WO 2010/022814PCT/EP2009/004790 1 Stiffening Layers for the Relaxation of Strained Layers Field
of Invention The present invention relates to the field of strained layers and compliant substrates for
application wehamaeeiaicture of semiconductor devices useful in electroni®GER200e10er1iR)
photovoltaic field and, in particular, to the relaxatioh of strained films by the use of compliant
substrates. Background of the Invention When native bulk substrates are not available or are too
expensive, useful materials are often formed by heteroepitaxy on seed substrates so that the growth of
thin films on substrates by heteroepitaxy becomes an important manufacturing step in the
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
subsequently a final semiconductor device. After transfer of the heteroepitaxial films to another

substrate these films castfﬂrrg?ﬁrﬁg eéyﬁirfgr fBi f'ﬁlé;rmﬁ] ?f)@xﬁré hS‘iQf'” electronic and
; wher fi d by he

opto-electronic applications. Howeve ms are forme eroepitaxy on substrates with a

different lattice constants and different ccsfqizspﬁé)&kﬁ be'@ansion as compared to the ones of
the films detrimental effects on material quality of layers gréwn on the films are caused by misfit

compressive or tensile strain and the corresponding generation of dislocations and cracks. Thus, in the
art compliant substrates, including vitreous layers, have been provided between the substrates and the
heteroepitaxial films in order to release misfit strains.

Field of Invention

The present invention relates to the field of strained layers and compliant substrates
for application in the manufacture of semiconductor devices useful in electronic, opto-
electronic, photovoltaic field and, in particular, to the relaxation of strained films by the

use of compliant substrates.
Background of the Invention

When native bulk substrates are not available or are too expensive, useful materials
are often formed by heteroepitaxy on seed substrates so that the growth of thin films
on substrates by heteroepitaxy becomes an important manufacturing step in the semi-
conductor technology. For instance, in the field of light-emitting semiconductor devices
or solar cells there is a need to grow heteroepitaxial films on substrates as sapphire or
SiC to form subsequently a final semiconductor device. After transfer of the heteroepi-
taxial films to another substrate these films can, for instance, be used for epitaxial
growth of layers used in electronic and opto-electronic applications. However, when
films are formed by heteroepitaxy on substrates with a different lattice constants and
different coefficients of thermal expansion as compared to the ones of the films detri-
mental effects on material quality of layers grown on the films are caused by misfit
compressive or tensile strain and the corresponding generation of dislocations and
cracks. Thus, in the art compliant substrates, including vitreous layers, have been
provided between the substrates and the heteroepitaxial films in order to release misfit

strains.



2 However, presently used methods for the relaxation of strained heteroepitaxial films often not show

satisfying regigtso\vitsespect to the suppression of buckling and the formatienRipsiaskss Rl Thus, it

is a problem underlying the present invention to provide a method for the complete or almost complete
lateral relaxation of a strained layer formed above a supstrate that avoids or at least alleviates the
above-mentioned defects. Description of the Invention The above-mentioned problem is solved by the
method for relaxing a strained material layer according to claim 1. The method comprises the steps:
providing a strained material layer and a low-viscosity layer comprising a compliant material and
formed on a filovées qﬁrénesﬂyiueddmmﬁahbayer tioznngtaxatiiifefistrddvest betetdepitaniz filsof a

second face %@Bor%t{s iﬁ e‘lﬁfsfﬂ%ﬁ)r%%e ﬁ,\qet%énel? qu Ihlgyer (\:/‘\élthout r?oorplrg)l cﬁl}ﬁ ‘;Vcﬁgﬁ"éﬁ the

strained mate Iayer 2red gam ayer S |ng e mu ayer to a heat
treatment (sdormaaoreﬂbwaﬁhheett@rﬂ'mmtlmatemotdgm tmdadymg ttheer glog s eind riovg rtidedot praxtially

relaxing the SHIngdBHEHAIPYRE complete or almost complete lateral relaxation of a strained
layer formed above a substrate that avoids or at least alleviates the above-mentioned
defects.

Description of the Invention

The above-mentioned problem is solved by the method for relaxing a strained material
layer according to claim 1. The method comprises the steps:

providing a strained material layer and a low-viscosity layer comprising a compliant
material and formed on a first face of the strained material layer;

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

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

rial layer.

