Rel axati on and Transfer of Strained Material Layers Field of Invention The
present invention relates to the field of conpliant substrates enployed in
t he manuf\Ot2010809¢371seni conduct or devi ces and, in parti cBCAEP2916/000980

rel axation of strained material islan#ls and the transfer of the at | east
partially relaxed strained material is |lands to sonme support substrate that
can suitably be used for further sem conductor nmanufacture processes.
Background of the invention The growh of thin filns on substrates by

het eroepitaxy is an inportant manufacturing step in the sem conductor
technol ogy. For instance, in the field of light-emtting sem conductor
devices or solar cells there is a need to grow heteroepitaxial filnms on sub
strates as sapphire 5x i ﬁé' I ' t i.o gevi ce. After
transfer of the het eRé' &a Pélrﬂ‘ ma;ﬁf&ﬁg g rg these filnms can,
for instance, be used for epitaxial growh of |ayers used in electronic and
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coefficients of thermal expansion as conpared to the ones of the filns
detrinmental effects on material quality of |layers grown on the filns are
caused by conpressive/tensile strain and the correspondi ng generation of
defects |ike dislocations, cracks, plastic relaxation etc. that result in
det ri menFigld of fnv@ndiod the ma terial quality of layers grown thereon. Thus,
in the art, conpliant |ayers, e.g., lowviscosity |ayers, have been

provi ded be tween the heteroepitaxial filmand a target substrate in order

to rel eaSke tphesent rinversiopyreiaias tor et fieldtof qarapliant |sybstsalgsnemntoysdfidrthene
rel axati on,of, &k Y Wil dvts3nd, it ParticlRFE%Sthe relaxation of strained

material islands and the transfer of the at least partially relaxed strained material is-

lands to some support substrate that can suitably be used for further semiconductor

manufacture processes.

Background of the invention

The growth of thin films on substrates by heteroepitaxy is an important manufacturing
step in the semiconductor technology. For instance, in the field of light-emitting semi-
conductor devices or solar cells there is a need to grow heteroepitaxial films on sub-
strates as sapphire or SiC to form a final semiconductor device. After transfer of the
heteroepitaxial 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 different lattice
constants and different coefficients of thermal expansion as compared to the ones of
the films detrimental effects on material quality of layers grown on the films are
caused by compressive/tensile strain and the corresponding generation of defects like
dislocations, cracks, plastic relaxation etc. that result in detrimental effects on the ma-

terial quality of layers grown thereon.



often not show satisfying results with respect to the suppression of
buckling, etc. Moreover, the transfer of heteroepitaxial filnms grown on a
seed (gr oXORPIEYEEErate i n cluding sonme seed | ayer to aRETHER0ISGBMP at e
that is to be used for the further manu facture of a particular

sem conductor raises the problemof mai2ntai ning the heteroepi taxial filns
intact, in general, and, in particular, renoving the seed substrate w thout
damagi ng the heteroepitaxial filns. Therefore, it is a problemunderlying
the present invention to provide a nmethod for the formation of reliably
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| east patneatarleb;meral axed strained material |ayer according to claim1l, the
met hod conprising the steps of providing a seed substrate; patterning the
seed substrate; growing a strained material |ayer on the patterned seed
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substrate to an inter mediate substrate; and at |east partially relaxing

the strQMRIdNARERPW Satishirg results withtrespedt vethe Wréﬁgp@s@ luckling r gicned
mat er| allﬂb@fffér tﬁé&éhﬁgg'_o@%re R Pcswuﬂtégs@éd d CéUE)tslr?féOM§

Iayer ex |ng|sa he see tema e SSI eunl orm
subst r at@uding somghseat yesto anethevayrsteatathat is &Uelwdrfobmedf@dheorrmnugr own

rat or 1 ol A EREDF 2 AR Sorpibhd R0 iee i B RS Folnidinb dFr DIepES”
substr attaxiahﬁlmsemhcsmnsgemral rany, re pagiculay e@niyyiran theosead sabstfate tvithong,

mechani Caaalm g?rlxg'; 31 ngém%plltg)c(i'gpﬂmsgl ectromagneti c or

Therefore, it is a problem underlying the present invention to provide a method for the
formation of reliably relaxed and intact material layers (islands) that can suitably be
used for the manufacture of a semiconductor device.

Description of the Invention

The above-mentioned problem is solved by a method for the formation of an at least
partially relaxed strained material layer according to claim 1, the method comprising
the steps of

providing a seed substrate;

patterning the seed substrate;

growing a strained material layer on the patterned seed substrate;

transferring the strained material layer from the patterned seed substrate to an inter-
mediate substrate; and

at least partially relaxing the strained material layer by a heat treatment.



| aser irradiation, etc. Residual material of the seed substrate that
possibly remains atop of the strained material |ayer after the transfer can
be renovedORY10§V#I7Ehi ng or etching. The expressi on "pat PETAIPAYI/D®IUSed i n
a very general sense conprising a) structuring a surface of the seed
substrate, e.g., by etching, in particuglar, plasm or chem cal etching, or
scribing irradiation and form ng islands and recesses, and b) depositing a
patterned mask on a surface of the seed substrate substantially wthout
removing any material of the seed substrate. Particularly, according to one
enbodinent it is provided a nmethod for the formation of at |east partially
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strained material islands by a heat treatnent. The formation of ands
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subst r atetchiny.ands and then form ng a pl ane surface by coal escence of t he
formed strained material islands.

