WO 2010/015401PCT/EP2009/005694 1 Relaxation of Strained Layers Field of Invention The present
invention relates to the field of strained layers and compliant substrates for application in the
manufacturdVér ZufddHuctor devices useful in electronic, optoelectronic, BRAIEVNHIEFEH and, in
particular, to the relaxation of strained heteroepita%ial films by compliant substrates. Background of the
invention The growth of thin films on substrates by heteroepitaxy is an important manufacturing step in
the semiconductor technology. For instance, when native bulk substrates are not available or are too
expensive, useful materials are often formed by heteroepitaxy on seed substrates. In the field of
light-emitting semiconductor devices or solar cells there is a need to grow heteroepitaxial films of 11I/N
materials on substrates as sapphire or SiC. However, when materials are formed by heteroepitaxy on

substrates with a different Iattw?qg?i%qﬁﬁqd(g' fgqptdﬂq@aep_ta é]%mal expansion as
X .

compared to the ones of the materials detrimental effects on material"quality are caused by misfit
compressive or tensile strain and the corresponding generation of dislocations and cracks. Thus, film
of materials are formed by heteroepitaxy with a limited thickness such that neither crack nor
dislocation occurred in the material. After transfer of the heteroepitaxial films to another substrate
these film¥Foel &frlimatation be used for epitaxial growth of layers used in electronic and
opto-electronic, photovoltaic applications. However, thin heteroepitaxial films are strained due to the
misfit of lattice parameter and the quality of epitaxial growth or subsequent steps can be deteriorated.

However, fes@ndgandovertiondes etes toréhexBeithaifsitainest iaressoanstcamRlia sHRstRESCcosity
layers ofteg, palshoNrSAtRTIRIAERAUIR IR BIRARIdonIRRIRsTReSIR&ElIPHCkIndrdhr feprstion of

cracks, etc. and complete in-plane relaxation can . . i
electronic, photovoltaic field and, in particular, to the relaxation of strained heteroepi-

taxial films by compliant substrates.
Background of the invention

The growth of thin films on substrates by heteroepitaxy is an important manufacturing
step in the semiconductor technology. For instance, when native bulk substrates are
not available or are too expensive, useful materials are often formed by heteroepitaxy
on seed substrates. In the field of light-emitting semiconductor devices or solar cells
there is a need to grow heteroepitaxial films of IlI/N materials on substrates as sap-
phire or SiC. However, when materials are formed by heteroepitaxy on substrates with
a different lattice constants and different coefficients of thermal expansion as com-
pared to the ones of the materials detrimental effects on material quality are caused
by misfit compressive or tensile strain and the corresponding generation of disloca-
tions and cracks. Thus, film of materials are formed by heteroepitaxy with a limited
thickness such that neither crack nor dislocation occurred in the material. After trans-
fer 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, photovoltaic
applications. However, thin heteroepitaxial films are strained due to the misfit of lattice
parameter and the quality of epitaxial growth or subsequent steps can be deteriorated.

However, presently used methods for the relaxation of strained heteroepitaxial films
on low-viscosity layers often not show satisfying results with respect to the suppres-

sion of buckling, the formation of cracks, etc. and complete in-plane relaxation can



WO 2010/015401PCT/EP20091005694 2 hardly be achieved. Thus, it is a problem underlying the

present invention to provide a method for the complete or almost complete relaxation of a strained
layer formedVAbHN&/ U EMstrate that avoids or at least alleviates the above-RfeHESAYE/OXEs.
Description of the Invention The above-mentionederobIem is solved by the method for relaxing a
strained material layer according to claim 1. The method comprises the steps of depositing a first
low-viscosity layer comprising a first compliant material on one face of the strained material layer;
depositing a second low-viscosity layer comprising a second compliant material on another face of the

strained MpgeaIR| BRYSEHR fdN Phiks! is a8 \Widshs indenging A6 whiseigriventicn seproviciecs
structure to a heat freatment such that reflow of the fjrst and the. second low-visc fit layers is,caused
thereby atTReiOdafay FB%ﬁﬂ@‘ﬂT%‘%tPéir?éﬁ‘%étsﬁmﬂL?j TSRS °I0\?/-§¥g '5'5?6‘ ?g si%%e%dicate
compliancatyvé @efatsriitenthbt dycitithertatie spiealiboiateythe atiogehadrdainecdefecty see also
discussion below). In particular, the heat treatment at a temperature above the glass transition
temperature results in some reflow (plastic deformation e.g. due to some glass transition) of the first
and the second low-viscosity layers thereby elastically relaxing the strained material layer. The

provision q_f,&w-y'iﬁim iSvdhiagth sides of the strained material layer allows in a free
displacement o{t IS strained material layer and, in particular, complete relaxation, if it is desired,

without the formation of defects. Complete relaxation can be achieved by an appropriate choice of the

temperaturghanghgiatRMARs pRYIERATINGIQSEfe method for relaxing a strained material

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

depositing a first low-viscosity layer comprising a first compliant material on one face

of the strained material layer,;

depositing a second low-viscosity layer comprising a second compliant material on
another face of the strained material layer to form a first sandwiched structure; and

subjecting the first sandwiched structure to a heat treatment such that reflow of the
first and the second low-viscosity layers is caused thereby at least partly relaxing the
strained material layer.

The term “low-viscosity” is used to indicate compliance and deformation ability of the
thus specified layer during the heat treatment (see also discussion below). In particu-
lar, the heat treatment at a temperature above the glass transition temperature results
in some reflow (plastic deformation e.g. due to some glass transition) of the first and
the second low-viscosity layers thereby elastically relaxing the strained material layer.
The provision of low-viscosity layers on both sides of the strained material layer allows
in a free displacement of this strained material layer and, in particular, complete re-
laxation, if it is desired, without the formation of defects. Complete relaxation can be
achieved by an appropriate choice of the temperature and duration of the heat treat-

ment process.



