaxial films, however,
often not show satisfying results with respect to the suppression of buckling, etc.
Moreover, the transfer of heteroepitaxial films grown on a seed (growth) substrate to
another substrate that is to be used for the further manufacture of a particular semi-
conductor raises the problem of maintaining the heteroepitaxial films intact, in general,
and, in particular, removing the seed substrate without damaging the heteroepitaxial

films.
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probl em underl yi ng the present invention to provide a

nmet hod for the formation of reliably rel axed and
wotzanyelseai ned filns (islands) on a target s®OFEP206/004792
that can suitably be used for the manufacture of a

sem conduct or devi ce. Description of the Invention The
above-nmentioned problemis solved by a method for the
formation of at |least partially rel axed strained

material islands on a target substrate according to
claim1l, the nethod conprising the subsequently
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that cgrﬁ sufa%ﬁy be use ortlhe manufacture of a semiconductor device.
Description of the Invention

The above-mentioned problem is solved by a method for the formation of at least par-
tially relaxed strained material islands on a target substrate according to claim 1, the
method comprising the subsequently performed steps of

forming islands from a strained material layer on a (intermediate) substrate;
at least partially relaxing the strained material islands by a first heat treatment; and

transferring the at least partially relaxed strained material islands to the target sub-
strate,

The material to relax may be a semi-conductor material such as lll/V material, lIl/N,
binary, ternary or quaternary, polar, non-polar or semi-polar. The formation of islands
is performed by patterning of the strained material layer. In the following the term
“strained material’ refers to the strained material layer or the islands formed from the
strained materia! layer.

According to this method, when the strained material is polar, as for the c-plane HI/N
material, and when the process is performed by growing the strained rnaterial on a
seed substance following by a two-step transfer process from the seed substance to
the intermediate substance, i.e. the substrate on that the islands are formed, and from
the intermediate substance to the target substance, the polarity of the face of the re-
laxed strained material opposing the face of growth on the seed substance that is

suitable for any subsequent epitaxial growth of layers can be maintained.
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Similarly, the step of transferring the at least partially relaxed strained material layer to
the target substrate may comprise depositing a high-viscosity fayer, in particular, a
second buried layer (e.g. an oxide layer), on the at least partially relaxed strained ma-
terial, i.e. the at least partially relaxed islands, and bonding the high-viscosity layer to
the target substrate.



Furthernore, the strained material |ayer can be grown

on a seed substrate and be transferred to the
(intermedi ate) substrate on that the islands are
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pattermng both the second buried layer and the strained material layer before at least

partiaily relaxing the strained material layer is performed. This kind of patterning al-

lows for bonding to the target substrate at the islands only.

Detachment of the seed substrate can be facilitated by the implantation of ions resuit-
ing in a weakened layer and subsequent heat treatment thereby intentionally causing
cracking at the weakened layer. According to an example, the herein disclosed
method, thus, includes the steps of

growing the strained material layer on a seed substrate;



6 inplanting ions in the seed substrate bel ow the
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depositing the buried layer (low-viscosity layer) on the strained material islands and in
the interspaces separating the strained material islands after patterning of the strained
material layer was performed;

implanting ions in the seed layer below the strained material islands and in the buried
layer at the bottom of the interspaces separating the strained material islands to form
a weakened layer; and

transferring the buried layer and the strained material layer from the seed substrate at
the weakened layer by a third heat treatment at a temperature preferably below the
reflow temperature of the first compliant material onto the intermediate substrate.

It is noted that the strained material layer may be grown on a seed substrate or a seed

layer bonded to or deposited on the seed substrate,
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2010/ 015302PCT/ EP2009/ 004792

In the case of the provision of the absorption layer(s) it may be preferred that the ab-
sorption layer of the first buried layer is arranged at the interface of the low-viscosity
layer (first buried layer) and the intermediate substrate and/or the absorption layer of
the second buried layer is arranged at the interface of the high-viscosity layer (second
buried tayer) and the target substrate in order to avoid damage of the strained material
layer and the at least partially relaxed strained material layer, respectively, during the

detachment process.

The strained material layer used in the above embodiments may comprise or consist
of InGaN and the first buried layer may comprise or consist of borophosphosilicate

glass (BPSG) or an Si0; - compound comprising boron or phosphorous.



8 Indiumgalliumnitride material is particularly

useful for the manufacture of LEDs and the manufacture
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a-reflayesf abdraphesphesither ghisstiayerfdeposited shamdspport substrate and
ity 7 ghaied; mell TR eey 'Sl RUTEK B A Comptiant
Su??z?iﬁse Aﬁe@gnﬁafataesatbsyﬁﬁtme mﬁla?l}ioal MgchamiwinapfaStrained Films
PR e 9 g Heve PzeaDh O SO S PR in g, Volume

28Ut akeot, Opé@ 89PstICM etheyindeRidi purpgses patternmg of a strained
| owvi scosity

I AT AN YL N T -

ob AL ABed Reards orito BUYAigets@siiatd. Fatotdmigy itiopidvied
substrate and detaching the seed substrate; patterning

the strained | nGN - layer after transferring it from

al REtHR r%’r?rﬁig %tneaﬁ‘ RabkhBadidifp tdidtR shanedYnEaNN Rger on a sub-

stral ne i sl ands separated by interspaces; and
stiatel, eerprighgtial ly rel axing the strained | nGaN -
islands transferred to the substrate by a first heat

treatment that results is sone reflow of the conpliant
gnawieg aatrained InGaN - layer on a seed substrate;

transferring the strained InGaN - layer from the seed substrate to the substrate by de-
positing a low-viscosity layer, in particular, a first buried compliant layer, on the
strained InGaN - layer, bonding the first buried compliant layer to the substrate and
detaching the seed substrate;

patterning the strained InGaN - layer after transferring it from the seed substrate to the
substrate thereby forming strained InGaN - islands separated by interspaces; and

at least partially relaxing the strained InGaN - islands transferred to the substrate by a
first heat treatment that results is some reflow of the compliant material,

and transferring the relaxed islands to a target substrate.
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gl ass exhibits the desired refl ow characteristics at
%ﬁﬂﬁeratures exceedi ng about 800 C or 850 C (d % 9

HOZ®2ual conposition of the glass) thereb§ ER5005 a2

allowi ng for relaxation of thg strained material |ayer
such as InGN nmaterial. Depending on the trench w dth,
the strained material islands nay forma sensibly

conti nuous |l ayer after relaxation of material.