The expression “patterning” is used in a very general sense comprising a) structuring
a surface of the seed substrate, e.g., by etching, in particular, plasma or chemical
etching, or scribing irradiation and forming islands and recesses, and b) depositing a
patterned mask on a surface of the seed substrate substantially without removing any
material of the seed substrate.

Particularly, according to one embodiment it is provided a method for the formation of
at least partially relaxed strained material islands comprising

providing a seed substrate;
patterning the seed substrate to form seed substrate islands;

growing a strained material layer on the patterned seed substrate, in particular, on the
seed substrate islands;

transferring the strained material layer from the patterned seed substrate to an inter-
mediate substrate;

forming islands of the strained material layer; and

at least partially relaxing the strained material islands by a heat treatment.



It should be noted that, in general, the step of formng islands of the
strained material |ayer can be perforned either before the transfer from

t he patt evogdigeediisubstrate to an internedi at e subst r aPETEP2E0060094 hi s
transfer. Alternatively, a patterned nmask conprising closed and open
regions (covering and exposing a surfade of the seed substrate,
respectively) is deposited on the seed sub strate and strained nateri al

i slands are grown on the seed substrate in the open re gions of the nask
(exposed regions of the surface of the seed substrate). The grown strai ned
material islands are subsequently transferred to an internedi ate substrate
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according to one of the above-described exanples it is pos sible to
directly obtain strained material islands on a patterned seed substrate by
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a seed layer is performed. In particular, cracks are avoi ded. Since the

di fference of coefficients of thermal expansion between the strained
mat er | a'Alternatively, a patterned mask comprising closed and open regions (covering and

exposing a surface of the seed substrate, respectively) is deposited on the seed sub-
strate and strained material islands are grown on the seed substrate in the open re-
gions of the mask (exposed regions of the surface of the seed substrate). The grown
strained material islands are subsequently transferred to an intermediate substrate
and after the transfer they are subject to heat treatment in order to at least partially
relax the strained material islands on the intermediate substrate.

The strained material islands formed by means of the patterned seed substrate may
have any desired shape, e.g., rectangular stripe-like or circular, and they may have
dimensions of about 100 x 100 micrometers to some square millimeters. Individual
strained material islands may be spaced at some 10 micrometers to about 100 mi-
crometers from each other. The depth of the recesses (trenches) in the seed substrate
separating the strained material islands may range from a few nanometers to some
tens of micrometers. The size of the islands and trenches may be adapted according
to thermomechanical strain in the material.

By the inventive method according to one of the above-described examples it is pos-
sible to directly obtain strained material islands on a patterned seed substrate by epi-
taxially growing the strained material on a surface of the seed substrate. In particular,



I sl ands and seed substrate has a | ess significant inpact on the crystalline
quality and, thus, cracks are particularly avoided in the grown material .
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| ayers in the present invention it is possible to use a seed substrate with
a higher difference of coefficients ofS thermal ex pansion with respect to
the chosen strained naterial, e.g., GaN or InGN, and still to get the sane
desired crystalline quality. Since it is possible to use nore m smatched
seed substrates | ow cost substrates can be enpl oyed which was not all owabl e
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effects if the silicon seed substrate is patter bef w h.
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cryst al étthe @Hirle desired drystaliihé quaktg. material . The buffer | ayer may show is
| ands due to the islands of the patterned seed substrate or may be a

continuous layer if formed until islands of the buffer |ayer material
corres pgﬁféb ']letﬁbs%fb‘i’e te s %ré‘fmlkh\%t&fé@%e‘éubéuﬁs&b%s%@&fm sabétrftesenne. For
exanpl e, GaN buffer is preferab ?/ deposited on a silicon patterned seed
sub be employed wh|ch was not allowable in the art. These low cost substrates can be
removed and disposed without any need for re-cycling. For example, silicon seed
substrates can be used to grow III/V materials such as GaN and InGaN by epitaxy.
Epitaxy of GaN and InGaN on silicon seed substrates can be performed with no det-

rimental effects if the silicon seed substrate is patterned before epitaxial growth.

Moreover, as the strain level may be lower in epitaxial material by using a patterned
seed substrate, it is possible to use a seed substrate with a larger lattice mismatch

and get the same crystalline quality than in conventional process.

In addition, as the strain level may be lower with a patterned seed substrate it may
allow for a higher thickness of the resulting strained material islands as compared to

the same seed substrate of plane surface with no cracks.