WO 2010/015401PCT/EP20091005694 3 A first substrate may be bonded to one of the first and the
second low-viscosity layers before the step of subjecting the sandwich to the heat treatment. This first
substrate myRt2&04d¥Htageously used for transfer from a seed substrate AT{EERHUEAhed
material layer was heteroepitaxially grown beforehdnd. Furthermore, a second substrate may be
bonded to the other one of the first and the second low-viscosity layers before the step of heat
treatment thereby forming a second sandwiched structure comprising both substrates, both
low-viscosity layers and the strained material layer. The second sandwiched structure comprising the

first and thg fRGADSHRRIAISY Hah&AaK P eodRd o fHse: MEBARRMHE S6cOMaacH- VBB fhpspyides the
advantage that buckling of the strained material layer during the relaxation hiﬁﬂt trfeatmeﬁt can reliably

be prevente®fors tha $ieP Mt suRIpeHRg dhe Rpadwishfethe eal fealmerhit VR I FhetnsiiRq
stiffeners qHighg tecdawahtiriowely tRRicinransts drosigaiteantiyutestratesosu tfratahestrangeand
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| | relaxation of the strained material layer. The dilatation of the substrates duri
the heat rEORIRCAL A SN pATIEIBERL 5 A NN R SRSl RIS AR e et
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the heat treatmen a significa erent expansion s of the strained material
layer. The comprisisgbethsubatiatesdeethiome sersitnéayaispadhataabed materdim dayesuch that
the effect of mismatch between coefficients of thermal expansion is low enough at the reflow

temperature so that the second sandwiched structure is mechanically stable during the heatf:% to limit
the risk of AR SSSANhSenaMiohed stpirtuEs FRMRIIRAG be fist %@%ﬁeﬁﬂg ﬁéﬁ?ﬁglaé%é %on of

substrates iy whffriade Nelgn e $appHikk %r R e abicbinpounioprdiidesl G atvhevagentoat
preferably by not moye thap 5 % at the reflow temperature. Eor example, the first and secan
substratestfﬁlﬁ 'Bd 8&%&%ﬁ&ﬁ5ﬂ? DA L@%l%&@ﬁéﬁggg;gg}%ﬁt&eéﬂﬁﬁ ﬁ?%ﬁ%ﬁ?\%‘t){vely to
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pressure mﬁXcﬁ%%rﬁBQf'%ﬂﬁS&Q% SHFRG AR PSR RVRG L RV BPKgh e Mgy orm
during the heat processing (see also descrip- _ )

duces surface buckling and allows a mainly lateral relaxation of the strained material

layer. The dilatation of the substrates during the heat treatment may also participate to

the relaxation of the strained material.

Preferably, the first and the second substrates are made of the same material or at
least of materials of similar coefficients of thermal expansion in order to avoid a risk
that the second sandwiched structure could break during the heat treatment due to a
significantly different expansion on both sides of the strained material layer. The mate-
rials and the thicknesses of the substrates may advantageously be chosen such that
the effect of mismatch between coefficients of thermal expansion is low enough at the
reflow temperature so that the second sandwiched structure is mechanically stable
during the heating to limit the risk of disassembling, cracks or splits of the substrates.
The coefficients of thermal expansion of substrates may differ by not more than 20 %,
preferably by not more than 10 % and even more preferably by not more than 5 % at
the reflow temperature. For example, the first and second substrates may be chosen
from the couple of Si/SiC, GaAS/Ge, SiC/AIN or GaN/AIN.

Alternatively to bonding a second substrate to achieve the second sandwiched struc-
ture some (mechanical) pressure may be applied to the strained material layer to
avoid or dampen wrinkles that may form during the heat processing (see also descrip-



WO 2010/015401PCT/EP2009/005694 4 tion below with reference to Figures 4 and 5). Thus,
according to a further example instead of bonding the second substrate the method comprises
applying a MeRR&HEAFessure, in particular, by a piston, to the other of th&¢FERABAWE6H
low-viscosity layers (the low-viscosity layer to which the first substrate is not bonded) perpendicular to
the faces of the strained material layer during at least part of the heat treatment. The pressure may be
applied in an inhomogeneous manner across the strained material layer, in particular, such that the
pressure varies linearly from one side of the other of the first and second low-viscosity layers to the
other or is flighsgiBWheiteRRERR itdSragihescdantd Aprinatonsicdingitxial forssueximprases the
energy associated with the bending of the strained material layer out of the ojmﬁgllﬁ’lﬁgne of the

substrate (patefdiebhanding ke SERABASY PSS PHRISFS ancale
formation presslle WhNnketiandeshylaypistion|ee Wechthler illthsisirst trelstevond foataisddsiper will
h | it dl length d to th jaxi i
opiied. TIRYGR (b OO ERT I R AT Ieh (ool PR e R nat S e disn
example, whitte fecebeof iheexijtaindy deatesiaddayeregittirgiagrieast pasigpfitberhgattreatowntAn
uniaxial pregaure ca ReARPIE IR a9 Hain GhBIALYABUE TR LR BlRCHRN LAl RuephiatsLCch as

direct contact vé?ﬁ a piston, or with another semiconductor wafer, or with a gas or liquid compressed
by a pistorfialtrypreispastieuipsugipthat therresss Ry Matasinanii fonhanaside siithaiheaterial
layer is nopyviiakipst It sEEGHY B ARENGALRR MRt BRBE Gy Righehik IHE R SIS Ghea fow

viscosity Iaye? flows while the pressure is applied. It is possible to optimize the magnitude of the
pressure, tReé dhe £998%ch the pressure is applied, the rate at which the temperature of the wafer is
increased, and the duration of the high temperature and high pressure application in order to minimize
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suppressing wrinkles can be further optimized. It is noted that in the examples wherein pressure is

applied to stabierasriadlenmedasiafey wainkies-Wkishsap stk exiptindhs straipromaicsiad Ry cosity

layer may Qe deprsiashnertampiirRie raieidnger tha vilaind, resinpaldaysy the as6asRdtdsryeferred
that the particular surface of the strained material layer an?/ogrthe surface ?f the}\gisto%o .tfbe surface
i ainte

of the stiffsHERXIRLREESSHIR dS:FRRLed eI 8P Yh AN aRIREIReLRNS) PRV 9.

above 1 nimegepeitgsoPAIMGAN Filmisrfor snampieonhicto mayibetsuis éguelitly depesdadHzy
low-viscosit .}a er.and the.strain mﬁteriatljlar}/er. Thus, after the heat treatment the piston and this
P o g

low-viscosft s'ﬁys DRRABVES rI."romctﬁ%' relaxed strained material layer. The low-viscosity

layer provided between the piston and the strained material layer particularly serves to avoid friction

between the piston (A0SR b LN ABY 1BarRreiRsHEdaHRREIAYE AV Budiioaanaetaration of

the same.
cal means, such as direct contact with a piston, or with another semiconductor wafer,

or with a gas or liquid compressed by a piston. The pressure may be applied at low
enough temperature such that the strained material layer is not wrinkled. The structure
can be heated up to a temperature at which the BPSG (or low viscosity layer) flows
while the pressure is applied. It is possible to optimize the magnitude of the pressure,
the rate at which the pressure is applied, the rate at which the temperature of the wa-
fer is increased, and the duration of the high temperature and high pressure applica-
tion in order to minimize the amplitude of the wrinkling, or increase the wavelength.
The pressure may also be applied at high temperature, after the wrinkles have

formed.