Adherence of the deposited buried | ayer conprising

bor ophosphosilicate glass m ght advantageously be
Bbraphoyshbsilicatieglass ekhigita m@ﬂ@ﬁrddawowmh arduse@dic ad deroperatures

oD B BES3Da BLc h  h SEBLEGT R e g

trf@aéw ﬂmﬂn@b&wmu@f at tHeygtesined natenat wyéustaom adénGaHsmatenal
be manuf act%g es, by us

D,eggrécj@@ ophe trap wg:[tlé,rthgﬁtrggs}gg,matquﬁlgglgﬁé§ &\%ﬁ f?rgn a senszbly con-

RGNS BGEr aftartdaghtionr oﬁ RaterRIlUAaR&rdnee of the deposnted buried layer
sem conduct or device, conprising the for rmtl on egifs?y deposit-

cm@a@smapfqmosph%hoai@afaﬁ mghfe%ﬂwt@ﬁpaﬁ lybe 'awa‘f
1@“%5?@“ ASSPE B9 rdc? é?rhesﬁ;’efméd%m&g@f (8 diffedemBstrained mate-

urther conprising epitaxially or honoepitaxially
rlgirlawfhgefarerﬁﬁean?%ﬁ dméiﬁlobn the forned at | east

partially relaxed strained material islands. The

growt h techni que may include the epitaxial |ateral
Aemlegdy)\mdfntbhad ahbleweveral typas hof seovernduatonslemges may be manu-

chﬁ{r p?g%\{\rﬁ]%{?r gémtp%é#ﬂ& re%&%%ﬁameﬂ%é‘t@ﬁgﬂﬁﬁr tLS, herein is

rising: a
paivi‘décitalrmethbﬂ fpatlta odnafactoensi stsengccuﬂus@pmﬂvmg, camprising the

R e P L A s ST

tsbae of Itmpﬂé&dmgc:d:lalrrm', ang furth@Ocomprising eeitaxialty ar hwmepltaxlaliy
1 nmand a thjickne 0 notm)eth 0

oA PoRaeTPLIEVET B8 (R AOTRTLAT RGBLE BHoBH 3 RO material i

HSI&& EThd vaﬁm |técr?]h&g(§@6ﬁ§y ineedievht Iepnafuairienema otve:jgmwth thﬁt allows to
rawi ngs n the criptiop, reference is made to the

f%@&ﬁ?%ﬁwiﬂbs atgTied e QoW ORI SfAESs at o

preferred enbodi nents of the invention. It is

under stood_ that such enbodi nents do not represent the
FughermagspBisdnventioninigwres aivater comprising:

a support structure, in particular, consisting of sapphire;
a high-viscosity layer, and

islands of at least partly relaxed strained material, in particular, with an area size from
100 micrometers x 100 micrometers to 1 mm x 1 mm and a thickness of not more than
1000 Angstroms.

Additional features and advantages of the present invention will be described with ref-
erence to the drawings. In the description, reference is made to the accompanying
figures that are meant to illustrate preferred embodiments of the invention, It is under-
stood that such embodiments do not represent the full scope of the invention.
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illustrates an exanple of the inventive nethod

conprising the steps of the formation of a partially

WO 2A5BUSE2r ai n | ayer above a first substrate SI/ERIR09/004792
transfer of this layer to a second substrate. Figure 2
illustrates steps of the forn#tion of a structure
conprising an internmedi ate substrate to that a

strained material layer is transferred. Figure 3
illustrates the formati on of structure A shown in

Figure 1 conprising patterning of a strained materi al

FLg@?’cTHI IFPu”stPat@éJEaheeﬁn hﬂa}(é"bf Rondrdntie ﬁwe‘iﬁﬁ?ﬁbbﬁfvﬁsmb Mhé Reeps of the

ow ng, exanple or the formation of axed
fareiationi of efpaitiallyrrglaxed staireloyar abeyeep fisieubpsateraiidsthertransfer of

1d Iaggret%ea gg&o%@%bFﬂatgccor dance with the present
I nv

ntion are explained with reference to the

acconpanyi ng Figures. According to Figure 1 sone

su r I ' e T S ;
U GBI R or 8 BRSSO RE o B BiEmeciate
sistratd {© th&ea sabined onatetialriaygrtis tengfappdi re support.

At op of the support substrate 1 a buried layer 2 is

formed. The buried | ayer may be conposed of different

Figned Biiltlstiatdsaherisrnaatibnosingnicaes Aashdverast Figaregl icamprising pattern-

I | axi ng. t i ncl.ud

o Rt elR bR Bopo B S peRies B sty or
an Si 02 - conmpound conprising B (BSG) or P (BPG. The
reflow rate can readily be aH%Tusted

B P . .
I%tﬁ\@tfeﬂfewmgneawp@ager thentor Pém‘aa‘%w#ae'wérﬁ% glegingd material

i 8hd Qi’we ttt'&%fe‘?%@ tﬁ’@seoisﬁa‘iﬁ's GRldctoRhes VRt ﬂ‘l’édprégérhtoiMention are
en su {j.ecte to thermal treatnent (as,

emiweau iwith rafereass)to thmaceRNPaYiIne Ligres féféﬁﬁsqff@s éOd:rlgwe 1 some
?;ﬂ:fotr’! ﬁlbs'ﬁr‘éof?;Z%br%U[d%E The sﬁﬁﬁcﬁ'} &%tr@% @rn'u?ht b hAREf 3 semicon-

are e buried | ayer he support
dso::bsmeaer@!Izomm@ngt&aﬁi@dGﬁaﬁ& |oa|!t mghérb@ssaypérr@ Support Atop of

trfeogl.[ﬁﬁgrt%bgﬁétteef Q'bﬂﬂ%@fag@r SL& firRfed rAY %{m{a dé@g nflyAR composed

rising the co
ofvdifferandlindivigual, Iavhr@ d aomedsmtabiaaat cnmpamslawn(reiawng layer).

TRE' °h‘§’lﬂét [ tay laySPTRIUGRS ¥ o%?r\ﬁht% dor?‘io;owl})(ﬁ%%'?%(? I‘?‘ca?@@%%% (BPSG) or

fled nater| trary
aprdiQ2i-ploenpcaimd cmnghtsnr&geBc(BS@mrth(%%Ga:rﬁwre&lpworate can readily be

ct ar, fo of manuf acture. Depending on the
aguﬁ@%gg%ﬁg %U‘?PB@%EB islands to relax, at |least a
hol e may be perforned in the islands to irrprove
mat eri al rel ax n W thout, buckli The

”o?“ya?ﬂﬁes H}fpﬁo"gﬁ m? layer PP'@UP%\?“ ag\qq}gﬁ%l thet %a[na?e gﬁgﬁ%akfi% deformed
aAd fefTRY when seBRatedidtoitRermal treatment (as, e.g., an annealing process). The

reflow leads to complete or partial relaxation of the strained material islands 3 that are
bonded by the buried layer 2 to the support substrate 1. The strained material islands
3 are formed by patterning of a strained layer formed atop of the buried layer 2 com-
prising the compliant material layer. The strained material islands can, in particular,
comprise or consist of InGaN. The shapes of the strained material islands 3 are arbi-
trary, in principle, and might be chosen to be circular or rectangular for ease of manu-
facture. Depending on the size of the surface of islands to relax, at least a hole may
be performed in the islands to improve material relaxation without buckling. The hole

may be of any shape such as circular, square or star shape and may be repeated in
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i sland. Moreover, the spaces (trenches) between the

raine terial islands 3 mght be filled
%’tz@t“/ é%’"f the buried |ayer 2. Details of t\#EET’E"”GW"““m
manuf acture of the structure A conprising the support
substrate 1, the buried layer 2 and the strained

material islands 3 are descri bed bel ow. Wen the
structure Ais subject to thermal treatment the

ttg-z % Oélré%cg?’éga)r( & énotrgc?vé?;‘ﬁ%mﬁ %’genﬁhéé b%lt\ﬁ?éd ! dtthined mate-

ndie§landieﬂ night lmllﬁllm)y\elth Material obthei immd |ayes 2. &eéalﬁl of the manufac-
mation r S‘ﬁu ts .in