In this context, it should also be noted that some buffer layer as known in the art may
be provided between the seed substrate and the strained material in order to further
increase the crystalline quality in the strained material. The buffer layer may show is-
lands due to the islands of the patterned seed substrate or may be a continuous layer
if formed until islands of the buffer layer material corresponding to the islands of the

seed substrate undergo coalescence.



strate before epitaxy of InGaN material. As cracks may be avoided in the
GaN buffer layer, the quality of InGaN may be |ess damaged than by using a
convent i ONQI201E0ITd. Furthermore, the lattice msmatch SCTAPRGHY0080 so be

| ess significant in the GaN buffer such that the strain in InGaN materi al
may al so be less significant. This allbows a higher layer thickness or to
use higher Indiumcontent in the InGaN |ayer as conpared to the art.
According to one exanple, preferably, the strained material island growth

I s stopped before the onset of island coal escence, that is islands are kept
apart fromthe others. Alternatively, it is also conceivable to grow a
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se of e use o
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up to coal escence of the layer. The strained material that is to be relaxed
I s then deposited on the continuous buffer |layer. The | ow dislocation
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detached fromthe strained material. This
Alternatively, it is also conceivable to grow a strained layer on a seed substrate with
islands (the top of the strained material layer has islands) having a size small enough
to allow coalescence of the strained material. 'The size of pattern depends on the
growth conditions and material but the scale of the seed islands is usually on the order
of nanometers. In this case, dislocations in the strained layer may be annihilated to
lead to smaller dislocation density along with reducing defects and crack. The method
for forming Islands of strained material is the same as used to pattern the seed sub-
strate. It can be performed before or after transfer of the strained layer onto an inter-

mediate substrate for the relaxation process.

In case of the use of a buffer layer, it is advantageous that the buffer layer is grown on
the pattern seed substrate up to coalescence of the layer. The strained material that is
to be relaxed is then deposited on the continuous buffer layer. The low dislocation
density in the buffer layer avoids damaging the strained material at the dislocation

sites.

For the process of the transfer of the strained material layer (islands) to the intermedi-
ate substrate the seed substrate must be detached from the strained material. This
detachment can be facilitated by implanting ions in the seed substrate below the
strained material layer to form a weakened layer and detaching the strained material

layer from the seed substrate at the weakened layer by heat treatment.



detachnment can be facilitated by inplanting ions in the seed substrate
bel ow the strained material |ayer to forma weakened | ayer and detachi ng

t he straiWeOdIWd¥&Ilal | ayer fromthe seed substrate at PREERBHRONWA | ayer
by heat treatment.Alternatively, ions can be inplanted in the strained
material |layer to forma weakened |layér and the strained material |ayer can
be detached fromthe seed substrate at the weakened | ayer by heat

treatment. In particular, detachnent of the strained material |ayer w thout
resi dual seed substrate material is thereby nmade possible. It goes with out
saying that the thermal budget of the heating treatnent perforned for the
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t he stral mat er| ayer for t transfer process. The heat
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I nternmedi ate substrate then allows for sonme reflow of the | owiscosity
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The low-viscosity layer may comprise or consists of borophosphosilicate glass, BPSG,
or an SiO, - compound comprising boron or phosphorous. A similar layer may be de-
posited on the intermediate substrate before bonding it to the strained material layer
(islands) for the transfer process. The heat treatment for relaxation of the strained ma-
terial transferred to the intermediate substrate then allows for some reflow of the low-
viscosity material layer thereby resulting in at least partial relaxation of the strained
material. By the expression “low-viscosity” reflow properties at the heat treatment are
particularly denoted. The process of forming strained material islands may comprise
patterning the deposited low-viscosity layer accordingly (see detailed description be-
low). Borophosphosilicate glass exhibits desired reflow characteristics at temperatures
of about 800 or 850 °C depending of the actual composition of the glass thereby al-
lowing relaxation of the strained material such as InGaN.

The partially relaxed strained material islands can be transferred to a target substrate.
For this, a high-viscosity layer, e.g., a buried layer comprising or consisting of an oxide
(thermal oxide material), may be formed on the at least partially relaxed strained ma-
terial islands and bonded with the target substrate. The term “high-viscosity” refers to
a glass transition temperature higher than the one of the “low-viscosity” material. For
example, a low-viscosity BPSG layer that includes 4.5 % of boron and 2 % of phos-



| owi ng rel axation of the strained material such as InGN. The partially

rel axed strained material islands can be transferred to a target substrate.
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exhibit a Ill-element polarity that is the most suitable for a subsequent epitaxial growth
of a lll/N layer. If the exposed face after the growth is an N-face, a one-step transfer

process may be enough to allow the subsequent epitaxy on the right polarity.

When the initial-strained material is non polar, the two-step transfer process may be
avoided and an epitaxial growth may occur on the at least partially relaxed material
bonded to the intermediated substrate. In this case, the low viscosity layer may pref-
erably be chosen to remain stable with no reflow at the temperature of the epitaxy.

The present invention, furthermore, provides a method for the manufacture of a semi-
conductor device, comprising providing at least partially relaxed strained material on a
target substrate according to one of the above-described examples, and further com-
prising epitaxially growing at least one material layer on the formed at least partially
relaxed strained material layer/islands, in particular, layers for LED or photovoltaic or
laser device layers.

