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Strai ned Layers Field of Invention The present
invention relates to the field of strained |ayers and
conpliant substrates for application in the
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particular, to the relaxation of strained
het er oepi taxi al films by conpliant substrates.
Background of the invention The growth of thin filns
on substrates by heteroepitaxy is an inportant
manuf acturing step in the sem conductor technol ogy.
For instance, when native bul k substrates are not
avai | abl e or ReglabhcationeofiStraivretul.ayersi als are
often fornmed by heteroepitaxy on seed substrates. In
the field of light-emtting sem conductor devices or
solar cells there is a.need to grow heteroepitaxial
films of Il1l/N materials on substrates as sapphire or
Beld ofovention, when materials are fornmed by
het er oepi taxy on substrates with a different | atti ce
constants and different coefficients of therm
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with alimted thickness such that neither crack nor

di sl ocation occurred in the material. After transfer
Béckdreuitbtthedpvardicnal fil ns to another substrate

these filnms can, for instance, be used for epitaxial
grom h of |ayers used in electronic and
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Phifeor' SIS PeGievied, viled rsatpiaieare formed by heteroepitaxy on substrates with
a different lattice constants and different coefficients of thermal expansion as com-
pared to the ones of the materials detrimental effects on material quality are caused
by misfit compressive or tensile strain and the corresponding generation of disloca-
tions and cracks. Thus, film of materials are formed by heteroepitaxy with a limited
thickness such that neither crack nor dislocation occurred in the material. After trans-
fer of the heteroepitaxial films to another substrate these films can, for instance, be
used for epitaxial growth of layers used in electronic and opto-electronic, photovoltaic
applications. However, thin heteroepitaxial films are strained due to the misfit of lattice
parameter and the quality of epitaxial growth or subsequent steps can be deteriorated.

However, presently used methods for the relaxation of strained heteroepitaxial films
on low-viscosity layers often not show satisfying resuits with respect to the suppres-
sion of buckling, the formation of cracks, etc. and complete in-plane relaxation can



sion of buckling, the formation of cracks, etc. and
conplete in-plane relaxation can WO
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Thus, it is a problemunderlying the present invention
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substrate that avoids or at |least alleviates the
above-nenti oned defects. Description of the Invention
The above-nentioned problemis solved by the nethod

for relaxing a strained material |ayer according to
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| ayer conprising a second conpliant material on

anot her face of the strained naterial layer to forma
first sandw ched structure; and

Description of the Invention

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

depositing a first low-viscosity layer comprising a first compliant material on one face
of the strained material layer;

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

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

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

ment process.



subjecting the first sandw ched structure to a heat
treatnment such that reflow of the first and the second
| ow-viscosity layers is caused thereby at |east partly
rel axing the strained material layer. The term
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ture sonme (nechanical) pressure may be applied to the
strained material layer to avoid or danpen winkles
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fer is increased, and the duration of the high temperature and high pressure applica-
tion in order to minimize the amplitude of the wrinkling, or increase the wavelength.
The pressure may also be applied at high temperature, after the wrinkles have
formed.

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

structure in an inhomogeneous manner. For example, the pressure may vary
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side to the other, or may be higher in the center and
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the pressure is applled to the stiffener and thereby to the strained material

layer during the heat treatment.

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



Furthernore, the strained material |ayer may be
patterned before the heat treatnent thereby formng
strained material islands separated by interspaces.
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When the second sandw ched structure is subject to the
heat treatnent, annealing tenperatures in the range of
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face as the Ga face for InGaN naterial after
rel axation step that is particularly suitable for
u bee gbevet daspiibesix pxarfles (o rthe rherein tiisddsedt method for relaxing a
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In the case of the provision of the absorption

| ayer(s) it nmay be preferred that the absorption |ayer
of the first lowviscosity |ayer is arranged at the
interface of the first lowviscosity |layer and the

fve',(;zc,otl%g#g§trate and/ or the absorptl on | ayer P%mﬁ%ﬁs/ooss%

secon OW-viscosity layer ¢s arranged at th

interface of the second | owviscosity |ayer and t he
second substrate in order to avoi d damage of the at

| east partly relaxed strained material |ayer. The

herein di scl osed nethod for rel axing a strained

substeate and Ibepded by the Eshilowiviscosilyalryerito therBist syirstrate before de-
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mat eri al accor l.es
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deapeentioaxi al |y growing a material |ayer on the forned

at least partially relaxed strained material, in
particular, at least partially rel axed strained

