Rel axation of Strained Layers Field of Invention The
present invention relates to the field of strained
wo apenss4and conpl i ant substrates for applicati BPCI/EP20D91605694
manuf act ure of sem conductor devices useful in
el ectronic, opto electronic, photovoltaic field and,
in particular, to the relaxation of strained
het eroepitaxial 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 i nstancRedgstatioiy of Straitted dLayears not
avai |l abl e or are too expensive, useful terials are
often formed by heteroepitaxy on seed substrates. In
the field of light-emtting sem conductor devices or
solar cells there is a need to grow heteroepitaxial
| /N materials on substrates as sap phire or
F'e@éct,qﬁxgﬁv\%é\’/'lér when materials are forned by
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with alimted thickness such that neither crack nor

di sl ocation occurred in the material. After trans fer

é?ﬁfgrbﬂﬁ?%ﬂﬁé ARRiftoH al filns to another substrate

ese filnms can, for instance, be used for epitaxial
growt h of Iayers used in electronic and
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paréEficgﬂg-:'t ?rg%sngg ayer ofﬁgfnn?édmséffé%%h Shatefigl Aty are caused
by misfit compressive or tensile strain and the corresponding generation of disloca-
tions and cracks. Thus, film of materials are formed by heteroepitaxy with a limited
thickness such that neither crack nor dislocation occurred in the material. After trans-
fer of the heteroepitaxial films to another substrate these films can, for instance, be
used for epitaxial growth of layers used in electronic and opto-electronic, photovoltaic
applications. However, thin heteroepitaxial films are strained due to the misfit of lattice

parameter and the quality of epitaxial growth or subsequent steps can be deteriorated.

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

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



above a substrate that avoids or at |east alleviates
t he above-nenti oned defects. Description of the
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method for relaxing a straihed material |ayer
according to claim1. The method conprises the steps
of depositing a first |owviscosity |ayer conprising a
first conpliant material on one face of the strained
material |ayer; depositing a second | owviscosity )
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reflow of the first and the second | ow viscosity
| ayers is caused thereby at |east partly relaxing the
strained material layer. The term"lowviscosity" is
used to indicate conpliance and deformation ability of
Descriptiopef thgdaventien | ayer during the heat treatnent
(see al so discussion below). In particu lar, the heat
treatnment at a tenperature above the %I ass transitjon .
Thetabopemaentioned groblem isrsoluedeby thelraeihpd fefsrelaxing a strained material
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conplete re laxation, if it is desired, without the
formati on of defects. Conplete relaxation can be
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uration of t eat "treat nent_ process. A first

anothep fageefdhesirainedisaatesal layerdrdown afiiet sanpwichedstiucture; and
second | owviscosity |ayers before the step of
subj ecting the sandwi ch to the heat treatnent. This
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strainedtratenallayem second sub strate may be bonded to the
ot her one of the first and the second | ow vi scosity
| ayers before the step of heat treatnent thereby

Thef tFriT“RAV-RisEESIHN G G86UIYd THakshts compliamice 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.



conprising both substrates, both |owviscosity |ayers
and the strained material |ayer. The second sandw ched
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substrates that may be nade3 e.g., of sapphire or sone
Si conpound provides the advantage that buckling of
the strained material |ayer during the relaxati on heat
treatment can reliably be prevented. In fact, the
first and the second substrates act as alnost infinite
A finst silsstrades heayi eabordtead oconer of thefirstandribersesond tavavisensity layers

ity PRSP B PR hTOFL o B AR T8 gyt

mightt Eélad%htﬁgécﬁ!sllyabsédiiwrtran“s'fm febrh @t sgedosubstratenen that the stralned

mat3ieh ipye s NEPRBtPRRI Gt betorand. Hufieiiore. a second sub-
straf@t‘h‘é?'b%' bor%’e@ftSrtﬁé"oYhertJh% ofi thée tirsthdt the seeemd tbw-viscosity layers
subsfrates are nade of the sanme naterial or at |east

befase tharsiep afshest tgatment theeby ifermaingsa seceR@saadwiched structure
; | stanat
conBH R L PALE ek LBy i o trl yer