ﬂg? ggihec%{r lf%tUFP gQg}Eriﬁtgpjhggﬁéggq ﬁ@tﬁsﬁé@é :3 : ék@egﬂlfritergglayer 2 and the

shainkd hMaterial islariReYlaresdbigdeabed belpghness that might be
af fected by buckling effect is usually needed to be

| ow for further applications. For an epitaxial growh
e thg@truémf’e ﬂ%fs%}%cf RUBBRES Ireatrhent th@'omfrﬂihbﬁﬂlayér of the buried
preferably Ilimted to 20 nm RVS msasuredpé\%f&g I\'lg d
layes 8demipsiigriivedetorpes and; exhikiiefafiowpndop PAFRICBIL delormed burie
I%{Q?Z'aig db?aﬁﬁéd pﬁ’fet la?érbb’d%f‘éhﬁéﬁﬁﬂ r‘e%bl@“ﬁ‘ﬁaﬁeast@‘dﬁhﬁﬁﬁﬂfﬂ%lasﬂcaity

urie i's used bondi ng the at | east
refapedi aallam}s Beﬂh&f@mf preventtg Bickiing. a @c&q@ngug@@mughness that might

bélé%lzt'é@tbgdﬁlck-[nﬂ;feﬁg&q @s@é’lf r?éédleaxsrbe“loﬂr@f ﬁfrﬁ@' ¥pFiR@%ons. For

not am na |ng l enents that readil
adiepftadal growttofort kD) thpesurtaca ndeghnese rater refﬁé%ﬁqi?eﬁtprefefably lim-

,tg(ﬁ‘?otsz},,%f}:QMgﬁ.{\gggqrgé lg?q\Fqul ng subsequent processing

anneal ing for initiating
det achmsnt The second buried | ayer 4 shall

NBRL et R ol 88 BV 46 Bimel G dof euBieafiBR ¥ 9 legBepartaty re-
Iq&bft ﬁﬁgﬂic& B oﬂ}ﬁed;amm heiriat] Ihmsft |spmeid| flr Ibpndieigatke dat least partially
FELS TR TR, W S e et

bty%%&rot irdi LR mmfrﬁﬂﬁn?@I@n@ﬂmﬂhata&aﬁdzl‘y&mﬁme&but of the layer 4 un-
| ow ngl for further r:i? axa |on?3f t he at

daheran earaeakoal mar Repasorar Sty SHETaseftPrRgssing steps, in
pﬁﬁi@@l@ﬁ SIHBRM fo¥ Mhﬁétfn@td%t@ehnﬁ’@{t hThd eeduid IReiddaygsr £shall particu-

and the second buried | ayer Co i se

by Prdaval 9Tdpsen Pb?%ﬁ%@ﬁﬁﬁ"}?gng%ﬂ nﬁﬁ*@ﬁ#éﬂ [o deteriorate the qual-
ity ¥fiL&D eRnRintdVItRIRINGH Bk Epfea‘éhbérhlaﬂﬁﬁe!éﬁ@@@vdndse:} for example,
Support substance is transm ssive in order to

e o e e eam e e Sea S BNk fyer 4 may.
gve@é}gaﬁsg%'oﬁg?ﬁsé eﬁhoﬁ’ﬁ:lzérﬁenzﬁtb'ﬁé’l%!bw%@oﬁiraﬂ‘ﬁ!@er]re@ﬁ'a*lon of the

respectiv an absorbing |ayer is preferably
apleast Ftﬁé'ﬁﬁ'&ytfetahéd umm%\@@e@fraﬂmr fodbp SEEPRE SHRRArEYbstrate 5.
| ayer and the respectlve substrate and it may be
formed of SixNy : H, for exanple. 12
Both the buried layer 2 and the second buried layer 4 may comprise an absorbing

layer for absorbing electromagnetic radiation at wavelengths for which the respective
support substance is transmissive in order to enable detachment from the at least par-
tially relaxed islands 3' and thereby removal of the support substance 1 or 5, respec-
tively. Such an absorbing layer is preferably provided at the interface of the respective
buried layer and the respective substrate and it may be formed of SixNy : H, for ex-

ample.



Substrate 1 together with the buried layer 2 is
subsequently detached and structure B is achieved

conpri sing the second substrate 5, the second buried
WEBH/USHAD the at |east partially rel axed i s|IBEHRPL2009/004792
The at least partially relaxed islands 3' can
subsequently be used for the @pltaX|aI grom h of a
structured material layer 6 and, in particular, for

epi taxi al or honoepitaxi al gromﬁh of a crystalline

| ayer, that is to be enployed in the manufacture of a
particul ar sem conduct or device useful in electronic,

SQI!S‘QFa@é’ @'té@étﬁe Wit e b@ﬂi&? ta'yene Gs é"xﬁlfgéqﬁ éﬁt‘lypﬂétaéh&haﬁé structure B

or asers When a doubl e-transfer of
ispﬁﬁhteé’ﬁﬁ s@MPpising: el secead @%éwatgt& dhesgcond buned layer ¢rand the at

!eiaﬁtl &?ﬁﬁ ﬁre%d%sbanﬁ?%pe%bvﬁlléfast éﬁt’ﬁﬁﬁfr@ ﬁ i§hhdd 3! Lan subse-

support substrate e second
qeanly detusedder hatepixiat arwwioloha sgvctuc&djmteﬁal tdyer 6 and, in particu-