Ineasd obpolarstraimed maiériaty, suemtbablll-NMmaterialsemdtfon éxamplera ¢-plane
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theviaas efcibeiloGaN ayaterial thrﬁleaehy the idetashmeat, ofdtbe figst or the second
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teri al Inh particular the at | east

Wter relaxation stepdhatds BarhfaﬂaﬂycﬁUIt@B}% r pubseaueH RIEnd
substrates are in sapphl re. i's prow ded a
sandwi ched structure before a after | east
Fefaen: iheo frst i Res T AVBY ATIor L ciagand 1o FieseRh ayer may
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e a Sstr I nGa
el st AREpp Rerredimerl s el i AL iow in
ihe dr The owateldad of the absorbing electromagnetic radiation may be for example
SiN or other nitride compounds such as GaN and relaled compounds.

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

The herein disclosed method for relaxing a strained material layer in a elastic reiaxa-
tion mode with substantially no buckling can advantageously be used for the produc-
tion of semiconductor device for electronic, pholovoltaic or opto-electronic applica-
tions. It is, therefore, provided a method for the manufacture of a semiconductor de-



a sandw ched structure, conprising in this order a
first substrate; a first lowviscosity |ayer; a
strained material |ayer; a second | owviscosity |ayer;
a second substrate; wherein the strained materi al

| \R% Sh10 ;t he second | owviscosity layer ar epcq?éﬂzﬁ)%/ﬂ%%t

into 1slands separated by igterspaces and the firs

and the second | owviscosity |ayers have the property

to reflow at a tenperature above the glass transition
tenperatures of the first and the second | ow viscosity

| ayers. WD 2010/ 015401PCT/ EP2009/ 005694 10

vice, comprising the formation of at least partially relaxed strained material according

to one of the examples described above, and further comprising epitaxially or ho-
moepitaxially growing a material layer on the formed at least partially relaxed strained
material, in particular, at least partially relaxed strained material islands, after removal
of at least the first substrate together with the first low-viscosity layer or the second
substrate together with the second tow-viscosity layer.

Further, it is provided a sandwiched structure after at least partial relaxation of
strained material layer, in particular the at least partially relaxed strained layer is in
InGaN and substrates are in sapphire.

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

silicon.

Furthermore, it is provided

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

a first low-viscosity layer;

a strained material layer;

a second low-viscosity layer;

a second substrate;

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

of the first and the second low-viscosity layers.



Addi ti onal features and advantages of the present

invention will be described with reference to the
drawi ngs. In the description, reference is made to the
acconpanyi ng figures that are neant to illustrate

enbodi ments of the invention. It
T/EP2009/005694
d{er%sl lgg’(lj that such enbodjgrents do not reprpgslgnt the

fuII scope of the invention. Figure 1 illustrates an
exanpl e of the inventive nethod for relaxing a

strained material |ayer conprising the steps of

form ng a sandw ched structure conprising a
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I ayer ereint stral erial layer is
patterned thereby formng islands and trenches filled
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ot her exa I nventive netho or rel axi ah
layer apmeasmmtf@rst%qs of fgrEning\h SARIWICheR SIRIEIUER FRIBPTISHIOR B‘S{PP 0s-
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| ayer wherein external nechanical pressure is applled
sure ans to th .
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a stiffener provided for nediating the application of

#Q@reppelﬁﬁg'ﬁes Ash ot MBxdMplel SUER harERE Ghétliod Q‘oﬁrﬂelaxmg a

present |nvent|on a multi-Ilayer

st ack
a’teqmme;é materia) !%yegamm'@ﬂea sdrainect material 1aysf .lﬁeaaté?faed thereby

fﬁHﬁin%%Iah@s BRalopkhemkrdceti ndi cated by the arrows).
he Sandwi ched structure conprises a first substrate

1, a first borophosphosilicate glass |ayer 2, a
ISib{u@ nevustatey halexhmphy oBiheaingestbvedmethod for relaxing a strained

BRI T8 Serolp P OTesbIbe EeS0Rs/ oaedaq by some pres-

sure means to the strained material layer during heat processing.