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

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



The term "low-viscosity" is used to indicate deformation ability of the thus specified layer during the
heat treatment (see also discussion below). In particular, the heat treatment (thermal treatment,
annealing) ave t8mfHer8tdre above the glass transition temperature results RCIGER20ASHGN D lastic
deformation, e.g., due to some glass transition) of the compliant material thereby causing elastical
relaxation of the adjacent strained material layer. Th@low-viscosity layer can, e.g., be a buried layer
comprising borophosphosilicate glass that reflows under heat treatment. The buried layer may, for
example, be an oxide layer. The multilayer stack may also include some support substrate on which
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layer. The patterning may at the stiffening layer partially covers the strained
material layer and exposing the strained material layer at the edges. Patterning can be achieved by

dry etching #pd GaptafhRctaRkuN AR braRE SifbinAg I i Rl esriiRe gidbrisg Tre saremgatop of

the strained material layer. This kind of patterning can, thus, be readily achieved jn amliable and
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stiffening islands are not or almost not relaxed during. the heat treatment. According 1o iment
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the above-rrtn ne enmng s Mds at a predetermined sizé and, then, a first heat treatment is
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treatment is carried out thereby relaxing portions of the strained r:Pateri,aI I%yer thatfv%/ﬁéesgﬂgered by

the stiffening¢biamed BuAng/inRI%inM salatislyimepiayngsway. The dimersions o Aing

islands can be exactly controlled by the usage of photolithography. It is assumed that

the portions of the strained material layer underneath the stiffening islands are not or

almost not relaxed during the heat treatment.

According to an embodiment of the herein disclosed method for relaxing a strained
material layer the subsequently performed steps of patterning the stiffening layer and
subjecting the multilayer stack to the heat treatment are repeated in this order at least
once. In other words, the original continuous stiffening layer is patterned to obtain the
above-mentioned stiffening islands at a predetermined size and, then, a first heat
treatment is performed in order to relax the portions of the strained material layer that
are not covered by the stiffening islands. Subsequently, the sizes of the stiffening is-
lands are reduced and a second heat treatment is carried out thereby relaxing por-
tions of the strained material layer that were covered by the stiffening islands during

the first heat treatment process.



4 The repeated patterning and heat treatment can be performed until the desired degree (percentage)

of relaxatioRf E'ﬁ‘foﬁfi?é'ffd material layer is achieved (which can very accup el sR0teled by this

sequence of processing) or, in particular, until no residuals of the stiffening islands are left and/or
complete relaxation of the strained material layer is achieved. Different from the art complete
relaxation can be achieved by the repeated heat treatments with different sizes of stiffening islands
without causing significant buckling or other defects of the strained material layer. The strained
material layer may also be patterned, in particular, by etching one or more trenches thereby forming
strained matéhelrepeatd pattdenitg fanditseattire ablzewtican Mo peofermdduotil-theabesiveld glegneay be
patterned in [ in ' . rti r..0 r C jght be
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stiffening layer can be patterned in such a way that islands of the stiffening layer are formed centered

on islands of@fi@! Ja¥ends) ashievad Hifersntrentthatart sprmletareldsatian-erkdsorchieneshvined
material islagls rép&stedMeatheeiataitdignabe difidhe SHEsHnatARM e BlEriasdvnaiatish@iag may

be shaped in rectangular, cjrcular or any other foym considered appropriate for the further the
processing. mgméaq%%b ﬁﬁ ,"?He°fe?meéﬁsfﬁ8§ r%éttté?iﬁr"%ﬁ;r@%ﬁg%?y%ﬁﬁnuous layer of a patterned
layer exhibiting islands, where it is appropriate. Whereas III/N material chosen from a binary, ternary or
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borophosphosilicate glass _(BPSG) or an Si02 - tompound'comprising boron or phosphorous. For
instance, a FBrAERERatRa [BSG)IBrRMESHIMsiRBaIOgMmesstreshesyahtes eteherkthipugh
characteristiggeCatralifc8anateriEp g a e tRe NV deRiBNIaper RGP IO da e Substraté 6h

weight boron 2 % of weight phosphorous represent appropriate choices.
that the low-viscosity layer was deposited or to which it was bonded beforehand. The

trenches may also be performed within the low-viscosity without reaching the support
substrate. Furthermore, the stiffening layer can be patterned in such a way that is-
lands of the stiffening layer are formed centered on islands of the strained material
layer for an accurate control of the partial relaxation of the strained material islands. In
principle, the islands made from the stiffening and the strained material layers may be
shaped in rectangular, circular or any other form considered appropriate for the further
the processing.

