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wb QR The present invention relates to tl%}?r/ﬁzﬁd%mmo
of 's alned | ayers and conpliant substrates
application in the manufacture of sem conduct or
devi ces useful in electronic, optoelectronic,
photovoltaic field and, in particular, to the
rel axation of strained filns by the use of conpliant
substrates. Background of the Invention Wen native
bul k substrates are not avail able or are too
expensi ve, useful nmaterials are often forned by
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i nportant manufactur step,in the sem conduct or
t echnol ogy. For inst$£8@ ed LRYRKS d of
light-emitting sem conductor devices or solar cells
there is a need to grow heteroepitaxial filns on
substrates as sapphire or SiC to form subsequently a
final sem conductor device. After transfer of the

Figldof Inamtionsi al filns to another substrate these filns
can, for instance, be used for epitaxi al growth of
Iayers used in electronic and opto-el ectronic

Thesesendinvention relales de thefield qf|qtrﬁ§1e§rlqur§ra‘ﬁlﬁlcpq5@pllant substrates
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erent coe clents of
elesirpainsplnionitaicdigidh aed| in particslapie she relaxation of gtrained films by the

t{s on material quality of layers
usg%%‘%’?%"gyﬁ%@s are caused by m sfit conpressive or
tensile strain and the corresponding generation of

slocat | OIS and cracks. Thus, in the art conpliant
Bagbggqqrg{%ﬂ e‘ﬂ‘é?'tfb‘f’hg vitreous | ayers, have been

provi ded between the substrates and the _
W gerf g{:q%gpbthl?é{lgétraftés are n& avangle ocr) arree toeoagfperﬂsns\?]; tuseful materials
are often formed by heteroepitaxy on seed substrates so that the growth of thin films
on substrates by heteroepitaxy becomes an important manufacturing step in the semi-
conductor technology. For instance, in the field of light-emitting semiconductor devices
or solar cells there is a need to grow heteroepitaxial films on substrates as sapphire or
SiC to form subsequently a final semiconductor device. After transfer of the heteroepi-
taxial films to another substrate these films can, for instance, be used for epitaxial
growth of layers used in electronic and opto-electronic applications. However, when
films are formed by heteroepitaxy on substrates with a different lattice constants and
different coefficients of thermal expansion as compared to the ones of the films detri-
mental effects on material quality of layers grown on the films are caused by misfit
compressive or tensile strain and the corresponding generation of dislocations and
cracks. Thus, in the art compliant substrates, including vitreous layers, have been
provided between the substrates and the heteroepitaxial films in order to release misfit

strains.



2 However, presently used nethods for the rel axation
of strained heteroepitaxial filns often not show

satisfying results with respect to the suppression
WHALROIN{Y and the formation of cracks, etc. lﬂtﬁl{ﬁPZﬂ?s‘(ﬂO?'fgﬂ

a problemunderlying the present i nventi on to provide
a method for the conplete or 2al nost conplete | ateral
rel axation of a strained |ayer fornmed above a
substrate that avoids or at |east alleviates the

above-nentioned defects. Description of the Invention
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W t hout conpletely covering the strained
material |ayer thereby formng a nultilayer stack; and

ting. the tilayer stack to a heat treatnent
'f {':'H{;' '?%'I“P’Bﬂi'%'? the conpliant nmaterial layer is

caused t her eby) thereby at least partially relaxing

the strained materi al ?/
The above-mentioned problem is so ved by the method for relaxing a strained material

layer according to claim 1. The method comprises the steps:

providing a strained material tayer and a low-viscosity layer comprising a compiiant
material and formed on a first face of the strained material layer,

forming a stiffening layer on at least one part of a second face (opposite to the first
face) of the strained material layer without completely covering the strained material
layer thereby forming a multilayer stack; and

subjecting the multilayer stack to a heat treatment (such that refiow of the compliant
material fayer is caused thereby) thereby at least partially relaxing the strained mate-

rial layer.

