WO 2010/015302PCT/EP2009/004792 Relaxation and Transfer of Strained Layers Field of Invention
The present invention relates to the field of compliant substrates employed in the manufacture of
semiconducd? aemives3ehd, in particular, to the relaxation of strained heter8€geBastq8led1dz by means
of compliant substrates and the transfer of the at least partially relaxed strained islands to some
support substrate that can suitably be used for further semiconductor manufacture processes.
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 that have unsuitable atomic
lattice spacing and different coefficient of thermal expansion. That results in detrimental effects on
material quality of layers grown on them. They have high dislocation density, some cracks and

compressively Rigtayxation tanehdT ransfer ofcStrai neickdiay@rsiectronic or

photovoltaic devices, subsequently manufactured on them. Thus, in the art, compliant layers, e.g.,
low-viscosity layers, have been provided between the heteroepitaxial film and a final substrate in order
to release the ar ins by heat treatment. Presently used methods for the relaxation of strained
heteroepit iﬁl |f#|in gw&%r, often not show satisfying results with respect to the suppression of
buckling, etc. Moreover, the transfer of heteroepitaxial flms grown on a seed (growth) substrate to

another subgleaie {0ghS 10 b erb iRt Haer Quey e ot icalas SrmiaybisioRaises

the problem ot maintaining eteroepitaxial films intact, in general, and, in particular, removing the
seed substraasuiagiie ®fpeaiisgnEutietdeuises@ndilisparticular, to the relaxation of strained

heteroepitaxial islands by means of compliant substrates and the transfer of the at
least partially relaxed strained islands to some support substrate that can suitably be

used for further semiconductor manufacture processes.
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 that have unsuitable atomic
lattice spacing and different coefficient of thermal expansion. That resuits in detrimen-
tal effects on material quality of layers grown on them. They have high dislocation
density, some cracks and compressively or tensively strains that leads to reduce the
efficiency of devices, like optoelectronic or photovoltaic devices, subsequently manu-

factured on them.

Thus, in the art, compliant layers, e.g., low-viscosity layers, have been provided
between the heteroepitaxial film and a final substrate in order to release the strains by

heat treatment.

Presently used methods for the relaxation of strained heteroepitaxial films, however,
often not show satisfying results with respect to the suppression of buckling, etc.
Moreover, the transfer of heteroepitaxial films grown on a seed (growth) substrate to
another substrate that is to be used for the further manufacture of a particular semi-
conductor raises the problem of maintaining the heteroepitaxial films intact, in general,
and, in particular, removing the seed substrate without damaging the heteroepitaxial

films.



WO 2010/015302PCT/EP2009/004792 2 Therefore, it is a problem underlying the present invention to
provide a method for the formation of reliably relaxed and intact strained films (islands) on a target
substrate thQEAHYPIEBBR be used for the manufacture of a semiconductorf§eV P ARRion of the
Invention The above-mentioned problem is solved by a method for the formation of at least partially
relaxed strained material islands on a target substraté according to claim 1, the method comprising the
subsequently performed steps of forming islands from a strained material layer on a (intermediate)
substrate; at least partially relaxing the strained material islands by a first heat treatment; and

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

Description of the Invention

The above-mentioned problem is solved by a method for the formation of at least par-
tially relaxed strained material islands on a target substrate according to claim 1, the
method comprising the subsequently performed steps of

forming islands from a strained material layer on a (intermediate) substrate;
at least partially relaxing the strained material islands by a first heat treatment; and

transferring the at least partially relaxed strained material islands to the target sub-

strate.

The material to relax may be a semi-conductor material such as IlI/V material, lII/N,
binary, ternary or quaternary, polar, non-polar or semi-polar. The formation of islands
is performed by patterning of the strained material layer. In the following the term
“strained material’ refers to the strained material layer or the islands formed from the

strained material layer.

According to this method, when the strained material is polar, as for the c-plane III/N
material, and when the process is performed by growing the strained material on a
seed substance following by a two-step transfer process from the seed substance to
the intermediate substance, i.e. the substrate on that the islands are formed, and from
the intermediate substance to the target substance, the polarity of the face of the re-
laxed strained material opposing the face of growth on the seed substance that is
suitable for any subsequent epitaxial growth of layers can be maintained.



transferring the at least partially relaxed strained material islands to the target substrate. The material
to relax may be a semi-conductor material such as IlIN material, 1lI/N, binary, ternary or quaternary,
polar, non-p¥RA2BHEEAolar. The formation of islands is performed by pattérRBBRe e SRained
material layer. In the following the term "strained material” refers to the strained material layer or the
islands formed from the strained material layer. Acco3rding to this method, when the strained material is
polar, as for the c-plane IlI/N material, and when the process is performed by growing the strained
material on a seed substance following by a two-step transfer process from the seed substance to the
intermediate substance, i.e. the substrate on that the islands are formed, and from the intermediate
substance to the target substance, the polarity of the face of the relaxed strajned material opposing the

face of groWg selanatianafstheairiaeddnaterinhlakeios | Landl R APERIEE S REAHAbIA)ers can
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partially relaxed strained layer might be initiated by heat treatment after transfer to the target substrate,
if this is desh@eteTHaking, AcEIDBTRASH BRPIbFRiIStAkEm e R SHRIR BIANLEAitRPIEIAAI3ayer is
enhanced %ﬁg%gr@g)&ﬁ%@rt. In particular, compliant material employed for facilitating the
relaxation might be suitably chosen for heat treatment on the intermediate substrate and, if desired, a
subsequent additional heat treatment on the target substrate.

It should be noted, however, that further relaxation of the at least partially relaxed
strained layer might be initiated by heat treatment after transfer to the target substrate,
if this is desired. Thereby, the flexibility of the process of the relaxation of the strained
material layer is enhanced as compared to the art. In particular, compliant material
employed for facilitating the relaxation might be suitably chosen for heat treatment on
the intermediate substrate and, if desired, a subsequent additional heat treatment on

the target substrate.

Furthermore, the strained material layer can be grown on a seed substrate and be
transferred to the (intermediate) substrate on that the islands are formed. In this case,
the step of transferring the strained material layer from the seed substrate to the in-
termediate substrate may comprise depositing a low-viscosity layer, in particular, an
oxide layer or a polymer layer being a compliant layer on the strained material layer

and bonding the low-viscosity oxide layer to the intermediate substrate.

Similarly, the step of transferring the at least partially relaxed strained material layer to
the target substrate may comprise depositing a high-viscosity layer, in particular, a
second buried layer (e.g. an oxide layer), on the at least partially relaxed strained ma-
terial, i.e. the at least partially relaxed islands, and bonding the high-viscosity layer to

the target substrate.



Furthermore, the strained material layer can be grown on a seed substrate and be transferred to the
(intermediate) substrate on that the islands are formed. In this case, the step of transferring the
strained matRZPENEAIBmM the seed substrate to the intermediate substrat®AEPEMNBILEdepositing
a low-viscosity layer, in particular, an oxide layer or 3 polymer layer being a compliant layer on the
strained material layer and bonding the low-viscosity oxide layer to the intermediate substrate.
Similarly, the step of transferring the at least partially relaxed strained material layer to the target
substrate may comprise depositing a high-viscosity layer, in particular, a second buried layer (e.g. an
oxide layer), on the at least partially relaxed strained material, i.e. the at least partially relaxed islands,
and bondinﬁi‘the high-viscosity layer to the target substrate. 4 T Sé%%$ trangssber to the intermediate
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patterned before transferring it from the seed substrate to the intermediate substrate thereby forming
strained mét@hﬁ'@%ﬂ%%&ﬁﬁ'@éw istakgyecdQQ&nandyrafreativ Ao dwd8ra more efficient

relaxation during heat treatment without significant buckling as compared to a continuous strained

layer. .
Y As mentioned above, it might be foreseen that a second heat treatment of the strained

material layer is performed after partial relaxation during a first heat treatment on the
intermediate substrate and transfer of the partially relaxed strained material layer to
the target substrate. In this case, the layer that allows the bonding between the par-
tially relaxed islands and the target substrate is a second compliant layer or a low-
viscosity layer and the inventive method further comprises the step of relaxing the at
least partially relaxed strained material transferred to the target substrate by the sec-

ond heat treatment.