In the following, the term “strained material’ may refer to a continuous layer of a pat-
terned layer exhibiting islands, where it is appropriate.

Whereas |lI/N material chosen from a binary, ternary or quaternary alloy can be used
for the strained layer the present invention proves particularly advantageous when the
strained material layer comprises or consists of InGaN. The content of Indium in In-
GaN material may be up to 35%, preferably the content of indium may be less than
10% and more preferably the content may be between 4 and 7%. The low-viscosity
layer may comprise or consist of borophosphosilicate glass (BPSG) or an SiO, - com-
pound comprising boron or phosphorous. For instance, a borosilicate glass (BSG) or

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



The material of the stiffening layer shall be chosen according to the mechanical ability to suppress
strain relaxafignefoiegqrtions of the strained material layer that are coverggd-py:Fa6,5iifeRINg

(islands). Moreover, a more rigid material allows for a thinner stiffening layer, whereas a less rigid
material raises the need for a thicker layer in order to gptain the desired partial stiffening of the
strained material layer during the heat treatment. For example, a stiffening layer may have a thickness
from 50 nm and up to 5 times the thickness of the strained layer. According to an example, the
stiffening layer comprises or consists of IlI-N materials, SiN (Si3N4 or SiN:H,) SiON or Si02 which
proves a relidisidestifiethecaordantgfddiniatydiphiospase s atstrsindd théai vegightdroned 3\Verod

buried layer %r%wgﬁ?#ﬂ%ng%mégmt %Ergfrtf@&%il 8s compound comprising boron or
e stiffen

phosphorous. ng layer, in particular, a stiffening layer of Si3N4, can be deposited with a
thickness of between 100 nm to 300 nm in order to reliably suppress buckling of the strained material

layer of about HOfBBIGNRESHHERM R yBleLR B@aeﬁa%@mqmﬁgswfﬁ@rlméexshmy@kﬁgvybe

deposited with a thickness of up to 5 times the thickness of the strained material layer. As alrea

described ab@ R pRIesE raipateraliRAb thereartiont e stRined malenishianesihahats agy-
multilayer stags€@yRAsiRGfih i astHRISd MAtesiAdayahans HarisHitRBiRg @sLsnehbbgfergated

once or severgl.times. Each s%gsequent heat treatment is performed for a lar eg? ex&%osed not covered
|

by the stiffenfiSR948YSFe X RFIRRSRAGSSS QI BIRIFAR RieRR (hR AGHL i baYgLIR %o
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temperature so the ng's modulus of the strained material. Agcording to an embadiment
i each stop LE AR oL B B ST L ek Tl BAE SpUEK eer S R ARG
removed in dhiimee thediniekngen of e isisainedraye00 pm to 400 pm more than in the preceding heat
treatment of the strained material layer, in particular, a strained InGaN layer, is exposed between
islands of the patterned stiffening Iaé(tar, in particular, consisting of S13N4, in one lateral dimension. 6
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method descgibed above and different from the art the .thickness of, low-viscosjty.| r can.be
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plastic deformation of the low-viscosity layer caused t@% the heat treatment. Furtiermore, according to

another exampRr BifieRiIRGda¥At MAYAISA Bt derpaiter ithadhitdmesss #ivRde o Hipagdhe thick-

ness of the strained material layer.