ring the
treatnment due to a significantly different expansion

Theosrne‘,g]% h ﬁh?fﬁz\e?%ﬂi‘gﬁgétcr .pr?sﬁj\lgﬁéqfr%ta% ?.\éegecomesug%gtes that
ma)&dd&ﬁé@@e@gsqu dapphine oersome I$i tcbatpouhe provides thﬂ advantage that
en coe;f|0| nts ion

bucklsi Qb6 sheiEdineenar s SuingeRa tantn Raliaawent b refably

be ﬁ%@@m@dsﬁﬂ% cihecfirst éh'@tth’é eec@nm”eamfat@sabbyastaahba infinite rigid
during the heating to |imt the risk of disassenb
E L}%antly re-

meghaaida Sﬁﬁe’ﬁiﬁlql’é'"éf thepheat treatment dhatTsiPREGRSES; @F éﬁf‘
duc8 shh&fl g@?ﬁ aJh% Sovi aﬁHQiﬁFyr 18t s r@?érkaﬂbﬁ fo?"thé’)étréhﬁbd material
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GAS/ Ge, SlC/AINor GaI\VAIN Alternatively to bonding
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thathe GGaa% ARRVGHoS SRURF CRUREHEREAUENS erhach Lerpgy gue to a
&grﬁﬁcanw AifferéftEXpdh&§ien lop Both dideB T tikx stf@ihed hméﬁ:lda)ie‘r The mate-
bondi ng the second substrate the nethod conprises

rialsapid $henthicknessesanl thel syhstialas way jadvaaiageeusiu e gipsgn such that
the ?H%t\?&sr@%g\aﬁfﬁb%@ﬁ Rbfrichtd bf fHerRBre3RMRA is low enough at the
reflow temperature so that the second sandwiched structure is mechanically stable
during the heating to limit the risk of disassembling, cracks or splits of the substrates.
The coefficients of thermal expansion of substrates may differ by not more than 20 %,
preferably by not more than 10 % and even more preferably by not more than 5 % at
the reflow temperature. For example, the first and second substrates may be chosen

from the couple of Si/SiC, GaAS/Ge, SiC/AIN or GaN/AIN.

Alternatively to bonding a second substrate to achieve the second sandwiched struc-
ture some (mechanical) pressure may be applied to the strained material layer to

avoid or dampen wrinkles that may form during the heat processing (see also descrip-



| ayers (the lowviscosity layer to which the first
substrate is not bonded) perpendicular to the faces of
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the heat treatnent. The prekssure may be applied in an
i nhonogeneous manner across the strained mate rial
| ayer, in particular, such that the pressure varies
linearly fromone side of the other of the first and
second | owviscosity |layers to the other or is higher
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cal means, such as direct contact with a piston, or with another semiconductor wafer,
or with a gas or liquid compressed by a piston. The pressure may be applied at low
enough temperature such that the strained material layer is not wrinkled. The structure
can be heated up to a temperature at which the BPSG (or low viscosity layer) flows
while the pressure is applied. It is possible to optimize the magnitude of the pressure,
the rate at which the pressure is applied, the rate at which the temperature of the wa-
fer is increased, and the duration of the high temperature and high pressure applica-
tion in order to minimize the amplitude of the wrinkling, or increase the wavelength.
The pressure may also be applied at high temperature, after the wrinkles have

formed.

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

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



structure in an i nhonogeneous manner. For exanple, the
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strained material layer without mediation by a low-viscosity layer. Alterna-
tively, a stiffener, e.g., a wafer, may be laid on the strained material layer and
the pressure is applied to the stiffener and thereby to the strained material

layer during the heat treatment.

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

ductor device or solar cells.
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TheI f?r%? ;nélgr the second low-viscosity layers can be deposited in the form of buried
oxide layers each being a compliant material layer. In addition, an SiO; layer or un-
doped silicon glass or a SiN layer may be deposited on the strained material layer in
order to enhance the adherence of the low-viscosity layer to the strained material

layer.

According to a particularly useful example the strained material layer comprises or
consists of InGaN which is useful for the production of LEDs and solar cells, for in-
stance. It should be noted, however, that InGaN represents only one example for the
material of the strained material layer. In fact, the strained material layer may, for in-
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sufficient reflow at high anneal temperatures from 850 °C up to 950 °C but a sufficient

C\?/elgﬁt boron |n order to guarantee

mechanical rigidity at lower temperatures (about 800 °C) involved in epitaxy on the
relaxed strained material (see description below). In addition, phosphorous my be
present at 1 to 3 % by weight, in particular, 2 to 3 % by weight.