In the above examples of the herein disclosed method the strained material layer may
be patterned before transferring it from the seed substrate to the intermediate sub-
strate thereby forming strained material islands separated by interspaces (trenches).
The islands allow for a more efficient relaxation during heat treatment without signifi-

cant buckling as compared to a continuous strained layer.



WO 2010/015302PCT/EP20091004792 5 In a particular case, the implantation may be performed in
the seed layer before patterning to form trenches below the weakened layer. A low-viscosity layer is
deposited oW th@pHER¥ such that this low-viscosity first layer does not coR§TEBAIMIHERenches.
Then the islands are bonded to the intermediate substrate and detachment is performed at the
weakened zone. Alternatively or additionally patterniﬁg of the strained material layer may be carried
out after transferring it from the seed substrate to the intermediate substrate thereby forming strained
material islands separated by interspaces wherein the interspaces, in particular, extend down to the
intermediate substrate such that substantially no material of the low-viscosity layer remains on the
bottom of the interspaces or the patterning is performed so that the low viscositéla er ij maintained

with some r@BashemRicaseiBeImplamatian Ry be RREQMSTS b bR Ferd IR 8% Raliches)
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low-viscosity layer is only exposed at the sidewalls of the.interspaces in order to improye the,relaxation
step and réiud %iﬂ”ﬁgfdﬁ%fsé’(fﬁs%érﬂy%f %Ybﬁﬁgﬁ&o@iﬁs Jgfg,r (gs.og?SB r}ﬂqugrg o’:r)entgy}'n ﬁwet'é:%se of a
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later step af the I_ttwerein disglosed method_for the formation of the at least partially relaxed strained layer
RERRTTARS h1E HeaReiieg PO

on the targg't g, Vé{%gordlng £58Re embodiment depositing a second buried layer (as the

high-viscosity 'ayer) on the strained material layer and patterning both the second buried layer and the

strained m%‘ﬁéﬁga &9%?“85@(@#5?%&& gé{{é?HYnE?Mﬁ@ {SiREARRANEIFAA IMNGY SePestracst This

kind of patterning allows for the target substrate at the islands only. Detachment of the

seed substafier deansfemriegiihfeenbing seshrihatiatedoitha itemedjateswRsikaichessRY fern-
subsequent, eﬁléérﬁé&?memr%%fnm%mﬂwes{lsMersméagvﬂbmwm@e@bw; asarding to
an example, the herein disclosed method, thus, includes the stegr? %fat\/\égbstantiall no material
2010/01538oWerr extens sayiy @ she intermediate substrate su y
of the low-viscosity layer remains on the bottom of the interspaces or the patterning is
performed so that the low viscosity layer is maintained with some predetermined
thickness. It is particularly advantageous to etch the interspaces (trenches) down to
the intermediate substrate or in the intermediate substrate such that material of the
low-viscosity layer is only exposed at the sidewalls of the interspaces in order to im-
prove the relaxation step and reduce diffusion of constituents of the low-viscosity layer

(e.g. B and P atoms in the case of a borophosphosilicate glass).

Patterning of the strained material layer may also be performed at an even later step
of the herein disclosed method for the formation of the at least partially relaxed
strained layer on the target substrate. Thus, according to one embodiment depositing
a second buried layer (as the high-viscosity layer) on the strained material layer and
patterning both the second buried layer and the strained material layer before at least
partially relaxing the strained material layer is performed. This kind of patterning al-

lows for bonding to the target substrate at the islands only.

Detachment of the seed substrate can be facilitated by the implantation of ions result-
ing in a weakened layer and subsequent heat treatment thereby intentionally causing
cracking at the weakened layer. According to an example, the herein disclosed

method, thus, includes the steps of

growing the strained material layer on a seed substrate;



6 implanting ions in the seed substrate below the strained material layer to form a weakened layer;
and detaching the low-viscosity layer and the strained material from the seed substrate at the
weakened 1AYe2PA1F39d heat treatment at a temperature that is preferabl\POEBR2EAY KO
temperature of the first compliant material. Patterning can be performed after the transfer. In this case,
the weakened layer is entirely formed within the seed layer a homogeneous (smooth) profile of the
weakened layer (ion implantation profile) can be achieved that may be advantageous with respect to
detachment with clear edges. The weakened layer may also be performed in the strained layer that
may also lead to a homogenous profile. In another case the weakened layer comprises portions at the
bottom of the interspaces filled with the low-viscosity layer (buried layer) and the surface after
transferrinfPRANHNG doas dbthe agstadbsirrie belointhe stisined patatiab iByRuIag m dredierring
onto the tagged saasatratrl Accordingly, it is provided a method according to one of the
above-mentioned examples comprising the steps of growing the strained material layer on a seed
layer deposited on the seed substrate; depositing the buried layer (low-viscosity layer) on the strained
material istiEtachingl thetlewintisepstek gepanatitie thraitrech ath tadsd ficdris idredsesite s yissteaterg of the
strained 1] i neLl in th layer Ew he. strained material
islands arrr]}g %\“{Egﬁﬁgﬁiﬂ éﬁ %ﬁg %%ﬂg?nﬁg%?éﬁ%ﬂz rég p%&%%%ﬁg%%rtmg% 13 trré:tfi%reaﬁ &eg?erﬁ\évl islands
to form a Wisakefy tejapesaiiieantitieifgshsunnliantyeatarialiHRatteanied nandvalpayiormerh the

seed subsirle lh@isaKaneM LB BY M HEAIAECATBPN AP REFALY SRIRFRDILAgIow the
reflow temperature of the first compliant material onto the‘intermediate substrate.
layer a homogeneous (smooth) profile of the weakened layer (ion implantation profile)

can be achieved that may be advantageous with respect to detachment with clear
edges. The weakened layer may also be performed in the strained layer that may also
lead to a homogenous profile. In another case the weakened layer comprises portions
at the bottom of the interspaces filled with the low-viscosity layer (buried layer) and the
surface after transferring has to be smooth and need a heavy planarization step be-
fore bonding and transferring onto the target substrate. Accordingly, it is provided a
method according to one of the above-mentioned examples comprising the steps of

growing the strained material layer on a seed layer deposited on the seed substrate;

depositing the buried layer (low-viscosity layer) on the strained material islands and in
the interspaces separating the strained material islands after patterning of the strained
material layer was performed;

implanting ions in the seed layer below the strained material islands and in the buried
layer at the bottom of the interspaces separating the strained material islands to form
a weakened layer; and

transferring the buried layer and the strained material layer from the seed substrate at
the weakened layer by a third heat treatment at a temperature preferably below the

reflow temperature of the first compliant material onto the intermediate substrate.

It is noted that the strained material layer may be grown on a seed substrate or a seed
layer bonded to or deposited on the seed substrate.