Iaé}f%%ﬁfﬁ%aﬁ@%@%%éd :alg{M{‘s f ar%%ﬁﬁmé ldg/%rr],glf'nﬁtt :gqﬁ g% elﬂﬁﬂoyed in

thetmaratfactereBof a paitisuladsemicagdoctsr devipausefolinagledtomic, photovoitaic
olar.llL/N mat.erials t de .exposed the face of
ofSHSsieekbii RBH AR bR B a8, *an hosy

epi taxial growth on the relaxed islands. This face is

| so th hat ner gl | OVI ded .after t ax
iR 3 G0 Babeter B ahe pRlSRGE (Bl s BE oA as Le. the is-
laPEE Q1A Y, reBpédiRell @sgdformednpiaotthe r(sw%nbp@ﬂt L-ubstrate 1 and then
rel axation of the strained material island

togbe ﬁ@?‘?ﬂé’dswoﬁ%%ﬂ S{TAEP nBRIPORT HUElHEE OF @%S"éﬁ‘fﬂe%&aé?r@' (if a po-

laf hﬁ?&faﬂ?"ts bﬂnv‘id&)sa%cgﬂbdmsél@%%ée@%ifa?é Esed béle as maintained in
he at |east partial relaxation of

st@?ﬁtﬁé '@Za 'ﬁafiwtage%q 'arﬂ?ghcsﬂarsfyr @@i@rewﬁbatmaﬁenwév brovide exposed
théq'é’det bﬁﬁé'p'o)éri%CBf geaf e%/mémk@%r af 8 dwsmam PSRN relaxed

fter  transfer to t e secon
IS@U%J*A@ éa0§ IsLeR e fagecihat is genreralhc gEovi d alter epitaxpeon a seed

st%ﬁEt%f ﬁrsheﬁfdt%né%BQﬁgy uwhér ﬁ§%§c§ﬂﬂr@' thge :ﬁé @L(amf)le the (par-

ands . Trans I rst “sup stra

tial) tedaxatien 98 dba dteinsomateyishdslasde 35150l2ﬂffdb@epebsf beaktieatment of
st@ice rl\g%(%&)gg&ré‘@ ngf)é{'??/trg%] g@(‘é?f?f:%ilp mb%ﬂgﬁeySOltnh%anmpie. the at
teaamma! Masate:m uﬁeti:alaeahna&rmdkmatﬂmal islarides Jantay aﬂematlvetyeor addition-

o SRR By 3 o B S B U, A I oora s

porSsmﬂ)sptrlam ﬁebtow&vanrr&reiettaelfowlst is laief @1 ¢évec dahsiefiof) thecalready re-
{ v

st Srenf PP SRk E BERareddies® s BptisnPatgrusfpte 1 to the

seCail stipporedubtopteo$ arnsbe peroemed, &lgC; By bsmblamngnnd/etch back,

bstr t 12 functi,oni a substr
ool i deCriRagtaR sHaprelso Sart GRR AT By oBie 1ayF drengter mecha-
nise RAowh istheadre that is a bulk substrate or that
i ncludes a seed | ayer bonded to a support WO
2010/ 015302PCT/ EP2009/ 004792 13 substrate. The
NSUPSEBifatioch 80%aRHRARE WHhYardh dthRngane sﬂewthahg@;% 1 in accor-
the first support substrate 1 of Figure 1 to allow a
danae withAee sresentinygatian isicxplainest intmeieraataibyphnsfieencerto Figure 2.
AEt'Fﬁﬁ@d saRstd ¥ 1‘0‘7@@ Ldigvcane brﬂﬁgr%@ a@@ﬂo%tor{gseed layer
heat "treat nent” tfor suibsequent’ et ach
1% BigckelesaNoformied atop af sedipphireor SiC |oa;sdtcomcsuhayatbe1 2 functioning
S f i '
as3 U Qs e FIFATRY ot A AL AR SRR SRV HR @ seec
subbiatartbat(isicbautk, subsDateebr ﬂ'lat mélﬁmzphimtl |Sydrshoratesisto A support
Conparative Study of the Rel axati on Mechani sns of
Strained Filns Bonded to Hi gh and Low Viscosity
Oxi des", Journal of Electronic Materials, Volune 29,
No. 7, 2000, pages 897 - 900) and the particul ar
nmet hod used for such a formation is not at all crucial
in the present invention. According to the exanple



A buried conpliant |ayer 15 is deposited as known in
the art in the trenches 13 and atop of the strained

@@iﬁﬁ(ﬁg i.slands 14. The thickness of the buri E glzlpz%gfommz

¥2chosen such that surface |rregular|?
reduced, e.g., a thickness of ,three tines the depths
of the trenches is chosen. lon species are inplanted
in order to forman ion inplantation region 16 at the
botton1of the trenches 13 filled with the buried

BB 2 38010 00185 45 05 B bt sovor

sUMrdwmcﬁd: |gta‘¢e!rtolﬁlomm mdtehisg phtheccbefficiants af thesihanekpansion of

iSe SuhHERes PR Pe ccoBea e Soigg 08 mepb Rbffipry for.subsequent

detaenmeht. SﬂH@Sthfc&h@ssl& th@lsfrfiaéﬂ nﬁﬁt@ﬂﬂﬂﬂ%ﬁﬂﬂ)ﬂhamy some 100 nm, for

de th tati
RSP o ner DRl PO A T RS & diierpapiaxal s inasgersh is welk
kASWH QY 8fe BY (9bbavlli KD, et WO Ma%ﬁ%@%@ é&PRQﬂﬂﬁ@ﬁéﬁ@azsmdy of

14 1f ion inplantatiagn is controlledg t hat

tienBriaxatian M?%@Ei?'ﬁsé%f Steined: Rl Sopied & Higheand Lﬂwh\é§°°s'w Ox-

m(e%eeJofuh%aifo E'fé&.%fb Rhterialse VolRfe ROPNBNY a2060) pages 897 - 900) and
letely in the seed material is perforned,

thmaramlat methqds usgst E’f%ﬁbg“’efﬁaﬂét"tﬂw%§rﬁ’9trﬁttq|1|é”!é%{§|e'n the present in-
i@y an inplantation is forned in the buried material

at tnhe bottom of the trenches Chs of Figure 2). Due to

t he nore honogenous inplantation profile surface

P{&h&%ﬁ\{g’r@a Heoé‘)fé?{w;?]fgrshtog\rst fr?ng |gHﬁegEeEh é@éiﬁ%&}r?&eﬁ#clayf\sw is pat-
ereenhbyeadcmhgutrenomes wPlaadttheicby fomyinglstrairted mpetefiot istaards 14. The
{ t d t
 tfetedirS KA bR e DB B pRER D8R I8 1A 588 materiat 11
|§arﬁ1beatafmetamﬁ aﬁmpnehetermtmgrt?ntkadasslg thﬁsttemahes mtﬁyt erng., be spaced
nsfer .to.the su ubstr e

g’?efrg?iﬁec’é 1%8 'BPB%P {ﬂ iﬂrlncaaﬂ aae'}ao Wi Le O?o‘%%:a& g%fm crome-
té'mtaa? ldathtsac)fﬁboﬂlM I5CT hagordtetfew rm;:leomngezmﬁhe.saplphczaton widths and/or

eas artia rel axed, straine S
apfing B Fetreb il B2 Bt eb e SExelRt FlibdrersBhafferts:
the seed layer 11 may renoved, e.g., by sel ective

ter the hea ment i nst

et chi ng, af tr d of.