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



rel axed strained material (see description below). In
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above-descri bed exanpl es of8 the herein discl osed

method for relaxing a strained material |ayer, the

strained material layer, in particular, a strained

InGaN | ayer, nay be grown on a seed substrate, in

particular, a nmassive or conposite seed substrate with
substrateNandabendask by dhe S doweadscesity '%Y@pyé@r“?e St subglrate before de-

posﬁ’gégpg t%]elaagnétlgsp Vide gﬁgﬁ)ﬂetr'tﬂ?t ish eféercﬁﬁd @Vﬁﬂﬂatﬁﬁgﬁdtéﬂal on the

I's the mat er |
strafniedanatediairizyer ifarl bdralyreg tqat’mh $dfu@nsltwstlet¢ toafoemi the second sand-

wioh S S RE0Ro] bE b 357385 68 8o Wpupe may e
perféﬂhéa rb@;tmebslfnmﬂsr @UTD@Iet:hﬁ@oQﬁ&at&l&mgnlﬂasboﬁﬁ\bffsmaniq)ae or any
| ayer that ﬁ_he second tgglahant nmat.er.i al

othes SUdPBlEdmRiEd: T VS, EgOP GepaRE DIy B4R SRgHR] aver that was

traﬁfébégf R thelffst RbAtrhftecHPEMRRNERDE rélaxB8dn %E:bék@bbl&@ with the pre-
tachnent of strained |ayer fromthe seed

sentinyentiae nay be performed by the SMART CUT (r)
technol ogy, etching, laser lift off technique or any
ot her suitable nethod. Thus, a heteroepitaxially grown
In case af peldr stiaioed ahatergler sudhathat\disN tmatatale randdfor exameple a c-plane

Intgélgrﬁ%atgilﬁgiﬁém%heseﬁﬂgnvgﬁébi'g%gttlll-é/n \a}g\z r{tgééﬁiegaélp aIIovx% the choice of
the fadeabf tHe biGed rmulbeiai ol fiee Slycmtetdﬁiaclzhrhém ofather firat er &l second
an eria

f | - I .
subFtent P P ConTeRae ey Tack 2y 2 CBr Er dpGaN gnaterial
aﬂe@f‘eléfﬁlofnaéiép ﬂ’fat@ﬁaﬂhﬁ@éﬂ& JBita1e Ar Subséd@sht it

detachnment of the first or the second substrate. Thus,
one can free the Ill-polarity face as the Ga face for

Fur‘fh’éﬁﬁ&l’e‘mths rflrﬁI lofk \tllgfosﬁtsl i3yért hRdop P sbBGHid Iow-viscosity layer may

partlcu ar | sui tab or subseggent egltax
confpuise sy amoespthm@yet seitableierabsething glec omaghativ mdiatian in order

to f? ayé%dg%t% %ieﬁ??ﬁért esorqﬁrtrém CWHGS&%S 135S JPBH%@ know in

I nNg e omagne icra
the iant. Gheéemateriaf aft tHe absarbihgt elettnemagridticenadidtiontreay be for example

sing SRR PP Sl S8 b o Bl BN | °°

rad| ation may be for exanple SiN or other nitride
In 16885 P! PYRPION ST oe APCEORYS R TOREY dFapIEg e that the ab-
sorpih (BFerdiahe "t"Fs‘fq’oWJ\‘/ﬁsfcoélﬂﬁla%r is arranged at the interface of the first low-
viscosity layer and the first substrate and/or the absorption layer of the second low-
viscosity layer is arranged at the interface of the second low-viscosity layer and the

second substrate in order to avoid damage of the at least partly relaxed strained mate-

rial layer.