As already described above the steps of patterning the stiffening layer and performing
heat treatment of the multilayer stack comprising both the strained material layer and
the stiffening layer might be repeated once or several times. Each subsequent heat
treatment is performed for a larger exposed (not covered by the stiffening islands)
area of the strained material layer. The measurement of exposed area to relax may be
adjusted depending for example on the capability of the low viscosity layer to reflow,
the temperature used and also the Young’s modulus of the strained material. Accord-
ing to an embodiment in each step of patterning of the stiffening layer about 100 um to
400 um of the stiffening material in removed in one lateral dimension. This means that
100 ym to 400 um more than in the preceding heat treatment of the strained material
layer, in particular, a strained InGaN layer, is exposed between islands of the pat-
terned stiffening layer, in particular, consisting of SizN,4, in one lateral dimension.



removing any residual parts of the stiffening layer so that the entire surface of the strained material is

exposed an%a%%g%{g the heat treatment; transferring the (completely oll;cpﬂg I(M /B%I gd strained
material to another substrate by bonding the relaxed strained material to a layer deposited on the other

substrate; and detaching the low-viscosity layer from t%e relaxed strained material layer. When the
low-viscosity layer is deposited on or bonded to some Support substrate this support substrate is also
detached together with the low-viscosity layer. By this transfer of the relaxed strained material the
surface opposing the surface of the relaxed strained material layer on which the stiffening layer was
deposited becomes available for further processing, in particular, for epitaxy of material layers. 7
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photovoltaic field. The strained material layer of thé above examples, can be growded by
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deposited on or attached to a seed support substrate in particular, a sapphire support substrate Kefore
the step of d@BBQR”ﬁS’the low-viscosity layer comprising the compliant material layer, in particular,
borophosphosilicate glass, on the strained material layer; and the strained material layer may be

pefore depodh IS CEALAIRR pbithEe AR EONR AL SRR e AP ee RO P iber.
The GaN seendagiffedenhdiord thiehatiet st dvicichesstefdh& dowthis sesity Jappodasubsticiiesaayesiso be
the stiffeningd%e[he expansion length or contraction length of the strained material layer during
the heat treatment without causing buckling or cracking of the film. The expansion /
contraction length is the length of lateral expansion / contraction during the elastic re-
laxation of the strained material and plastic deformation of the low-viscosity layer
caused by the heat treatment.

Furthermore, according to another example of the present invention the above-

described methods further comprise:

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

transferring the (completely or partially) relaxed strained material to another sub-
strate by bonding the relaxed strained material to a layer deposited on the other sub-

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

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



The herein disclosed method for relaxing a strained material layer is useful for the manufacture of
semiconductor devices, in particular, opto-electronic devices or photovoltaic devices. Thus, herein it is
provided a m&R6tPeR281¢ manufacture of a semiconductor device, comprishfEraap@une&trained
material according to one of the preceding claims, and further comprising removing any residual parts
of the stiffening layer so that the entire surface of the'strained material is exposed and subjected to the
heat treatment and epitaxially growing material layers on the formed at least partially relaxed strained
material, in particular, growing active layers on the at least partially relaxed strained material islands.
Furthermore, it is provided a semiconductor structure, comprising a support substrate, a low-viscosity
layer on the substrate, a continuous strained material layer or strained material islands on the

low-viscosif§rafainghtpdhisumathsdnebenthacaingt malerishisPelper pafeahe suriang diN

continuoustiingd tRaissiatigysr trethecalicinrg r8imeiededrlagdnate marippiesiry aveigckogfto 400
micrometers of exposed width of the strained mater,ialallgy(‘g or the strained Tate lal.islands,, Additional

features arfff LA YR tHedSHR RS At IS SR BB YRRFAHSRE SRS I%%vaﬁgs. In
the descripligers efanche@iposade Thile aciveripgaysioigytes fahadeom¢heatstorfiustaftthprederred

embodiments of the invention. It is understopd that such odi t r ent the full scope
of the inverh%%. ﬁ'@d’?g % rl’ﬁﬁ{; Pgtljg %%pg('g?ngp 8 Or gofﬁve%??/g'?r}gt%cﬁ)gq%}rbre é%?ﬁegaa strained material
layer comprising the formation of a patterned stiffening layer atop of the strained material layer. Figure
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stiffening islands are formed atop of the strained material islands.
growth. In particular, the strained material layer, in particular, a strained InGaN layer,
can be grown directly on a seed substrate or on a seed layer, in particular, a GaN
layer, that is deposited on or attached to a seed support substrate in particular, a sap-
phire support substrate before the step of depositing the low-viscosity layer compris-
ing the compliant material layer, in particular, borophosphosilicate glass, on the
strained material layer; and the strained material layer may be detached from the seed
substrate (layer) and bonded by the low-viscosity layer to a support substrate before
depositing the stiffening layer, in particular, comprising SisN4, on the strained material
layer. The GaN seed layer detached with the strained material from the seed support

substrate may also be the stiffening layer.

