WO 2010/094371PCTIEP2010/000090 1 Relaxation and Transfer of Strained Material Layers Field of
Invention Thev?&eﬁw&gi@;?ntion relates to the field of compliant substrajes.gmplayeddp the

manufacture of semiconductor devices and, in particular, to the relaxation of strained material islands
and the transfer of the at least partially relaxed strained material islands 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 semiconductor devices or solar
cells there is a need to grow heteroepitaxial flms on substrates as sapphire or SIC to form a final

semiconductor device. After anifer of heteroe &xtal films tq.anotheg substrate these films can,
for instance, be used for epig@ g lﬂlﬁ]/easli d rf@é@tﬁ%%'ér@ pto-electronic applications.
However, when films are formed by heteroepitaxy on substrates with different lattice constants and

different coefficients of therma&fpaiive ¢ Maberia [hlu&ymﬁe 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 material quality of layers grown thereon.

Fielid of Invention

The present invention relates fo the field of compliant substrates employed in the
manufacture of semiconductor devices and, in particular, to the 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 filims 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 heteroepifaxy on substrates with different jattice
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-
teriaf quality of layers grown thereon,



2 Thus, in the art, compliant layers, e.g., low-viscosity layers, have been provided between the
heteroepitaxial film and a target 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, gtc. Moreover, the transfer of heteroepitaxial films
grown on a seed (growth) substrate including some seed layer to another substrate that is to be used
for the further manufacture of a particular semiconductor raises the problem of maintaining the
heteroepitaxial films intact, in general, and, in particular, removing the seed substrate without
damaging Trresbeie ibepitdxicdriipisnE mpedinegisioivths prebe id yeve niaveseedrt prrddietd remethod
for the formyation &fer‘ﬁ'ée@@éégﬁ%ﬁl A Hg@?} &g ;5%}’%?% ﬁﬁ'&%de%)tH‘Pélgé‘Qeséﬂéa g ysed for the
manufacture of a semiconductor device. Description of the Invention According to a first aspect of the
present invigaidreatieestis provided a method for the formation of an at least partially relaxed strained
material layer, the method comprising the steps of providing a seed substrate; patterning the seed

substrate; ) _ o
Presently used methods for the relaxation of strained hetercepitaxial 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 in-
cluding some seed layer to another subsirate that is to be used for the further manu-
facture of a particular semiconductor raises the problem of maintaining the heteroepi-
taxial fiims intact, in general, and, in particular, removing the seed substrate without

damaging the heteroepitaxial films.

Embodiments of the present invention seek 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

According to a first aspect of the present invention, there is provided a method for the
formation of an at least partially relaxed strained material layer, the method compris-
ing 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 patierned seed substrate to an inter-

mediate substrate; and

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



growing a strained material layer on the patterned seed substrate; transferring the strained material
layer from theqatterned-seed substrate to an intermediate substrate; apdy3phhg spgssion “strained
material layer alternatively denotes a continuous or a discontinuous layer exhibiting islands. The seed
substrate may be a massive uniform substrate or a hybrid substrate comprising a seed layer bonded to
or grown on some support substrate. In the process of transferring the strained material layer from the
patterned seed substrate to the intermediate substrate the seed substrate may be removed by one or
more of etching, mechanical polishing, grinding, electromagnetic or laser irradiation, etc. Residual
material of the seed substrate that possibly remains atop of the strained material layer after the
transfer can PRErEYRIRASIP Iy SYSIRSANGAPERCIRYRY PiRmatyrbsSonrtpnticrpmtiguosusea iWis very general
sense comprisiiguaustiawit erbitsitsigriskedy, theessed tivstrate, . YyLishikginmamcular, plasma

or chemical ' iRing irradiati L forming sl recesses, and b) depositing a
patterned mgggg })pﬁqggéﬁ%ggﬁg‘ %gg%}g%ggg%s{gg&%%@a?ﬁﬁlg Wﬁﬁ%cl}% rgerrﬁroov%l'ﬁ}gogns)? n'rrg‘:"aterial of the

seed substrat&PRELEIEAY: B BRINERS ©0E ErnbisHiRseheisEaiedimatesahauss e the formation of
at least partipHiterekakeebstrairsichim atahialimstanddizenpsitiag: phevidnpsatstatk ubstsates- patterning the

seed substrajR,jed 8y Re6H MBRSBRLRIYI IS chanical polishing, grinding, electromagnetic or
laser irradiation, etc. Residual material of the seed substrate that possibly remains
atop of the strained material layer after the transfer can be removed by polishing or
eiching.