ApRTRSH SAGIANE et I B ePRB L PR kaPIBIn 668 ipfge renches 13 and
ato%l SBE sHAn Waterial istaHusenemid thidkaasedf tHeabwisticlogad15 can be
buried | ayer 18 to_ the second sugport substrate

Clﬁ'iﬁéh iy thah sHHace derpuialities ae reduced, qﬁ%a@ythggg%ssopf three times
@cﬂﬁﬁé é\%bQM&ﬁ%s; haw@sbgen carried out when the
a

ntation profile has been performed in the
con‘pl iant layer and in the seed material to recover a

|G Fd LAV D pRd RS IS B REErOH A ar BR iRPRENAIBN region 16 at the bottom
of the trenches 13 filled with the buried material 15 and below the strained material
islands 14. lon implantation results in a weakened bonding of the buried layer 15 and
the strained material islands 14 to the seed layer 11 and, thus, facilitates detachment
from the seed layer 11 after bonding to a support substrate 17. Surface planarization
may precede the step of ion implantation, if it is desired. Detachment from the seed
layer 11 can also be achieved by grinding.



Whereas in the exanple shown in Figure 2 the strained
material islands 14 are separated by the buried

material 15, structure A shown in Figure 1 results, if
VRSOK¥HEP303f patterning the buried |ayer 15 is PCT/EP2009/004792
performed after the transfer of the strained nmateri al
islands 14 to the first suppoH substrate 17 (see

Figure 3). According to the exanple shown in Figure 3,

the strained material |layer 10 grown on the seed | ayer

11 fornmed atop of the substrate 12 is bonded via the
buried layer 15 to the support substrate 17 and ion

ifl 6 Ind & atation isdeomirdiled shén HHat ﬂieﬂmﬁlb!ﬂmaﬂdm dépthéﬁk&éedsﬂtherdepths of
the seed layer 11 results in a wea

the Yenches ( LTS B ke PRGN ORIl e sedd material

i erorimdl @l iriplaAfta e, i8 65t MofddRhaG BRI in the case in that an implan-
ubseqguent |y, trenches 13 are etched with de

t hs
tatieads farmed i thr iukigd sraterial @ttheuméemﬁ@put@nchwéhs péFlgure 2).
Dﬁlettgrtﬁetr’n?f@ Mgﬁkg@nwseﬂ%ﬁrﬁag P@Flé %ﬁWﬁE’e iaﬁ[) Hgé‘h&nhﬁﬂor to the

buried | aye port strat
fmezemeauseegms mc@mmwm subsnate Nem!essm!&”eu!@nd

buried | ayer (reference sign 18 of Figure 2) is forned

for bonding to a second support substrate (reference

ItSé gotetidthaf iofi igyptantafon mayeaismbe\pelrfprmeﬂm theepiraihed layer and pat-

atterni t.he [
b T5d) B8SLpkSedt U AR S thevate gl Begrer vanster
ostlepimterPaidisde subsgtratét er t he deposition of the second
buried layer 18 results in bonding of individual
strained material islands to the second support

Aﬁtebﬁém@éﬁto thersupgort suﬁetrem'a giithepe theatrnerthe ppeabmeschinngder to plas-

strai ned eri al er,.1
R ARG FRINGIAR TRIGIA VT 1. QP BeTPh i ESH i at least par-
tihily l@@@a%tﬁfné&ﬁla@%@ idleRr 141 In toeddhe fQﬂEerOfedUB@ any buckling, re-
strained material |ayer 10. Heat treatnent is

sigepriscHribe Sesd lavy abmyerqrw@fi §tthcRY S6ISHG £ "wﬁ aftgp the heat
tr@ﬁltrﬁerrit %st@éd bhges&Rengd ﬁBf)?’ﬁr Htr@k@@ﬂ&ﬂoﬁ@féﬁ 'T‘h@ relaxed structure is

material |ayer 10 atop the conpliant |a
sEeaegudhPoRderhViar aieeand Suriewhdapt ' o hethOﬁé ¥ippgrt substrate

1639 &8 e rbindBY t sé”é%FrﬂHféﬂQl ?P' Mhé‘d?/y%@b bt &Eﬁér:%ﬁﬁ%éﬁ%ve been

step to finis onpl ete rel axation. Moreover, the seed
caranyérouiwheaym@emm\artta%m prafilec hiagl besa Raviormedtin the compliant layer
I [

oh§ AR TR GAEEARD AN L e RO

| ayer material 11 that, in thls case, functions as a

V?C’rgerr%%e{]’]' tﬂ?t xaf tele %&\Lﬁ@i@[ﬂ%é?hg PHﬁ%b'rﬂ&Fnéﬂs%n?s 14 are sepa-

rdtbe bgrthe rbelneﬂrmateuam&ostpmtwen@ shhenfin rl'sgureu‘ppemﬂts if the step of

substr e 17, the f] e

PRATBIoane, tfiesdYar S B iR PR e drelsdiofihg ApEga materia

ighede onplo ﬂh@tﬂrbay@f;)orﬂ&t&mdté he (se€ Giglre BppAcdording to the example
ubstrate 1 see Fl re .2 The econd substrate, 19 :

SPOWR H 5190 @ hesstbql aﬁg)aé layer ¢1 eQﬁOWgS‘ e’ Cfeedﬁlayel’ 11 formed

afpdsrihé @uwrana er ;a\ba;lnde@ umhbr@reﬁ ibyer 8 foauheecd:pport substrate 17
materjal islands 14, roves art| cul ar
P\FéWP

apdjafhirarjasiation slowinelog daméef 'ayed 19 %%e(%ee& layer 11 re-
stitd M X whaRBh& thy@PM8)with a rather homogenecus implantation profile (depth)
thereby facilitating accurate detachment. Subsequently, trenches 13 are etched with
depths of at [east the thickness of the strained material layer 10. Alternatively, the

trenches can be formed through the buried layer 15 down to the first support substrate



It should also be noted that if the seed layer 11 is

GaN deposited on a sapphire substrate, detachnent by

ﬁ§er |ift off at the interface of the GaN Ia%er and
YR re substrate may al so be perfornmed dGr{Ehgo0o004792
the process of transfer of theg strained materia

i slands. Moreover, if the seelf layer 11 is a silicon
waf er and detachnent is achieved by the SMART CUT(r)
process, the support substrate 17 advantageously is a

con subs in sim fjcie .
17 rPar SRRhERLR: (H1ef HaftBpd bt S ¥alier iR dim¥d for boncing
td @lsbcwd@ppaﬂ stibaimmedresérenbe sigor réasf Kiguref2)an epi t axy
| ayer of InGaN, useful for the manufacture of LEDs,
| asers or solar cells, based on the rel axati on and