7 To avoid a troublesome step of planarization, the implantation may be performed below the islands
and below the compliant material and directly in the seed material such than an etching step of seed
material is ONK HH8@&EPWefore bonding onto the target substrate. AccordindPT&ERIMETABodiment
the seed substrate and the intermediate substrate and/or the intermediate substrate and the target
substrate are of the same material, in particular, com7prising silicon, sapphire, SIC, or Ge. It is
particularly advantageous to choose the seed substance and the intermediate substance from the
same material such that the coefficients of thermal expansion are the same and no tensions due to
different thermal expansion are applied to the layer sandwiched by these substrates during a heat

treatment @Fr;)e above-mentioned third heat treatment) performed for the detachmentgof theqs/ ed
substrate. IForayaid dtratirsapraispRbelanEzating. (He-IReaatatiapenay PEmAENIPRY Reosity

layer (the figsi hREag Iy and/eelbs SeeoBerhplisst |mseraesmodipEstyain aheoseéan ieyperialitable
for absorbing electromagnetic radiation and thereby facilitating detgchment. In the case of th
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provision of B IR AHIANG &8P ihyP Bt R0 e RIS IR ?arl?/et?% KSRt DurRd layer

is arrangedatythainistitstee of the low-viscosity layer (first buried layer) and the intermediate substrate
and/or the absorption layer of the second buried layer is arranged at the interface of the high-viscosity

layer (second buried layer) and the target substrate in order to avoid damage of the strained material
layer and tiecrridingttpaatisitthesl gredostimenidthessend sapstratespagtithayintRimepiate fatbstiatent

process. Taﬁoggf;@%qﬁamgaumwm&éhe ROV SNBSS R SRE ISR PhARARISHRT

InGaN and the uried layer may comprise or consist of borophosphosilicate glass BPSG} or an
Si02 - compatisdlabnsemisinersiiea bR USIGVeS ZR:0loiBRBBISHFlY 8Py to

choose the seed substance and the intermediate substance from the same material
such that the coefficients of thermal expansion are the same and no tensions due to
different thermal expansion are applied to the layer sandwiched by these substrates
during a heat treatment (the above-mentioned third heat treatment) performed for the

detachment of the seed substrate.

In regard of the detachment process(es), the low-viscosity layer and/or the high-
viscosity layer (the first buried layer and/or the second buried layer) may comprise an
absorption layer suitable for absorbing electromagnetic radiation and thereby facilitat-

ing detachment.

In the case of the provision of the absorption layer(s) it may be preferred that the ab-
sorption layer of the first buried layer is arranged at the interface of the low-viscosity
layer (first buried layer) and the intermediate substrate and/or the absorption layer o
the second buried layer is arranged at the interface of the high-viscosity layer (second
buried layer) and the target substrate in order to avoid damage of the strained material
layer and the at least partially relaxed strained material layer, respectively, during the

detachment process.

The strained material layer used in the above embodiments may comprise or consist
of InGaN and the first buried layer may comprise or consist of borophosphosilicate
glass (BPSG) or an SiO, - compound comprising boron or phosphorous.



Indium gallium nitride material is particularly useful for the manufacture of LEDs and the manufacture
of solar cells, since it allows for absorption in a broad wavelength range (in particular, in the green,
blue and ultF¥QidPd/fdAYR) of solar light. Whereas it is known in the art that PSIAEREM OP4TP3ined
materials as heteroepitaxially grown Si07Ge03 can be facilitated by patterning the strained layer and
relaxing it by means of a reflow of a borophosphosili@ate glass layer deposited on a support substrate
and underlying the strained material islands (see, e.g., Hobart, K.D. et al., "Compliant Substrates: A
Comparative Study of the Relaxation Mechanisms of Strained Films Bonded to High and Low Viscosity
Oxides", Journal of Electronic Materials, Volume 29, No. 7, 2000, pages 897 - 900), the invention

purposes patterning of a strained InGaN - layer, the relaxation of the pattelrll?ed stra%geitd]EggGaN - layer
and the tralsfisioOBEUBHAICE MrteiRhis Paftifalatiniirsly! FBRIRMAD HASIWE RlFPmhaRDd for

forming angk|eash DRIty Wanarstaisediice alNallbwerfon sbsebstigieincantpoathgvgiaidngta
strained InGaN - layer on a seed substrate; trans%n the, s%fined Ig N i Irat(err]tfrgw] épga%eﬁd
substrate tGAMESBARHS YO D RRiEE ToRIVR tﬁfé@/\gp PRELZE SRSt DUried Compliant
layer, on thig kifiewadnnthaNartiapat, roaxhtigrihefflisstaingte dnatenaisnasahetemeptaxiady sgeosvtd
detaching the seed subsiratg; .patierning the strained InGaN - i tntlr sﬂb‘? seed
substrate t& e fﬂﬁ&?&té‘?ft\%%%%t{%?%ﬁﬁ%f%mga n%%%lnlg%nés g?é?ré%ﬁ@iﬁ%sp%@s; and at
least partiatiyreflewing thdstogihespingsildatisiglags tayesfelepasitethopud SHRRASY subsir#eatdatment
that results, j3 fapia g ey Qe GomBla AR (WO, D40/ MtE P HEERP AR/ ABRant
Substrates: A Comparative Study of the Relaxation Mechanisms of Strained Films
Bonded to High and Low Viscosity Oxides”, Journal of Electronic Materials, Volume
29, No. 7, 2000, pages 897 - 900), the invention purposes patterning of a strained
InGaN - layer, the relaxation of the patterned strained InGaN — layer and the transfer

of the formed islands onto a target substrate. Accordingly it is provided

a method for forming an at least partially relaxed strained InGaN - layer on a sub-

strate, comprising

growing a strained InGaN - layer on a seed substrate;

transferring the strained InGaN - layer from the seed substrate to the substrate by de-
positing a low-viscosity layer, in particular, a first buried compliant layer, on the
strained InGaN - layer, bonding the first buried compliant layer to the substrate and

detaching the seed substrate;

patterning the strained InGaN - layer after transferring it from the seed substrate to the

substrate thereby forming strained InGaN - islands separated by interspaces; and

at least partially relaxing the strained InGaN - islands transferred to the substrate by a
first heat treatment that results is some reflow of the compliant material,

and transferring the relaxed islands to a target substrate.



9 Borophosphosilicate glass exhibits the desired reflow characteristics at temperatures exceeding
about 800 C or 850 C (depending on the actual composition of the glass) thereby allowing for
relaxation oMAe&Wdif8f2material layer such as InGaN material. DependindP6l/BRAW&MAEHRidth, the
strained material islands may form a sensibly continuous layer after relaxation of material. Adherence
of the deposited buried layer comprising borophosph%silicate glass might advantageously be improved
by depositing an Si02 layer on the Ga face of a strained InGaN layer (or different strained material
layer) before the BPSG deposition. As already mentioned above several types of semiconductor
devices may be manufactures by using the at least partially relaxed strained material layer. Thus,
herein is provided a method for the manufacture of a semiconductor device ,cogn%irisriﬁr{% the formation

of at least Paremhprahesticaiaiaiasmarkits the @esied siPM BRI HRNCS A B IR WS ding
claims, ang.448bgmePaRiisia0rRiaabooTt prepenimdadl Biewitg= conpoaitisnesfehehgidssined at

least partially relaxed strained material islands. The growth technigue may includethe epitaxial lateral
overg rowth“?ﬁéﬁ@fl&u&"\‘.ﬂ‘%%hrﬁl%%tf%%&ﬁaﬁgﬁﬁﬁgyfaﬁ&ga}tfgﬁ)ﬁ%&g r?afrfst'{gﬁl drsﬁ) %ﬂ%lérmore,
this inventige psadidgson Waferermmpvidihg tesstpaioads material isiqralsico@y feonsissensfiy gophire; a
high-viscosity layer, and islands pf at least parily relax ined E1 ' Y area
size from 1 8r5?¥8fe%54%r15?ﬁ n)%?é}%rr‘rlggepps]%ge?arﬁrﬁ gh%%%%nﬁgﬁiieﬁ%ﬁéﬁ%@rﬁgg% an 1000
Angstromscéwigitising| beatphess phdsilibatatglass anivkt pdwniagreutiyrbriimprr et ydermsit-
reference to the degw Rl |SACRIE 118 e ScamaremSRaifieyeatbat are
meant to iIIE‘ r%?e%eryezfqegf gé%&n@?ci%eﬁ%%? i{r?egi%%?eﬁrﬁ?jn. Itis u%},derqstood that such Iembodiments do
not represdialdayéoiibsiopetbetBE FodRRAS A 2010/015302PCT/EP2009/004792

As already mentioned above several types of semiconductor devices may be manu-
factures by using the at least partially relaxed strained material layer. Thus, herein is
provided a method for the manufacture of a semiconductor device, comprising the
formation of at least partially relaxed strained material on a target substrate according
to one of the preceding claims, and further comprising epitaxially or homoepitaxially
growing a material layer on the formed at least partially relaxed strained material is-
lands. The growth technique may include the epitaxial lateral overgrowth that allows to

reach a continuous material layer growth from material islands.
Furthermore, this invention provides a wafer comprising:

a support structure, in particular, consisting of sapphire;

a high-viscosity layer, and

islands of at least partly relaxed strained material, in particular, with an area size from
100 micrometers x 100 micrometers to 1 mm x 1 mm and a thickness of not more than
1000 Angstroms.