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
efching, or scribing irradiation and forming islands and recesses, and b) depositing a
patierned 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 isfands;

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

transferring the strained matlerial layer from the paiterned seed substrate to an inter-
mediate subsirate;

forming isiands of the strained material layer; and

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



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 intermediate
substrate; forming islands of the strained material layer; and at least partially relaxing the strained
material islands by a heat treatment. 4 The formatign of the islands of the strained material may be
directly achieved by epitaxially growing the strained material layer following the shape of the surface of
the seed substrate islands and stopping the growth before coalescence of the grown strained material
islands or Bédorimgimiaeiobé islardsekitihe\sskinedsmdtpiabaabre diraatiyrzahibramthdy Bpiepitaxially

growing Ihe: AR MALPHRL I ¥snlsialiondng: e sRRaRY the sHdpeepiiesrels hsiate slands

and then forming a plané surface by coalescence of the formed strained material islands. It should be
noted thatSPegefidrsiraki islapdst riithitigrsinsadhsr thavéhahfdarmaeaigsransiecah e pi¥ined either

before the dfamséer frameie RutiRIBas Sepdehalatadrdantiatarmedipip.enpoiaie Quatestis transfer.
Alternatively, a patterned mask com&ysmgﬁosed and open re ions %loverln and ex%(@}%%a surface

of the see® ﬁ’ﬁ?ﬁia{f@t%@b@@fﬂ)@fﬁ Rl Fanngdhg §tu%‘§‘f?gt aieiiatanRed islands

are grown igg the stagsubstrateuriddie opthe regiansubkthxaraskdexpasedaiedionsnef theisusface of
the seed sub trat? The rown str? mateéla |sla sa e Sy b £q ently transferred to an
mtermedla:f'\eJ s Z\t%OQ ArETie {f‘g Sia eyr%’Pees rBje %reatment in order to at least
partially relax the strained material islands on the mtermedlate substrate.

It should be noted that, in general, the step of forming islands of the strained material
layer can be performed either before the transfer from the patterned seed substrate to

an intermediate substrate or after this transfer.

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 {o 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 {o some
tens of micrometers. The size of the islands and trenches may be adapted according

to thermomechanical strain int the material.

By the method according to one of the above-described examples it is possible to di-
rectly obtain strained material islands on a patterned seed substrate by epitaxially

growing the strained material on a surface of the seed substrate. In particular,



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 micrometers 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
thermomedhanicdihstr saninhide serid vBytage thetibel enstatiing qoalite offthtegibonstiaketbed

examples i is;pegsible, odireriie AbiginigHainad MAeHAL P ARdRAN b RAKE A RRGShSyRsHate by

epitaxially growing the strained material on a surface of the seed substrate. In particular, 5 the method
can providBnpeusdsiREgefhatIpecc f%el im e aTaIMAS: theRFDIRH Al s SriartBenayyised.

significantlgpighglthareraibe srevdinraints RifaiahePuib-AR i 8rcostinsh it sustage-al maeng layer is
performed, In particular, cracks may be avoided. Since the differencgﬂof coefficients oEtherrr\'afal
i

expansion' BERSAThEaLMHESRRRS RIS RN CHEIBRASHARIAG SYHAUNG AN Prpact on
the crystallingsqeaditkaack grrdcomdks askipanictiarravaideddridhdrgothver watdsiatolnpetleer words,

compared fo conventionglly manufactured strained material layers, in emabadiments of the present
T e e B R e e

invention, it €ed substrate with a ence o corgﬁlrc]:lents oFt
expansion seitth iresyrdicntoithencisoddn irabted acsdsahsirgie 4N ahigBanitferdrtdl o geeffhe same

desired criialiogHaliva e LSRR RS iaulSe MeBismalEliRd Sredspsalealpvigost

substrates can be employe was not allowable in the art. These low cost substrates can be
removed ali§aipasdsilifedintdng privg fasiecdyesiiinsg exalifible, silicon seed substrates can be
used to grow IlIN materials such as GaN and InGaN by epitaxy. Epitaxy of GaN and InGaN on silicon
seed substrates can be performed with no detrimental effects if the silicon seed substrate is patterned
before epitaliaFgrsnBPSRIBIR R ESLEHE SHSMARNEHIES S IORER FPdBaka AREHAIE) Wing a
patterned sredmplsisateviids PeRSIE ivsateshetheuhsrTimvatiow |atgerdaiitemistzmtdieand get