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

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



sorption layer of the first |owviscosity |layer is
arranged at the interface of the first | owiscosity

WO 20180160l t he first substrate and/ or the absoP@EI/ERI909/005694
| ayer of the second | owiscbsity |ayer is arranged at
the interface of the second | owviscosity |ayer and
the second substrate in order to avoid danage of the
at least partly relaxed strained mate rial |ayer. The
herei n di scl osed nethod for rel axing a strained

vicmompriaingltasréornnatioa\ eff atdeast pastiallyarelaxed stainedymaterial according
b o] n v I
o e T PR oSN 80 b RStk cctefitily of o
moegitagiatlp grewing romaterial yer on the farneddeatt leasti partiallyl retexed strained
or,e, Prov

mathiigh oA PEh At AL PRGN Te AP stiaPed T aBiat Bny. 2ier removal

of eft%é&tth@'ﬁafsdbtstrbt%aﬁigeﬂﬂfrtwlﬂi the first Povedisebsiti A§Er or the second
erial according to one of the exanples described

suba%@t@éog%thar with tﬂrféfe%\ﬁ*dpm\ﬂwsgb 1aygki al Iy or
honoepitaxially growing a material |ayer on the forned
at least partially relaxed strained nmaterial, in
Furher.t itcigl provided aeaamdealn@d atiugture | aflesdat feast reattial relaxation of
erl f
stralf tdsrt[nr geltnal ﬂ(ﬁ? Eﬁeﬁ;grftlb?lhr Y he ‘T’érass? plag&a}_llglerg%ggﬂkgr ﬁeroetayer is in
InGaN arideswstram arelis sapphare. oget her with the second
| owviscosity layer. Further, it is provided a
sandw ched structure after at |east partial relaxation

It |sqfroﬁﬂé(|ﬂilbr$@ddfvmheglsa+uctm eefore nnﬁaifttar atilleast pdreala’eldxeasm of
rtially rel axe

strag@gsrp?@lrlggls@,n Sj |Wﬂ%{€ﬁp§érenp¥e§ in ?ﬂtb\/‘?"& ga;cgs@ layers, in particu-

lar, BRNEMEdedratiddaler 8 i aic4ae anadhébbey smﬂistrb%%séreﬁﬁéhgﬁhre orin
rel axation of strained material islands in I nGN an

silicopenches in both | ow viscosity layers, in particu lar,
the relaxed strained layer is in InGN and the both
substrates are in sapphire or in silicon. Furthernore,

Furthermerepitdy poided sandwi ched structure, conprising in
this order a first substrate; a first |owviscosity

a sana fiChed? structtﬂenggmgpg ﬁé lﬁa{hlé Breetr

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.



a second | owviscosity |layer; a second substrate,;
wherein the strained material |ayer and the second
WO 200igebsity | ayer are patterned into islandBCT/EP2009/005694
separated by interspaces ad#l the first and the second
| ow-vi scosity |ayers have the property to reflow at a
tenperature above the glass transition tenperatures of
the first and the second | ow viscosity
| ayers. Addi ti onal features and advantages of the
Addjtiopatfeaturas antliasivaniages of thieprasebtigventian wilibecdesasibed avith ref-

el BB o B SRR Bhaoh OB, gt banin

figuigsethat aedmeahowdi inistiate prefened embaxdirents df the mventien. |t is under-
st ood t hat nt s do prese

nb
stocsk §Rbsuah ¢BOSMAT AOAOL FegeRet 1 141 SEPPS PLiheLfventon

exanpl e of the inventive nethod for relaxing a

strained material |ayer conprising the steps of
Figurgrinillugjrates anmmpé@o%heuevqm@edaﬂtﬁpﬂ §q>rrfglaa<m9 a strained material

Iayel? g@ﬁ@ﬁ@hﬂ%'étéﬁf&ffo&ﬂi@znggﬁ%\ﬁﬁggg sHELRYE toMpRiting! d'66rophos-

| ayer to respective
phosmba;tergiasessamv@ andobelowithg strainedamaligrishlayieseofr ln&adt and bonded to

heat tr I

st SURARE e SHBE g 1 BB B3p 5P Rk
mat eri al | aﬁer V\/ne][ ein the sltral ned material |ayer is

il £ RS el £ o U g7 SRR, Fling

straféed lareéteﬁémmje& vwﬁeﬁehue thé \6emfline/d n’iﬁittehedla‘y@”r i$ @Jaaoerngd ahereby
strained material |ayer wherein the strai negﬁmaterl al

formmgeaslargdsmwérrers@a'eﬁﬁéle@WVﬁOWﬁ\ﬁbaN'smaﬁ%&a ¥€bpen
interspaces. Figure 4 illustrates an exanple of the
i nventive nethod for relaxing a strained materi al

Figueey & illstrades anatbensxampleanf dbe iprvestve anethoshfpn selaxing a

r I I
e GBIy o BB 5 ¥ nereny
forrminanislandsf andh@pienvieterispace®et hod for rel axing a
strained material |ayer conparable to the one shown in
Figure 4 but with a borophosphosilicate glass |ayer or

Flgarheshl iflhsthatespam \exaethlé wf timedinaehtige trhethapfar aataxing & strained
t he pressure.
materlall?ayer wherein external mechanical pressure is applied by some pres-

sure means to the strained material layer during heat processing.