Further, it is provided

a wafer comprising:



bonded to the internedi ated substrate. In this case, the | ow viscosity
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met hod for the manufacture of a sem conductor device, conprising providing
at least partially relaxed strained maferial on a target substrate
according to one of the above-described exanples, and further com pri sing
epitaxially growing at | east one material |ayer on the forned at | east
partially relaxed strained material |ayer/islands, in particular, |ayers
for LED or photovoltaic or |aser device layers. Further, it is provided a
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sapphi rceé{;@?p%?t%[@f@gb@ﬁﬁ/m@e@é%H{'gtim%gfs&%f)hg?’ | east partially rel axed
strained material obtained by the nethod according to one of the
above-descri bed exanples, in particular, with an area size from 100 m
cronet e%sﬁéh%ﬁoﬁ?ycggﬁ%ters tg 1 mmx 1 nmm and of a thickness of nore than
500 Angstronms. The wafer nay conprise at |east one active |ayer on the

rel axed.ﬁt r%i %ed material | aP/er/i sl ands, in Eart_i cular LED, |aser or

phot ovol'¥'&} ileastipayiially relayad straingd material ebtained bydthemethed actording
present th QK b bid- i I r ek t > d i . .In the
descripti on?wgﬁfgg%éedigﬁcr%?){a@?@%%lﬁ@@@%ﬁﬁy%g éﬁ%‘%ﬁzﬁ ﬁgﬁﬂ m%ant
to il ustonagtersx 08 missoraatessitordrmm ¥f1 M andvefa ithickness df noreddian Bogod

t hat sucAr},g? dinments do not represent the full scope of the invention.
Figure 1 rIlustrates an exanple of the inventive nmethod conprising the
steps of pat terning a seed substrate by etching and growi ng a strained

. h _
mat erl aITh«L,a\ngrer %a)} cgm%?itse ta rk[:‘]aes c;sneeegc lvuebfé[yre?to% the relaxed strained material

layer/islands, in particular LED, laser or photovoltaic device layers.

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.

Figure 1 illustrates an example of the inventive method comprising the steps of pat-
terning a seed substrate by etching and growing a strained material layer on the pat-
terned seed substrate.

Figure 2 illustrates another example of the inventive method comprising the steps of
depositing a mask on the seed substrate comprising open regions and growing
strained material islands on the seed substrate in the regions not covered by the
mask.

Figure 3 illustrates another example of the inventive method wherein a strained mate-
rial layer is grown on a buffer layer formed with a plane surface on a patterned seed
substrate.



Figure 2 illustrates another exanple of the inventive nethod conprising the
steps of depositing a nmask on the seed substrate conprising open regions
and gr o W@ 28twv@#itéd material islands on the seed subst PETEPRIONWI¢ egi ons
not covered by the mask. Figure 3 illustrates another exanple of the

I nventive nmethod wherein a strained mite rial |ayer is grown on a buffer

| ayer forned with a plane surface on a patterned seed substrate.ln the
following, two alternative enbodi mnents of the herein disclosed nethod for
the formation of at |least partially relaxed strained material |ayers are
descr i biactheifoliowing etwaealternabvdcnegmoelgnentamj the heseisttisalosed meghadefor they seed

substra e 1.is th

seed sul® E'T‘Pté‘?rboﬁaﬁﬁ9gt rbaly 't?éae’%? S %rl)ﬁcfg\azerﬁai iﬁ) s:g{)ér@éf@l ?Pcvsgﬁygeﬁ rs;r:]:t e.
The seeghdedstigaies flahd 2patsts¢fomdmwg@rtechlawgeéwsmtmt@ 1sie¢1ﬂ0\ﬂdléx$fmahe

I slands 1' separated by recesses. The se ubstrate islan

si zed t@owtx 01 arrﬁ‘l’?'ﬂﬁ@t"@?'@”ah@y%a.@?? ﬁﬁﬁgt&'g?tr%fﬁo {May §-9- 6 %pBEE%et ers.

The rec F f t f
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strained materi al
Igdl um2$5eée¢&lubsjratedslapdsd aepara@emeysregesaeﬁe T@@r%ﬁ&deaufhsgfaéwaﬁn%my 2 of
about I t he
atr ai ned Srlorray s PMiErs Shd BBaCY Spiltan SBRE 66 1 1600 Ridntetels, ' 00
t he patThke r@ésseemagmraadmthlaﬂapauﬂ mnrameterhe seed substrate islands 1',
before growth of the strained material |ayer 2. The buffer |ayer may
conprise an AN nucleation layer of 50-100 nmthick depos ited on the

S:C | j[ ﬁonﬁﬁ?'r][ ;Bétféf?nlﬁg(bf ed Qéécﬁsﬂvaéﬂgt?yfépltef(y bewstrainedneaterial, etg. clGathwityr owt h
o] e buffer layer is staoppe efore co nce of he mat er,
| ow vi s¢®3b IRdipmdgnerianmpd ‘Ey@raéh‘Fé“%fép‘%J ﬁ ram?dt’ﬁ‘@ el éﬁyr?é(? Sfa?%%tm
! ayer ?50 'ﬁaﬁ%eiérﬁuhﬁbrde?‘%vlﬁ'lﬁr&ﬁe sRedrysedinie guslity dfaRgsstidinedl Atatérdickness
of the owviscosity |ayer

layer 2 a buffer layer (not shown) may be deposited on the patterned seed substrate,

in particular, the seed substrate islands 1’, before growth of the strained material layer

2. The buffer layer may comprise an AIN nucleation layer of 50-100 nm thick depos-

ited on the silicon surface and below a GaN layer of few micrometers thick. The

growth of the buffer layer is stopped before coalescence of the material.