Additional features and advantages of the present invention will be described with ref-
erence to the drawings. In the description, reference is made to the accompanying
figures that are meant to illustrate preferred embodiments of the invention. It is under-
stood that such embodiments do not represent the full scope of the invention.



|0 Figure 1 illustrates an example of the inventive method comprising the steps of the formation of a
partially relaxed strain layer above a first substrate and the transfer of this layer to a second substrate.
Figure 2 illu¥e8308tE53820f the formation of a structure comprising an intereBiEP209019847 2% to that a
strained material layer is transferred. Figure 3 illustrates the formation of structure A shown in Figure 1
comprising patterning of a strained material layer on'a buried layer bonded to a substrate. In the
following, examples for the formation of relaxed islands of a strained material layer and the transfer of
these islands in accordance with the present invention are explained with reference to the
accompanying Figures. According to Figure 1 some support substrate 1 is provided. The support
substrate 1 might be made of a semiconductor material .comprising Si, SiC, Ge, etc. or it might be

sapphire sfigte. hillsiries anesanplssehibe RYRMNE IRRNIsRMRESINEh B FHERSReMPay be
composed g difiesarirRdparialy aeps N StraAM RiRaSaldea S ARMBliBBLrkEearit: tsnglasfer)of he

compliant layer includes without limitation borophosphosilicate glass (BPSG) or an Si02 - compound
comprising! BB eY)t8asaspes SeRStFalfw rate can readily be adjusted by the B or P content. In any
case, the compliant layer comprises a material that can be plastically deformed and reflow when

subjected tg.thermal treatment (as, e.g.,.an annealing proc e 0‘@%@?19 @r partial
relaxation ?ﬁQHée?f’rdlh‘éﬁ ﬂrgﬁeﬁ%ﬁ%lggég t%%r{'%?rig é?m%eg%@lﬂéé bﬁrﬁ&%\ﬁgﬁgd g liio't e Sl%?ﬁp;brt
substrate Isubstratedtioduateasiraihstbimadesial tajemietraysfetredning of a strained layer formed atop of

the buried layer 2 comprising the compliant material layer. The strained material islands can, in
particular, comprise or consist of InGaN. The shapes of the strained material islands_3 are arbitrary, in

principle, aRiguigBtilstiatesithe inseatiompebptuaiung fshewadad Eyre ] FmRrs B BaHEIRG on the
size of the gyigee &Fﬁ@&%é@éﬂ%ﬁﬂ%ﬁ% Bliela mprwReE@tBadibtheitelands to improve
e

material relaXation without buckling. hole may be of any shape such as circular, square or star
shape and may be repeated in WO 2010/015302PCT/EP2009/004792

In the following, examples for the formation of relaxed islands of a strained material
layer and the transfer of these islands in accordance with the present invention are
explained with reference to the accompanying Figures. According to Figure 1 some
support substrate 1 is provided. The support substrate 1 might be made of a semicon-
ductor material comprising Si, SiC, Ge, etc. or it might be sapphire support. Atop of
the support substrate 1 a buried layer 2 is formed. The buried layer may be composed
of different individual layers and comprises at least compliant layer (relaxing layer).
The compliant layer includes without limitation borophosphosilicate glass (BPSG) or
an SiO2 - compound comprising B (BSG) or P (BPG). The reflow rate can readily be
adjusted by the B or P content.

In any case, the compliant layer comprises a material that can be plastically deformed
and reflow when subjected to thermal treatment (as, e.g., an annealing process). The
reflow leads to complete or partial relaxation of the strained material islands 3 that are
bonded by the buried layer 2 to the support substrate 1. The strained material islands
3 are formed by patterning of a strained layer formed atop of the buried layer 2 com-
prising the compliant material layer. The strained material islands can, in particular,
comprise or consist of InGaN. The shapes of the strained material islands 3 are arbi-
trary, in principle, and might be chosen to be circular or rectangular for ease of manu-
facture. Depending on the size of the surface of islands to relax, at least a hole may
be performed in the islands to improve material relaxation without buckling. The hole

may be of any shape such as circular, square or star shape and may be repeated in



'l the same strained island. Moreover, the spaces (trenches) between the strained material islands 3
might be filled with material of the buried layer 2. Details of the manufacture of the structure A
comprising WO 20yui38ubstrate 1, the buried layer 2 and the strained mat@GaVigizHd49® &2
described below. When the structure A is subject to thermal treatment the compliant layer of the buried
layer 2 is plastically deformed and exhibits reflow antd a plastically deformed buried layer 2' is
obtained. The lateral deformation results in at least partially and elastically relaxed islands 3' thereby
preventing buckling. . Indeed, surface roughness that might be affected by buckling effect is usually

needed to e Iogy{Q1cfraiher ARHERIADR SR AME BRI GHRNERAR) bEREIE i iraeyaharss after

relaxation is preferably limited to 20 nm R measured by AFM. Next, a second buried layer 4 is
formed on fig EW@%@V@'&M@%I@Q%%M?U@\&@HQ&&H&Q layene-Retails Biithe MIARGS used

for bonding{he &t feaStRATIALYA laRAIEHRN Hfe3s P FoPESapstEIe PO Beviate 1Bydihne apdohe buried

layer 4 preferably does not include contaminating elements that readily diffuse out of the layer 4 under
thermal tre&ifABREMmAtaTighiSRN e oRRPRISHRELRB O uent processing steps, in particular,

annealing for initiating detachment. The second buried layer 4 shall particularly be devoid of boron or
any contaminating elements that. could. deterigrate t uality of LED elements form nt least
partially rel%ig%ﬁg@flf'b‘? &iﬁﬂm?\%&f rﬂﬁfﬂ@l@%ﬁ@g%@ Wga??rrggpr%gqnfagr?\singrrﬁeetﬁpﬁﬁ?e
second buriggklages fpastcdiydsfarnadsb amnexisibito refograplibat plastically iteionmedr burirdr
relaxation qf the at.least partially rel is - afte f RA'L B RE 5-
Both the bﬁ'ﬁ%%f Igygr %‘S’té%a?ﬁﬁ%%ﬁ@ %&r%gqg{%ﬁhr%%%gg%ﬁ%g%ﬁ a sori%%;alayer for abﬁxrbing
electromagredaiedhisitaticls 3 trevelsngravdotinghRuciiegespedecd sysfrse soHghiRss ithabmiahtsive in

order to engpl gl BBl Ay et sesisuIfAHY ek ed idandsre: Aihgeappidatonsa Farihe
support substance 1 or 5, respectively. Such an absorbing layer is preferabmrowdeéf%)w%mterface

of the resp@dioBitaxial Braydhden i el stiiacadotaniesy) ARGy AIATLE &€ or

example. LgSupstide Riggamsisuiieding bwed layer 2 is subsequently detached and structure B is
achieved comprising the second substrate 5, the second buried layer 4 and the at least partially

relaxed islands 3'. The at least partially relaxed islands 3' can subsequently be used for the epitaxial
growth .of ampw@mwmléamyérams iimrpaetibumlpmaepimmnﬁbm@épﬁa&lmwmrgf a
i eloctron PR or TSRt bhl e P T8 R HBHBIREIRG ah esie gy ocl
relaxed islands 3’ to a second support substrate 5. The second buried layer 4 prefera-
bly does not include contaminating elements that readily diffuse out of the layer 4 un-
der thermal treatment that might be performed during subsequent processing steps, in
particular, annealing for initiating detachment. The second buried layer 4 shall particu-
larly be devoid of boron or any contaminating elements that could deteriorate the qual-
ity of LED elements formed on the at least partially relaxed islands 3’, for example,
when diffused in some heat treatment environment. The second buried layer 4 may,
h

however, also comprise some compliant material allowing for further relaxation of the

oWy

at least partially relaxed islands 3’ after transfer to the second support substrate 5.