the same crystalline quality than jn cgnventional prqcgess. In addition, as the strain level may pe lower
IRl S e oo s S ] i

with a patté HEd'&8e 5 e# Ma) Aol o8 H g Tor THckREE, ofthe el Frig%f?gf?\es Mmaterial

islands as sobspated ummbesasmiﬁeegfswbﬁtﬂdtmafqylghemﬁmw m@rl@@@Nlrbyh@mLtext, it
should alsq-egted At sAme e AL s koW e L mavihe puRXiddieisendbe seed

substrate a strained material in order to further increase the crystalline quality in the strained
material. THe1BUREeftgas hte shisnsiead substwieHs patamediplosatritnsg!sEewubstrate 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.

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 iower 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.



6 For example, a GaN buffer is preferably deposited on a silicon patterned seed substrate before
epitaxy of InGaN material. As cracks may be avoided in the GaN buffer layer, the quality of InGaN may
be less damaged than by using a conventional method. Furthermore, the lattice mismatch strain may
also be less significant in the GaN buffer such that the strain in InGaN material may also be less
significant. This may allow a higher layer thickness or to use higher Indium content in the InGaN layer
as compared to the art. According to one example, preferably, the strained material island growth is
stopped bdforeettianpiset dhiiahditaradle scefecabihategdsimddemmpiieckepatipaedreaetheudthers.

Altermativelt R0 SRENPHITHB AOHASANSOFNar R Seed hsiraiond b sepd e top o

the strained material layer aving a size small enolgh to allow coalescence of the
strained mi&¢erathereugiity of pfaehhriap bsdeshdne aesdthaniyitiigah enaesianslMetiscale of

the seed ihands,ig iy, GRdNaBEdenfinaABANRRIRFSHBIRSase icisleralinasminithestadned layer
may be annihilated to lead to smaller dislocation density along with reducing defects_and crack. The

method forPtdFaYisy $8IdRak e stiaie i ipahh matrEaldnay 25088 1555 Hem RN e By S MR¥rate. It

can be perfgiowes bigivse layaftericiarsteoplichesstiraigias ImdirantorasrnierthedietaNubstatesfor the
relaxation %rocess#q c%se of the use of a buffer layer, it is advantageous that the buffer layer is grown
on the patt PH'REEY SOusk "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

may avoid i ral ater t%e isl ' ' I, r fer of the
strained mgt@eérg gﬁﬁ?&?(?s%n%ﬁ%’eﬁ%%ﬁ% iat&és%%%%r%%{e%ﬁ?e?e sriachlétsél?' b&;tgmﬁés%%ré%fbly be
detached fhefoi@dhstensetichisiendl caaipsaetsshihehicistepdsaeaiaiedeyt ianaefmmg baPihthe seed
substrate glow 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. WO

2010/094371PCT/EP2010/000090
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, disiocations 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. |t 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 may avoid 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 preferably be detached from the strained mate-
rial. This detachment can be facilitated by implanting ions in the seed substrate below
the strained material fayer fo form a weakened layer and detaching the strained mate-

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



7 Alternatively, ions can be implanted in the strained material layer to form a weakened layer and the
strained mategig!Jayge&3 be detached from the seed substrate at the yyeaksnasdawgr by heat
treatment. In particular, detachment of the strained material layer without residual seed substrate
material is thereby made possible. It goes without saying that the thermal budget of the heating
treatment performed for the detachment of the seed substrate is different from the one performed for
the relaxation of the strained material. In the above examples, the step of transferring the strained
material layer from the seed substrate to the intermediate substrate may comprise depositing a
low-viscosity layer, in particular, a buried compliant layer, on the strained material layer and bonding
the low-viscsgityatiry. ignasantbeimeiited ibtirttainad aerr ey I imA NP Bfse or consists
of borophosphesitigaie elasneBREErarayeSian beartpchsnlicomipesiagdoarbstretepiidbphorous. A
similar [ayet, g 28 RRPRIeRanIba R MP iR S YLAERI e ARadpg dbiprHafealiained material

layer (islanavse) or ansfer process. The heat treatment for relaxation of the straingd material

transferred RYSh&HARM, s fubstiriemalBlRl RIESRRY FARRPSPHRPIINRORESE material layer
thereby resuliingyingthensenatialaidiadgdiost tietheatingiredtmetepefoByet &elkpradetioh-"low-viscosity"