A low-viscosity (compliant) layer 3 is deposited on the strained material layer 2, in par-
ticular, above the seed substrate islands 1’. The thickness of the low-viscosity layer 3

may be about 500 nanometers.

A low-viscosity layer similar to the low-viscosity layer 3 is deposited on an intermedi-
ate substrate 4 to which the strained material layer 2 shall be transferred. The inter-
mediate substrate 4 may be of the same material as the seed substrate 1, for exam-
ple, made of silicon. The low-viscosity layer deposited on the intermediate substrate 4
may have a thickness of about 1 micrometer, for example. Then, both the low-
viscosity layer 3 deposited on the strained material layer 2 and the low-viscosity layer
deposited on the intermediate substrate 4 are polished. After this polishing step that
may result in a thickness of the low-viscosity material of about 1 micrometer the
strained material layer 2 is bonded via the low-viscosity layers to the intermediate

substrate 4.



may be about 500 nanometers. A lowviscosity |ayer simlar to the _

| ow-viscosity layer 3 is deposited on an internedi ate substrate 4 to which
t he straiweaomwawed7iial | ayer 2 shall be transferred. ThePCH{EPROIHOI040 e
substrate 4 may be of the same material as the seed substrate 1, for exam
pl e, made of silicon. The | owviscositil | ayer deposited on the internedi ate
substrate 4 may have a thickness of about 1 microneter, for exanple. Then,
both the | owiscosity |ayer 3 deposited on the strained material |ayer 2
and the | owviscosity |ayer deposited on the intermediate substrate 4 are
pol i shed>ftesithe bopding siep itkeisagd stbptrateat ismeymovesiuiketg.j by pldshia knesemizal t he

' i Laly:..af 1_gic ter, Lhe strained erial layer 2
o bondageting afiflof o ing NEReNer L PRI RF Rt Indroeid St gk vieost
4. Af t er roateridldsidndg 35treyy béhebtagred Isybhirgt GAltérdaii]y?l?ﬂmée@w-ﬁlsébs%ity?%%é?ggz 3‘3
1 cal . hi d/ I ndi.ng. reover er rempval o
O o Bl e A5 el et nerd B SOMSH b e DomBealientt s
Al t er natintesrhediatehsublstrate/ 4 S Fomis Yade\fter thel@aRset B Ieﬂr\;i%sﬂgrnﬁ‘ét@ﬁgl {figf eri al
| ayer 2 is gtched before the bonding/transfer to the internedi ate substrate

4 . 1'n WASsdeppsded an the infrrmedigie ruibsirate # hpfarestbe diangingastepi ial etchaxt invas
deposi t gkl §PadelDetREER FRALRAiRed ﬁgagétriéitiﬁarﬁld E’Ttgro%t%@ﬂ}éj%%{/igg?sj{yﬁﬁ?ﬁziafa tched

in the spaces_ between the stral material islan _

| ow vi sddands,3' miowiniialFigwednds 3' shown in Figure 1. Figure 2 shows an
alternative exanple of a nethod for obtaining the strained material islands
2' and lowviscosity material islands 3" on the internedi ate substrate 4 .

As showfigure Ri shows ahd ahergaﬁvjer $?ai;xisnlpreamf?/ g}e(tlgmgfox %‘?EQPQ@ 'g{rriaFSF\@El _Igﬁéeteﬂglsk
P L AL e e AL
the opeshoegiimiFiguré r2iansskdrsiisstiaté 12(e(&; thade@MNifdon! Y pHirkh i@Provifdigum
content of aboyt 10 9% s grown up to a thickness of _ _
and partlaLin cover/gd LJy a'mask layer 5. The mask layer 5 comprises open regions
and may comprise SiO; or SiN material. In the open regions strained material 2 (e.g.,
GaN or InGaN with an Indium content of about 10 %) is grown up to a thickness of
500 nm and a low-viscosity layer 3 is deposited on the strained material 2 and the
mask. Bonding of the low-viscosity layer 3 and a low-viscosity layer deposited on an
intermediate substrate 4 and subsequent removal of the seed substrate 1 results in a
transfer of the strained material islands 2’ to the intermediate substrate 4. Low-
viscosity material islands 3' are etched down to the intermediate substrate in the
spaces between strained material islands 2’, if this is needed to improve the subse-
quent relaxation step.