Both the buried layer 2 and the second buried layer 4 may comprise an absorbing
layer for absorbing electromagnetic radiation at wavelengths for which the respective
support substance is transmissive in order to enable detachment from the at least par-
tially relaxed islands 3’ and thereby removal of the support substance 1 or 5, respec-
tively. Such an absorbing layer is preferably provided at the interface of the respective
buried layer and the respective substrate and it may be formed of SixNy : H, for ex-

ample.



When a double-transfer of the patterned (partially relaxed) strained layer, i.e. the islands 3 and 3/,
respectively, is performed first to the first support substrate 1 and then to the second support substrate
5, the polar BiURUHE188Re strained material Of a polar material is providedfGEERSNNWYA742seed
substrate (see below) is maintained in structure B. It is advantageous in particular for polar 11I/N
materials to provide exposed the face of the polarity13f the 11l element(s) for an easy epitaxial growth
on the relaxed islands. This face is also the face that is generally provided after epitaxy on a seed
substrate. It should be noted that whereas according to the present example the (partial) relaxation of
the strained material islands 3 is performed by heat treatment of structure A and before transfer to the
second su% substrate 5, in principle, the at least partial relaxation of the strained material islands 3

may alternSt#pskyade daesthar i bied IRYEE gdabsesrsptivdrtashed agativeitR Bo the
seconddsuwa&fékkl&irg&é@rlﬂmgirh@;sae&rila ?@8@@4@ 5, |&i6b@@dbﬁdf50ﬁﬁ%' @y&eﬁaaaomé%méed
strained material islands 3'. Transfer from, the first s rate 1 to the second support substrate
5 can be p&ﬁ irﬂ@ﬂ! I?@.feﬁ?fﬁan'alaﬂésgrﬁnd/ '?aﬁf;é)é)s%% '3 @@&?&ﬁ%ﬁaﬁgﬁc@aﬁ?ﬁﬁﬁéﬁ%man
Cut(r) or anyeattigbeysetidostherapithriaisgndwibvof insineciured enbténaftageat®andd, drspradtoue similar

wi rerore e RN Lo B e R B B o o

with referencé cgﬁ?gure strain a ayer g., of In )
seed layerthe, reanyfsictuel of@madioutqr sEmisgnshictosdsidee usitfidrinsaleateaeia, photonoltaig as a

seed subs 1 ' ' itaxy on a seed substrate that is a bulk
R Rl S A

substrate or that to a support WO 2010/015302PCT/EP2009/004792 13
substrate. The substrate is advantageously of the same material as the first support substrate 1 of

Figure 1 toygliew & asuslineankibe soaflicirmisabingsaiah %W@BL@W&%&Q&@@F@? wHeeR they are
bonded and sub!ect to heat treatment for subsequent detachment. The thickness of the strained

material la A3 Be LEPREAHE NS BEEEREAdIFHo Ao S5t SURRPHAMER RIS R hEBitaxial
films, in getectiad, sevoridt lupportsiitss trtité-HhE, golar strattuiewni@stiG@ingiraiatsralGivrap-ative

Study of the Relgxation Mechanisms of Strained Films Bonded to High and Lqw Viscosity Oxides",
Sournal of e TR e N BT S PN 7 S50, FABLoUb o800y SV e TATENIES oo
used for smmattﬁoen_ﬁhtlbis mmm@mmmmtadgrwmIm&mdnamrwsdm@mme exanﬁﬂé_ shown
in Figure ZtHQ‘fa?Téadrf‘ﬂﬁje’?@fgﬂﬁj EREIH S AALRINGdNaReRN RS tARbI e RIEBEaNg

strained material Islands 14. The trenches 13 can be etched down to the support substance 12 or the

seed mateiffandsisThisitaseds AsR doentappcthakimanrneialbkreadded affehapilaxy9n apesd
spaced in igigerAlfeOTtISHL UNFEEHIRS tRat Whe R3d A6 RANE WidkesHESbRUE P Bacisss-and

depths of about 150 nanometers. Depending on the application widths and/or depths of the trenches

may be in 7 riglgxatie8opicthriRirat el moatetialsiskpdsiet SoRRSIIPed &Y 18Rt HEpBERER Y known
in the art isthetirnehand Befoteatemsfdht Stiaiseddndtsuppisiasdssiratd 15; ihipkinesefttie dturied
L 2 e G R P Sy P KR S LG mes the
ally achieved by a heat treatment of structure B, i.e., after transfer to the second sup-
port substrate 5. However, herein the focus is laid on the transfer of the already re-
laxed strained material islands 3'. Transfer from the first support substrate 1 to the
second support substrate 5 can be performed, e.g., by bond and grind/etch back,
bond and electromagnetic absorption, Smart Cut® or any other layer transfer mecha-

nism known in the art.

Next, the formation of a structure similar to structure A shown in Figure 1 in accor-
dance with the present invention is explained in more detail with reference to Figure 2.
A strained material layer 10, e.g., of InGaN, is heteroepitaxially grown on a seed layer
11, e.g., of GaN, formed atop of a sapphire or SiC or silicon substrate 12 functioning
as a seed substrate. The strained material may also be formed by epitaxy on a seed
substrate that is a bulk substrate or that includes a seed layer bonded to a support



lon species are implanted in order to form an ion implantation region 16 at the bottom of the trenches
13 filled with the buried material 15 and below the strained material islands 14. lon implantation results
in a weaken¥@ BOHARIEY the buried layer 15 and the strained material islaREd/ERAYINESE2d layer 11
and, thus, facilitates detachment from the seed Iayerl,}l after bonding to a support substrate 17.
Surface planarization may precede the step of ion implantation, if it is desired. Detachment from the
seed layer 11 can also be achieved by grinding. WO 2010/015302PCT/EP2009/004792 14 If ion
implantation is controlled such that the implantation depth exceeds the depths of the trenches (see rhs

of Figure 2), /i3 IRENANGRAO TR Leiohn1AJRE AP bMAte dahie hASieiBPds iesmidasLasits more

homogenous than in the case in that an implantation is formed in the buri?d material at the bottom of

the trenchestibsiEats igfifigureplidaliaw AsnateHing I BELRBHISIRASA Shshilba fXRARYRNSfization

prior to the fydaesubasssingneitihay tie bondey ahdneusiditiathdd tedewaaliffionisubisequated that
ion implantation may also be performed. in the strained layer and patierning may be ied oyt in the
strained layiStarNREUed S SRRSO RS, AR ’5\%‘% aﬁ #2‘ it g?ﬂ?s ré‘t%? jﬁérq{r%htofér to

the supporiexahssiateThé Heantittatmend ipateefaingedfirheterrepitpiisti dihs défogeaneeak ompielht
material layer 15. Thjs deformation r ts jn_at | iall trai B’% [ 4. 1In
order to fur 8”%&é§eaﬂ§ lgﬂgh%%?ﬁé@id%%?bfﬁ%@?étﬁ%/%Sr%?l%qrgfy%e?n%&/ed, e.gi% %ﬂ seglséogtive

etching, aftthetiRelzativedvechaniseadbbieitedniris Bandedite FghanshLawpVisresityRd
structure iSiéé@s,%lﬂl‘?ﬁ'(?w?%%ﬂdﬂ?cm@%‘f’spW&W@yﬁg,1ﬁé.o e 66eopLguLPRIT S\godlyadRdl 9.