The term “low-viscosity” is used to indicate deformation ability of the thus specified
layer during the heat treatment (see also discussion below). In particular, the heat
treatment (thermal treatment, annealing) at a temperature above the glass transition
temperature results in some reflow (plastic deformation, e.g., due to some glass tran-
sition) of the compliant material thereby causing elastical relaxation of the adjacent
strained material layer. The low-viscosity layer can, e.g., be a buried layer comprising
borophosphosilicate glass that reflows under heat treatment. The buried layer may, for
example, be an oxide layer. The multilayer stack may also include some support sub-

strate on which the low-viscosity layer was formed (see detailed description below).



The term "l ow viscosity” is used to indicate

deformation ability of the thus specified |ayer during

the heat treatnment (see al so discussion below). In
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anneal ing) at a tenperature above the glass transition

tenperature results in sone ¥eflow (plastic

deformation, e.g., due to sonme glass transition) of

the conpliant material thereby causing el asti cal

rel axati on of the adjacent strained material |ayer.
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order to relax the portions of the strained nmateri al
| ayer that are not covered by the stiffening islands.
Subsequently, the sizes of the stiffening islands are
reduced and a second heat treatnent is carried out
t hereby rel axing portions of the strained materi al
| ayer that were covered by the stiffening islands
during the first heat treatnent process.



4 The repeated patterning and heat treatnment can be
performed until the desired degree (percentage) of
rel axati on of the strained material |ayer is_ach ed
WO Man very accurately be control |l ed byF @'Hpg2009/004790
sequence of processing) or, in particular, until no
residual s of the stiffening fisl ands are Ieft and/ or
conpl ete relaxation of the strained material |ayer is
achieved. Different fromthe art conplete rel axati on
can be achi eved by the reg{eat ed heat treat ments
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shaned; in eatangular; eirculas peany eihst f%@sCOBF'dEEﬁﬁ'sﬂ@t’%‘)"@Fe for the further
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GaN material may be up to 35%, preferably the content pf indium may be less than
10% and more preferably the content may be between 4 and 7%. The low-viscosity
layer may comprise or consist of borophosphosilicate glass (BPSG) or an SiO, - com-
pound comprising boron or phosphorous. For instance, a borosilicate glass (BSG) or

phosphosilicate glass (PSG) may be used. The reflow characteristics can be con-



The material of the stiffening |ayer shall be chosen
according to the nechanical ability to suppress strain
rel axati on of the portions of the strained materi al
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Moreover, a nore rigid material allows for a thinner
stiffening | ayer, whereas a bBess rigid material raises
the need for a thicker layer in order to obtain the
desired partial stiffening of the strained materi al
| ayer during the heat treatnent. For exa

le, a
trgllqdfh’yethe egntent efboreryanhphosahetus Rinss 4f-r£"§n Hovaight acpn 2 % of
strained | ayer.
w%@gor dpll_% Rgb@géﬁ#}%@%?%ﬁﬁﬁ%@gt #’P?’eni ng | ayer d
conprises or consists of [11-N materials, SIN (Si 3N4

TRE e!g%r%'r'ﬁg the's ﬁﬁ%ﬁn‘g%é& ﬂM;[rq% cr¥s@Y S8cdta§ 'th R fechanical ability

tessuppress dtrainGeldxhtigreof the Ipnﬂnbnsmétheastﬂauwdedatbagddayer that are cov-

o3 trR A eRRe BgRh SRl At materiar alows for a thinner
stiffenfnigaayergwhaieas a less agid imatelidliraisés fiie Adedinfond thioketma@dr in or-

6503 S BBl S ol Rt S35 B e et
troataient. For ekarhpie, §tst" @éd’t@lla?&t A&y Rhve ayftkneks /BALBO ﬂqﬂQand up to
nm t hi ckness rel axi ng heat treatnent.

d
S dimes g i "?%sy ‘Prgya’ﬁﬁ%@yﬁ'é deposited with a
t hi ckness of up to 5 tinmes the thickness of the
strained material |ayer. As al ready described abov