It should be noted that in both examples shown in Figures 1 and 2, alternatively, the
strained material islands 2’ may be provided on a continuous low-viscosity material
layer on the intermediate substrate 4 (i.e., in particular, no etching of the low-viscosity
layer deposited on an intermediate substrate 4 is performed).

The structures shown at the bottom of Figures 1 and 2 comprising the strained mate-
rial islands 2’ atop of the low-viscosity material islands 3’ are subject to heat treat-
ment, e.g., at some 800 or 850 °C over about 4 hours, in order to obtain at least par-
tially relaxed strained material islands 2’, e.g., partially relaxed InGaN islands with 10
% Indium, by reflow/plastic deformation of the low-viscosity material islands 3', e.g.,



500 nmand a lowviscosity layer 3 is deposited on the strained material 2
and the mask. Bonding of the |owviscosity layer 3 and a | ow vi scosity
| ayer dep¥Oi208dP9¢3i71an i nternmedi ate substrate 4 and subs@&GUERROOONIIH| of
the seed substrate 1 results in a transfer of the strained material islands
2" to the internediate substrate 4 . lbwiscosity material islands 3' are
etched down to the internedi ate substrate in the spaces between strained
material islands 2', if this is needed to i nprove the subse quent
rel axation step. It should be noted that in both exanples shown in Figures
1 and ZhoraphesphasilicateyglassBRIGaonad Si@t econipount Dedprizingnbgroneorhest ded on
a contl r}wous | ow-viscosity material |ayer on the internedi ate substrate 4
“ticular, no etchi ng of the lowviscosity |ayer deposited on an
|nterrred| ate substrate 4 is perforned). The structures shown at the bottom

of Fi 1 and 2 th t | ds 2’ f th
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| east partially relaxed strained material "i sl ands 2' can subsequent Ig/ be

used f osernigendystersevice useful in electronic, photovoltaic or opto-electronic appllcatlon

such as LEDs or lasers.

In Figure 3 another example of the inventive method is shown wherein a strained ma-
terial layer 2 is grown on a buffer layer 7 formed with a plane surface on a patterned
seed substrate 1’. According to the example shown in Figure 3, an AIN nucleation
layer 6 is formed on a patterned seed substrate 1’. Subsequently, a buffer layer 7,
e.g., comprising GaN, is deposited above the AIN nucleation layer 6. During the depo-
sition, first, the buffer layer 7 adapts to the shape of the islands of the patterned seed
substrate 1’. However, according to the shown example the buffer layer 7 is deposited
until the islands-like surface shape is leveled (coalescence of the islands of the buffer
layer 7) such that a plane upper surface of the buffer layer 7 is formed.

Atop the plan surface of the buffer layer 7 strained material 2 is epitaxially grown and
a borophosphosilicate glass layer is deposited 8 atop the grown strained material
layer 2. Subsequently, the borophosphosilicate glass layer 8 and the strained material
layer 2 are patterned to obtain strained material islands 2’ and borophosphosilicate
glass islands 8'. After this patterning process transfer to an intermediate substrate 4
by means of borophosphosilicate glass layer islands 3’ formed on the intermediate
substrate 4 is performed. It should be noted that the patterning of the borophosphosili-
cate glass layer 8 and the strained material layer 2 can also be performed after the



grow h of a structured material |ayer and, in particular, for epitaxial or
honoepi taxial gromh of a crystalline layer, that is to be enployed in the
manuf act UWE 2810/435art i cul ar sem conduct or devi ce usef ul PCH/EFREOOPWA? C,

phot ovol taic or opto-electronic applications such as LEDs or lasers. In
Figure 3 another exanple of the inventidve nethod is shown wherein a
strained ma terial layer 2 is growm on a buffer layer 7 formed wth a pl ane
surface on a patterned seed substrate 1'. According to the exanple shown in
Figure 3, an AIN nucleation layer 6 is forned on a patterned seed substrate
1' . Subdepstente the intgunedinte syhstrate 4e After theotrpnsfer nfth@astrained degteraltisd
above t I J ri . o sition, first, the buffer
| ayer 7h§1 apit\lsr&tlégéﬁ*eb%ﬂgégxﬁkd?%uet%gsqeggﬁé&g?gf e patterned seed substrate
V. However, according to the shown exanple the buffer layer 7 is deposited

until t sl ands-l.i ke surface shape is | evel e coal.escence of the islands
of the %ﬁlf RIgVIoU3 e?'s%‘ssf&cﬁm?’ﬂg'fnﬂﬁf)Iaéﬁé‘q(gd'btéf‘g@éjralsal',’@'t%t!mcsh%”tbﬁﬁrf’@rasl ayer
7 is forexamhpledt ilpstidtingfeaturesi bhacrRivahtagls dpihd MivehfdEt & &f b&uRgSesiBLr i al
21is ep@%8X|ally grown and a bqgrophosphosilicate glass |ayer is deposited 8

atop t hd"Yr3fne of i ofelrenaboue desqribed features, sae alkkmbeycorabised in different