The pressure may be precisely controlled such that it is applied across the

structure in an inhomogeneous manner. For example, the pressure may vary



According to a further example the pressure may be applied directly to the strained material layer
without mediation by a low-viscosity layer. Alternatively, a stiffener, e.g., a wafer, may be laid on the
strained mat¥R2 8P HHd the pressure is applied to the stiffener and thereBy¥EEREIAINE material
layer during the heat treatment. According to an embodiment the herein disclosed method also
comprises detaching at least one of the first and second substrates and the low-viscosity layer to
which it is bonded after the step of subjecting the sandwich to the heat treatment in order to expose at
least one surface of the strained material layer. This exposed surface can subsequently be used for

the further |pyeaessen bR iteEtoithardiretsen faagbienigher layeneswntéordhe mavarfatture of

an electronic or gpto-electronic iconductor device or solar cells. WO . i
2010/01546@%&8@52 BQSLGBS'E‘SLB% PGRRAR ?%stt?gi?\gﬂinﬁéfb?igr%%lr’rr%av)‘f'gé 3 121884 pefore
the heat tr¢hanhastlheradydoronirdrsutanad osatseatisantibsepsugppebyimgeverakes The floemation
of islands ?fF e §traiﬂe(jlzrggterial layer further facilitates the relaxation process. The shapes of the
strained mAterial islangs are ‘arbitrary, in principle, and might be chosen to be circular, square or
rectangular for ease of manufacture. Due to the provision of two low-viscosity layers covering the

strained MARIARY TS AL GRIAIELGHEVEIRIHORIIORN ahenalF (S HEMIALE Fllimeter

e.g., about 0.5 mm, or even larger can be chosen for islands without strongly affecting the

relaxation ¢8fét JRY&Sniardd NNESEREYr BYETidN DL &fidaRifiAhidR S loVs¥ B rPHY art.
According [g\aiRqHiey BerautesifedstRinee pisterader (hnatirenstdindenderoiingyibe $acond
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(inter-spacesj are formed through the second low-viscosity layer ar d material layer in
which case tug boasingnoatie kycbmieiassaanhiudedesdadanpist sleasamensingoptwass

interspaces < YpNAREH IPOSHECRUSIER 4B ABRaARREIAVR irtray. vissositn inyeeanay also

be partially or completely etch. These inter-spaces may be advantageous in achieving a cs%rg letely

relaxed striigatmaatcths 1pjatosrapthdme doNeXIBEAN Y Ha¥RECAT AR R JEINBYEFidL8 Ty Iayers
can be dleﬁﬁ%it?éilﬂiéﬁh? %Wﬁnr@&ﬁﬁ%ﬂéinmwfrsnaqbw?nﬂcam%m Esmerdwdapen,uemllo:ition,
an Si02 layer or undoped silicon glass or a SIN layer may be deposited on the, strained material layer
in order to Bh&ROHE ’é@ihtér% aérf'ﬁﬁe %W-‘?ﬁ@%%l%ﬁh}?&r ts \‘ﬁ%ﬁ raRea %é?eralé'ﬂb&)l/epcﬁggording to
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for the pro?ugtmgtof LEI%§( $r§ Ifl[hceel%sarfr?% instance. It should be noted, however, that InGaN

a es 1e ne. . . . .
represents on'y oné example for the material of the strained material layer. In fact, the strained

material layer may, for in-
According to a further example the pressure may be applied directly to the

strained material layer without mediation by a low-viscosity layer. Alterna-
tively, a stiffener, e.g., a wafer, may be laid on the strained material layer and
the pressure is applied to the stiffener and thereby to the strained material

layer during the heat treatment.

According to an embodiment the herein disclosed method also comprises detaching at
least one of the first and second substrates and the low-viscosity layer to which it is
bonded after the step of subjecting the sandwich to the heat treatment in order to ex-
pose at least one surface of the strained material layer. This exposed surface can
subsequently be used for the further processing. In particular, it can be used for epi-
taxy of a layer useful for the manufacture of an electronic or opto-electronic semicon-

ductor device or solar cells.



WO 2010/015401PCT/EP2009/005694 7 stance, comprise or consist of a IlI/N material, polar,
semi-polar or non-polar, chosen from a binary, ternary quaternary alloy. The first and/or the second

low-viscosit\2y8IMEdP tomprise or consist of borophosphosilicate glass (BPEERHANSM2 -
compound comprising boron or phosphorous to calise elastically relaxation of the strained material
layer due to reflow when heated above the glass transition temperature. The heat treatment is
advantageously performed at a temperature of at least 800 C, in particular, at least 850 C, in order to
allow for complete relaxation of the strained material layer or the strained material islands with no

substar]tilat% hHéhgmel,rQﬁdE%led Lmaterfallmymgrﬁaq teenp At meecbelaterithe raéatsttedtmesttained
material layer or the islands formed from the. strained mateyi Wh iched
Ctructure SEIBRRS IS S DER Bl A TR SR B L S8 Saege T aa el
particular, Bihdst@BHeCsteaindt: nader izl laaﬁessirﬁgrﬁ_nen'giac;fﬁtal)emﬂm sflaratiympiegassaieal, since
the staineg male il i onRRLATILALIBE Rudued s s et easAgHh Bulendagrnge of

the strained erial layer is prevented even at suc peratures. in order 1o achieve a
sufficientlytbige ifsla(pREtRTeSRoFAMEDnaY aTfar faseinfmanyfReluie-iléd 4oy the BFavisiepreferably

comprise SQPRq (k.- Of UGt BYERS BoepRs thad Stirdd iaidRPISRNESPAr iR anhdRiSsiimac 96 of

weight boron in order to guarantee sufficient reflow at high anneal temperatures from 850 C up to 950

C but a suiftesat dieensiees ahrepadrtR ParsHetAMIYNEIsnH: 880 EPMRR e Ra8YSHh the
relaxed straipps Baasakie Aesetimicsdriowitho @dstivmglpaffephingoihe nelbatvaseféctdsto 3 %

by weight, in particular, 2 to 3 % by weight. In the aﬁov.e-de crined exampl f rein disclosed
method foﬁ%?é%r[@ NS Pe éﬂ%q'ﬂa%?é}{l])fhsems gt rrhgastgléd]?a"i‘/reer, |‘F'1gp§afr iéwu%#?é strained InGaN
layer, may be grown on a seed substrate, in particular, a massive or composite seed substrate with a

GaN layer Reing fiepes AR ASHRAZE HELIPHRBa hiaha R PIlsaRsiiad badksggsyscosiy

layer that is omplia on the strained material layer and the strained material layer

can be detinghthefeseoned lovevisprsitydayeriorbathdherstrainerdonateriablayer and the second

low-viscosity layer are patterned after depositing the second low-viscosity layer on the
strained material layer. Thus, the formation of the strained material islands can be
performed after transfer of the strained material layer to the first substrate and before
the second low-viscosity layer is deposited on the strained material or trenches (inter-
spaces) are formed through the second low-viscosity layer and the strained material
layer in which case the bonding to the second substrate includes bonding of the is-
lands structures and interspaces are maintained in the bonded structure. In each
case, the first low-viscosity layer may also be partially or completely etch. These inter-
spaces may be advantageous in achieving a completely relaxed strained material

layer after the heat treatment.