Aggpadiag & 3n sxapple, g}enqstﬁ@nméagqr,cpmqp% of gansistyAGII- N materials,
Sﬂ@(éléNJBr"SJNIW?tSlb!\P&I &) twidh é@@eﬂ'r&ﬁdbﬁ’é’ﬂ'ﬂeﬁr@%eans particu-

risin the strained material | ayer an
Iaglv.m ff@ma@g of & straingdyvGabblayepierned ow&bweds@wmmpnsmg bo-
e I
rapifEhosliedt s 61 4R 18I0 ord Skl RMiprishoP BErof dFehosBhorous.
Thg |shfifmr)g hwea nbpattﬁélasta aﬁlﬁe@wgnlavsarrofﬁlawqayam beﬂe@osﬂed with a

344 67BShch SHREPEI9 o8 8ol Bl Bl of o
straleecbmattqnall layer of ebotéﬂ POwm tlmkneempemrm hegelaxgivg heatitreatment,
I ' .
TR S M0 o pesid 1 SHAELDRI FULSS babmes o i
negs afilee straifédemategial layer about 100 pmto 400 pm of the
stiffening material in renmoved in one | ateral

di mensi on. This neans that 100 pmto 400 pm nore than
Asriready gesedbel agovecthe stapsaif petiernol thé etiféening laper and performing

Bl A5 Bl SRR e e

tﬂeasﬂﬁenmg riamrr’mgbu barepeatets bsdd agsoferditdhes, Hach subsequent heat

trlgf\t o ﬁé% h;ge rgfq'do orlaa éqggg%%ggéc{]ﬁ'@ uo:gg\;grgﬁogy{)wegghﬁening istands)
amaaﬂslmdstmmbd:maternel Iayerglll_ﬁhda P@abn{ﬂ%}r}r&@nﬂdﬁé@ﬁséﬂ akkaab relgx may be

r eat essi n i na eaj . treat pent, e
aB@F‘PS%B" rrﬁi‘agl%ﬂef E"%@aﬂa&i}'&f *é‘ﬁal?‘ﬁu"l‘?g"ﬂw 't'“%"é to reflow,
tiged t%m#)eﬁﬂu r@&ts@ﬂ'afhkl disy e YdRghafsdiindof the sihined @tﬁatér"hﬂ Accord-
stiffeni n%tl sl ands before each of the heat treatne

7 19,88 TR0 CITN o PAGILPR AT BAHCATRG AT B StRENNG: [AYST elnil 400 ym to
409 Rin $11RELIMMinGIEGAAATeRBRdR AMIMER) BINrRRAL Tk!shns that

shoul d be ndted that i n the enbodi nents of

1Dﬂ\uaht0| 400 wrethere fbl@rwrtm@aec‘@ﬂm@e@h reaené ﬂ'étlile s’trramd material
P if'dardddfar! BistlafRasinehnt el @gﬂfey;?&s%esqgmeé@}s%de% the pat-
'c ess than the expansion [en

tefoed stifteningrlayasnigtnartisular ponsisting ﬁ@ammtrmnedatelr%lmenswn

during the heat treatment w thout causing buckling or

cracking of the film The expansion / contraction

length is the length of |[ateral expansion /

-contraction during the elastic relaxation of the

strained material and plastic deformation of the
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renovi ng any residual parts of the stiffening |ayer so

that the entire surface of the strained material is

exposed and subjected to the heat treatnent;
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strained material to another substrate by bonding the

rel axed strained material to6a |ayer deposited on the

ot her substrate; and detaching the | owviscosity |ayer

fromthe rel axed strained material |ayer. Wen the

| owviscosity layer is deposited on or bonded to sone

support substrate this support substrate is also
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tﬁa%gffafrﬁ\'a' fhd (Ic8\¥|Sfeter or partially) relaxed strained material to another sub-
strate by bonding the relaxed strained material to a layer deposited on the other sub-

strate; and
detaching the low-viscosity layer from the relaxed strained material layer.

When the low-viscosity layer is deposited on or bonded to some support substrate this
support substrate is also detached together with the low-viscosity layer. By this trans-
fer of the relaxed strained material the surface opposing the surface of the relaxed
strained material layer on which the stiffening layer was deposited becomes available
for further processing, in particular, for epitaxy of material layers.