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

the pressure.

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



As shown in Figure 1 according to an exanple of the
present invention a nulti |ayer stack representing a
w@andmsehed structure is formed and subj ect t oPCGEEP2009/005694
treatnent (indicated by thdlarrows). The sandw ched
structure conprises a first substrate 1, a first
bor ophosphosilicate glass |layer 2, a strained materi al
| ayer 3, a second borophosphosilicate glass |ayer 4
and a second substrate 5 .Thus, in particular, the
Thust naupaarﬂcn’arerthalstrayed ®aterialatayer chds &gnotvmhed by two low-

visce i BRBat ErBhe et e e R REs IR 2 RRe s

bor ophosphosilicate glass layers 2 and 4 al |ow for

Ther Y@ 1PATViFSGRIY SOMANSPhGA ORNSTRATT LTe, SRRHYFIF ehand 4 al-

low FoP TRNADRX BRI &K 1d2eicaRPERIXaEOAUY e atRSnedThaRsial layer 3
stiffeners to avoid_any significant buckli ng of the
¥

andsﬂﬁal‘h@cﬁ%'@tﬁawhﬂﬂyé’i the pregephexpmuledp xboﬁraﬁeph"e Sub-
stra?é’?e §<§tré9§ Bfiffe Fsefd o3y ﬁﬁ?ﬁ&arﬁ%@cl&m@' @ﬂ”ﬁle' ﬂ%‘med mate-

hat was eteroeplta lally grown on seed
rial layegr3.deposi t ed on sone support substrate and
transferred to the first substrate 1 by neans of the
first borophosphosilicate glass layer 2 . The I nGaN
In the Ipresent emnmlpile;,eth@ &rainedOm@terialnayear 3i mdyure anctpldree InGaN

i S B i AT LAY S SRR SRa6L S48 o some

supBo%ﬁbMtéram@@ﬂMé@éd aotthedksesabsfratdia by meafs of the first
about 100 nm In order to_enhance tft]e adher ence

borpphawRitPsIliRae 913 AY SR e NS InGaRLfilm may ERBPrises) 5 to 30 %
of n{?ﬂ%?@ﬁ’kﬁﬁﬁh%ﬂ'th@%ﬁ:k%'e%sof'tﬁléeth?aN'J‘ﬂIrﬁ'r@aﬂ/%\éeétp]@%rﬁfrom 10 to

i ckness nm nay deposi ted on
300snmaiRredenadlysr thel |'1Cé@|8rfl|31 cemprisesh@bowcan fi%npf molar indium

for gﬁgg:‘i(ﬁ Q?%?%gé'f@\,?\t&fa% dﬁfn bor ophosphosi | i cat e

Payer rans er to the first substrate 1
t he second bor ophosphosilicate glass layer 4 is

in 38250 5FhaRe" B hAfEiete! BB, b SR FrRERREIr o ane
the d!ﬁstSbNd‘pHdﬂpmi@mIlmeté glasyllayertthan \Silaclayef of letHickieeés of 10 -
100{,%}%{?&?&%&@8@%@ o&na@é %?@gsgﬁgperial layer 3, e.g., the InGaN
film, before deposition of the first borophosphosilicate glass layer 2. After
transfer to the first substrate 1 the second borophosphosilicate glass layer 4 is
deposited on the free surface of the strained material layer 3, i.e. on the N
face of the InGaN film. Again, an SiN film may be formed on the N face of the
InGaN film before deposition of the second borophosphosilicate glass layer 4

in order to improve adherence. The second substrate was bonded to the sec-

ond borophosphosilicate glass layer 4.