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

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



11 Thus, in particular, the strained material |ayer 3
is sandwi ched by two | owviscosity conpliant

bor ophosphosilicate glass layers 2 and 4. The two

| ow vi scosity conpliant borophosphosilicate gl ass

I nd 4 allow for reliable conplete |
rﬁﬁgilgﬁo}%éﬂ of the strained yaterial |ayer 3 m@gﬁ%%
two substrates, which in the present exanple nmay be
sapphire substrat es, act as stiffeners to avoid any
significant buckling of the strained material |ayer 3.
In the present exanple, the strained material |ayer 3
Tiaus, be partteylhrrte | siGded natetidlalbyend isetardvdghedaky divioylow-

Ry 38R bo R MeRl R TR ReBY 230 TP 1y
means of the first borophosphosilicate gI ass | ayer 2.
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férﬁmc%cttaﬁesﬂéf&ﬁewewc@l%ﬁmééwnefrféngpvs'f'waoof&a? é.tfazned mate-
fiaY&ferd.and the first borophosphosilicate glass |ayer
2 an 5i02 layer of a thickness of 10 - 100 nm nay be
deposited on the strained material |ayer 3, e.g., the
Ihl’tﬁaNréiéﬂnexlaefpw ethd egasidd mvaterfal tayerfd may be a c-plane InGaN
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p@sst jubstrateland trhapiesiadets the firbbsdhsdrate drbhyanwans of tke first
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¢fapelapindiie anﬁidam thicknesseplothe la@p Sfilpy Bay de Qh%egémdﬂ to

5’61}" ﬁﬁh%@h@émbl f}ét ﬁacﬁmﬁn | cawfirisés IaBoff 8er 719 df AsIaN fdium
adher ence. econd substrate was bonded to the

fé’éédhﬁkﬁ%?so%§ﬂw8$ﬂflq o4t 99 PEss | ayer 4. Both
borophosph03| licate gl ass Iayers may be formed of t he
ot her

d
Prgb I sehae fhe S iste Red BRien e ikjhed PRIV, 2 anc
ttﬂefffre’r eorophedplmsilipatepeiass dayerlt ? am$iOhavieeaf atthaknasnof 10 -
10 nlf iy B0 SeBBERAF o VHBPIERRLP Harb A B8 353 0 2R ncan
fdem laqureopapaslbwy Hathe first &mee&@@heﬁﬂleats glasp oapeer. After
#2ns oA Y IQtRLBET A B QR4 0BG phd<phosilicate glass layer 4 is

deposited on the free surface of the strained material layer 3, i.e. on the N
face of the InGaN film. Again, an SiN film may be formed on the N face of the
InGaN film before deposition of the second borophosphosilicate glass layer 4
in order to improve adherence. The second substrate was bonded to the sec-
ond borophosphosilicate glass layer 4.

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



to a few mcroneters. The greater the thicknesses of
the respective borophosphosilicate glass |ayers 2 and
4 are chosen, the faster the relaxation of the
strained material layer 3 will be achieved. The
structure shown in Figure 1 is a

#%@?‘g)?ure of about 800,£ to 950 C. Fast @?2)?#%}\%9[@%694
the conpliant material is expected at such high
tenperatures that can be enployed, since the InGN
filmis protected by the first and second substrates 1
and 5. Consider, for instance, a 1 %strained | nGaN
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achi eved by heat treatnent of the sandw ched structure
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tBte8byNhe GirdtARAICSR DN ishbefraeaceand 6n the [ayer thereby
formng strained nmaterial islands. In the sandw ched
structure shown in Figure 2 the continuous strained
oﬁﬂsﬁ:rdraforluﬁmhc@ af1 % Sjmieed IM\GaNeftlmhexé taolaftimenmismatch be-
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ciélrg ? E@%ﬁfn Slael 1im Eg%o éﬁ&?ﬂ%l%ﬁpitﬁfeelﬂhs will be

step ernln he stral ned
avhieyed diy hag'tetreairrtetmé qﬁﬁh@sand\uwée@fstnuﬁ@reaﬁhewnc'ne%rgure 1 at

tg%FJHFJtHFe‘% é)&:eteaﬁngs@ﬁ@ @%ntfheﬁt @éli%lﬁjd?’éﬁﬁ siRMeticaint Buckllng of the

erence I gu . _Anot her exanple of a multilayer
retaxew Sér@rr’;ﬁdi@?tﬁj'aé'aé/ﬁf§r ned material layer that is to

be rel axed by conpli ant mat eri al during heat treatnent
is shown in Figure (f

xanpl e he con
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Focess he manufacture of the sandw c
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In Figure 2 relaxation of the strained materi al

islands 3 is not hindered by any material of the

Aﬁ@tﬂ@ﬂeb&h@ﬁfﬁf@hm&iléjeléﬁt&@mpnémgerstmmdrdamamm layer that
lfsI tL)lb%dreilaxe% ty ceontfugheann maicierlal during heat treatment is shown in Figure
3. In this example, the second borophosphosilicate glass layer 4 was depos-
ited on the continuous strained material Iayer 3 of Figure 1 and subsequently
both the second borophosphosilicate glass layer 4 and the strained material

layer 3 was patterned by etching trenches or interspaces 6. The borophospho-



After the relaxation of the strained nmaterial |ayer 3
of Figure 1 or the strained material islands shown in