The herein disclosed nethod for relaxing a strained

material |ayer is useful for the manufacture of

sem conduct or devices, in particular, opto-electronic
WQHI0/8E84or phot ovol tai ¢ devi ces. Thus, her eiP§T{EP2408/004750

provided a nethod for the nufacture of a

sem conduct or devi ce, conpri‘sing rel axi ng the strained

mat eri al according to one of the preceding clains, and

further conprising renoving any residual parts of the

stiffening layer so that the entire surface of the

strained material is exposed and subjected to the heat
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igure es anot her "exanp e Inventive
subsirateoniay elsorbel theistitfersng Eysed nat er | aI i sl ands wherei n
stiffening islands are fornmed atop of the strained
mat eri al i sl ands.

The herein disclosed method for relaxing a strained material layer is useful for the
manufacture of semiconductor devices, in particular, opto-electronic devices or photo-
voltaic devices. Thus, herein it is provided a method for the manufacture of a semi-
conductor device, comprising relaxing the strained material according to one of the
preceding claims, and further comprising removing any residual parts of the stiffening
layer so that the entire surface of the strained material is exposed and subjected to
the heat treatment and epitaxially growing material layers on the formed at least par-
tially relaxed strained material, in particular, growing active layers on the at least par-
tially relaxed strained material islands.

Furthermore, it is provided a semiconductor structure, comprising a support substrate,
a low-viscosity layer on the substrate, a continuous strained material layer or strained
material islands on the low-viscosity layer, in particular, of InGaN material, and a stifi-
- ening layer partially covering the continuous strained material layer or the strained



Figure 3 illustrates another exanple of the inventive
nmet hod for relaxing strained material islands wher ein
stiffeni ng i slands are fornmed atop of straine
WRaP0?2814 i s| ands formed over a patterned co‘?ﬁﬁ’?’éﬂ‘{”mo“”“
substance. Figure 1 shows an exanple of a nultilayer
stack fornmed according to th& present invention. The
mul til ayer stack conprises a support substrate 1, a
Iovv-vi scosity layer 2, a strained material |ayer 3 and
atterned stiffeni nE% | ayer 4. The strained materi al
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tetal falyeni ng | ayer 4 is obtained by dep03|t| on of a

stiffening | ayer and etching by neans of

phot ol i t hography. Thereby, the strained material |ayer
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| ayer 3 for the honoepitaxially grown crystalline

| ayer the conpletely relaxed strained material |ayer 3
may be transferred fromthe support substrate 1 to
anot her substrate, e.g., by neans of another buried

| ayer deposited on the other substrate. For exanple,
the face Ga of relaxed strained c-plane InGN nateri al
Is preferred for epitaxial growh of crystalline



According to another exanple, the multilayer stack
shown in Figure 2 was fornmed in sone detail as
follows. A strained material |ayer was

WORHPHEH t axi al |y grown on a seed | ayer dep8ST{EE0YA4790
or bonded to a first support substrate. The strained
material layer is an InGaN [%yer, the seed layer is a
GaN |l ayer and the first support substrate is a

sapphire substrate, for i nstance. It should be noted,
however, that |InGaN represen
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strate 1 shown in Figure 2.
t hi ckness of the second buried layer is about 4
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N | ayer is patterned 0
g UEIroD s RS BV O P e RERIREY CSSTEL Beh P may be
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stitfening layer during |later heat treatnment can, for
lajerst ance, be achi eved by plasnma enhanced chemi caI

vapor deposition (PECVD). The stiffening layer is
patterned by dry etching with photolithography to form
Acending du lacthies exardplesths multilayen siagh shewndip Figure 2 was formed in

some detail as follows. A strained material layer was heteroepitaxially grown on a
seed layer deposited on or bonded to a first support substrate. The strained material
layer is an InGaN layer, the seed layer is a GaN layer and the first support substrate is
a sapphire substrate, for instance. It should be noted, however, that InGaN represents



11 croneters x 300 mcroneters to about 400
m croneters x 400 mcroneters and centered on the
strained material islands 3. Subsequently, heat

