Stiffening Layers for the Rel axation of Strained
Layers Field of Invention The present invention
woneloakz4to the field of strained |ayers and eOmEP2@OD04790
substrates for applicationlin the manufacture of
sem conduct or devices useful in electronic, opto
el ectronic, photovoltaic field and, in particular, to
the relaxation of strained filns by the use of
conpl i ant substrates. Background of the Invention Wen
native bul k substrates are not available or are too
expensi ve, useful materials are often forned by
het er oepi t axy on seed substrates so that the growth of
thin fi Syr. [ an
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t echnol ogy. For ins i figld of
light-emtting sem ﬁﬁé?%?’ 3‘eh€y s-or solar cells
there is a need to grow heteroepitaxial filnms on
substrates as sapphire or SiC to form subsequently a
final sem conductor device. After transfer of the
. he% roepi taxial filnms to another substrate these
Field o Fﬂs"e PP for instance, be used for epitaxial growh
of layers used in electronic and opto-el ectronic
applications. However, when filns are forned by .
The jpegsand dpientiag relates iostheaiield %Sffﬁ'“éadﬁ?r’?fér"ém C?%Plléf&esubstrates
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|c|>_an3| on as conpared. he ones of the fi det ri
electienic aphatevaltaicfield angs &y particeanite the eglaxatiparef sgiagiad fms by the
' sed by msfit conpressive or tensile

use é*tqc?oar%ﬂaﬁaa%ﬁéﬁggrrespondi ng generation of

di sl ocations and cracks. Thus, in the art conpliant

ubstrates, Jncluding vitreous |ayers, have been
Bac%?’&H’HﬁﬁF%&WEHHPHe substrates and the

heteroepitaxial films in order to release msfit

straj ns. However, gresentl used net hods for the i
Whendhaiivgthuhh sybstedtes afe doh availahle, of 246 400 £XPRRSIY. tusg Tyl gpaterials

are W&ﬁ%ﬁ%ﬁfﬁé}grbde%atﬁw Dnvddel %ﬁ)‘éﬁﬁfés $PtHa®he growth of thin films

suppression of buckling and the formation of Cracks,

on supgiratah by heteropgitaxytasomas amimerariant anéagivengatep in the semi-
condud¥StLLHOIdSY. RoP 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.



vide a nmethod for the conplete or al nost conplete
| ateral relaxation of a strained |ayer forned above a
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above-nenti oned defects. Description of the Invention
The above-nenti oned problem 2s sol ved by the nethod
for relaxing a strained material |ayer according to
claim1. The method conprises the steps: providing a
strained material layer and a | owviscosity |ayer
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(such that reflow of e conpliant material layer iIs
def@ﬁ&sed t her eby) thereby at least partially relaxing

the strained mate rial layer. The term "l ow viscosity"

is used to indicate deformation ability of the thus
Dessypiption efitHedywentioni ng t he heat treatnent (see al so

di scussion below). In particular, the heat treatnent

(thernal treatment, annealing) at a tenperature above
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(not covered by the stiffening | ayer) can freely

expand laterally the
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).



reby relaxing strain wi thout significant buckling. By

an appropriate choice of the size of the regions of
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stiffening layer the percentage of relaxation of the

strained material |ayer duridg heat treatment can read

ily be controlled. In case of tensively strained
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This kind of patterning can, thus, be readily achieved
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t hereby rel axi ng por
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.



tions of the strained material |ayer that were covered
by the stiffening islands during the first heat
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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-



trai ned material |ayer conprises or consists of
The content of Indiumin In- GaN material may
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| ess than 10% and nore preferably the content nmay be

between 4 and 7% The | ow vi §cosity |ayer may conpri se
or consi st of borophosphosilicate glass (BPSG or an
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According to an exanple, the stiffening |ayer
conprises or consists of H-N materials, SiN (Si 3N4 or
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The! tifeimesiayerl map disd be idepBSitdd ith Bl tlckAeSS oPlip k618 times the thick-
strained material |ayer. As already described above

nesg 19é the stfained madedia dayaig t he stiffening | ayer and
perform ng heat treatment of the nultilayer stack

conprising both the strained material |ayer and
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.