The first and/or the second low-viscosity layers can be deposited in the form of buried
oxide layers each being a compliant material layer. In addition, an SiO; layer or un-
doped silicon glass or a SiN layer may be deposited on the strained material layer in
order to enhance the adherence of the low-viscosity layer to the strained material

layer.

According to a particularly useful example the strained material layer comprises or
consists of InGaN which is useful for the production of LEDs and solar cells, for in-
stance. It should be noted, however, that InGaN represents only one example for the
material of the strained material layer. In fact, the strained material layer may, for in-



substrate and bonded by the first low-viscosity layer to the first substrate before depositing the second
low-viscosity layer that is the second compliant material on the strained material layer for bonding to
the second NH2HLEI%brm the second sandwiched structure. The detachR{HEBTSHANREY layer from
the seed substrate may be performed by the SMART CUT 0 technology, etching, laser lift off
technique or any other suitable method. Thus, a heteroepitaxially grown strained material layer that
was transferred to the first substrate can efficiently be relaxed in accordance with the present
invention. In case of polar strained materials, such that I1I-N materials and for example a c-plane

InGaN maigidakdhedirpsiet srvusatins i theNdvaridae polensiymilpuldhechoicpaiatheaserof the
InGaN ma%erial to free by the detachment of the first or the second substrate. Thus, one can free the

f
[ll-polarity e gﬂﬂg%a{?g&r’f&l‘lﬂ HIdMhASYal after relaxation step that is particularly suitable for

subsequent epitaxy. Furthermore, the first low-viscosity layer and/or the second low-viscosity layer
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absorbing phasiitateyalass @RfGhanap $iQer ceamperngIsPEISIFIEE MeTee esPRRR QUL /0as GaN
and related. goEaPgi4atisalfy 85808 P Tdhhereiisintoh ke afsayicnuexe fehiwnan&e Reafieded that

the absorption layer of the first low-viscosity layer is_arranged at the interface of the first l[ow-viscosity

layer and tRB9Ke: thenslase HARRNIQRCtemEsae alhe SRRk ealnenbis-Advasigasous BRf5nged at

the interfagepidbesser e feratirs @Fiat IRkt B00 e, sAqsurtcutbsterteisDBED tCaiicrdenmage of
the at least partly relaxed strained material layer. The herein.djsclosed method for relaxing a.strained
material la Pmﬁ%%@ﬂelﬁéﬁa%%éﬁtf'%d)j m%si[?&?&%ﬁ%’ﬁ?d%ﬁb N8 SHAlSS anééic?ﬁ%@%'e used
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material adv@teir) taysfie of the examples described above, and further comprising epitaxially or
homoepitaxially growing a material layer on the formed at least partially relaxed strained material, in
particular, at least partially relaxed strained material islands, after removal of at least the first substrate

together witMhe Het rarandcsangwichedsthrictingoisaeathie thgeheat Wiedime Ye AMPRINLiscosity
layer. Furthefmpdfafiifeddad sangwiehesosttictosafter, i [paticpiit@oel2@a60f Craaadeaterial

e P 6 S5 G5 S R T 1aH6 SR R iGN SRR HeRaNT.
terial is capped and shielded by the first and second substrates and, thus, damage of

the strained material layer is prevented even at such high temperatures.

In order to achieve a sufficiently high reflow (plastic deformation) the first and/or sec-
ond low-viscosity layer may preferably comprise some % of weight boron but less than
5 % of weight boron, in particular, less than 4 % of weight boron in order to guarantee
sufficient reflow at high anneal temperatures from 850 °C up to 950 °C but a sufficient
mechanical rigidity at lower temperatures (about 800 °C) involved in epitaxy on the
relaxed strained material (see description below). In addition, phosphorous my be
present at 1 to 3 % by weight, in particular, 2 to 3 % by weight.

In the above-described examples of the herein disclosed method for relaxing a
strained material layer, the strained material layer, in particular, a strained InGaN
layer, may be grown on a seed substrate, in particular, a massive or composite seed
substrate with a GaN layer being deposited on a support substrate before the step of
depositing the first low-viscosity layer that is the first compliant material on the
strained material layer and the strained material layer can be detached from the seed



It is provided a sandwiched structure before and after at least partial relaxation of strained material
islands in InGaN and trenches in both low viscosity layers, in particular, the relaxed strained layer is in
InGaN and W€ B Ha#krates are in sapphire or in silicon. Furthermore, it REBBY2IeY438&hdwiched
structure, comprising in this order a first substrate; % first low-viscosity layer; a strained material layer;
a second low-viscosity layer; a second substrate; wherein the strained material layer and the second
low-viscosity layer are patterned into islands separated by interspaces and the first and the second
low-viscosity layers have the property to reflow at a temperature above the glass transition

temperatugsbefriie Bisd donded IRCHE fiest-loacoRitpsityaEsser to the first substrate before de-
positing the second low-viscosity layer that is the second compliant material on the
strained material layer for bonding to the second substrate to form the second sand-
wiched structure. The detachment of strained layer from the seed substrate may be
performed by the SMART CUT ® technology, etching, laser lift off technique or any
other suitable method. Thus, a heteroepitaxially grown strained material layer that was
transferred to the first substrate can efficiently be relaxed in accordance with the pre-

sent invention.

In case of polar strained materials, such that Ili-N materials and for example a c-plane
InGaN material, the present invention has the advantage to easily allow the choice of
the face of the InGaN material to free by the detachment of the first or the second
substrate. Thus, one can free the lll-polarity face as the Ga face for InGaN material

after relaxation step that is particularly suitable for subsequent epitaxy.

Furthermore, the first low-viscosity layer and/or the second low-viscosity layer may
comprise an absorption layer suitable for absorbing electromagnetic radiation in order
to facilitate detachment after the heat treatment by means of laser lift off as know in
the art. The material of the absorbing electromagnetic radiation may be for example

SiN or other nitride compounds such as GaN and related compounds.

In the case of the provision of the absorption layer(s) it may be preferred that the ab-
sorption layer of the first low-viscosity layer is arranged at the interface of the first low-
viscosity layer and the first substrate and/or the absorption layer of the second low-
viscosity layer is arranged at the interface of the second low-viscosity layer and the
second substrate in order to avoid damage of the at least partly relaxed strained mate-

rial layer.