WO 0409788 at 800 Cis perforned for four hour%?ﬁqﬁamwmmﬂm’
order to partially relax the strained material islands
3. Thereafter, the stiffenindCislands 4 are conpletely
renmoved by dry etching and a second heat treatnent is
performed in order to conpletely rel ax the strained

mat eri al 3. Th ppl.ete rel axation of .
oy e EREmRBLfor 1o Riatenal atahe sHaMeHdnaisril Buar-Uf faeh the strained
mate@sibydiomBy Gel 4 RemiQbh@lidiat matdral sish asdﬁ/\pénatérel and may, for
in stiffening material are formed with, say 8

ingtargey ﬁem@e 27 go0SIRY ofr» HiNanatesalchosen rfronha tf'"fﬂ%tteﬁﬁﬂ or qua-
teltn% [%nt the size of the stiffening islands 4 is
uced to 600 mcronmeters x 600 mcroneters, a second
heat treatnment is perfornmed, the size of the
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aYE4R OT9RE (B, 4ARBFD NG BARIAnGs BERLSRT IhG RIGrh eSA! the Strained c-
plarid RGN Byevaidpietbuaietiaagdrng the rel axation quality.
Figure 3 shows an exanpl'e simlar to the one descri bed
wWth reference to Figure 2 with the exception that

Tﬂéﬂt Rnichspd Ry élﬂeslﬁfb‘}ér{té‘d |t!§%@§h Qﬁ@l b&h&l %&E?t&‘ﬁﬂm@%@k&hed layer

aer are patterne form sl ands of

at %wkﬁ%m.w wwagl\l/@aNZﬂama@e The M@akﬁmdalaivaw isipspyidiersin order
to ?ac[ﬁlﬁ&gfo%‘tﬁéim%t%‘ﬁ %c?éeéH)Fa?eF éﬁd‘gé@ossu%%w A éédofnﬁwnee layer is

are centered he strain nateri a
depositastion the SepRnskevHisyete atﬁbownhefugttre &ail herihlcamess of the second
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|
\nséc%sgtgi1 %& 3 née é@{er EJL&?‘P?QQNO‘?} Qﬁ@ g&iéﬂ% f)%@ﬁ@ﬁdmg the first

and second burled Iayer the thickness of the low-viscosity fayer 2 is about 7 microme-
ters. After bonding the seed substrate is detached at the weakened layer and residual
GaN material is removed by dry etching.

Next, the strained InGaN layer is patterned by lithography processing in order to form
rectangular strained InGaN islands 3 of about 1 mm x 1 mm as shown in Figure 2.
After patterning about 200 nm of stoechiometric SizN, is deposited on and between
the strained InGaN islands 3. Deposition of the Si;N4 layer that functions as a stiffen-
ing layer during later heat treatment can, for instance, be achieved by plasma en-
hanced chemical vapor deposition (PECVD). The stiffening layer is patterned by dry
etching with photolithography to form rectangular islands 4 sized from about 300 mi-



13 Cdains 1. Method for relaxing a strained nmateri al
| ayer, conprising: providing a strained material |ayer
and a |l owviscosity layer forned on a first face of

WQ Ha0/8x284i ned naterial layer; formng a sti fACARPAYI/004790
| ayer on at |east one part of a second face of the
strained material |ayer oppokite to the first face
thereby formng a nmultilayer stack; and subjecting the
multilayer stack to a heat treatnent thereby at |east
partially relaxing the strained material |ayer. 2.

croptetRye mifrergetess to abawt 400 ymieioeters KeAQd: ivjsrammeters and cen-

1 B 8 S hfeRl ind@yer conpri ses depositing the
St

ening [ayer ‘as a continuous | ayer on the strained
materi al | ayer and subsequently patterning the

S gRbL PSR FYCE oS et Bl B PP ooty
rélayibe strained material istands 3. Thereafter, the stiffening islands 4 are completely
removed by dry etching and a second heat freatment is performed in order to com-
pletely relax the strained material istands 3. Thereby, complete relaxation of the
strained InGaN islands 3 can be obtained with almost no buckling. Alternatively, is-
lands of the stiffening material are formed with, say 800 micrometers x 800 microme-
ters and after the first heat treatment the size of the stiffening islands 4 is reduced to
600 micrometers x 600 micrometers, a second heat treatment is performed, the size
of the stiffening islands 4 is reduced to 400 micrometers x 400 micrometers, a third
heat treatment is performed, etc. until no stiffening material is left. By such repeated
relaxation processes complete relaxation of the strained material is achieved without
any significant buckling.