reflow Pf°pﬁf%%%%@&%ﬁ%&%@@éﬁ@%hm@&ﬁw'ﬂ{%@ls@%w&mlémowme%mtf&smgestrained

material islands may cor_nﬁnse patterning the deposited low-viscosity layer accordingly (see detailed
description ﬂéﬁm.'ﬁ%ﬁfﬁ osphosilicate glass exhibits desired reflow characteristics at temperatures
of about 800 or 850 C depending of the actual composition of the glass thereby allowing relaxation of

the straineq,{rgﬁge%%lggﬁpgg%q% ;_tgg g@{;%%lyeq@@(%sf@@%gl m@t@f@ah@@mﬂembe _tra_nsfe:cred
to a target substrate. For this, a high-viscosit r, €.9., a buried layer.comprisi r consisting of an
oxide (therrigfbRHPS Al dPi4M mtﬁ%'rbeeé'fajfn?gésg%?ﬁ@%% CINI |3ff3ésr'g%<%d° g’l&?ﬁ%ﬂ?ﬁlaterial islands
and bondedayith ithpaicyétrsaliutriete campliantnayhighn/Be siigined fapiarrh iargs $9RPRMMon temperature

higher than tharnewl ik slgnayiscesiy inpmadmiidasrample, a low-viscosity BPSG layer that
includes 4.5 % of boron and 2 % of phos- 8 phorous exhibits desired reflow characteristics at

temperatures of about 800C. Most of low viscosity oxide materials have a glass transition temperature
around 600TTOBG-\Iaasity daker man oM CoRTRRiohPRRRTCERRrE 5AIR ORI NERSGsity oxide
material is aQresiOPOcoRPANE iIBHs AR Wb K fBodprmiauger sithidrdtymmapeotithe same
material as the-ﬁﬁeéjnﬁHQs.ﬁ'%%ﬁemé’&iéﬁ‘ee 4&@%;@@%%&&3%&%@%%_ RmRifYheRibas/pined material

is polar, as Pg‘))rsl[ € C-plane material, when the proCess is performed %/ grow&r{%the strained
material on éslsads) S teasisn arnsassy Bahsaiparaply srielomeihairelted Sidstance to the
intermediatecsubsinereran doithaithenieitisn alicdeate tistaraiews foesergetedolysthtieeiotte polarity of

the face of e telgae SHATSLARLR) PRRASIBIYE (868 ol enicorend sulpsiance that i

suitable for any subsequent epitaxial growth of layers can be maintaj e(gl. I as%iculz;}r for 11I/N material,
if the exposEFiElial ExHibR &P IRSERMENY- KBRS el R grawas Bhtﬁ?e §31§e HELCE, the exposed

face after thgsttumstiypdtrastster e pesseed| bakowirbibitaintid-chetadsit iplRgfydacempiéenost suitable
for a subsequantepitaxial Grouitty o HUblday aydt he.sunpipdsiaceeairttbesarpion isan N-face, a
e e BBt oposphoaticate g1sst exhbis deeiied Pefow oheracRRERLY £ TeMerliegolery:

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 partiaily relaxed strained material islands can be transferred to a target substrate.
For this, a high-viscosity layer, e.g., a buried layer compyising or consisting of an oxide
(therma! 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 fo
a glass fransition 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 ptios-



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 preferably be chosen to remain stable with no
reflow at the temperature of the epitaxy. According g) a second aspect of the present invention, there
is provided a 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 above-described
examples ahdescribdabitshdraspectdicivecficshatpiticant thrtheratomprsingepigddaly yesving at
least one matgrial ipyern e dormed alieast parialistelaxed sraned matsrial i partculy, lavers
for LED or phociovo‘ Aic O lager device layers. According to SR aspe& of the present invention,
there is protd@e@. Qa tepphershanduibeiglpssticansiticonsistvpddrsapiihiecigrsiliconsity igldesiscosity

ayer, ilangis I leas AVl el SURRAg IS IR QBIFRSHY e el aeeeidinggo one o

the above-described examples, in g;rticular, with’an area size from 100 micrometers x 1
micrometef tBe1sAme eIl a8dNs seedciiirsitalt piche tidermediaicgiksiater frr wstarteay

comprise at least one active layer on the relaxed strained material layer/islands, in particular LED,

laser or phagtovoltaic device layers.
P Wﬁen the strained X\ateriai is polar, as for the c-plane {li/N material, and when the

process is performed by growing the strained material on a seed substance followed
by a two-step transfer process from the seed substance to the intermediate substance
and from the intermediate substance to the target substance, the polarity of the face of
the relaxed strained material opposing the face of growth on the seed substance that
is suitable for any subsequent epitaxial growth of layers can be maintained. In particu-
lar for III/N material, if the exposed face exhibits a lll-element polarity after the growth
on the seed substance, the exposed face after the two-step transfer process will also
exhibit a lll-element polarity that is the most suitable for a subsequent epitaxial growth
of a IIl/N layer. If the exposed face afier 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.