The herein disclosed method for relaxing a strained material layer in a elastic relaxa-
tion mode with substantially no buckling can advantageously be used for the produc-
tion of semiconductor device for electronic, photovoltaic or opto-electronic applica-

tions. It is, therefore, provided a method for the manufacture of a semiconductor de-



WO 2010/015401PCT/EP2009/005694 10 Additional features and advantages of the present invention
will be described with reference to the drawings. In the description, reference is made to the

accompanyWQ #ABVAH At are meant to illustrate preferred embodiments oPtHEHRIMNEEE is
understood that such embodiments do not represe%t the full scope of the invention. Figure 1 illustrates
an example of the inventive method for relaxing a strained material layer comprising the steps of
forming a sandwiched structure comprising a borophosphosilicate glass above and below the strained
material layer of InGaN and bonded to respective substrates and subjecting the sandwiched structure

to heat treqigeeomistigmg {HestoaestivROse dxast pertdiipedrueitistanrit ofdtyrisl axigr dirgjrained
material Iai/er Wher he strained materl%ﬁyée;{ is pattern &hhereb forming |s\?nds"amd trenches
TRUEKIR

filled by a Bn‘?Bﬁaﬂ thesamples ¢ ELFRURTY e ReSd for
relaxing a aﬁtmpedniaayegnivm@ravvhetmaltlluyetramdmbrfmﬂl 4hyeass parttiallyerd need strioneing

land d t I t f
Sraimed mUTARA LR R kst R e e o

the strainedfrahtedat I&@f&hrﬂ@mmeﬁtﬁhgwmqme fyshlewaissesitylanasi@othrespranifive
method forggl P@ﬂ%@ﬁ%@\aﬁ%'%@é’ﬁd Wﬂ@ﬁ%@?yt%%? one shown in Figure 4 but with a

borophospfﬁosmcate glass layer or a stiffener provided for mediating the application of the pressure. As
shown in Figure 1 according to an example of the present invention a multi-layer stack representing a

sandwiched fthettuie is fprevedeand ssmiawumé@aétﬁﬁﬁtmaeraf(aadmaledd@yﬁamarrmaﬁm of
sandwiched structure comprises a first sybstrat. a}frst oro I%da %g fi @){,%rr Zs a strained
e toria laSUA BRI R U B PR RUAL R :

InGaN and substrates are in sapphire.

It is provided a sandwiched structure before and after at least partial relaxation of
strained material islands in InGaN and trenches in both low viscosity layers, in particu-
lar, the relaxed strained layer is in InGaN and the both substrates are in sapphire or in

silicon.

Furthermore, it is provided

a sandwiched structure, comprising in this order
a first substrate;

a first low-viscosity layer,;

a strained material layer,

a second low-viscosity layer,

a second substrate;

wherein the strained material layer and the second low-viscosity layer are patterned
into islands separated by interspaces and the first and the second low-viscosity layers
have the property to reflow at a temperature above the glass transition temperatures

of the first and the second low-viscosity layers.



WO 2010/015401PCT/EP2009/005694 11 Thus, in particular, the strained material layer 3 is
sandwiched by two low-viscosity compliant borophosphosilicate glass layers 2 and 4. The two
low-viscositVEbHiHi&h*Bbrophosphosilicate glass layers 2 and 4 allow for rBidEI8M RN elastical
relaxation of the strained material layer 3 and the o substrates, which in the present example may
be sapphire substrates, act as stiffeners to avoid any significant buckling of the strained material layer
3. In the present example, the strained material layer 3 may be a c-plane InGaN film that was
heteroepitaxially grown on a GaN seed layer deposited on some support substrate and transferred to

the first sUpgRISHAIME MGRISIAUBAVERERUO R se Irslism mutanmplavan Be dessiceditm rery

comprise 0.5 to 30 % of molar indium and the thickness of the InGaN film may be chosen from 10 to

300 nm. PRERIS® IR dhe | Hea¥pasn b tErLEScoRYans refessnie 1510396 M YaF 2¢HRURRALY BBthe film
of about 1Gigures thatrdes ineamtaddutieatdprsferraisrhbedinibatstofithedinvatdical. |ityisruhded the first

borophosphosiljcate glass layer 2 an $i02 layer of a thickne f 10 - 100,nm may.hbe deposited on the
strained mé\%?é\?@eg#’ﬁ‘e‘?@{?ﬂ?i"?ﬁ&%ﬁz‘ﬁ|’r}¥,?t5% ore ecpglgﬁg%s%lrﬁs&o ee??r%r'g%bnr\(l)?i}ﬁbgs%hosilicate glass
layer 2. After transfer to the first substrate 1 the second borophosphosilicate glass layer 4 is deposited

on the free,syifacp e ALARCAAIRIA e T Rl Wil RGE Ssng WA ke Asiarn SIN

film may be tormed on ti ace of the InGaN film before deposition of the secon
borophosplaysiisaterjisiag e sters itfarmaing i saadwicbeth slrushises EeBIRIIS NGB AR ARBoNded to

the second,RgLARARSRIIRSIiSBR §'588 1IBIANB SaIBaRRaRIRA YRS O TIRGS HPKs BoREAE formed of

the same material to avoid stresses or gther asymmetric influences on the strained material layer 3
caused by GHREENSSHRARISSARSURIS RO SPRRUIRRES SYHE re Aa g abitsAtment

borophosphosilicate glass layers 2 and 4 may comprise 4 - 5 % of weight of boron and can

appropriately have JhGKIESREE O dotnBICORaRtBie ot {Re? AL Rt Mt Sa O P& {a%Rg %at 2
strained material layer wherein the strained material layer is patterned thereby
forming islands and trenches filled by a compliant material layer.

Figure 3 illustrates another example of the inventive method for relaxing a
strained material layer wherein the strained material layer is patterned thereby

forming islands and open interspaces.

Figure 4 illustrates an example of the inventive method for relaxing a strained
material layer wherein external mechanical pressure is applied by some pres-
sure means to the strained material layer during heat processing.

Figure 5 illustrates an example of the inventive method for relaxing a strained
material layer comparable to the one shown in Figure 4 but with a borophos-
phosilicate glass layer or a stiffener provided for mediating the application of

the pressure.