Strained InGaN islands of a size of about 1 mm x 1 mm and having a laftice mismatch
of 0.7 % will extend by about 7 micrometers during the relaxation. Nevertheless, the
low-viscosity layer 2 may have a thickness of about 4 micrometer, i.e. less than the
expansion length of the strained InGaN islands 3, without affecting the relaxation qual-

ity.

Figure 3 shows an example similar to the one described with reference to Figure 2
with the exception that both the low-viscosity layer and the strained material layer are
patterned to form islands of the low-viscosity material 2 and strained material islands 3
separated by one or more trenches. Again, stiffening istands 4 are centered on the
strained material islands 3. As described above heat treatment and further size reduc-
tion of the stiffening islands 4 may repeatedly be performed to achieve corhplete re-
laxation of the strained material islands 3 without buckling.

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



3. Method according to claim2, wherein the
subsequently perfornmed steps of patterning the
stiffening layer and subjecting the nmultilayer stack
WOAIREEHeat treatment are repeated in this BfHER04004790
| east once. 4. Method according to one of the
preceding clains, further cotdrising patterning the
strained material |ayer before the heat treatnent
thereby formng strained material islands. 5. Method
according to claim4, further conprising patterning
that somgvenals ebthier goqvaydascriiped fastuies cae @sadbe gombineddn different
Qr 5, wherein the stiffening layer is patterned such
that islands of the stiffening | ayer are forned
centered on islands of the strained material |ayer.
14 7. Method according to one of the preceding clains,
wherein the stiffening | ayer conprises or consists of
SIN, SiON, SiO2 or IIlI-Nmterials. 8 Mthod
according to one of the preceding clains, wherein the
strained material |ayer conprises or consists of
I nGaN



9. Method according to one of the preceding cl ai s,
wherein the | owviscosity |ayer conprises or consists
of borophosphosilicate glass (BPSG or an Si 02 -

WQWMIB3#Hd conprising boron or phosphorous. RET/EPRG0PEY790

according to one of the preceding clains, wherein the
stiffening layer is depositetd with a thickness of

between 50 nmto 5 tines the thickness of the strained
material |ayer. 11. Method according to claimS8,

wherein in each repeated step of patterning of the

Chdingf eni ng | ayer about 100 pmto 400 pmnore than in

the preceding heat treatnent of the strained nmateri al

i s exposed between the patterned stiffening nateri al

11 n ddethba farrelaxidg aestraingd. materiaiitehadngeispgdi ng to one

of the preceding clains, further conprising: renoving

any residual parts of the stiffening |layer so that the

ent igrevidivg faasteaindd hrizerkil e @dd mRlo@*Visdosity lagsp siedd unda first
subj ect e{i to the heat?&{eat_rrent transferring the at

| eadece g he siraped malsrid layerai ned naterial to a target
substrate by bonding the rel axed strained material to

the target substrate; and detaching the |owviscosity. .
|ayefprm'%3m titfening layes ensatrieasi one figpecond faga.¢fihg strained

accqnhatena |&§br%§?éhfe th i MSEREE GetH) Birifg avmﬁfﬂ,ayé}dsttm; and

strained material layer, in particular, a straihe

InGaN | ayer, is grown on a seed substrate, in

par tél.ﬁggﬂﬁ%ﬂ% @fsﬂsally@b’ Stack w&the'gfftré’sﬁﬂl‘éﬁi fhBFbby bt Wast partially re-

attached t support su
laxing the strained material layer.

Method according to c¢laim 1, wherein the step of forming the stiffening fayer
comprises depositing the stiffening layer as a continuous layer on the strained
material layer and subsequentiy patterning the deposited stiffening layer such
that the stiffening layer is partially removed from the strained material layer.

Method according to claim 2, wherein the subsequently performed steps of
patterning the stiffening layer and subjecting the mulitifayer stack to the heat
treatment are repeated in this order at least once.