bor ophogpiygsi | i cate glass layer 8 and the strained material layer 2 are
patterned'to obtain strained material islands 2' and borophosphosilicate
glass islands 8 . After this patterning process transfer to an internediate
substrate 4 by neans of borophosphosilicate glass |ayer islands 3' forned
on the internedi ate substrate 4 is perforned. It should be noted that the
patterning of the borophosphosili cate glass |layer 8 and the strained
material |ayer 2 can also be perforned after thetransfer to the
intermedi ate substrate 4 . After the transfer of the strained material is

| ands 2' relaxation can be carried out as described above. Al previously
di scussed enbodi nents are not intended as limtations but serve as exanpl es
illustrating features and advantages of the invention. It is to be
under st ood



that sonme or all of the above described features can al so be conbined in
different ways.C ains 1. Method for the formation of an at |east partially
rel axed swoapHWe@4irat eri al | ayer, the nethod conprising PREEPREHHIWHPO

provi ding a seed substrate; patterning the seed substrate; grow ng a
strained material |ayer on the patterHed seed substrate; transferring the
strained material |layer fromthe patterned seed substrate to an

i nternedi ate substrate; and at |east partially relaxing the strained
material |ayer by a heat treatnment. 2. The nethod according to claim1,
wher ei nICkairad substrate islands are fornmed by the patterning of the seed
substrate; the strained material layer is grown on the seed substrate

i slands; and further conprising formng islands of the strained nateri al

| ayer, fnd wetheldrfof the fimatioredf antatidast pagiatiy dslared stainkd asatepalrlayer, | y

rel axed by the heat treatnent, 3 Thg met hod according to claim1, wherein
the pat t er nitAg regthp goawriging the steRsetconpri ses depositing a mask conpri si ng
open regions on a surface of the seed substrate;strained material islands
are grown on the surface of the seed substrate in the open regions of the
mask on t he preedingdseedsubstiate strained material islands are transferred
fromthe patterned seed substrate to the internedi ate substrate; and the
strained material islands are at |least partially relaxed by the heat

treat nent. dJpatiEmmingehéecedisabstiitely t o one of the preceding clains, wherein
the step of

growing a strained material layer on the patterned seed substrate;

transferring the strained material layer from the patterned seed substrate to an

intermediate substrate; and

at least partially relaxing the strained material layer by a heat treatment.
2. The method according to claim 1, wherein

seed substrate islands are formed by the patterning of the seed substrate;

the strained material layer is grown on the seed substrate islands;

and further comprising

forming islands of the strained material layer, and wherein

the strained material islands are at least partially relaxed by the heat treatment.
3. The method according to claim 1, wherein

the patterning of the seed substrate comprises depositing a mask comprising

open regions on a surface of the seed substrate;



transferring the strained material |layer fromthe patterned seed substrate
to the internedi ate substrate further conprises inplanting ions in the
patt er nedWvOge/¥idt r at e bel ow t he strai ned naterial | apPEA/EPRONHHIPIE
weakened | ayer; and detaching the strained material |ayer fromthe
patterned seed substrate at the weaken¥d | ayer by heat treatnent. 5. The
nmet hod according to one of the preceding clains, wherein the step of
transferring the strained material layer fromthe patterned seed substrate
to the internedi ate substrate further conprises inplanting ions in the
strai ned mat &traEied material islansisrare arewhk amcitiel sayface oditie deecishbstoate e the

strai ned nmat %rpgﬁlre{“gxggf{Hg?%ﬁggﬂegﬁ%%&g&sﬁﬁ?% substrate at the weakened

| ayer by heat "treatnent. accor gtoclaiml to 3, wherein
the step of transferring the strained material |ayer fromthe patterned

seed substra the internmedi gte substrate conprises a renoving step of
t he patternegﬁ%égﬁ%gﬁ&%}?ﬂ?le',s%\ﬁéraé‘? ?"?%”ﬁgrffc?'ﬁJ'P%P?tt?'ﬁ’@dr%\ﬁ tratecp
conpri ses el ¢stheointgmetiate sub&tetitatamn, grindi ng, nechanical polishing or

etching of the patterned seed substrate.7. The nethod according to claiml
or 2, wherein at |east one buffer layer is grown before the growth of the

strained mal gié Sraihad fatéifal iSIandPbleedIof  SARMIN YORLEALG théhedfdfiflent g

according to one of the preceding clains, tep O
the strained material layer fromthe patterned seed substrate to the inter

medi at e gsubstr,gt | deposi i L scosity |ayer, in

particul ar, ghgu@fegﬁqgé%%ﬁ |g§t d%I g@%rc{?gtg% éfﬁ@gépiﬁ?ﬂgﬁ, H’én% inathe) steRr ofang

bondi ng t he trensfegingsiheysttaines matertahtayenfrormibei pritie rsathsédcbé @bstrate to the
intermediate substrate further comprises

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

detaching the strained material layer from the patterned seed substrate at the
weakened layer by heat treatment.