Depending on the seed material 11, an heavy step of planarization may have been carried out when
the implantfioR3sHswaneeach Lﬁé?bf%e?ﬂ‘ﬁ?tﬁep%rgﬂﬁﬁﬁ’éhislai%raérﬂil ifrHeAl R dhe AR Pcover
a sufficientlygpiggie surface for the bonding. Whereas in the example shown in Figure 2 the strained
material islands 14 are separated by the buried material 15, structure A shown in Figure 1 results, if
the step of patterning the buried layer 15 is performed after the transfer of the strained material islands
14 to the firateuRmedgt .l aigahipleeshioignrn3Fidreod]iticetc tiznexamptersilolayein Fgisr@at-the
strained material, layer 10.grown on the, seed layer 11 formed a f rad i via
the buried |E€§BP‘1§¥O%?§'§%8H° Egsgr%tg%qgﬁ?]lb%%ﬁpﬁ égr%rl:ﬂ ?ﬁ%%gﬁéﬁgéﬁgpﬁaﬁ?al layer
10 or the semhthesr 13 casbiEs dicheddiemctd thee sugPaitsalrstare dopdhe sesdnmmetalidd profile

(depth) therehy el DG AF AP SIRASUMSRL PRCRIEimd Farkesd il elghask wiadiaptns o

at least the thickness of the strained material layer 10. Alternatively, the trenches can be formed
through theibintesvrlyef 1EBIWsTRMAteMR Ot ppHah RAYhave widths of about 25 microme-

ters and depths of about 150 nanometers. Depending on the application widths and/or
depths of the trenches may be in the range of some hundred nanometers.

A buried compliant layer 15 is deposited as known in the art in the trenches 13 and
atop of the strained material islands 14. The thickness of the buried layer 15 can be
chosen such that surface irregularities are reduced, e.g., a thickness of three times

the depths of the trenches is chosen.

lon species are implanted in order to form an ion implantation region 16 at the bottom
of the trenches 13 filled with the buried material 15 and below the strained material
islands 14. lon implantation results in a weakened bonding of the buried layer 15 and
the strained material islands 14 to the seed layer 11 and, thus, facilitates detachment
from the seed layer 11 after bonding to a support substrate 17. Surface planarization
may precede the step of ion implantation, if it is desired. Detachment from the seed

layer 11 can also be achieved by grinding.



15 17. Next, a second buried layer (reference sign 18 of Figure 2) is formed for bonding to a second
support substrate (reference sign 19 of Figure 2). Alternatively, the step of patterning of the strained
material lay¥0 204 B¥62carried out even later in the sequence of processiB§EBERISIPHEPAINg after
the deposition of the second buried layer 18 results in bonding of individual strained material islands to
the second support substrate. Further, one might perform the patterning of the strained material layer
10 after partial etching of the seed layer 11 in order to adopt the thickness of the seed layer 11 to the
one of the strained material layer 10. Heat treatment is then performed for the double layer stack
consisting of the material of the seed layer 11 and the strained material layer 10 atop the compliant

layer 15. Subsequent final removal of the material of the seed layer 11 may be acc ied b
additional dhieBamRINARNSISANE B AL CAIhAY, .'M‘BT@&?Z%’?H@"’E@%%&?&PE @E%@@%ﬁuiﬂy
etched anditearepehticasae rhsnshFiguearzied oLibaanekiriatien iosrpletelyamtior seedaniateri@moval
of residuals of the seed layer materigl 11.that, in this case, functions as a stiffeni f rther
avoid buckfﬁa.erﬁ)ﬁqﬁ h@\\éa' %Alfé%?ﬂé%ﬂ?éﬁtﬁn"e’ﬁ? %eﬂg%m%%lpo? g%%%i%l&?&%ﬁr%ﬁ éo#brising
the first supptishsis fetrated 1, tee Biusisbunateidgbatl e oairfdhedrenshietatits of} ﬁb_éfge%bnd
buried (el e i B S IRIARHENSIL B fcFe POl epr s hskiae R SR dray ). The

second substrate 1 IS case, IS providing a stiffeni fect in order to further avoid buckling of the
strained mateteriprecessing wutthasrthe dendinairfthegvhstejec Birdersi siffisytarge island sizes
(e.g., 1 mm x 1 mm and more). It should also be noted that if the seed layer 11 is GaN deposited on a

sapphire substrate, detachment bly laser lift off at the interface of the GaN layer and the sa h'&re
substrate mibip ActeadhfemiBganiatiphEBYoRIsesks ReHoraes fHe“%?réﬁﬁ%'&?ﬂa # %]é)r%%

Moreover, ifgiathgandyaxecadrisdositinpthwatesinad Hei@cbmend seedisabettdly e e RN eI (r)
process, the support substrate 17 advantageously is a silicon substrate to obtain similar coefficients of
thermal exﬁh%%ﬁqﬁmglﬁgﬂrﬁé{f%

After transfer to the support substrate 17 heat treatment is performed in order to plas-
tically deform the compliant material layer 15. This deformation results in at least par-
tially relaxed strained material islands 14. In order to further reduce any buckling, re-
siduals of the seed layer 11 may removed, e.g., by selective etching, after the heat
treatment instead of performing it prior to the relaxation step. The relaxed structure is
subsequently bonded via a second buried layer 18 to the second support substrate
19. Depending on the seed material 11, an heavy step of planarization may have been
carried out when the implantation profile has been performed in the compliant layer

and in the seed material to recover a sufficiently plane surface for the bonding.

Whereas in the example shown in Figure 2 the strained material islands 14 are sepa-
rated by the buried material 15, structure A shown in Figure 1 results, if the step of
patterning the buried layer 15 is performed after the transfer of the strained material
islands 14 to the first support substrate 17 (see Figure 3). According to the example
shown in Figure 3, the strained material layer 10 grown on the seed layer 11 formed
atop of the substrate 12 is bonded via the buried layer 15 to the support substrate 17
and ion implantation down to the strained material layer 10 or the seed layer 11 re-
sults in a weakened layer 16 with a rather homogeneous implantation profile (depth)
thereby facilitating accurate detachment. Subsequently, trenches 13 are etched with
depths of at least the thickness of the strained material layer 10. Alternatively, the
trenches can be formed through the buried layer 15 down to the first support substrate



WO 2010/015302PCT/EP20091004792 16 In the following, an example of the formation of an epitaxy
layer of InGaN, useful for the manufacture of LEDs, lasers or solar cells, based on the relaxation and
transfer of a¥@aled1383r in accordance with the present invention is descROEEPRMEY08439ained
InGaN - layer comprising 5 - 7 % indium and of a thickness of about 100 nm is formed by
heteroepitaxy on a GaN seed layer deposited on a séspphire seed substrate (corresponding to
reference sign 12 of Figure 2). An oxide layer of Si02 (or an undoped-silicon-glass) of a thickness of
about 50 nm is deposited on the InGaN layer of gallium polarity to improve adherence with another

substrate. ALqquian'J8XBhaRIER I ReNTRIf6 I3t of & riFiges) i816Hhed ddBhain

subsequently forméd on't ayer. The compliant Tayer comprises 4.5 % of boron and 2 "(}o of
phosphorot® acaennsi suprofbsiestiaiRiaieeenss. SgmShehRigY TR Blantation is performed through
the free surface of the compliant layer in order to form a weakened layer in the GaN seed layer and

then the surface is polished, f le, by a CMP technique. lon implantation is carried out with
4617 atom RRDAANE r 5 S1GR CARRIR 9 i, ARG PRGBS, (b CBAATRE S, the

oxide layerapdies IRGaNhlayerséquaheerbingdaxesinhSitdps Hatid wiegtbaftendss dépbsitivh5d nm is

deposited gn another, sapphjre substrate (cortesponding to.reference sign 17 of Flgur d
bonding Ia%? 3?88%%&%?*&"%%% dFasstgtlss 'gjg%réq'ﬂggrﬁ@'?gfpr%%u cf)sﬁ?{g('an ﬁﬁn gtéﬁ%ﬁﬁr&ifd&ofghed
prior to bortdsgeooting supploehsubstrabéure including the InGaN strain layer. The resulting entire

borophosphosilicate glass layer has a thickness of about 1 micrometer. Next, fracture at the weakened

layer and detachment of the initial sapphire seed layer together with the seed layer of GaN is achieved
by thermal Fredivereoingt mightCrierfanrhiher patieteing af dbensiraingd MatesiablayatiOiafiRppadRhy the

melting (fefé?masmpmé@g%@iépsrbww@ashwweeﬁ HeshibRis A BeiHba begidiratmet the

residual GaN seed material is dry etched to free the InGaN layer of N polarity. The InGaN layer is

subsequen@)aitthinsdrainesmatariaidavs 11 Qe pigrt SFeaimedtis, ti'ﬁ%@%%’ﬁﬁ&s{?ﬁégﬁ(%g ass
layer by a gtsedaid dkhesnsRiin@rerass. maierizl b/ tHd 3e8t Galy&P PO B A Brained material

layer 10 atop the compliant layer 15. Subsequent final removal of the material of the
seed layer 11 may be accompanied by an additional annealing step to finish complete
relaxation. Moreover, the seed layer 11 may be partially etched and the heat treat-
ment may be carried out several times in sequence prior to the final removal of re-
siduals of the seed layer material 11 that, in this case, functions as a stiffening means

to further avoid buckling.