As shown in Figure 1 according to an example of the present invention a multi-
layer stack representing a sandwiched structure is formed and subject to heat
treatment (indicated by the arrows). The sandwiched structure comprises a
first substrate 1, a first borophosphosilicate glass layer 2, a strained material
layer 3, a second borophosphosilicate glass layer 4 and a second substrate 5.



to a few micrometers. The greater the thicknesses of the respective borophosphosilicate glass layers 2
and 4 are chosen, the faster the relaxation of the strained material layer 3 will be achieved. The
sandwiched 88 3&IHY ¥dwn in Figure 1 is annealed at a temperature of abBGTEBEWPYRY C. Fast
reflow of the compliant material is expected at such high temperatures that can be employed, since the
InGaN film is protected by the first and second substrates 1 and 5. Consider, for instance, a 1 %
strained InGaN film (i.e. a lattice mismatch between the grown InGaN film and the GaN seed layer on
which it was grown of about 1 %). For this case, a sample of 1. mm2 has to laterally extend 10
micrometets, fstofal KuetideNde, ahdest A o pRIRlYi st axpsr sttr. Thisdwiche achievas bipweat
treatment of the sandwiched structure shown in. Figure 1 at temperatures exceeding 850 C without
causing at}SSORiItkSABRLRM PSS ?r?é‘P&B\ﬁlgamﬁﬁaﬁeglﬂ?&i?iﬁﬁéy%r@i%cording to other examples,
the strained material layer 3 is patterned by etching trenches (interspaces) in the layer thereby forming
strained erial islands. In the. sandwiched structure shqwn in Figur (nyo. trained
material I%%F PRI P AR gtc%oera% Orm rreorﬁ:h%sspck})‘é)f(s)'rgct %oégggﬁg?%# thEe éﬁé’iﬁdﬁg
borophospbesificateetjaste | amnplotéce instiadoreldo@tiphospibsilisliringss snayerial wayelegosited

on the stralyed malgig! & lsardienRsCRinlE!dre Sy diarmple s dbealisphg e stianed

material layer 3 the manufacture of the sandwiched ‘structure is the same as the one described with
reference ®RIQFeact Afoatifenars e ayaithanygignficant hasking afdbs Ritained MPAtsyer that
is to be relgxeghlpycgmpliant material during heat treatment is shown in Figure 3. In this example, the
second borophosphosilicate glass layer 4 was deposited on the continuous strained material layer 3 of
Figure 1 and subsequently both the second borophosphosilicate glass layer 4 and the strained
material layetRenpepatic@esnyleichisostiancbdsmaistiaspages 8.Mag bere@pbesiane MEaN
2010/015401PCT/EP20091005694. 13. silicate glass laye rtially. ly etched
depending '(BW tﬁéa B’i’lﬁ? I % 'ltnaex arlr!&tgrr% t%(‘) ?é]aé.{i%rg:g égéws ﬁt)%?s((?'l Q@é%ﬁ%%ﬁ@%@% the
manufactuse o ot sabstrédrearstriransfasret tathe £ she vbetoriscilbby Wigengobtbe firsigure 1.
Compared. in Eig I j i iakisl i

indered e T o O e oo e e e e
trenches. Afténeharrigiaiband ﬂ’ﬁ@s‘t‘?&?ﬁ@&?ﬁa@ﬁ‘ﬁﬂdﬂ)@r@gf'%méﬂ R FROSEATEIMAR R

islands sheyyp iRrhioprese?aNg, 3iH € | AtRINEfmnAdenmidhs Aerluremtmpriand ershedandi eithe
sandwiched structure, the first sugﬁtrate 1 and ?ﬁéirst borophosphosilicate glass layer 2 can be

detached iFP6RIEPIEFGESScRE LRSI ¥ 2R JAR Ptaxed strained InGaN film (islands) that can be

used for (homo)epitaxially growth of an InGaN layer, for example.
In order to enhance the adherence between the strained material layer 3 and
the first borophosphosilicate glass layer 2 an SiO; layer of a thickness of 10 -
100 nm may be deposited on the strained material layer 3, e.g., the InGaN
film, before deposition of the first borophosphosilicate glass layer 2. After
transfer to the first substrate 1 the second borophosphosilicate glass layer 4 is
deposited on the free surface of the strained material layer 3, i.e. on the N
face of the InGaN film. Again, an SiN film may be formed on the N face of the
InGaN film before deposition of the second borophosphosilicate glass layer 4
in order to improve adherence. The second substrate was bonded to the sec-

ond borophosphosilicate glass layer 4.

Both borophosphosilicate glass layers may be formed of the same material to
avoid stresses or other asymmetric influences on the strained material layer 3
caused by different reflow properties during the heat treatment. The first and
second borophosphosilicate glass layers 2 and 4 may comprise 4 - 5 % of
weight of boron and can appropriately have thicknesses of 0.5 micrometer up



Advantageously, the boron content of the second borophosphosilicate glass layer 2 is below some 4 to
5 % of weight such that a sufficiently high reflow (plastic deformation) can be achieved during the heat
treatment aMYEOAPEYAtYRS above 850 C but concurrently a sufficient rigidity 5§ BHERAEP %1694
temperatures that are involved in the epitaxial grod\fth, e.g., about 800 C. The epitaxy can be
performed with relaxed InGaN material of (approximately) the same indium content as the relaxed
strained material 3 of Figures 1 to 3. Depending on the quality of the crystallinity of the InGaN seed
layer epitaxially grown layers on the relaxed strained material 3 with a dislocation density of about

5.105 to 5{90% 8\ Witbrautkress ké e sariehamaiekneapdis siothieds pectivdingoiophadternative
embodiment different from the examgls shci)wn in Fié:ﬁjre 3, trei]nc estin bt th Ia%/ers .and A% rtni%ht be
provided APROSHSALS Glaks VSIS M dhd RI5ENST el e 18550061 P3N, Yidhthe
second bogopinedhositicats tHyes Byeil2 eVdOh2&I€4015401PCT/EP20091005694 14 Another
example for the herein disclosed inventive method is illustrated in Figure 4. As in the embodiment

described with reference to Figure 1 a multilayer stack representing a sandwiched structure is formed
and subjecthie lszatdveiatneens {uditine s by e arbigsyeTAcisanneated e kta@perativer Anly

comprises g BUgSYE13) oSk ORAIAT 5Pl eamioNeh L il ettty 3

this order. heat treatment mechanical pressure is applied to the strained material layer 3 by

some mechugicdliphedempenatifey, Bat, eanisksh eMiaysadios inehrdbR d RN BlMeifPERa on the

strained Mgigfia] BYqhe AFst RIFEVEESHHOSSHYtHaKES . AgrdisShown in Figure 5 another
borophosphosilicate glass layer 8 may be deposited on the strained material layer 3 or on a piston 7 or

on a stiffener laid on the strained material layer, e.g., a wafer may be laid on the strained material layer
3 trough thedyiidrogphaniicaiedlassl 18ges Bainddhia Giatdrfifvaipke apletteenisting Kihained
material layer 3 via the other boto hgsilicat e Iof. t iff