Alteastay, ok geptof @an@m;d@wﬁme SrafeoO heAecA Iwdrh0 hay be carried
resent i nvention is &SCFI ed. First a stral

olive¥a latardg dhe semancs; @rgcassmg%*?mlpﬁﬁeéwagéﬁeéﬂ“e deposition of

tHd&oR8 Briel Ié&@?% re QM Bondirdy @ﬁﬁdnbwuﬁﬁét%ﬁﬁphia?éﬁéi islands to

on a GaN seed |ayer deposited on a sapphire seed

tmﬂdtﬁépw%ﬁﬁdl@@mdl ng to reference sign 12 of

Figure 2). An oxide layer of Si02 (or an

undoped-si licon-glass) of a thickness of about 50 nm

Fughete posimigit petforieghe mattnring ef thefstrigitied matesal layer {0 ater partial
oV,

tcgg{grofgygggg% E{S‘{%gg \#OIL 8 c@rlJ ?c% QS%;F%HQ% ?lﬁwtegs d?‘trﬁégge@%d I@pér 11 to the

oab ofithes€ttaimed mt@@@quéﬁt Hyalf eatewnbdis thee pexfiotheed for the double

| aye The ¢ | Lant | % : ;

ey Sl s BIIAE o L e TS eB Tt g bk, vRERB8ineg materia

layéf @0 tatop-{iay @cgnm:dmnayeanSaﬁ;maseqlmnt $inplerefrmvabdf ther matghial of the

t free surface of the [ .I [ re teQ:
sl fvar T e vy or Bhan o ingslnd SR tpiln complete
réléb@t@ur VRe€oies, mel $®mekéyef on rexpioel ;mrt:ddyy atcﬁ‘bﬂ’ and the heat treat-
hni que. | on | ant gtion is carried
e AECD CAHES BT SSHBFGLeeY bstiuerss Al o Shi Fnel dhpoval of re-
sh@alﬁ&ﬁf’ehé besdglet MataRIM iteat inl tAkedasel Aecoandes bayiéfening means
and the I nGaN [ayer. An absor bi ng layer of SixNy:H and
tfurthes Ay RESINGf  about 150 nmis deposited on anot her
sapphire substrate (correspondlng to reference sign 17
of Figure 2) and a bonding |ayer

!rb@) f@ﬁ}%ﬂiﬁﬁww cRfad tigpEaentis p§[jf9§p@%ﬂ, £k ithg entienitnycire comprising
gg'oﬁesulbgbf% ﬁn%ep 3! 55@&1 f&&épg ltRe Qﬁﬁﬁbﬂ%ét@rtéihﬂands 14,

structure inclu N strain | a

thvemeqoed lmtaﬁgti@hmayealmb@mwwnatslﬁwrd dBens @@ss‘%cay@rsuppoﬂ sub-
sthas B (s%hcﬁﬁ@%?)oﬁhé%%ré&gﬂbﬁf FBGE, ¢ fhﬁ‘éeﬁe . ?ﬁbtv%ﬁg a stiffen-

at the weak [ ayer an etachnent o
ingagffsiet ireosiesdo |fww avoisebuekiingiof the Bsaiseddnatggial islgnds 14, which

o3R8k S RGHLE Gl aghBEE B i/ TRRe Rlard Bk e85, 3nm x 1 mm

stage nperat ure
akeptordel ow the nelting (refl ovv) tenper ature of the
bor ophosphosi licate glass |ayer. After the heat
treatnment the residual GaN seed nmaterial is dry etched
lttsbolikiegicd be noterCrlst I|fayerseeﬁ {ayepditaisiGaN déhesitednd@abl sapphire sub-

st HeloBhmEgt b Sapehidl ehEenBEaRehioR A LEVE radle sapphir
sliftete Bayaalsé BBGRITBrmkE RGIhgRRY pRsceee oS transfer of the strained mate-
rial islands. Moreover, if the seed layer 11 is a silicon wafer and detachment is
achieved by the SMART CUT® process, the support substrate 17 advantageously is a
silicon substrate to obtain similar coefficients of thermal expansion thermal treatment.



WO 2010/ 015302PCT/ EP2009/ 004792 17 In a next step,
annealing treatnent is performed at 800 C for 4 hours

to cause refl ow of the borophosphosilicate glass |ayer
WORHHYSEBr r espondi ng rel axati on of the strai MEA/BRZ2K04792
i sl ands (of about 1002 to 3002 mcroneters2) resulting
fromthe patterning process. M SiN |ayer of a

t hi ckness of about 50 nm m ght be provi ded between the

N face of the InGN |layer and the oxide |ayer of Si02

(or an undoped-silicon-glass) to inprove adherence
between the InGaN | ayer and the oxide layer. In this

IrFﬁl%efoiié\Dlﬁgsgh\'éxé e Eﬁ%tfoﬁﬂ&:cﬂ?oﬂéh %Pﬁé%ybi'agl& bAEaN, useful for

e us for a detachnent s
thﬁmap@‘acwm pEbhDgl lasersiaiyetarsells hased metbg relpxatippiandtransfer of

g\rgrn%m%% d+ ﬁagcﬁegﬁée% ffih B &e§§mq99rﬁi?99§‘5é§cr@€95t rate

corres 0 reference sign Figure 2). The
conbi nati on of undoped silicon-glass layers and the

Fﬁ%/gos@r%@e flwéa s ygpﬁgnﬁh?ihﬁgsz:]é?ﬁ r‘d(i)t?}%taf]r@eofbéjmi%ess of about
100 dopiedersndd bphe@rcmm;takgape rastleeeth!am@r depesiteduonalsagphire seed
oSl oo RBaCI0P  Fhreia e bo f P BE R tipé Ber of sio2 (or
dmwﬁcﬂ@d-emcé:a-bta%s pH ki thltkngys oDeb@.ﬁfﬂfenm isfddposited on the InGaN

b t h the InGaN st
N 6F GAITRyIaMC & FERGME, g TiE WP FRLer(SBRERS, A complian

la%bﬁ‘@f beaphoshREAINGE: 5188 dfa AMickhdbdr & é)odt%%CﬁmeEe@bbsequentty
el ectrorr)ﬂa{gnetl c irradiation by neans of

fqr@gérorphhs\n GVl gHie Gimnlgat kvl RPOREPES ﬂéa%ﬁswgle and 2 % of
pﬁi&é‘ﬂwofoﬁlst %%Weet‘ﬂb dellred fﬂé!bxh‘\@\é?ﬂe@ﬂ Mﬁ&rog‘%ﬁ\%bﬁ%b%n@itlon is per-

N, undopedsi | |confg ass and borophosphosilicate
fc;gmagghtoa@értbeafre@ sutreeqeletiel SormRiiRpY dyepyn pElar Aifagn aneakened
[ I
e B G RE e Jod LR Hifaco RISl 1EPERAAHE, by a CMP
techpiguie larofplsntatienals @ﬁrﬁwﬂ rpltifW%t"@ﬂ'fa?tOm&{ﬁé?% ahgaton energies