In a further alternative, heat treatment is performed for the entire structure comprising
the first support substrate 17, the first buried layer 15, the strained material islands 14,
the second buried (that may also be compliant layer) 18 and the second support sub-
strate 19 (see Figure 2). The second substrate 19, in this case, is providing a stiffen-
ing effect in order to further avoid buckling of the strained material islands 14, which
proves particularly advantageous for relatively large island sizes (e.g., 1 mm x 1 mm

and more).

It should also be noted that if the seed layer 11 is GaN deposited on a sapphire sub-
strate, detachment by laser lift off at the interface of the GaN layer and the sapphire
substrate may also be performed during the process of transfer of the strained mate-
rial islands. Moreover, if the seed layer 11 is a silicon wafer and detachment is
achieved by the SMART CUT® process, the support substrate 17 advantageously is a

silicon substrate to obtain similar coefficients of thermal expansion thermal treatment.



17 In a next step, annealing treatment is performed at 800 C for 4 hours to cause reflow of the
borophosphosilicate glass layer and the corresponding relaxation of the strained InGaN islands (of
about 1002 Y6BBOZ/ 3P meters2) resulting from the patterning process. ARGIRRaYeY Wi Z2hickness of
about 50 nm might be provided between the N face of the InGaN layer and the oxide layer of Si02 (or
an undoped-silicon-glass) to improve adherence betifeen the InGaN layer and the oxide layer. In this
case, the SIN layer functions as an absorbing layer that might be used for a detachment step. An
undoped-silicon-glass layer of a thickness of about 1 micrometer is deposited on a second sapphire
substrate (corresponding to reference sign 19 of Figure 2). The combination of undoped-silicon-glass
layers and the optional SiN layer form at least part of the buried layer 18 of Figure 2. Before bonding of

the undopda-tikctalaniag. ayeexaviriping beriermation pEararitaxy JayerAENGal. et kness
of the bonqad HRARRedHECHN-BIBSS 1ANers BRY DISrals! bAVEd YRR fafixbiefisitadaRsiacbment of

the substrate to which the InGaN strain layer formed by heteroepitaxy was transferred in the first

transfer stéb{ERIBFEIALGID aerridanceiyithtbeirrgsant/ YRS SHR8Hc irradiation by means

of an Ar/F laser providing light of 193 nm through the substrate that is transparent for that wavelength.

Residuals of the SiN, undppedsilicop-glass and.borophosphasilicate alassclaygrs are.su tly
removed b%'b%li&ﬁ%@g‘r%i) gﬁ#ﬁﬁﬂ;.’ eFe%%ﬁ‘E‘.%ﬁsé’t‘ﬂ;gturzp&mg%@g?qﬁ:%r‘ﬁ%%‘éféﬁﬁééﬁﬁ aN
islands of galumps fanityezhbybbeiesmbfitake dromGaditarid dppenderonitestion layaarnhise seeduitable
for the manufagtur e i t ic ar ' ICRS- ' i fan
InGan ma A (h R B e s B ol e
InGaN islaadsursio pedssificometassl pfcvithiskparscofhpeh b MM dhtdenasiedrerihedaSaMitations

but serve a5 exagipies;lisailheRiurmsa0d adreragesAtinSBIRIFiISOpat e shiprRiprd that
some or all of the above described features can also be combined in different ways. 18 Claims
layer of borophosphosilicate glass of a thickness of about 500 nm is subsequently
formed on the oxide layer. The compliant layer comprises 4.5 % of boron and 2 % of
phosphorous to achieve the desired relaxing effect. Hydrogen ion implantation is per-
formed through the free surface of the compliant layer in order to form a weakened
layer in the GaN seed layer and then the surface is polished, for example, by a CMP
technique. lon implantation is carried out with 4e17 atoms/cm2 and ion energies
(about 120 keV) sufficient to pass through the compliant layer, the oxide layer and the

InGaN layer.

An absorbing layer of SixNy:H and of a thickness of about 150 nm is deposited on
another sapphire substrate (corresponding to reference sign 17 of Figure 2) and a
bonding layer of borophosphosilicate glass is subsequently formed on the nitride layer
and polished prior to bonding to the weakened structure including the InGaN strain

layer. The resulting entire borophosphosilicate glass layer has a thickness of about 1

micrometer.

Next, fracture at the weakened layer and detachment of the initial sapphire seed layer
together with the seed layer of GaN is achieved by thermal treatment at 450 °C for 10
hours. Note, that at this stage the temperature is kept below the melting (reflow) tem-
perature of the borophosphosilicate glass layer. After the heat treatment the residual
GaN seed material is dry etched to free the InGaN layer of N polarity. The InGaN layer
is subsequently patterned to form trenches of 1 depths of 10 - 40 nm in the borophos-

phosilicate glass layer by a standard lithography process.



1. Method for the formation of at least partially relaxed strained material islands on a target substrate,
comprising the subsequently performed steps of forming islands from a strained material layer on a
buried compN@RIYESHZmed on an intermediate substrate; at least partial PGEERAGHPE BRained
material islands by a first heat treatment resulting in a plastical deformation and reflow of the buried
compliant layer; and transferring the at least partiaIIyI?eIaxed strained material islands to the target
substrate. 2. Method according to claim 1, further comprising transferring the strained material layer
from a seed substrate to the intermediate substrate wherein the step of transferring the strained
material layer from the seed substrate to the intermediate substrate comprises depositing the buried
compliant layer on the strained material layer and bonding the buried compliant layer to the

intermediatt amRxtateP3anaatiro-ceataiant ts AarfArMeH 2t AL ckh fReARONSt I rRUSR RTINS at

least partially Rl pHEpRIsIREY 53 MEFI0NE tIREaRSrFebprRim G PBlaxsHsTIbeiShGiAed
high-viscosity layer, in particular, a buried layer, on the at least %?rtiallel/ r.ela%ed stL%ined material

islands and B8 irﬁﬁﬂg%i%-\ﬂge%iﬂp%etptgg%ta?ﬁ:é?g\%gf? e e URg, H9 T ?dﬁ?ét%nclpaﬁm 1 or
2, wherein gieceien phiSinsfayenothethiclansipaftibbuteoxed stightdsbrpeteiizddendeeo the Mirget
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substate b 95t RE A GRURERl o MSUIHACAREFITL 0TS 2 BB FRAPLIBRo pattenig

the strained material layer before transterrin om aSeed substrate to the intermediate substrate
thereby forming strained material islands separated by interspaces.