According o a second aspect of the present invention, there is provided a method for
the manufacture of a semiconductor device, comprising providing at least partially re-
laxed strained material on a target substrate according to one of the above-described
examples as described with respect to the first aspect, and further comprising epitaxi-
ally 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.
According fo a third aspect of the present invention, there is provided

a wafer comprising:



Additional features and advantages of the present invention will be described with reference 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 understood 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 patterning a seed substrate by etching and"growing a strained material layer on the patterned
seed substrate. Figure 2 illustrates another example of the inventive method comprising the steps of
depositing s supstrbattheisee thqudrtitrale compistimg dfzappagmons silhcbgrowing 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 material layer is grown on a buffer layer formed
with a plana kighatgcoaity [sv@srned seed substrate. WO 2010/094371PCT/EP2010/000090 10 In the
following, two alternative embodiments of the herein disclosed method for the formation of at least
partially relaxed strained material layers are described with reference to Figures 1 and 2. As shown in

Figure 1, dsjeadsfiRiiarstirarbirdvickaey sleineiviraieriateaiabesiadhamsBpdireestivtsubstrate
1 may, e.gteo @ sepRhESoeDSEBRIdGeSHIsNISU s hatecdiBe seedsHBaiEate-d Baprtiemead-by

etching to obtain seed substrate islands 1' separated by recesses. The seed substrate islands may,
.9, be SASBTFER XA ARRATEE SBch Tt 4 REHAT % 4 BHBRRIDAIGRAE R a08sses may

have a depih@ftalnesit 1 micrometer. After patterning of the seed substrate 1 epitaxy of a strained
material, e.g., InGaN with 10 % Indium is performed up to a thickness of the strained material layer 2
of about 250 nanometers. In order to improve the crystalline quality of the strained material layer 2 a
buffer layeil (woatfeswrs neaynpesiepblited oncthetpyatiepse dsdbel mibstchrdramedraddaia/thy-seed

substrate igﬁg%&ﬁ Wgﬁﬂi&ﬂ%@’ﬁ_%,tﬁ%ét@j%%%ﬁéﬁﬂl égxﬁ{eqa;g%_buffer layer may comprise an

AIN nucleation layer of 50-100 nm thick deposited 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.

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 subsirate in the regions not covered by the
mask.

Figure 3 iliustrates 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.



A low-viscosity (compliant) layer 3 is deposited on the strained material layer 2, in particular, above the
seed substrate islands 1'. The thickness of the low-viscosity layer 3 may %Bﬂh‘&}??g% nanometers. A
low-viscosity Pﬁf?elP’s“{H%ﬁﬁ’r‘to the low-viscosity layer 3 is deposited on an in ermecfla € substrate 4 to
which the strained material layer 2 shall be transfgrred. The intermediate substrate 4 may be of the
same material as the seed substrate 1, for example, 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 df the fltemnediye Lipeaiae ﬁ”ﬁ’&d%%fﬁqu .t&\?tg?i/ '&%8{:]3%%03@?2%0@%{%% result in a
thickness ofdheataw-sfiscasity pasieliateéeitbsitanatdoratace fayrssamg sescihad wath 8f8F-2 is bonded
via the low YGogMIaNers e RLCREHIAFYheliatesded Vb a0e/PUBEURET firRROLO/0000S0
After the bonding step the seed substrate 1 i remov§d, e.g.a, byI pi%%smg or %ge?é?’gkgﬁhing and/or
grinding. M8FeWep! AerRaRTHIABHh AL d BRSSRLE DB SOty ifatenial islands 3' may be
obtained bysatsiistg cAkaitativelpstratdolhe istesbitybisiyale 3 apritataaadiv el 8tAaterial layer 2 is
etched befoge.the Aandhagdcanser W saioiesy eslatessubricateds inshimmnssamdierihe transfer the
ow-viscosity material that was deposited on the intermediate su ’ ing step is
etched in the&pReSZEiRdeh MQRQ{Pgﬁ%Sd% & igféandgtf%u%%tbﬁﬁ tﬂot-:'B ?o@v'%ésné%g%q material