the stiffening | ayer m ght be repeated once or several

ti mes. Each subsequent heat treatnent is perforned for
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i sl ands) area of the strained material |ayer. The
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Furt hernore, according to another exanple of the

present invention the abovedescribed nethods further
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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.



strained material is exposed and subjected to the heat
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bondi ng the rel axed strained material to a |ayer

deposited on the other sub strate; and detaching the
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voltaic devuigg nTQhus herem 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



The herein disclosed nethod for relaxing a strained
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Figure 1 shows an example of a multilayer stack formed according to the present in-
vention. The multilayer stack comprises a support substrate 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.
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present in vention. The nultd | ayer stack conprises a
support substrate 1, a lowviscosity layer 2, a

strained material layer 3 and a patterned stiffening

| ayer 4. The strained material |ayer 3 was

The battennee tiffeming Ihyergt isvabtained byrelepesitios oha tstiffering fgyer and etch-
ransf er

ing t{yrrgﬁgrp% pF Bg%tgg@g p?ﬁﬁretbp{uﬁ\?{t%‘irgedlmg}/e[@n}lary\@é% ex%osed at
the IE@‘Féﬂ ed@és' Reat (théﬁﬁalplfréatnﬁdneet glasagaasition ltempelnaamlnecof the relax-

ing Igm: cbb<of ahout ﬁbﬁnéfgepréﬁa%% iEpdhordin e ?aﬂﬁysl(}ﬁé [daxation
of th% S4ihed ﬁ\?ﬁéﬁéb la§ef 3 Gorfdigtin@CofoPiGN, |faVﬂ’fstaﬁdbath’l‘Ba/ Idlﬁce mis-

nposed difféerent individual Iayers and caommp
mat@h (aSeemnpafeddﬂpihB aominaly/latticercongtantigol agaut 0.7 ‘Vh @atternmg of the

stnﬁ%ngﬁ%%gb){o@‘ﬁ éiaﬁghéﬂ%%s té;%grd Mﬂtﬁebt bPBbout 3%% (r)r&lcr:]réameters

has qaocnwnl amab@ wnmmomnpgdsmeobmmd wehus emww it se@ms that the pat-

o o LT e B L i r 2
low h?/gt?ffe‘hl 095|s<|KHcahnAﬂebM\edﬁwStréatﬁhﬁanheasmé iof tiesn istifening island is

tch b f |
S e Sl Rae L it 3Pl pnson of
the %t'?ﬁné@hﬁté‘rhaﬁ%a ﬁ&?étse@b%%@g{ ireémt'@ﬁérf@ﬁmﬁ ﬁﬁ@rder to fur-

ransition te ture of the relax ing |a of
therablautthe partatiyt ela®d Y@inest rratg@lﬂ@@m& wlthﬂutasw? |béaFk""9 This

repe lé%iﬁ} cegg lo??@c’dc%gq\lﬂf‘e $iD6s 5f (R ﬁﬁ@n?ﬁgtlglﬁhéé 4l FEpedorming heat

fOf 1 hst ance lattice ms
treatrﬁémhné;abe penfpemed until thestramedrmateriat layee3 isoprmplgtely fglaxed.
about 0.7 % patterning of the stiffening |ayer by
formng trenches with a lateral wdth d of about 300