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

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

ening layer partially covering the continuous strained material layer or the strained



Figure 3 illustrates another example of the inventive method for relaxing strained material islands
wherein stiffgijng,5lakgks are formed atop of strained material islands formegd-pyehayPadiesged
compliant substance. Figure 1 shows an example of a multilayer stack formed according to the present
invention. The multilayer stack comprises a support supstrate 1, a low-viscosity layer 2, a strained
material layer 3 and a patterned stiffening layer 4. The strained material layer 3 was heteroepitaxially
grown on some seed substrate and transferred to the support substrate 1 by any wafer transfer
process known in the art, e.g., by grind/etch back, by laser lift off, electromagnetic irradiation
absorption omatenapisiarxisrinpditiciierSalarRinGC U0 poctRS mikrahietexsivfdxpisetbwidtboafdibe layer
2 is a buried é?ﬁé‘?ﬁeﬁ-%a%é?téﬁi?&8@8?#@8&&#&%%%%?%8@%?‘1 of different individual layers and
comprises at least a compliant fayer (relaxing layer). The compliant layer includes without limitation
borophosphosilicate glass (BPSG) or an Si02 - compound comprising boron or phosphorus. The
reflow rate duigtiRal jeaRReNL AR ATAAINGRS BflelBRLRL IT08HHR A IIRND BREr R AN Ter VO
2010/022814PCT/EP2009/004790 9 The patterned stiffening layer 4 is obtained by deposition of a
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ayer, i.e. of abou t or results in a partial elastic relaxation of the straine
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material laye? G HEMBINMRNE 2R, ARL PRSP SaNtARE PHFaR% LEIMEMR o the nominal

lattice constant) of about 0.7 % patterning of the stiffening layer by forming trenches with a lateral

width d of ab, 0Q micrometers rqven suitable. Witho illing to be.boun this theory it
seems that tﬁ' tbjg tg rWé‘ér %%én%r? grél%l%/'e%lI9 4¥ p%r@a‘?l%’%ﬁ&é rrne%?\:é{llg(r?rorf l%’é'@?rle% r%a%ha@ﬂ%%%ér 3
below the stifayeihgosiprisiag Alfefarmation obatpaiterned stifferfingelslitfeatoy iefdhe siridadatian
order to equéﬁac"lqigygp.nally about 300 micrometers in lateral dimension of the strained material layer 3

and a second heat tfreatment is performed in order to further relax the partially relaxed strained
material layer 3 without severe buckling. This repeated process of reducing the sizes of the stiffening
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crystalline layaide.g., an InGaN layer, that can to be employed in the manufacture of a particular
semiconductor device useful in electronic or optoelectronic applications as well as the manufacture of
solar cells. Depending on the material polarity of the completely relaxed strained material layer 3 for
the homoepifeigiaiey 3y itwatratgstaniok éayexaimmpleoof phetdhy estive tnethdeid mietaxinbl sieairgechayabe
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deposited on the other substrate. For exaniple, the face Ga of relaxed strained c-plane InGaN material
is preferred fr@sLRE @R ICHIRN MR aNAFEPSARERdIng to another example, the multilayer stack
shown in Figure 2 was formed in some detalil as follows. A strained material layer was heteroepitaxially
grown on a seed layer deposited on or bonded to a first support substrate. The strained material layer

is an InGaN [§uFeieSEoNEF 13D HamRI Q|3 Ul Ay eSiRgKS AF5hANgi0. 8 RRE U UBstrate,
for instance. Veationldrhe nuigithyevetaek, dbatgnssaNareppesensabstrate 1, a low-viscosity layer 2,

a strained material layer 3 and a patterned stiffening layer 4. The strained material
layer 3 was heteroepitaxially grown on some seed substrate and transferred to the
support substrate 1 by any wafer transfer process known in the art, e.g., by grind/etch
back, by laser lift off, electromagnetic irradiation absorption or ion implantation within
the SMART Cut® process. In this example, the low-viscosity layer 2 is a buried layer,
e.g. a buried oxide layer, that may be composed of different individual layers and
comprises at least a compliant layer (relaxing layer). The compliant layer includes
without limitation borophosphosilicate glass (BPSG) or an SiO, - compound compris-
ing boron or phosphorus. The reflow rate during heat treatment can readily be ad-
justed by the boron and phosphorus content.