f
borophosp %‘ﬁfbﬁ'eegﬁ’zgggl fz‘ay'bgr ﬁgﬁﬁltaerr}rﬁ]aﬁ\]/glg %z?dge%%%ifggggn%heug}ggn?ggrfgt%gr? t vglll’]] %e
strained mabavid! layé) 3fwfdhdssalstiensampdesofel tanie hasnted Iateeal 1ayte s 1k Rinface of

the straineg, aleiaL Y36 %I 13 QBPISIE RS ACCIHBIRALY etk stincmites tagispidace of

the piston r the surface of the stiffener that are applied to the strained material layer 3 may be

provided waghienagibyhralgtreatmentea]. tsosandwichas sty Shewn iniGigveeah dr

facilitating ggtardraentafiexdbeding! gsatrreriithoiewising asnueimiecdiol blitieiagniitatien of the
pressure a piston 7 with a wedge-Ii mor circular cross-section may be preferred. In any case, the

formation SRRNRLASLTRAINGI MAGLPHANG P layer 3 during the heat treatment is reliably suppressed
by the application of pressure by the pressure means 7. All previously discussed embodiments are not

10 be Lnd AR, Sn T o 57 1B S ten AU o e e T Bt e P rent
ways. etching trenches (interspaces) in the layer thereby forming strained material
islands. In the sandwiched structure shown in Figure 2 the continuous strained
material layer 3 of Figure 1 was etched to form trenches before the deposition
of the second borophosphosilicate glass layer 4. After the second borophos-
phosilicate glass layer 4 was deposited on the strained material it fills the
trenches completely. Apart from the step of patterning of the strained material
layer 3 the manufacture of the sandwiched structure is the same as the one

described with reference to Figure 1.

Another example of a multilayer stack comprising a strained material layer that
is to be relaxed by compliant material during heat treatment is shown in Figure
3. In this example, the second borophosphosilicate glass layer 4 was depos-
ited on the continuous strained material layer 3 of Figure 1 and subsequently
both the second borophosphosilicate glass layer 4 and the strained material
layer 3 was patterned by etching trenches or interspaces 6. The borophospho-



15 Claims 1. Method for relaxing a strained material layer, comprising growing a strained material
layer on a seed substrate deposited on a support substrate, depositing a first low-viscosity layer on
one face of W@ 3Wited%haterial layer, detaching the strained material layeP§r&fRPAI8%4¥SP4ubstrate
and bonding it to a first substrate by the first Iow-vfg'cosity layer, depositing a second low-viscosity
layer on another face of the strained material layer bonding a second substrate to the second
low-viscosity layer to form a sandwiched structure; and subjecting the sandwiched structure to a heat
treatment such that reflow of the first and the second low-viscosity layers is caused thereby at least

partly relax§png e gideeryextorialdgyalso be partially or completely etched depending on
the ability of the strained material to relax. Apart from this etching process,
again, the manufacture of the sandwiched structure is the same as the one
described with reference to Figure 1. Compared to the example shown in Fig-
ure 2 relaxation of the strained material islands 3 is not hindered by any mate-
rial of the second borophosphosilicate glass layer 4 that was filled into the

trenches.

After the relaxation of the strained material layer 3 of Figure 1 or the strained
material islands shown in Figures 2 and 3, i.e. after termination of the heat
treatment and cool down of the sandwiched structure, the first substrate 1 and
the first borophosphosilicate glass layer 2 can be detached in order to get ac-
cess to the Ga face of the relaxed strained InGaN film (islands) that can be

used for (homo)epitaxially growth of an InGaN layer, for example.

Advantageously, the boron content of the second borophosphosilicate glass
layer 2 is below some 4 to 5 % of weight such that a sufficiently high reflow
(plastic deformation) can be achieved during the heat treatment at tempera-
tures above 850 °C but concurrently a sufficient rigidity is provided at tem-
peratures that are involved in the epitaxial growth, e.g., about 800 °C.

The epitaxy can be performed with relaxed InGaN material of (approximately) the
same indium content as the relaxed strained material 3 of Figures 1 to 3. Depending
on the quality of the crystallinity of the InGaN seed layer epitaxially grown layers on
the relaxed strained material 3 with a dislocation density of about 5-10° to 5-10° cm?
with a thickness of 1 to 3 micrometers can be obtained.

According to an alternative embodiment different from the example shown in Figure 3,
trenches in both layers 2 and 4 might be provided and even be preferred in view of the
relaxation step. It also possible to partially etch the second borophosphosilicate glass

layer 2.



2. Method according to claim 1, wherein the first and the second substrate are made of the same
material or of materials exhibiting coefficients of thermal expansion that differ from each other by less
than 20 %, W@amieikxokess than 10 3. Method according to claim 1 or 2, fREHEERIGAIINENG detaching
at least one of the first and second substrates andlthe low-viscosity layer to which it is bonded after the
step of subjecting the sandwich to the heat treatment in order to expose at least one surface of the at
least partly relaxed strained material layer. 16 4. Method according to one of the preceding claims,
further comprising patterning the strained material layer before the heat treatment thereby forming

strained MAJRSIRLISEARSHIE R RErEM HRALIENRFEIRETBEINER OISt RAFIRION.
interspaces. 5. Method according to claim 4, wherein the strained material I@%A{iggt rned before

depositingABds ke fMBARImeRsisssyerd Mithreferenceniodfiauesid sy GEIFEe"
low-viscosgyriangrnsa RaWRNAH sifietaeprsfingdtcasrconjéontyineasitieatyes mritiuiczted byl
material IaPéer. 6. Methqd accor inéahto or&e of the preceding cliaims wherein t "geststru ingg

tegial layer
comprises F AR e ; il OY}"%&NO}] */I%?H‘ood' 'Seedt Ing To One 6?3@5
preceding fitairbsrogresphobiticat: ahaserldyes@cand lavstrainedip@gtad ayepdsin dhisonsitarof

visthod acBals 8 o e B B A el
temperatuteysf & hyaseBeoEahaRicatnres sar e eBB0/C ed)- Melis@ A dc Attt Bisdonne dfested
preceding glalms SIS #l & OHNR SETAR AN NG OSBY AYRISUMASISYAe ST IR % of weight
boron, in particular, less than 4% of weight boron.
As it is shown in Figure 5 another borophosphosilicate glass layer 8 may be deposited
on the strained material layer 3 or on a piston 7 or on a stiffener laid on the strained
material layer, e.g., a wafer may be laid on the strained material layer 3 trough the
borophosphosilicate glass layer 8 and the piston 7 applies pressure to the strained
material layer 3 via the other borophosphosilicate glass layer 8 and/or the stiffener.
The borophosphosilicate glass layer 8 may alternatively be deposited on the piston 7
rather than the strained material layer 3 before application of pressure to the strained
material layer 3. The surface of the strained material layer 3 that is opposite to the one
bonded to first substrate and/or the surface of the piston 7 and/or the surface of the
stiffener that are applied to the strained material layer 3 may be provided with a rela-
tively rough surface e.g. above 1 nm roughness on a 1 by 1 micron scan for facilitating
detachment after the heat treatment. Moreover, for accurate control of the application
of the pressure a piston 7 with a wedge-like or circular cross-section may be pre-

ferred.