islands 3' shieneiefsieruneat havig@rdeptbrbwioah I RaIRIE"example of a method for obtaining the
strained material islands 2' and low-viscosity material islands 3' on the intermediate substrate 4. As

shown n Figuee 2, SSCSNBSURLS 16 AL S0 S SORRRURA SO el partialy

e masﬁulayer%_ comprises open reé;;lons and ma{y comprise Si02 or SiN
material. In %o palinredigprifetrandePritfelipoeese! BaNtERNRGIRISHR) B i%Rtent of about
10 %) is groyen Wadshaisickneseef 3 thpantha loystaltonsitatiayef his stepositachtatiahe strained

material 2 and the mask. Bonding of the low-viscosity.lavar 2 and s ipwviscosity svestgleposited on an
intermediateggﬁbgt%ﬁ;?rjﬁ eéL{]B%steamge\?ﬁ%{r%\%val 0 ?he seed sub%rate 1r suI‘s ill% transfer of the
ISla

strained matefartiewaidhe sesehrhneatadtinnts uarR UV R SYRMRITLETSIARS 3' are etched
down to the interenadiateasubaisgtedminesspacen betiwetonsayenefl FA:lediamsibinki dposthis is needed

to improve (he subsegUGRLelAaN HERdian Uk ReAee el Rbanerranmies shann in Figures
1 and 2, alternatively, the strained material islands 2' may be pr\pwded na continuous low-viscosity
%@&%P @ eriai.

material lay&Fohieé habufiedarer & paRReS BFPE ARS8 A5 SEEHTHG of the low-viscosity layer

deposited on an intermediate substrate 4 is performed).
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 fow-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 subsirate 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.



The structures shown at the bottom of Figures 1 and 2 comprising the strained material islands 2' atop
of the Iow-vis%asi%m(}%ge;ilal islands 3' are subject to heat treatment, e.gpb%; sgwejﬁS%(g)ﬂor 850 C over
about 4 hours, In OrdEt {6 obtain at least partially relaxed strained material KR gﬂ e.g., partially
relaxed InGaN islands with 10 % Indium, by reflow/plastic deformation of the low-viscosity material
islands 3, e.g., 12 borophosphosilicate glass, BPSG, or an 5102 - compound comprising boron or
phosphorous. Subsequently, a bonding layer can be deposited on the at least partially relaxed strained
material isla wand/or.on a target substrate. After. bonding of the at least partially relaxed strained
material islaﬁggéht’% ﬂ%é{%?gse?%&%estsrg g \?Ilg) %@tﬁo 51rﬁ%’?&ﬁ%ﬁ’(sﬁ'%@%@mﬂiﬁfé’%%fﬂ%‘hte 4 and the
low-viscosityPHigr BN aHRING daseoran alled remgyab plidtch pegd s ehstiateidgwetiscvsitgation, to
recover the suafas isfaiings @ kﬂ%%ﬂﬁi%@?}?@?ﬁg’%iﬂﬁ@;ﬁé@?ﬁ'tﬁ@%ﬂ%@b&i% ifd?&;?'\' iS'a”dSi
The at least ally,r raj atenrjal islands 2' c ubsequent used for the epitaxia
growth of a g%éct@dggﬂnqgtge%ig%Iﬁaé%:r'%ége(fa?nf%a?ﬁ%G aertg}‘(jeégpﬁ?% é?'%%ﬁaﬁ\{ﬂ%egﬁ%{fﬂl 8% th of a
crystalline 12)&"iRdiAle &Yl AdPhiscase rmiputbe ttraskr dhedarewiasesiinivetedattoatdevice useful
in electronicyphalEsiiait of dpidnaieatdate PPHCREONSSIHED RE bERMNGT 85218 dreiire 3 another

example of he Inyentve MRS SN USIRASTANEd mAtSrRlayer2 s roun on 2 buffer

layer 7 formeﬂawith a %Iane,sur_face on a patterned seed subs Ecég'r%ﬁ?lsg‘t JIRE" ample shown
in Figure 3, SPAIRH SR IV 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

deposition, frrghrthe mqﬁmre?ngﬁ@ogggﬁgO?P%?ﬁ%lt%ét}gr?gl%%%%gé%e ngﬁ%m%dts?qd substrate 1'.