10 only one example for the material of the strained material layer. In fact, the strained material layer
may be a semi-conductor material such as IIIN material and may, for instance, comprise or consist of a
11I/N materidV&n8d88%8th a binary, ternary or quaternary alloy. The thickneBSTBERRROSHEAYY InGaN
layer is about 100 nm and the layer comprises about 4 % indium. The lattice mismatch of the
heteroepitaxially grown strained InGaN layer 3 is abolt 0.4 %. A buried layer comprising a
borophosphosilicate glass layer as a compliant (relaxation) material layer is deposited with a thickness
of about 500 nm on the strained InGaN layer 3. Optionally, before deposition of the buried layer an

SiO2 layer
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the strained material layer 3 and a second heat treatment is performed in order to fur-

ther relax the partially relaxed strained material layer 3 without severe buckling. This
repeated process of reducing the sizes of the stiffening islands 4 and performing heat
treatment may be performed until the strained material layer 3 is completely relaxed.

Possible residuals of stiffening material are removed, thus, an intact completely re-
laxed strained material layer is achieved that can be used for subsequent (ho-
mo)epitaxy of a crystalline layer, e.g., an InGaN layer, that can to be employed in the
manufacture of a particular semiconductor device useful in electronic or opto-
electronic applications as well as the manufacture of solar cells. Depending on the
material polarity of the completely relaxed strained material layer 3 for the homoepi-
taxially grown crystalline layer the completely relaxed strained material layer 3 may be
transferred from the support substrate 1 to another substrate, e.g., by means of an-
other buried layer deposited on the other substrate. For example, the face Ga of re-
laxed strained c-plane InGaN material is preferred for epitaxial growth of crystalline

layer.

According to another example, the multilayer stack shown in Figure 2 was formed in
some detail as follows. A strained material layer was heteroepitaxially grown on a
seed layer deposited on or bonded to a first support substrate. The strained material
layer is an InGaN layer, the seed layer is a GaN layer and the first support substrate is
a sapphire substrate, for instance. It should be noted, however, that InGaN represents



crometers x 300 micrometers to about 400 micrometers x 400 micrometers and centered on the
strained material islands 3. Subsequently, heat treatment at 800 C is performed for four hours in order
to partially r&{@eHeBR8ihed material islands 3. Thereafter, the stiffening islBREER2E WP letely
removed by dry etching and a second heat treatment is performed in order to completely relax the
strained material islands 3. Thereby, complete relaxdffon of the strained InGaN islands 3 can be
obtained with almost no buckling. Alternatively, islands of the stiffening material are formed with, say
800 micrometers x 800 micrometers and after the first heat treatment the size of the stiffening islands

4 is reducegipy (PR BIGIMBIFE? HEORMSTANS NS AaRRNhARAATIRIDENh itaRe PR ity Size of

the stiffening islands 4 is reduced to 400 micrometers x 400 micrometers, a third heat treatment is

performed, BRelAliIFE S MRNIRG MarmarRddctay @@éﬁr@p%‘éﬁeoa%f%tmtﬁf@é%@% BEte
relaxation ghégnst aitrApTisécsib snaitier ad NYNRIdtei SaoiéeafibRialbnary ttainadaegdalslands

of a size of about 1 lmm x 1 mm and having a lattice mismatch of 0.7 % will extend by about 7
micrometertfrcﬂﬁri}ﬁa {%’ relaxation. Nevertheless, the low-viscosity layer 2 may have a thickness of
about 4 micrometer, i.e. less than the expansion length of the strained InGaN islands 3, without
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described above heat treatment and further size reduction of the stiffening islands 4 may repeatedly be
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SiO, layer of a thickness of about 50 nm may be deposited on the strained InGaN
layer in order to enhance the adherence between the gallium face of the strained c-

plane InGaN layer and the buried layer.