PosBbfe fSErl RIS dnszf@magemammbt ald eembVed)abus wam Iimtagt tompletely re-
bound by this theor

laxesk ﬁvaleﬁﬂn@areagﬁér'ane mcﬁﬁv'éﬁ ﬁth géﬁaghs%f)@%?é{ o SBPS‘%CH’ee"t (ho-
mo)%biﬁe!’%&x?(tﬁ“'a@(;@r EBIs?dll'lrﬂé Ialyéb’ . g 3aRantaN Ibjér, dtfcaanong empryedd in the

t'he heat ‘treatnent the size of the
mamutfadtekeniofigai padisdlar sseraiganducteh dsviger Wef%x'ﬁoﬂ?ctfon'c or opto-

el g 38 08 BLCHSHBLELTe o dfis Depencing on e
mateaalqsmamaaf the enimmetelyi elpad straiped imaterialdayeros3 forr the homoepi-
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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
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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-
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WO 204y22813  (ptional |y, before deposition of tRETHFZPEH04790
| ayer an Si Q2 |ayer of a thickness of about 50 nm may
be deposited on the strainedl1nGN layer in order to
enhance the adherence between the galliumface of the
strained cplane InGN layer and the buried | ayer.
Then, ionic species are inplanted through the buried
cromatess xt 3G uﬁcrrpmaﬁml&emul afermigroragle (s x 400 miarometeng and cen-

Eﬁa{w akened | ayer is provided in
terelcc)iPo er |[}!f'acl [a?lsdar{b%c iment of the seed | ayer and

seed substrate A second buried layer is deposited on

t he su rt,substr i Figure 2., The, :
SutsarugHBb feat femaat ebado Bk BarPupes 1 dodingis in order to partially

relaXithé @ffsheasnatzhsl iSkaRBY 3t Tﬁei%%tft@attﬁe %tlﬁé}ﬂn%marﬂsr&bf@ébmpletely
InGaN | ayer are bonded by the first and e second

remoued &y dryyeteRingrand e sgsend rhemd tieatiment isvrariEmeptip order to com-

| t ARaFr ol
plofpfy Fiiaf (i AT tefial Rlarls 30 reRip TehfieRteiBh of the
strairredc lnfieN isdand$hd daowbeiabdaised withagleros? nosbmﬂdmg Alternatlvely, is-

andf B EReuEb oy Rala) ARCfe b i, M50kl b Aedis % 800 microme-

tersnaicafted thesfirsieh@atetcbatnedt thecsigdiofithe dliffening istarsisr 4igiediuced to

InGaN | aye atterned by |it r r ocessi
00T o 4 RIS, SeaachnAdibel VeHIPP S & maclcamgd. the size
of tRE @ttfedingMBI¥nds AMisdedaEEYo W00 FrhidkdrRetérs Af408 micrometers, a third

patterni ng about 200 nm of stoechionetric Si3N4 is

hea@ @E@Hﬂ@@dsmr@ﬁ@egeﬁtﬁeé‘ﬁt'k ne stiffening &epteriaiin (el By guch repeated
rela??f?(?f Bt]dc{é%aé’% aylgl‘f) e?% %ﬂxé e bf %%a&trélHé@Hé?Qﬁal% a%hleved without

ring ater t treatnment can,
anyi signiticasd bubldingchi eved by pl asma en hanced chem cal
vapor deposition (PECVD). The stiffening |ayer is
patterned by dry etching with photolithography to form
Straieed MGAN @lands efralsizé ofiabedt 1 momxabomt a80 haringraofatticer mismatch

of Gy 3 ol ealeSagett’t Brggmstomlirtie e EIrxeip, Nayertneless, the
lowl\ed cRBRAS Ia3rer DURTRGCIERRL & Xhick®dds Mﬁ%d’(ﬁﬂhuﬁbnﬁ;@& Gel fess than the

performed for four hours in order to partially rela
expangion dength of thessteained InGak ixlands 3 w&%aﬁeﬁtmq the relaxation qual-
ty.St iffening islands 4 are conpletely