However, ac Oégln o tg«i shown example the buffer layer 7 is, ( 3 e 'islands-like surface

shape is levéla (scgal%%c MY BFIRLY i§1§|’ﬁ!?l)fsfﬁ%d&ﬁfé?’!é%r'V?ﬁﬂ@ﬂ‘?%ﬁabﬁ%@ dpper surface of

the buffer lageewniibignesl2 Aacieetesphetraterfate of thelbuffeiizoreo7satspined impieviad@ is epitaxially

grown and a:heigphaspbasilicais, dasadrygyds slepasiterd B gl @&m%@&ﬁqéﬂe%g&%e”a' layer 2.
ayer

Subsequenty‘, tpn% b%o r}ogp§% siI{i}(r:%L?%%aa?s qu r iand the strained material are patterned to
obtain strained material 1S1ands-2' And oroﬁﬁ’gsg% SIRRR 9983 THANE S MRIRERLZI &fhtterning
process trarf23} 8 B attervitieanatediimsteatent pfabridid 5 bisrgphwspipasilc diekgless dayer islands 3'
formed on tisednisrmetiatewwisisaty hiperfouapsikshnurtharapias ihatiieraligmwming of the
borophosphgsilicate glass ka% re,a gt e strainegd materjal layer 2 can alsp be performed after the
WO 2010/09437'1PCT/E8P30 %/65‘88' B&Wt'rayer 9 RSN R4 ayet 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 sfrained 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.,



13 transfer to the intermediate substrate 4. After the transfer of the strained material islands 2'
relaxation can be carried out as described above. Al! previously discussed embodiments are not
intended as liM KL B serve as examples illustrating features and a%yr'%%&]é'ém@f]?ﬁe invention. Itis
to be understood that some or all of the above degcribed features can also be combined in different
ways. WO 2010/094371PCDEP2010/000090 14 Claims 1. Method for the formation of an at least
partially relaxed strained material layer, the method comprising the steps of providing a seed

substrate;
borophosphosilicate glass, BPSG, or an SiO; - compound comprising boron or phos-

phorous.

Subsequently, a bonding layer can be deposited on the at least partially relaxed
strained material islands 2' and/or on a target substrate. After bonding of the at least
partially relaxed strained material islands 2' to the tafget substrate via the bonding
layei(s) the intermediate substrate 4 and the low-viscosity material islands 3' can be
removed, e.g., by etching or electromagnetic irradation, to recover the surface of the
at least partially relaxed strained material islands 2', e.g., InGaN islands. The at least
partially relaxed strained material islands 2’ can subsequently be used for the epitaxial
growth of a structured material layer and, in particular, for epitaxial or homoepitaxial
growth of a crystalline layer, that is to be employed in the manufacture of a particular
semiconductor device useful in electronic, photovoltaic or opto-electronic applications
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
iayer 7) such that a plane upper surface of the buffer fayer 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 borophosphosiiicate 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



patterning the seed substrate; growing a strained material layer on the patterned seed substrate;

transferring ﬂlﬁ?sﬁfﬁé%ﬁ ﬂjaterial layer from the patterned seed substraig {o.a5) ipigkosgdiate 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 trez%’tgplggtr to the intermediate substrate 4. After the transfer of the strained material is-
lands 2’ relaxation can be carried out as described above.

All previously discussed embodiments are not intended as limitations but serve as
examples illustrating features and advantages of the invention. 1t is to be understood
that some or all of the above described features can also be combined in different

ways.



3. The method_ a_tccording to claim 1, wherein the patterning of the seed substrate comprises depositing
a mask compyiging;gpsa-kegions on a surface of the seed substrate; WQ1/ep2010/000090
2010/094371PCT/EP2010/000090 15 strained material islands are grown on the surface of the seed
substrate in the open regions of the mask on thel4$eed substrate; the strained material islands are
_transferred from the patterned seed substrate to the intermediate substrate; and the strained material
islands are at least partially relaxed by the heat treatment. 4. The method according to one of the

preceding fj%m% Wherei_n the step of transferring thg strained material layer from the patterned seed
substrate to the intermediate substrate further comprises

1. Method for the formation of an at least partially relaxed strained material layer,
the method comprising the steps of

providing a seed substrate;
patierning the seed substrate;
growing a strained material layer on the patterned seed subsirate;

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

intermediate substrate; and

at least partially relaxing the strained material fayer 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 istands of the strained material layer, and wherein

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

the patterning of the seed substrate comprises depositing 2 mask cormprising
open regions on a surface of the seed substrate;



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

layer; and deg{g&hlpg él}‘% trained material layer from the patterned seed,silhstiateahifie weakened
layer by heat eatment . 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 ta rd!m to,claim 1 to 3, wherein.the s, of transferr stralned
material layer fromg%t%ﬁe ggat[?\(a%}?r(?g ssger(lidsuabesjt?a?(\am ?obﬂwg’?n é’rrfrﬁceed%}t%%su ra efzb co?%?p Y removing

step of the pattern@&?géﬁi'%%fﬁﬁ?emﬁﬂ‘fé?élﬁelﬁ%@érﬁ%‘?ﬁé’ﬁtme removing step comprises
electromagnetic irradiation, grinding, mechanical polishing or etching of the patterned seed substrate.