An undoped-silicon-glass layer of a thickness of about 1 micrometer is deposited on a

second sapphire substrate (corresponding to reference sign 19 of Figure 2). The com-
bination of undoped-silicon-glass layers and the optional SiN layer form at least part of
the buried layer 18 of Figure 2. Before bonding of the undoped-silicon-glass layers
polishing of the bonding surfaces is performed. The entire thickness of the bonded
undoped-silicon-glass layer may be about 1 micrometer (after polishing). Detachment
of the substrate to which the InGaN strain layer formed by heteroepitaxy was trans-
ferred in the first transfer step (see reference sign 17 of Figure 2) is achieved by elec-
tromagnetic irradiation by means of an Ar/F laser providing light of 193 nm through the
substrate that is transparent for that wavelength. Residuals of the SiN, undoped-
silicon-glass and borophosphosilicate glass layers are subsequently removed by pol-

ishing and etching.

The resulting structure comprising completely relaxed InGaN islands of gallium polar-
ity can be used for the homoepitaxial growth of material layers that are suitable for the
manufacture of electronic, photovoltaic or opto-electronic devices. For instance, epi-
taxy of an InGaN material with the same or a comparable indium content as compared

to the one of the relaxed InGaN islands can be performed.

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.



19 6. Method according to claims 1 to 4, further comprising patterning the strained material layer after
transferring it from a seed substrate to the intermediate substrate thereby forming strained material
islands separated by interspaces wherein the interspaces, in particular, extend down to the
intermediate substrate such that substantially no material of the buried compliant layer remain on the
bottom of the interspaces. 7. Method according toig@aim 1, further comprising depositing a second
buried layer on the strained material layer islands and patterning the second buried layer and the
strained material layer islands before at least partially relaxing the strained material layer islands. 8.
Method acc tlﬁm]é to one of the claims 2 to 7, further comprising growing the strained material layer on

a seed substrate; jimplanting ions in the seed substrate below the strained material to form a
tveakened Fly SO dERARR R LG ok EHET 8IS Qe SO DAL AL IR e dRehed ayer by
a another heattteatmesit, @nijetiogthe sobseqgetalglpemdnied thepsoaimprising growing the strained
material layer on a seed substrate;

forming islands from a strained material layer on a buried compliant layer formed on an

intermediate substrate;

at least partially relaxing the strained material islands by a first heat treatment resulting in
a plastical deformation and reflow of the buried compliant layer; and

transferring the at least partially relaxed strained material islands to the target substrate.

2. Method according to claim 1, further comprising transferring the strained material
layer from a seed substrate to the intermediate substrate wherein the step of transferring
the strained material layer from the seed substrate to the intermediate substrate comprises
depositing the buried compliant layer on the strained material layer and bonding the

buried compliant layer to the intermediate substrate.

3. Method according to claim 1 or 2, wherein the step of transferring the at least partially
relaxed strained material islands to the target substrate comprises depositing a high-
viscosity layer, in particular, a buried layer, on the at least partially relaxed strained

material islands and bonding the high-viscosity layer to the target substrate.

4. Method according to claim 1 or 2, wherein the step of transferring the at least partially
relaxed strained material islands to the target substrate comprises depositing the buried
compliant layer, on the at least partially relaxed strained material islands and bonding the
buried compliant layer to the target substrate; and further comprising the step of relaxing
the at least partially relaxed strained material islands transferred to the target substrate by

a second heat treatment.

5. Method according to claim 2, further comprising patterning the strained material layer
before transferring it from a seed substrate to the intermediate substrate thereby forming

strained material islands separated by interspaces.



depositing the buried compliant layer on the strained material islands and in the interspaces separating
the strained material islands after patterning of the strained material layer was performed; implanting
ions in the seed substrate below the strained material islands and in the buried compliant layer at the
bottom of the interspaces separating the strained material islands to form a weakened layer; and
detaching the strained material islands from the segsl substrate at the weakened layer by a another
heat treatment. 20 10. Method according to one of the preceding claims, wherein the seed substrate
and the intermediate substrate and/or the intermediate substrate and the target substrate are of the
same materfalMAPHACRARS IR SHEMY S&pphithelisomParmepadaning RisthIncaRaidiay to one of
the precedingyetaifis; whesinitizeibdfied eorylianbdayer andierithehighaidsaasilaykrerebmprises an

absorption I?c}/er.suitable f8r absarbing electromagnetic ra,[diation. 1%. Metq§d agcording to claim 5,
rming. straingd material 1sfands separ pterspaces wnerein € 1mierspac m .
further compnsmgglmpiantlng ions'in'the sedd Slibstrate To TSR @ weakene region efore patterning

the strainedpmatarial leytendd@stoofohmiigtanddiseparatea dyurk nbitesibsttandlhgrbomwatdyelbw the
kened regj in the buri I ' ' th tt d strained
weakene rgfgﬁlgcﬁl%%é![v%%%waﬁt?a é*rr%%%éteni?ﬁ‘fﬁ@%%ﬁ{ 6%%%%%5& g4 the patterned straine

material laye es not com il trenches form the patterning and further
comprising bonding the islands formed by the patterning to the intermediate substrate and detaching

the seed suBsiykide aseordsakénetimgiofiirther comprising depositing a second buried layer on

the strained material layer islands and patterning the second buried layer and the strained
material layer islands before at least partially relaxing the strained material layer islands.
8. Method according to one of the claims 2 to 7, further comprising

growing the strained material layer on a seed substrate;

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

layer; and

detaching the strained material from the seed substrate at the weakened layer by a another

heat treatment.
9. Method according to claim 5, further comprising

growing the strained material layer on a seed substrate;

depositing the buried compliant layer on the strained material islands and in the
interspaces separating the strained material islands after patterning of the strained

material layer was performed;

implanting ions in the seed substrate below the strained material islands and in the buried
compliant layer at the bottom of the interspaces separating the strained material islands to

form a weakened layer; and

detaching the strained material islands from the seed substrate at the weakened layer by a

another heat treatment.



13. Method according to one of the preceding claims, wherein the strained material layer comprises or
consists of InGaN and/or the buried compliant layer comprises or consists of borophosphosilicate
glass, BPSG, or an Si02 - compound comprising boron or phosphorous and/or the high-viscosity layer
comprises a thermal oxide material. 14. A wafer comprising: a support structure, in particular,
consisting of sapphire; a high-viscosity layer, islandg of at least partly relaxed strained material, in
particular, with an area size from 100 micrometers x 100 micrometers to 1 mm x 1 mm; and of a
thickness of not more than 1000 Angstroms; a buried compliant layer formed on the isl%/néas of the at
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intermediate substrate and/or the intermediate substrate and the target substrate are of the

same material, in particular, comprising sapphire, silicon, SiC, or Ge.

11. Method according to one of the preceding claims, wherein the buried compliant layer
and/or the high-viscosity layer comprises an absorption layer suitable for absorbing

electromagnetic radiation.

12. Method according to claim 5, further comprising implanting ions in the seed substrate
to form a weakened region before patterning the strained material layer so as to form
islands separated by trenches extending down below the weakened region and wherein
the buried compliant layer is deposited on the patterned strained material layer such that
is does not completely fill trenches formed by the patterning and further comprising
bonding the islands formed by the patterning to the intermediate substrate and detaching

the seed substrate at the weakened region.

13. Method according to one of the preceding claims, wherein the strained material layer
comprises or consists of InGaN and/or the buried compliant layer comprises or consists
of borophosphosilicate glass, BPSG, or an Sif2 - compound comprising boron or

phosphorous and/or the high-viscosity layer comprises a thermal oxide material.

14. A wafer comprising:

a support structure, in particular, consisting of sapphire;

a high-viscosity layer,

islands of at least partly relaxed strained material, in particular, with an area size from
100 micrometers x 100 micrometers to 1 mm x 1 mm; and of a thickness of not more than
1000 Angstroms;

a buried compliant layer formed on the islands of the at least party relaxed strained
material; and

a substrate formed on the buried compliant layer.



15. The wafer according to claim 14 wherein the buried compliant layer and/or the high-viscosity layer
comprises an absorption layer suitable for absorbing electromagnetic radiation.
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15. The wafer according to claim 14 wherein the buried compliant layer and/or the high-
viscosity layer comprises an absorption layer suitable for absorbing electromagnetic

radiation.