Then, ionic species are implanted through the buried layer to form a weakened layer
at about 400 nm in the InGaN/GaN materials. The weakened layer is provided in order
to facilitate detachment of the seed layer and seed substrate. A second buried layer is
deposited on the support substrate 1 shown in Figure 2. The thickness of the second
buried layer is about 4 micrometers. The support substrate 1 and the strained InGaN
layer are bonded by the first and the second buried layers that together form the low-
viscosity layer 2 of Figure 2. After planarization and polishing before bonding the first
and second buried layer, the thickness of the low-viscosity layer 2 is about 7 microme-
ters. After bonding the seed substrate is detached at the weakened layer and residual

GaN material is removed by dry etching.

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



13 Claims 1. Method for relaxing a strained material layer, comprising: providing a strained material

layer and a QW insesity Jayer capable of plastic deformation during a heat freptrpsiofegmss on a first
face of the strained material layer; forming a stiffening layer on at least one part of a second face of

the strained material layer opposite to the first face withput completely covering the strained material
layer thereby forming a multilayer stack; and subjecting the multilayer stack to the heat treatment
thereby at least partially relaxing the strained material layer at parts not covered by the stiffening layer.
2. Method according to claim 1, wherein the step of forming the stiffening layer comprises depositing
the stiffeningdeyreetessaxc8alinmitre iegtars hatab strb# (i miatensittagex 400 subsmyetesygratteening

the depositeqe%%trﬁl%%@{agggrgcﬁmgpetr[ ﬁsq%ﬁ%%i]gg layer is partially removed from the strained

material layer. 3. Ing to claim erein the subsequently performed steps of patterning
the stiffening layer and subjecting the multilayer stack to the heat treatment are repeated in this order

at least oncegypsequently, heat treatment at 800 °C is performed for four hours in order to partially
relax the strained material islands 3. Thereafter, the stiffening islands 4 are completely
removed by dry etching and a second heat treatment is performed in order to com-
pletely relax the strained material islands 3. Thereby, complete relaxation of the
strained InGaN islands 3 can be obtained with almost no buckling. Alternatively, is-
lands of the stiffening material are formed with, say 800 micrometers x 800 microme-
ters and after the first heat treatment the size of the stiffening islands 4 is reduced to
600 micrometers x 600 micrometers, a second heat treatment is performed, the size
of the stiffening islands 4 is reduced to 400 micrometers x 400 micrometers, a third
heat treatment is performed, etc. until no stiffening material is left. By such repeated
relaxation processes complete relaxation of the strained material is achieved without

any significant buckling.

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

ity.

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

All previously discussed embodiments are not intended as limitations but serve as

examples illustrating features and advantages of the invention. It is to be understood



4. Method according to one of the preceding claims, further comprising patterning the strained material
layer befor tment thereby forming strained material islands. 5 ing to claim
4, further cﬁﬁ@ﬁ@zggueming the low-viscosity layer. 14 6. Method accor%%ﬁt}(??:?g@ﬁ?ﬁgrb,
wherein the stiffening layer is patterned such that islarj]gs of the stiffening layer are formed centered on
islands of the strained material layer. 7. Method according to one of the preceding claims, wherein the
stiffening layer comprises or consists of SiN, SION, Si02 or IlI-N materials. 8. Method according to one
of the preceding claims, wherein the strained material layer comprises or consists of InGaN. 9. Method
according to thae sérite prefedinthelabierieseHbit feavdviss ety Mye e awTbRRariaonisiets el
borophosphoﬂ‘l{’csate glass (BPSG) or an Si02 - compound comprising boron or phosphorous.



10. Method according to one of the preceding claims, wherein the stiffening layer is deposited with a
thickness of between 50 nm to 5 times the thickness of the strained material layer. 11. Method according
to claim 8 in combination with claim 3, wherein in each repeated step of patterning of the stiffening layer
100 km to 400 km more than in the preceding heat trgatment of the strained material is exposed between
the patterned stiffening material in one lateral dimension. 12. Method according to one of the preceding
claims, further comprising: removing any residual parts of the stiffening layer so that the entire surface of
the strained material is exposed and subjected to the heat treatment transferring the at least partially
relaxed strainedfSial to a target substrate by bonding the relaxed strained material to the target
substrate; and detaching the low-viscosity layer from the relaxed strained material. 15

1. Method for relaxing a strained material layer, comprising:

providing a strained material layer and a low-viscosity layer capable of plastic
deformation during a heat treatment formed on a first face of the strained mate-

rial layer;

forming a stiffening layer on at least one part of a second face of the strained
material layer opposite to the first face without completely covering the strained

material layer thereby forming a multilayer stack; and

subjecting the multilayer stack to the heat treatment thereby at least partially

relaxing the strained material layer at parts not covered by the stiffening layer.