Figures 2 and 3, i.e. after termnation of the heat
treatnent and cool down of the sandw ched structure,
t‘%zg substrate 1 and the first PCT. P009/0{)5694

bor op osp 03|I|cate gl ass l;gyer 2 can be detache
order to get access to the Ga face of the rel axed
strained InGN film (islands) that can be used for
(homo)epitaxially gromh of an InGaN | ayer, for
exanpl e. Advant ageously, the boron content of the
siﬁcaiecglmrleperoz preysalso deet partje iy or capeletalyiedchsd depersling on
?n ﬁty%ifotfhev\ﬁtéqgé? %Q{lgpﬂi rélax UADA It ltHlahéJgnlnﬁ gprocess

stic can be achi eve
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Ig.eggq{axa;log of tag@yptr@gom@jermh@stt%;gyn@gnn%ed by any mate-
ﬁaféptﬁéegewnuhbmhﬁa%dsm&a% G¥dser lagér @fthat was filled into the
(appr oxi mat el y) e same indiumcontent as the rel axed
yercdi®fed material 3 of Figures 1 to 3. Depending on

t he quality of the crystallinity of the InGaN seed
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2010/ 015401PCT/ EP2009/ 005694 14 Anot her exanple for
t he herein disclosed inyentive nmethod is ustrate
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heat treatnment mechanical pressure is applied to the
$hd 3pREY da‘f\t 54 bé.'forh@ae\tnus rétyxeaomeaneaaaﬁacaﬂ (EBpRIMEISY) the

means 7/, q Iston 7, or a pistaon direc onto
sarag rr\dw@heqn trmaa tae relaxedstraied efaﬁtﬁw ergf &*qu%fyéto 4- Bppending
B @eShldigest t8asrystallihinfltd fe IASaN tsekd meowtaxlaufbemrﬂaﬁers on

Reoercparne mabser hiiEa Sabepaceriye 2sons {f tg 510" on'

Witls b GHickhesy ofointo@ raicidnicdereicah dk dbfainetihe st r ai ned

material |ayer, e.g., a wafer may be laid on the

strained material |ayer 3 trough the

Bocongiig Bypdroaliernatise empbdis®nt diffeneniSromm thet dxampiesthownin Figure 3,

ﬁﬁ:ﬁ’éhh?& tI?E?Ws% drfd 4 :'ﬂ%h?ﬂé oOﬁF \Fén%e %r@ ?h Véﬁ of the
er boro e a er

hosphosilT ca ass
elaxafiemstep. Itrhleo pgwtpjﬁ taspartiallyl etejathé sgp%bqrag)mspm%yte glass
kgﬁinatlvely be deposited on the piston 7 rather than
e strained material |ayer 3 before application of
pressure to the strained material |layer 3. The surface
of the strained material layer 3 that is opposite to
the one bonded to first substrate and/or the surface
of the piston 7 and/or the surface of the stiffener
that are applied to the strained material |ayer 3 may
be provided with a relatively rough surface e.g. above
1 nmroughness on a 1 by 1 mcron scan for
facilitating detachnent after the heat treatnent.
Mor eover, for accurate control of the application of
the pressure a piston 7 with a wedge-like or circular



In any case, the formation of winkles in the strained
material layer 3 during the heat treatnent is reliably
suppressed by the application of pressure by the

pressure neans 7. All previously discussed enbodi nents

e, jntended as |imtations but serve a
?‘{0{ 2&??513‘{05‘ SRR GoS604

ustrating features and ggvantages of the i'nvention.

It is to be understood that sone or all of the above

descri bed features can al so be conbined in different

ways. WO 2010/ 015401PCT1EP2009/ 005694 15 C ains 1.