(aéb[?ﬁ ovo[‘?@# SuffiOknt Q@d&@flwﬁgh Yhé 88ﬁ1pﬁérﬁ%§'_é?nfh% »oxide layer and the

or opto-electronic devices I nst ance,
lr@:awayrof an InGaN material with the same or a
conpar abl e i ndi um content as conpared to the one of
the rel axed InGN islands can be perforned. All
Ap rabsiocuisg yauéirsmf (Bisleyt Hearrb oF methicknasse ohaboitnt Ehdedisadeposited on

tatiqns serve as ex Iesi Lustrati
apfiv, el S LS lsPRRE Eriloreeh B TP ot Fog 2 and 2
bumﬂ@g Batyeﬁdf bﬁ@bhemsmbaal dlasd |st§m®sad11mtﬁiyder$md bethe nitride layer
Psrh%sc! Bﬁ‘é‘r @ gondbng ?orrbe Qfe%klerr\]e {ru eturs chvad¥ng the %GaN strain
Iayer. The resuiting entire borophosphosilicate glass layer has a thickness of about 1

micrometer.,

Next, fracture at the weakened layer and detachment of the initial sapphire seed layer
together with the seed layer of GaN is achieved by thermal treatment at 450 °C for 10
hours. Note, that at this stage the temperature is kept below the melting (reflow) tem-
perature of the borophosphosilicate glass layer. After the heat treatment the residual
GaN seed material is dry etched to free the InGaN layer of N poiarity. The InGaN layer
is subsequently patterned to form trenches of 1 depths of 10 - 40 nm in the borophos-
phosilicate glass layer by a standard lithography process,



Clainms 1. Method for the formation of at | east
partially relaxed strained material islands on a

rget strate, conprising the subsequentl
%@Hﬁ@(@g steps of forning islands fro?n a St¥gpﬁg§gzoo9/004792
material |ayer on an |nterrred] ate substrate; at | east
partially rel axing the strai ndd material islands by a
first heat treatnment; and transferring the at | east
partially rel axed strained material islands to the
target substrate. 2. Method according to claiml,
further conprising transferring the strained materi al
i ﬁﬁef(t été@raraxeamaﬁtrsalthﬁmaé petfarntchieatiaf0erniad udtcairs to cause reflow

trate int tep of . transferrin
of e Horionarancate blEss 2o i ca EepoRtB gt reliorol g srained
IHGUNe iIBsH sal aﬂdmhroeketocm |nﬁ§6n1é%]@§) temugmg from the patternlng
| ow vi SCOSIt fy%‘,‘, in partlcu ar

proggss. AN hae%,@ Higeresnobpbeyt QGJVBF“'QREP%BWHIJ;E tt%eeﬂ the N
fa{ﬁg}’lﬁ‘ghé‘?@ééNMaJne@Yaﬂd {he &g u@bsbﬁsﬁm& éﬂbﬁ@é;ﬁidesmé’on glass) to

_ accor di llaim 1 2, wherein the step of
iniprave peherenee belavesn theé&@a?jdﬂqr@nwhe exigg dayest ipdhigsgse, the SiN

lrf'EF ﬁfnhfﬁ%ns‘ & Qﬂgﬁ%&emg heydrah ﬁPQé%é"d for @B RSN step.

e oSl cosity In particular, a
burl ed |l ayer, on the at | east partl ally rel axed

Aﬁ”nﬁb@&ﬁj sﬂ@éféla@g Eée)%r%@gst @Eﬁe&o&ddbrégbﬁ Iﬁ‘ﬁcrometer is deposited on a

I SCOSI target substrat 4.
sb@rﬂdc&&pabm@sdbs’tgpte ¢cartesipondingrto zefem@e@.agn 1@1ef Eigeps &F. The com-

o087 Do AcBR B PioA A% 3t 8 Deyt ) 31 3 kT Brlast pr o
treeporédd laggr &8|(‘IfVFIgIH$C?)SBE§OFé dpadingi m‘ tparundopbdellcan glass layers

burted nth at relax
paiEhirietiictandiih SHEpdins Bt BRaTRg TS RERSess of the bonded
uh@xype‘ﬁll-ﬁnglasd RYyer rn*ag? ttehabdlﬂﬁgmicrsmb&t l(aftear; podinbling). Detachment

t onpr Xi n h t | east

of e et B wheh e 1SPRBC R dpfes oL UG eRroe By was tans.
frredng fties figdtrbAsfehstebabeerefottigkisiiret DY Rigaaconid dvbidved by elec-

treat nent.
tromagnetic irradiation by means of an Ar/F laser providing light of 193 nm through the
substrate that is transparent for that wavelength. Residuals of the SiN, undoped-
silicon-glass and borophosphosilicate glass layers are subsequently removed by pol-

ishing and etching.

The resulting structure comprising completely relaxed InGaN islands of gallium polar-
ity can be used for the homoepitaxial growth of material layers that are suitable for the
manufacture of electronic, photovoltaic or opto-electronic devices. For instance, epi-
taxy of an inGaN material with the same or a comparable indium content as compared

to the one of the relaxed InGaN islands can be performed.

All previously discussed embodiments are not intended as limitations but serve as
examples illustrating features and advantages of the invention. It is to be understood
that some or all of the above described features can also be combined in different

ways.
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. Method according to one of the preceding cl ai s,
her conprising patterning the strained nmateri al
r before transferring it froma seed substrate to

MRS Et%edi at e substrate thereby form ng st P&LHFI09/604792

mat e
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rial islands separated by interspaces. 6. Mthod
rding to one of the prece81ng clains, further
rising patterning the strained nmaterial |ayer
r transferring it froma seed substrate to the
rmedi ate substrate thereby form ng strained
ial islands separated by interspaces wherein the
rspaces, in particular, extend down to the
rmedi ate substrate such that substantially no o
Megihocbfor tthe forovationsafoati legst| paytallyrieiaxied stiginagematerial islands
om qf t ' S 7 '
A7 oresl gt ing e Sbreyh G Retbiiferd Beps o
r on the strained material |ayer islands and

d and the str

s s FEFER sl aer ararof T D ARt Substate

rel axing the strained naterial |ayer islands. 8.

Met h
conp
seed
bel o
and

subs
rea

od accordin o,one of the, clai to 7, furthe

af lgpﬁtgpqﬁi@,lwgr Xrkethe: staingdy Ir@ jsiqndpap)ye@ ﬁgsrqﬁ'\ga{ treatment;
afabstrate; inplanting ions in the seed substrate

w the strained nmaterial to forma weakened | ayer;
detaching the strained material fromthe seed

%r?réﬁénf?rr% thB et Wk ekl 2¥aked¥trainehirhateNsPkiands to the target

substrate.

Method according to claim 1, further comprising transferring the strained mate-
rial layer from a seed substrate to the intermediate substrate wherein the step
of transferring the strained material layer from the seed substrate to the inter-
mediate substrate comprises depositing a low-viscosity layer, in particular, a
buried compliant layer, on the strained material layer and bonding the low-

viscosity layer to the intermediate substrate.