2. Method according to claim 1, wherein the step of forming the stiffening layer
comprises depositing the stiffening layer as a continuous layer on the strained
material layer and subsequently patterning the deposited stiffening layer such

that the stiffening layer is partially removed from the strained material layer.

3. Method according to claim 2, wherein the subsequently performed steps of
patterning the stiffening layer and subjecting the multilayer stack to the heat

treatment are repeated in this order at least once.

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

material islands.

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

layer.



13. Method according to one of the preceding claims, wherein the strained material layer, in particular, a
strained InGaN layer, is grown on a seed substrate, in particular, a GaN layer, that is deposited on or
attached to a first support substrate before the step of depositing the low-viscosity layer, in particular,
borophosphosilicate glass, on the strained material laygr; and wherein the strained material layer is
detached from the seed substrate and bonded by the low-viscosity layer to a second support substrate
before depositing the stiffening layer, in particular, comprising Si3N4, on the strained material layer. 14.
Method for the manufacture of a semiconductor device, com risin_% relaxing the strained material

according to on of th¥ PROGeRfAY UAFHR SR ARt MR o YERRAHRYERY RUGIE DI of the
stiffening layer so thattihk ielatids soirftdee sifteeirgrdayed anatériales exgnised amd islsngstet tieethe heat
treatment and epitaxially, deiipgematgyal layers on the formed at least partially relaxed strained material,
in particular, growing active layers on the at least partially relaxed strained material islands. 15.
Semiconductor structure, comprising a support substrate, a low-viscosity layer capable of plastic
deformation dufing a Meahdrceatewedingntdhmensulistratereaarbinginisoms, Strisénad thatstittdnageaperstrained

material islands on th‘éd&‘ﬁ!ﬁ%@%@%d@%ﬁo%%rg%f@‘,rsﬂﬁz'%ﬁﬂ%%‘i@ﬂ%.aﬂd a stiffening layer partially

covering the continuous strained material layer or the strained material islands, in particular, allowing 100
to 400 micrometers of exposed width of the strained material layer or the strained material islands.
8. Method according to one of the preceding claims, wherein the strained material

layer comprises or consists of InGaN.

9. Method according to one of the preceding claims, 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, wherein the stiffening layer is
deposited with a thickness of between 50 nm to 5 times the thickness of the

strained material layer.

11. Method according to claim 8 in combination with claim 3, wherein in each re-
peated step of patterning of the stiffening layer 100 um to 400 pum more than in
the preceding heat treatment of the strained material is exposed between the
patterned stiffening material in one lateral dimension.

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

removing any residual parts of the stiffening layer so that the entire surface of

the strained material is exposed and subjected to the heat treatment

transferring the at least partially relaxed strained material to a target substrate

by bonding the relaxed strained material to the target substrate; and

detaching the low-viscosity layer from the relaxed strained material.



13.

14.

15.

15

Method according to one of the preceding claims, wherein the strained material
layer, in particular, a strained InGaN layer, is grown on a seed substrate, in
particular, a GaN layer, that is deposited on or attached to a first support sub-
strate before the step of depositing the low-viscosity layer, in particular, boro-

phosphosilicate glass, on the strained material layer; and wherein

the strained material layer is detached from the seed substrate and bonded by
the low-viscosity layer to a second support substrate before depositing the

stiffening layer, in particular, comprising SizN4, on the strained material layer.

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

strained material islands.

Semiconductor structure, comprising a support substrate, a low-viscosity layer
capable of plastic deformation during a heat treatment on the substrate, a con-
tinuous strained material layer or strained material islands on the low-viscosity
layer, in particular, of InGaN material, and a stiffening layer partially covering
the continuous strained material layer or the strained material islands, in par-
ticular, allowing 100 to 400 micrometers of exposed width of the strained mate-

rial layer or the strained material islands.