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



in order to inprove adherence. The second substrate
was bonded to the sec ond borophosphosilicate gl ass

WO 20164015401 Bot h bor ophosphosi | i cate gl ass | ayer BCHED200%005694
fornmed of the sanme materiall2to avoid stresses or other
asymmetric influences on the strained material |ayer 3
caused by different reflow properties during the heat
treatment. The first and second borophosphosilicate
gl ass layers 2 and 4 may rise 4 - 5 %of weight of

to aklfemomicnodnetens aphe meamréhsangmk@esne& lofdBe ggspectives borophos-

phoe“%gﬁé;gii ll‘a&eqtsazfa%v& 1 g{eo'éﬁbgﬁ t @?a%{)gf\ g rélgfatlon of the

he Tespective oro
straiieab mdtasiar lay2r 3ndildbearaehEdwesken, the faster the
rel axation of the strained material layer 3 will be
achi eved. The sandw ched structure shown in Figure 1

TheI §aﬁdWi%%bGdst@ﬁct%ré YRR Feg@ie abeuwWnfHleGtt® tSEtQ)erature of
Fast reflow of _the conpliant material is eﬁpec
eg&péected at

abogt .3;9@0?@ HPg#PQ eFPpe':r%ﬁtJreé@“t Rhthe LorRlianngiese
sucﬁ éﬂfltméfttpitocéﬁ%ee@n?dlow@ Sincet tl?é‘dn@%WWMn is pro-

bgtrate Consi der, f i nst ance,
tectetirlat thedfirst@d second pubstratesat @ndeb.m smat ch be tvveen

the grown InGN filmand the GaN seed | ayer on which

it was grown of about 1 % . For this case, a sanple of
Conbider? foasnstantaf ar‘al%wtm«neddnmlemr(mnetaetaétIt:ﬁ mtsmaatch be-

wephRe o B5AN o hod FBTRAR e (9P 5P B FegdB fown o
abogz_.) guo &UTFQ)rSﬂhW\A&aSG Bi gaimplel oft1 mnberaatw Meeadtyeedte”rgi 10 mi-

w t hout
cromefersda O e et e ahp hompichaly Jelitad SRRt TBfE will be
achgé@q) 2511eattrl?eét‘iﬁéﬂt”@ﬂtﬂ@%ﬁhdﬁicﬂe@’@fru&Uré snﬂivhel‘ﬂilﬂ“d%ure 1 at

trenches (interspaces) in the |ayer there
temp@raﬁungs etxsgedm %80 oFi withpyt aausing any algndficai Q+tré<<!tn9 of the

rem%?gsﬁl}égr,gf@ﬁg{r@?? 2?);: re 2 the continuous strained

igure 1 was etched to form
trenches before the dep03|t|on of the second

Acc%g{jt%ghg Fﬂ?ﬁé% :e'xggrﬁ@e gﬁé %t%@%djm\ﬁ%ﬁ%lgl a{c’e‘?tgggoﬁgpﬁ@ed by
etcmhgatréﬁdhé@t(mteﬁdpalctesj iihlthet lager thereby forming strained material
islands. In the sandwiched structure shown in Figure 2 the continuous strained
material layer 3 of Figure 1 was etched to form trenches before the deposition
of the second borophosphosilicate glass layer 4. After the second borophos-
phosilicate glass layer 4 was deposited on the strained material it fills the
trenches completely. Apart from the step of patterning of the strained material
layer 3 the manufacture of the sandwiched structure is the same as the one

described with reference to Figure 1.

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



trenches conpletely. Apart fromthe step of patterning
of the strained nmaterial |ayer 3 the nmanufacture of
WQ pHSEH0M ched structure is the sane as the OPEI/EP2009/005694
described wth reference td3Figure 1. Another exanple
of a nultilayer stack conprising a strained nateri al
| ayer that is to be relaxed by conpliant materi al
during heat treatnment is shown in Figure 3 . In this

exanpl e, the second borophosphosilicate glass |ayer 4
siliosde gcﬂmtayetrefbmv als® b@rnarhaltmrmnmlﬁgéyrﬁdseed &epending on

the aat}lﬁt'rxhgf te Bl ]mgpeq S&HH?” nd ﬁ% F efdhiny' process,

boro ospho a er ral ned
agaimt e aiadwfaetur@ afamqoaahdwmdad))stmbwﬂen'gs theersanes asr the one