In any case, the formation of wrinkles in the strained material layer 3 during the heat
treatment is reliably suppressed by the application of pressure by the pressure means
7.

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

ways.



10. Method according to one of the preceding claims wherein the first low-viscosity layer and/or the
second low-viscosity layer comprise an absorption layer suitable for detachment of the first and/or the
second substrate. 11. Method according to the precedent claims wherein the at least partially relaxed
material is a polar I1I-N material and wherein the epitapgally grown layer is performed on the llI-face
polarity. 17 12.Method according to claim 1, further comprising applying a mechanical pres- sure, in
particular, by a piston, to the other of the first and second low-viscosity layers perpendicular to the faces
of the strained material layer during at least part of the heat treatment. 13.Method according to claim 12,
wherein the pregkﬂ,'lpésis applied inhomogene- ously across the first sandwiched structure, in particular,
such that the pressure varies linearly from one side of the other of the first and second low-viscosity

layers to the other S"’@l&hb’%*ﬂﬂ'ﬁ@lﬁi{hﬁ‘ﬁ &%F@dtﬁ%ﬁéﬁlﬁéh%&ﬂg%n& Method according to claim 1,

wherein the step of depositing the second low- viscosity layer

growing a strained material layer on a seed substrate deposited on a support

substrate,
depositing a first low-viscosity layer on one face of the strained material layer,

detaching the strained material layer from the seed substrate and bonding it to

a first substrate by the first low-viscosity layer,

depositing a second low-viscosity layer on another face of the strained material

layer

bonding a second substrate to the second low-viscosity layer to form a

sandwiched structure; and

subjecting the sandwiched structure to a heat treatment such that reflow of the
first and the second low-viscosity layers is caused thereby at least partly relax-

ing the strained material layer.

2. Method according to claim 1, wherein the first and the second substrate are
made of the same material or of materials exhibiting coefficients of thermal ex-
pansion that differ from each other by less than 20 %, in particular, less than 10
%.

3. Method according to claim 1 or 2, further comprising detaching at least one of
the first and second substrates and the low-viscosity layer to which it is bonded
after the step of subjecting the sandwich to the heat treatment in order to ex-

pose at least one surface of the at least partly relaxed strained material layer.



a) is omitted and a first substrate is bonded to the first low-viscosity layer and the method further
comprises applying a mechanical pressure, in particular, by a piston, to the surface of the strained
material layer opposite to the one on which the first low-viscosity layer is bonded, and wherein the
mechanical pressure is applied perpendicular to the fages of the strained material layer during at least
part of the heat treatment; or b) is replaced by the step of depositing a low-viscosity layer on at least one
surface of a stiffener, in particular, a wafer arranged on the other face of the strained material layer and
the substrate is bonded to the first low-viscosity layer and the method further comprises applying a

mechanical preSsure, MFBRAiBGRRFIING 208/ AT RS RESEMHES &1 Af e SR IR INPEERY0 the one
attached to the straindltensaténizd Iaperahtheppliethnectpe hdid utantoehetfecelsydbthenstieiagctdnaterial

layer during at least papt@fi i RRAL VRPRNERHat 2oMEIBOH ARENYER 1,618 MA7 IS TmiaggIn the

surface of the strained layer that is opposite to the one bonded to first substrate and/or the surface of the
piston, and/or the surfAEEHMHESEERRARS: that are applied to the strained material have a roughness above
1 nm on al by 1 micron scan.

5. Method according to claim 4, wherein the strained material layer is patterned
before depositing the second low-viscosity layer or both the strained material
layer and the second low-viscosity layer are patterned after depositing the sec-

ond low-viscosity layer on the strained material layer.

6. Method according to one of the preceding claims, wherein the strained material

layer comprises or consists of IlI/N material, in particular, InGaN.

7. Method according to one of the preceding claims, wherein the first and/or the
second low-viscosity layers comprise or consist of borophosphosilicate glass

(BPSG) or an SiO, - compound comprising boron or phosphorous.

8. Method according to one of the preceding claims, wherein the heat treatment is

performed at a temperature of at least 800 °C, in particular, at least 850 °C.

9. Method according to one of the preceding claims, wherein the first and/or sec-
ond low-viscosity layer comprise less than 5 % of weight boron, in particular,

less than 4 % of weight boron.

10.  Method according to one of the preceding claims wherein the first low-viscosity
layer and/or the second low-viscosity layer comprise an absorption layer suit-

able for detachment of the first and/or the second substrate.

11. Method according to the precedent claims wherein the at least partially relaxed
material is a polar IlI-N material and wherein the epitaxially grown layer is per-

formed on the llI-face polarity.



12.

13.

14.

15.

17

Method according to claim 1, further comprising applying a mechanical pres-
sure, in particular, by a piston, to the other of the first and second low-viscosity
layers perpendicular to the faces of the strained material layer during at least

part of the heat treatment.

Method according to claim 12, wherein the pressure is applied inhomogene-
ously across the first sandwiched structure, in particular, such that the pressure
varies linearly from one side of the other of the first and second low-viscosity

layers to the other side or is higher in the center than it is at the edges.

Method according to claim 1, wherein the step of depositing the second low-

viscosity layer

a) is omitted and a first substrate is bonded to the first low-viscosity layer and
the method further comprises applying a mechanical pressure, in particular,
by a piston, to the surface of the strained material layer opposite to the one
on which the first low-viscosity layer is bonded, and wherein the mechanical
pressure is applied perpendicular to the faces of the strained material layer

during at least part of the heat treatment; or

b) is replaced by the step of depositing a low-viscosity layer on at least one
surface of a stiffener, in particular, a wafer arranged on the other face of the
strained material layer and the substrate is bonded to the first low-viscosity
layer and the method further comprises applying a mechanical pressure, in
particular, by a piston, to the surface of the stiffener that is opposite to the
one attached to the strained material layer and applied perpendicular to the
faces of the strained material layer during at least part of the heat treat-

ment.

Method according to claim 12 to 14, wherein the surface of the strained layer
that is opposite to the one bonded to first substrate and/or the surface of the
piston, and/or the surface of the stiffener that are applied to the strained mate-

rial have a roughness above 1 nm on a 1 by 1 micron scan.