Method according to claim 1 or 2, wherein the step of transferring the at least
partially relaxed strained material islands to the target substrate comprises de-
positing a high-viscosity layer, in particular, a buried layer, on the at least par-
tially relaxed strained material islands and bonding the high-viscosity layer to

the target substrate.

Method according to claim 1 or 2, wherein the step of transferring the at least
partially relaxed strained material islands to the target substrate comprises de-
positing a fow-viscosity layer, in particular, a buried layer, on the at least par-
tially relaxed strained material islands and bonding the low-viscosity layer to
the target substrate; and further comprising the step of relaxing the at least par-
tially relaxed strained material istands transferred to the target substrate by a

second heat treatment.



9. Method according to claim5, further conprising
grow ng the strained material |ayer on a seed
substrate; WO 2010/ 015302PCT/ EP2009/ 004792 20

WORSWAIPHY the | ow viscosity |ayer on the strACHEF2009/004792

material islands and in the i@terspaces separating the
strained material islands after patterning of the
strained material |ayer was perforned; inplanting ions
in the seed substrate below the strained nmateri al
islands and in the |lowviscosity layer at the bottom
of the interspaces separating the strained nateri al

5i s| an@shddoadcordimgitorerd enthe prayeding alains] €talodri sognprtsing patterning
strajned materi a rom the seed substrat

1 . | slands, f t .
Che (WectEinsd malpsial BySEoriare R idigreec fybstate to the in-
Met hegmagia®y dubérdte theRb9f fotiRgPtetst Riatehaliisnds separated by
wherein the seed substrate and the internedi ate

subst"UBRAGESd/ or the intermedi ate substrate and the

target substrate are of the sanme material, in

particular, conprising sapphire, silicon, SiC or, Ce. ,

. Method according to one of the preceding claims, further comprising patterning
the strained material layer after transferring it from a seed substrate to the in-
termediate substrate thereby forming strained material islands separated by in-
terspaces wherein the interspaces, in particular, extend down to the intermedi-
ate substrate such that substantially no material of the low-viscosity layer re-

main on the bottom of the interspaces.

7. Method according to claim 2, further comprising depositing a second buried
layer on the strained material layer islands and patterning the second buried
layer and the strained material layer islands before at least partially relaxing the
strained material layer islands.

8. Method according to one of the claims 2 to 7, further comprising

growing the strained material layer on a seed substrate;

implanting ions in the seed substrate below the strained material to form a
weakened layer; and

detaching the strained material from the seed substrate at the weakened layer

by a third heat treatment.
9. Method according to claim 5, further comprising

growing the strained material layer on a seed substrate;



11. Method according to one of the preceding clains,
wherein the | owviscosity layer and/or the

hi gh-vi scosity | ayer conprises an absorption |ayer

WA 208K1183%0r absor bi ng el ectromagnetic radi at |P(§?rT/EPEQ09/094792
Met hod according to claimb5, further conprising
inplanting ions in the seed stbstrate to forma

weakened regi on before patterning to formtrenches
bel ow t he weakened regi on and wherein the ow viscosity

Iayer i s . deposited on the patterned, strained terial .

| 2y oReBRRNY it oRevagRtBY ot B g CLr ef TR GG RIAS and in the
for ”ﬁﬁe@?aéé&esﬁﬁérbﬁﬁ ithe @ffindd! diefial CiORRNS SAfeg patterning of the
bondi ng the islands Tormed by the patterning to the

i nt epligigpdmaterim A veamasnpifog@edchi ng t he seed

substrate at the weakened region. 13. Method according

to one of the preceding clains, wherein the strained

mat ermeianmrmylens @otherswssmstrotm&elgwéheﬁtraln@\madﬁmmlands and in

t he t f

boro p 0S Edh\gggq%itg X?Je?)él? agés: BBE@%ZQ@%@ fné%@@?%e} ?er%é?r%”&tr'? 8 strained
conpmzenel ad@rdsnodornphmﬁk@nedldayancﬁr@r t he

hi gh-vi scosity |ayer conprises a thermal oxide

material. 21 14. Method for the manufacture of a

sen detadhingathe detnginesl, matensl iislamts fromvihdi sepdasulisirada at the weak-
parti al | el axed strai,ned nmaterial on a target
subs£P&Y é‘ygﬁl?\’)Pgﬁ'ﬁ‘gB?% tB??ngPE't he preceding cl ai ns,

and further conprising epitaxially grow ng at | east
fornmed, at ] east art

1,%2?61%”%3??&4 glgqqqalﬁgr;g?qg# 4 thelq{e?)eaq;Qg glgfrag. w %{%}@ef%ered substrate

LED @hd BROheMedite sObstae /indis \the ﬁltérﬁ‘_\éﬂﬁd&e sﬂsﬁstraﬂe and the target
waf er conprl Si ng a support structure in particul

consp4kstirale gre & H}ﬂwﬁ?r@e raatﬂn@h iRy ipartisyfar yCaraprising sapphiire, silicon,
SiC, or Ge.

11.  Method according to one of the preceding claims, wherein the low-viscosity
layer and/or the high-viscosity layer comprises an absorption layer suitable for

absorbing electromagnetic radiation.

12.  Method according to claim 5, further comprising implanting ions in the seed
substrate to form a weakened region before patterning to form trenches below
the weakened region and wherein the low-viscosity layer is deposited on the
patterned strained material layer such that is does not completely fill trenches
formed by the patterning and further comprising bonding the islands formed by
the patterning to the intermediate substrate and detaching the seed substrate

at the weakened region.

13.  Method according to one of the preceding claims, wherein the strained material
tayer comprises or consists of InGaN and/or the low-viscosity layer comprises
or consists of borophosphosilicate glass, BPSG, or an SiO; - compound com-
prising boron or phosphorous and/or the high-viscosity layer comprises a ther-

mal oxide material,



i slands of at |east partly relaxed strained material,
in particular, with an area size from 100 m'cromsters

100 mcrorreters to 1l mmx 1 nm and of a thickn

X
WP W13 8% e t han 1000 Angstroms. 16. A wafer g@@@?é‘l“l’@”“”z
to the preceding claimfurther conprising at |east one
active layer on the relaxed strained material, in

particul ar LED, |aser or photovoltaic device I ayers.

14.

15,

16.

Method for the manufacture of a semiconductor device, comprising providing at
least partially relaxed strained material on a target substrate according to one
of the preceding claims, and further comprising epitaxially growing at least one
material layer on the formed at least partially relaxed strained material, in par-
ticular, layers for LED or photovoltaic or laser device layers.

A wafer comprising:

a support structure, in particutar, consisting of sapphire;

a high-viscosity layer,

islands of at least partly relaxed strained material, in particular, with an area
size from 100 micrometers x 100 micrometers to 1 mm x 1 mm; and of a thick-
ness of not more than 1000 Angstroms.

A wafer according to the preceding claim further comprising at least one active

layer on the relaxed strained material, in particular LED, laser or photovoltaic

device layers.