Method according to one of the preceding claims, further comprising patterning
the strained material layer before the heat treatment thereby forming strained
material islands.

Method according to claim 4, further comprising patterning the low-viscosity
layer.

Method according to claim 4 or 5, wherein the stiffening layer is patterned such
that islands of the stiffening layer are formed centered on islands of the

strained material layer.



WO 2010/ 022814PCT/ EP2009/ 004790 15 strate before the
step of depositing the | owviscosity layer, in

“Joarti cul ar, borophosphosilicate glass, on the strained
308923814 ayer; and wherein the strained mat fGTAFP2009/004790
| ayer is detached fromthe seed substrate and bonded
by the | owviscosity |ayer td*a second support
substrate before depositing the stiffening |ayer, in
particul ar, conprising S13N4, on the strained nmateri al

| a ., 14. Method for t manuf act ur e of . e s
7. sanleshil actrama o e ¢ e metodg Slenerherin the, tifieaing layer
nmat gbmplis@s §0¢dtsi@s bPSIN SiON, BR® dHIRPeMatdiafd. ai ms, and

further conprising renoving any residual parts of the
stiffening layer so that the entire surface of the

8. St T {diRs H&Eo?&iing!to ioﬁe%’ﬁﬂ@ﬁr@c%ﬁg%%h@,% e[rﬂhé'%?ranx%ﬂtmaterial

treatnment and epitaxiall row ng materia yers on
t he layer pemprses @a@tﬂsisﬁoelfa%aw.rel axed strained
material, in particular, growing active layers on the
at least partially relaxed strained material islands.

9. 15. Madhodt anderdingr tos tnecif the,precating slaimgs awbamiothe low-viscosity

S TR feoRh 4 KA Aol e PRI AE BRLEPLS) & n s,
mat eompbund tamgssing bokan droprogphoaist y | ayer, in

particular, of InGN material, and a stiffening | ayer
partially covering the continuous strained nmateri al

10l Ialy elethéd hesordingab bAd ofBiecpreabding chRinds, whereipaht istfibming layer is
all ow n

00,.to 400 m cr ters exposed w dth, o
£ he SepPsliencth, Biakapss o BEMHER $bnE: [ous e ieaniekness of the
i s| afifimed material layer.

11.  Method according to claim 8, wherein in each repeated step of patterning of the
stiffening layer about 100 pm to 400 pm more than in the preceding heat treat-
ment of the strained material is exposed between the patterned stiffening mate-
rial in one lateral dimension.

12.  Method according to one of the preceding claims, further comprising:

removing any residual parts of the stiffening layer so that the entire surface of
the strained material is exposed and subjected to the heat treatment

transferring the at least partially relaxed strained material to a target substrate
by bonding the relaxed strained material to the target substrate; and

detaching the low-viscosity layer from the relaxed strained material.
13.  Method according to one of the preceding claims, wherein the strained material

layer, in particular, a strained InGaN layer, is grown on a seed substrate, in
particular, a GaN layer, that is deposited on or attached to a first support sub-
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14.

15.

15

sirate before the step of depositing the Iow-viscoéity layer, in particular, boro-
phosphosilicate glass, on the strained material layer; and wherein

the strained material layer is detached from the seed substrate and bonded by
the low-viscosity layer to a second support substrate before depositing the stif-
fening layer, in particular, comprising SizN4, on the strained material layer.

Method for the manufacture of a semiconductor device, comprising relaxing the
strained material according to one of the preceding claims, and further compris-
ing removing any residual parts of the stiffening layer so that the entire surface
of the strained material is exposed and subjected to the heat treatment and epi-
taxially growing material layers on the formed at least partially relaxed strained
material, in particular, growing active layers on the at least partially relaxed
strained material istands.

Semiconductor structure, comprising a support substrate, a low-viscosity layer
on the substrate, a continuous strained material fayer or strained material is-
lands on the low-viscosity ayer, in particular, of InGaN material, and a stiffen-
ing layer partially covering the continuous strained material layer or the strained
material islands, in particular, allowing 100 to 400 micrometers of exposed

width of the strained material layer or the strained material islands.