16 7. The method aﬁ%‘:&!‘gﬁ%tﬁlﬁ&’ﬁ] éigrrid?s' gYQ?Faerll fgllre%af% ebé‘éi err|1a es[e'egd substrate

to the intermediate substrate; and
the strained material islands are at least partiaily relaxed by the heat treatment.

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

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

detaching the strained material layer from the patierned seed substrate at the
weakened layer by heat treaiment.

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 1o form a weakened layer; and

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

8. The method according to claim 1 to 3, wherein the step of transferring the
strained material layer from the patterned seed substrate fo 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 subsirate.



grown before the growth of the strained material layer on the patterned seed substrate. 8. Method
according to one of the preceding claims, whereingthe step of transferring the strained material layer
from the patterned seed substrate to the intermediate substrate comprises depositing a low-viscosity
layer, in partigular, atrrtheampliaatlayeciamthestaitedinadeiaktayes boiebanding the

ow-viscosity laver (g.lie pgmeglate syboyele, SMAoR accai g I o Suerei the

low-viscosity layer comprises or consists of borophosphosilicate g or an Si102 - compound
comprising boron opgafbsErdf@Es. 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

substrate. 11 Meth&% ﬁggor(g%g dxo cI{aum 10,0 ¥v91eere|n th%isee substr%te thet |gt%l{%)red|ate substrate

and the targe?‘subs e COI%[S:I’ISE‘m& CONSIgt of sapBrﬁal?g orsificon. 12’ f?/r&{ od acc dcl)ng to one of the

preceding claims, whangfiering Seantrethedanatalizhjares drasiboPaitetepased mBENRSr GaN. 13. The

method according te,glaimtimbdiatein tip-al ainas-Rratadsb lavey S ieslyarircpmprising at
least 3% In, in particular, F\t least 10%. 14. Th rpethod a?ﬁordln to,one of.clqim 10 or. 11 wherein the
t

transferring of the a??&é%{?{arﬁa 'F&a&%rap ﬁ%né&e%ﬁ%naﬁfyrer 8qh@a[t§rngael g

sﬁ%rstarlg?e comprises the
removing of the interangitigtivs vatriateiifyplavke itethbyntaohidiate eebeiratal polishing grinding of the
intermediate substrate or by electromagnetic irradiation.
9. Method according to claim 8, wherein the low-viscosity layer comprises or
consists 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 substrate.

11. Method according to claim 10, wherein the seed substrate, the
intermediate substrate and the target substrate comprise or consist of

sapphire 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 claim 10 or 11 wherein the transferring of
the at least partially relaxed strained material layer fo the target substrate
comprises the removing of the intermediate substrate in particular by
etching, mechanical polishing grinding of the intermediate substrate or by

electromagnetic irradiation.



17 15. Method according to claim 14, wherein the step of transferring the at least partially relaxed
strained material islands to the target substrate comprises depositing a h| h-viscosity layer, in
particular, a bﬁ'ﬁé’ﬂlfﬁ%?é?ﬂon the at least partially relaxed strained mateﬁgl (SRR 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-viscositydayeidthad deafrdinte st pamtibdlywisteeie dhet saapedt nmtefiairgbtisenstdeayttbar-method

according t0 one of e EsEadp AR P RILFUAL WU APEASIER KaMpHO0 Bigameters 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 coﬂﬁgr%fﬁgjﬁa‘f‘?é’ﬁﬁbﬁé(%'cfﬂlgﬁﬂ?é' %rﬁﬁ@r@dﬁgﬁrsﬁ%mﬁfﬁ?ﬂé‘r@ﬁﬁfﬁ"&iartlcuIar LED,
laser or photovoltaielziedictridgyest snaterial 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 materiai layer on the
formed at least partially relaxed strained material, in particular, layers for LED

or photovoliaic 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 fo 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.