6. | | 2 . .
desilped BT Baesanes dp abFe dongrapeis i Kt A Ammanen in Fig-
ure Qrd18Ratid bff tie trained sidteriapikiard< B |§Indtmmeémd by any mate-

Apart fromthis etching process,

“a|r%fnUTeaé?9%d droropbosphasilicatey géa%faa' ne4 @af s dilledyinto the

treridh@sone described with reference to Figure 1. Conpared
to the exanpl e shown in Fig ure 2 relaxation of the
strained material islands 3 is not hindered by any

o |
AT, i RS STRERS T ARTRERIRE R e 0y 197 phe strainec
mateeladvisiands stowmensfigares® anted) ak. lafiperteBmaiatiingof ghe heat

trealigny and SOSHQEH dTabfisaliaviEh el TnEtREl ahd AraPhlifidte 1 and

the disht ??fzﬂpem\ugr?gﬂltdaz@fgﬁﬁtjwkyéﬂ@cahrba:data&;hetdhm bidestto get ac-
subs S r

ot it hardie F sl CpoptoTRAse LLeolS Bty an oo

use@qofr f{‘ﬁ@m%f)eélbﬁuéﬁ* @*&Qttﬁbf ahrlﬁ¢a|N1ﬁa)¥rf fdrrexXdmprnds) '

hat can be used hono) epi taxi ally grow h of an
InGaN | ayer, for exarrpl e. Advant ageously, the boron

Ad\%%é&%%lﬂ&&} Sorm eﬂné%m%w?omh ébéﬁ&%&oaha§§hwusate glass

% of wel t such
layesu2 fis diedowl yomiegh toeh |°/ovwf(\pemattt|wcd|eﬂmtrmts|umgleaay1 high reflow

achi ev I t he heat.
358, S e B A ek 498 SRS R tempera
turensr avbdeds 30 °Celvup eyomicurentiyhat suffieieintwadididyg isnpravided at tem-
pera ulrteg)ﬂwg mvoli]vedelngfhe epl(t)ama?growt% e.g., about 800 °C.

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

with a thickness of 1 to 3 micrometers can be obtained.

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

layer 2.



The epitaxy can be perfornmed with rel axed | nGaN
materi al of (approxi mately) the sane indium content as
wao beoneldaxed strained material 3 of Figures 1 POI/BP2009/005694
Dependi ng on the quality oft4the crystallinity of the
I nGaN seed | ayer epitaxially grown |ayers on the
rel axed strained material 3 with a dislocation density
of about 5-1 05 to 5-1 09 cnR with a thickness of 1 to
3 mcronmeters can be obtained. According to an
Anottier exxamples foretie duireirdisclpséd inventive oathed iseillupisated in Figure 4.

e GHEABGIR Seiuk AT RGEDIABACT 3 Gt s oo

senfirg) amahuwmheu@pructmead; sarmeaisand babject tpaheat didagmenic(indicated by

the second boro S i cat I 2.
the aawS) d MegranchaTee Srptues Boueusl. PRGsiises 4 ik Ststrate 1, a
fi rst'ﬂdrHﬁﬁds%thllltétnglM fayér 2°8nd i !;tﬁ’éin@dfbﬁéileﬂﬂniayer 3 in this order.
descri b with reference to Figure a multilayer

Duriggalbr h%?ir teatment ﬁ@e@%\/mm& dJ8 rQRPﬂ'Eﬁ’ doj @ef Sf%%d material
laye?@%f%@%ﬂeéh%nﬂ%mf)rﬁgg% fedhs ¢ BY. Cé‘b%‘t’orpy 6rh§ )r/nston 7 directed

he san structufe,” however,
ontacastifferardaid onithe istrainedtmatesiallayer 3 pr atpressurlzed gas or liquid.
bor ophosphosilicate glass layer 2 and a strained
material layer 3 in this order. During the heat
As it isestiowin Figurbhanathepbersphosphiosiliaplel glass tayet 8enay be deposited

on thefvainea @elgnal ey 8§ o a iy8 TplE Aoy HERRARE strained

mat@rigitlaférc ey, , bahélfeﬁlﬂnéWBeSéldacbm&ib Bﬁélﬁéd ahatesglelay8r Grtrcmgh the
pressuri zed gas or gw d, As jt shown in Fi

bormﬁh?s'm%@'ﬂ%pﬁ&’ and theypistan ? ey pr‘?%irsué%l{o e strained
matgf=?£’l‘3l§}4ére§i \ﬁ’i‘tﬁé"%th%trrb'ﬁré‘&%s'ﬁﬂbﬁihta}é dlé’ééerayar Bfaﬁtﬂoﬁthe stiffener.