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



renmoved by dry etching and a second heat treatnent is
perfornmed in order to completely relax the strained
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the strained InGaN islands 3 can be obtained with
al nost no buckling. Alternatidely, is lands of the
stiffening material are fornmed with, say 800
m croneters x 800 mcrone ters and after the first
heat treatnment the size of the stiffening islands 4 is
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Waheat treatnent is performed, the size of the
g%iffening islands 4 is reduced to 400 microneters x
400 mcroneters, a third heat treatnent is perforned,
etc. until no stiffening material is left. By such
repeated rel axati on processes conpl ete rel axati on of
the strained material is achieved w thout any
significant buckling. Strained InGaN islands of a size
of about 1 nmx 1 nmand having a lattice m smatch of

0.7 %w !l extend by about 7 mcroneters during the
rel axati on. Neverthel ess, the | owviscosity |ayer 2
may have a thickness of about 4 microneter, i.e. less

than the expansion |ength of the strained | nGaN
islands 3, without affecting the relaxation qual ity.
Figure 3 shows an exanple simlar to the one described
with reference to Figure 2 with the exception that
both the | owviscosity layer and the strained materia
| ayer are patterned to formislands of the

| ow-viscosity material 2 and strained material islands
3 separated by one or nore trenches. Again, stiffening
i slands 4 are centered on the strained materia

i slands 3. As descri bed above heat treatnent and
further size reduc tion of the stiffening islands 4
may repeatedly be perfornmed to achieve conplete re

| axation of the strained material islands 3 w thout
buckling. Al previously discussed enbodi nents are not
intended as limtations but serve as exanpl es
illustrating features and advantages of the invention.
It is to be understoodthat some or all of the above
descri bed features can al so be conbined in different
ways. C ai ns



1. Method for relaxing a strained material |ayer,
conprising: providing a strained material |ayer and a
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strained material layer; formng a stiffening [ ayer on

at |least one part of a secontB3face of the strained

material |ayer opposite to the first face thereby

formng a nmultilayer stack; and subjecting the

multilayer stack to a heat treatnent thereby at |east
Clapastially re laxing the strained material |ayer. 2.

Met hod according to claim1l, wherein the step of

formng the stiffening | ayer conprises depositing the
1. stiMétasd fér reRikiig &Straine@thateHaMsyér¥empasinghe st rai ned

materi al | ayer and subsequently patterning the

deposited stiffening | ayer such that the stiffening
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to o

ol SREUR RgeP e SR LB P s HRe AP 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.
6. Method according to claim 4 or 5, wherein the stiffening layer is patterned such

that islands of the stiffening layer are formed centered on islands of the

strained material layer.



9. Method according to one of the preceding cl ai s,
wherein the | owviscosity |ayer conprises or consists
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10.
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12.

13.

conmpound conpri sing boron or phosphorous. 10. Method
according to one of the prectsling clains, wherein the
stiffening layer is deposited with a thickness of

between 50 nmto 5 tines the thickness of the strained
material |layer. 11. Method according to claim8,
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strained material layer, in particular, a strained
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boﬁ@fph@pﬁ@@ﬂal l@dﬁé gl ass, on the strained materi al
| ayer; and wherein the strai ned materi al | ayer is
detached fromthe seed substrate and bonded by the
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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.
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-



ing renoving any residual parts of the stiffening
| ayer so that the entire surface of the strained
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14.

15.

treatnment and epitaxially growing nmaterial layers on

the formed at | east partial |4 rel axed strained

material, in particular, growing active |ayers on the

at |l east partially relaxed strained material islands.

15. Sem conductor structure, conprising a support
sulsttateabefora thestep etdepasitingather loanvisdnsity Uaysry it partigular, boro-
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particular, of InGaN material, and a stiffen ing Iayer
partially coveri ntlnuo rain

th
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al |tﬁ’c¥"'IJWv%QQS|hPIa§thdTé SEEHRS Slispd sEatEe defdre idepbsiting the stif-

the strained rmatérial l[ayer or_the strained material
i sifemidg Jayer, in particular, comprising SisN4, 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
on the substrate, a continuous strained material layer or strained material is-
lands on the low-viscosity layer, in particular, of InGaN material, and a stiffen-
ing 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.