Met hod for relaxing a strained material |ayer,
Anothpr esarmgle darpthe inereiny disclbseds inventive vnatbaor ist ijustratedrin drigure 4.

one . fac . L LAl ' r4 I, 1 _
A e RaRoibCadohBid it FRbRREC o (UL 1 2 dlARYer sébictepre
sentingi ansahawithed  séructueeyie rformedf andrsubject toshead traakivenh daplicated by
tl'f‘et érmsl)'.rﬂie ?a[hglwiched structure, however, only comprises a first substrate 1, a
first borophosphosilicate glass layer 2 and a strained material layer 3 in this order.
During the heat treatment mechanical pressure is applied to the strained material
fayer 3 by some mechanical pressure means 7, e.9., a piston 7, or a piston 7 directed

onto a stiffener laid on the strained materiat layer 3 or a pressurized gas or liquid.

As it is shown in Figure 5 another borophosphosilicate glass layer 8 may be deposited
on the strained material layer 3 or on a piston 7 or on a stiffener laid on the strained
material layer, e.g., a wafer may be laid on the strained material layer 3 trough the
borophosphosilicate glass layer 8 and the piston 7 applies pressure to the strained
material layer 3 via the other borophosphosilicate glass layer 8 and/or the stiffener.
The borophosphosilicate glass layer 8 may alternatively be deposited on the piston 7
rather than the strained material layer 3 before application of pressure to the strained
material layer 3. The surface of the strained material layer 3 that is opposite to the one
bonded to first substrate and/or the surface of the piston 7 and/or the surface of the
stiffener that are applied to the strained material layer 3 may be provided with a rela-
tively rough surface e.g. above 1 nm roughness on a 1 by 1 micron scan for facilitating
detachment after the heat treatment. Moreover, for accurate contro! of the application
of the pressure a piston 7 with a wedge-like or circular cross-section may be pre-
ferred.

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

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

ways.
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2. Method according to claim 1, further comprising bonding a first substrate to one
of the first and the second low-viscosity layers before the step of subjecting the
sandwich to the heat treatment.

3. Method according to claim 2, further comprising bonding a second substrate to
the other of the first and the second low-viscosity layers before the step of heat
treatment to form a second sandwiched structure.

4. Method according to claim 3, wherein the first and the second substrate are
made of the same material or of materials exhibiting coefficients of thermal ex-
pansion that differ from each other by less than 20 %, in particular, less than 10
%.

5. Method according to claim 3 or 4, further comprising detaching at least one of
the first and second substrates and the low-viscosity layer to which it is bonded
after the step of subjecting the sandwich to the heat treatment in order to ex-
pose at least one surface of the at least partly relaxed strained material layer.

6. Method according to one of the preceding claims, further comprising patterning
the strained material layer before the heat treatment thereby forming strained
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11.  Method according to one of the preceding ciaims, wherein the first and/or sec-
ond low-viscosity layer comprise less than 5§ % of weight boron, in particular,

less than 4 % of weight boron.

12.  Method according to one of the claims 3 to 11, wherein the strained material
layer, in particular a strained InGaN layer, is grown on a seed substrate, in par-
ticutar, a GaN layer, deposited on a support substrate before the step of depos-
iting the first low-viscosity layer on the strained material layer; and wherein

the strained materia! layer is detached from the seed substrate and bonded by
the first low-viscosity layer to the first substrate before depositing the second
low-viscosity layer on the strained material layer for bonding to the second

substrate to form the second sandwiched structure.
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16. Method according to claim 2, further comprising applying a mechanicat pres-
sure, in particular, by a piston, to the other of the first and second low-viscosity
layers perpendicular to the faces of the strained material layer during at least

part of the heat treatment.

17. Method according to claim 16, wherein the pressure is applied inhomogene-
ously across the first sandwiched structure, in particular, such that the pressure
varies linearly from one side of the other of the first and second low-viscosity
layers to the other side or is higher in the center than it is at the edges.

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

viscosity layer

a) is omitted and a first substrate is bonded to the first low-viscosity layer and
the method further comprises applying a mechanical pressure, in particular,
by a piston, to the surface of the strained material layer opposite to the one
on which the first low-viscosity layer is bonded, and wherein the mechanical
pressure is applied perpendicular to the faces of the strained material layer
during at feast part of the heat treatment; or
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that is opposite to the one bonded to first substrate andlor the surface of the
piston, and/or the surface of the stiffener that are applied to the strained mate-
rial have a roughness above 1 nm on a 1 by 1 micron scan.