5. The method according to one of the preceding claims, wherein the step of
transferring the strained material layer from the patterned seed substrate to the
intermediate substrate further comprises

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

detaching the strained material layer from the patterned seed substrate at the
weakened layer by heat treatment.

6. The method according to claim 1 to 3, wherein the step of transferring the
strained material layer from the patterned seed substrate to the intermediate
substrate comprises a removing step of the patterned seed substrate, wherein,
in particular, the removing step comprises electromagnetic irradiation, grinding,
mechanical polishing or etching of the patterned seed substrate.



9. Method according to claim@8, wherein the | owviscosity |ayer conprises
or con sists of borophosphosilicate glass, BPSG or an SiQ2 - conpound
conpri si NYorRorg4A phosphorous. 10. Met hod accordi ng t 8CHAE2¢0/000980
preceding clains, further conprising the step of transferring the at | east
partially relaxed strained material l|lalter to a target sub strate. 11.

Met hod according to one of the preceding clains, wherein the seed
substrate, the internedi ate substrate and the target substrate conprise or
consi st of sap phire or silicon. 12. Method according to one of the
precedi ng cl aihesmefihast @ceording ta chiimetl are?,ewheideirl aydeast ot bufferofayer is

conprises In f PG cgordin o claim12,.. wherein, the
strai ned mat gl aﬁ qeglrgrth% r&WR%?&?@PSJBﬂﬁSPgHaMSf ar tf‘%é’satﬁeén $¢d i n
particul ar, asubktkatet 10 % 14. The method according to one of clains 9 to

12 wherein the transferring of the at |east partially relaxed strained
material |ayer to a target substrate conprise the renoving of the

i nt er medj. at e Methed eterdiny RA6hd GHIHRY pr@&e&hgf&ims, WRERAM tiPbteB Ur AR RA-
grinding of the internediate substrate or Dy electromagnetic irradia
tion.15. Met B8 the sdieinadymaterial dayer from fhe patterned sesdegiibstrate tnthiesinterng t he
at | east par phd y Ql Leri | .

SUbst Tt o copuTaSLsURIBE CoRSes REpRBNRE Hlov PRRON, B9ek F il o
buri ed | ayer bugedtgempliant dayar, partheastrainee Insatedalslayear med baeriding ahe iloh-ands

and bondi ng L 0N V] SCASI: g target substrate. 16. Method
for the nanu?’ka}’gf’g'bgex&%tﬁ%ﬁé%@]@%’g{eo%&&g@?%e, conprising providing at

| east partially relaxed strained naterial on a target substrate according
to clai , . , . .

D, Method according to claim 8, wherein the low-viscosity layer comprises or con-
sists of borophosphosilicate glass, BPSG, or an SiO, - compound comprising

boron or phosphorous.

10.  Method according to one of the preceding claims, further comprising the step of
transferring the at least partially relaxed strained material layer to a target sub-
strate.

11.  Method according to one of the preceding claims, wherein the seed substrate,
the intermediate substrate and the target substrate comprise or consist of sap-
phire or silicon.

12.  Method according to one of the preceding claims, wherein the strained material
layer consists of or comprises InGaN or GaN.

13.  The method according to claim 12, wherein the strained material layer is an
InGaN layer comprising at least 3 % In, in particular, at least 10 %.

14.  The method according to one of claims 9 to 12 wherein the transferring of the
at least partially relaxed strained material layer to a target substrate comprise
the removing of the intermediate substrate in particular by etching, mechanical
polishing grinding of the intermediate substrate or by electromagnetic irradia-

tion.



15, and further conprising epitaxially growing at |east one material |ayer
on the fornmed at |east partially relaxed strained material, in particular,

| ayers f oWORED/w#37phot ovoltaic or | aser device |ayers. PTI/ER2Wa060090
conprising: a support structure, in particular, consisting of sapphire or
silicon; a high-viscosity layer, islant of at |east partially rel axed
strained materi al obtained by the nmethod according to one of the preceding
claims, in particular, with an area size from 100 m crometers x 100
mcroneters to 1 mmx 1 mm and of a thickness of nore than 500 Angstrons.
18. A wafer according claim17 further conprising at | east one active |ayer

ggv}[ 2: {%ﬁg\ﬂetﬁ%& %icegl%in%a{oe&gl% ‘145 thgraerir% ihceuét%{) olflt:'rg’ns}e?rslr?gr thoer at|O lt—%ggtopyaor1 taic
tially relaxed strained material islands to the target substrate comprises depos-
iting a high-viscosity layer, in particular, a buried layer, on the at least partially
relaxed strained material islands and bonding the high-viscosity layer to the

target substrate.

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

17. A wafer comprising:
a support structure, in particular, consisting of sapphire or silicon;
a high-viscosity layer,
islands of at least partially relaxed strained material obtained by the method
according to one of the preceding claims, in particular, with an area size from
100 micrometers x 100 micrometers to 1 mm x 1 mm; and of a thickness of

more than 500 Angstroms.

18. A wafer according claim 17 further comprising at least one active layer on the
relaxed strained material, in particular LED, laser or photovoltaic device layers.