or on a stiffener laid on the strai ned
Therm:zrepln@ﬂphpam@ate giaﬁ layar fanay alierpalively hedenesited on the piston 7

rath%F {I'?dnh psﬂ%'ir?{ | fiat ér@ﬁgeﬁ 3tt5é?b‘r%h%ﬁﬂe?l|§atlorhof pressure to the strained

oro Ss |layer pi ston
matapa:ll Iay.er d Mheswrface of trt&astsamad madieniad layer 3| thahlyeﬂppgsm to the one

conshF o SHARLBRINER S, BRI Ry HPIS or o

stiff@hdrethabaevappliedao depetrained matehlablapelss omay’be prévdded With a rela-

vl G S ESSHEY AR SRS, e gy gt

detddhnidif? afteF HeReatPdRient. Maneeiers férf‘a’?dcuréie @PRIGI dfthtapplication
the one bonded to first substrate and/or the surface

of the pressuse & gistan Znwithya Weggelike AT CiEpularHerogs- ﬁ??téwemay be pre-

fe"%@at are applied to the strained material |ayer 3 nay
€ provided with a rela

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

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

ways.



tively rough surface e.g. above 1 nmroughness on a1

by 1 mcron scan for facilitating detachnent after the
woeab/otent nent. Moreover, for accurate contr oPCHEPI0A005694

application of the pressurdSa piston 7 with a

wedge-li ke or circular cross-section nmay be pre

ferred. 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
Clainn® pressure neans 7. All previously discussed

enbodi nents are not intended as limtations but serve

as exanples illustrating features and advant ages of
1. t héiéthoe fdrirelaxinigta stsained beatenial dayer ocoomprisng somre or  al |

of the above described features can al so be conbi ned

in different ways.Clains 1. Method for relaxing a

st IgapBSiting RSt |lv-vistoelty layerBh iodk facelentheistiairg:daméieriat layer;

| owviscosity |layer on one face of the strained

materi al |ayer; depositing a second | ow viscosity

aﬁ%goﬁﬂnélg‘ge%ﬁd g %ps%sughﬁyélt 6bRSMeMBicRr dfdhe sB¥Med material

rma first sandw che ructure; and subjecting

th@y‘errt@formﬂmt saedwiched struetura;@nd heat treat ment

such that reflow of the first and the second

| ow-viscosity layers is caused thereby at |east partly

re slubj>eicti|gg theefirst sandwicherhsteudtaie tozy beat teatiienhsuch that reflow of

? |C 'g‘% in%g%fﬂg geqo&djlﬂgfvg%éo(gﬁg |«'=}%/%nsg 0}79539 ﬂg&géngt %ast partly re-

| ovaning BrRsittaindchirateridvefyere the step of subjecting the
sandwi ch to the heat treatnent. 3. Method according to

claim 2, further conprising bonding a second substrate

2. to M&ﬁo@%ﬁ@érdm‘ tbrt%lfrl 1 %nﬁ&%dﬁ&@r@@&ﬁhlh@wmsmvhte to one

| ayers before the step of heat treatment to form

se®bithe firshans éhﬁséle@f\dd@Wdﬁ%COSlW 'E}V@(%Baf%%&f@r%!ﬁﬁg)f gublecting the
cl %'aﬂh\glch\’\@%ﬁhgattt?&tﬁie%t and the second substrate
t

e sane material or of materials
exhl biting coefficients of thermal ex

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



pansion that differ fromeach other by less than 20 %
in particular, less than 10 % 5. Method according to

W@REVMNBODr 4 , further conprising detachi ng aRCT/BR2IDI/005694

10.

11.

12.

one of the first and secondésubstrates and the
| owviscosity layer to which it is bonded after the
step of subjecting the sandwich to the heat treatnent
in order to ex pose at |east one surface of the at
| east partly relaxed strained material |ayer.
l\/emrraielrlaldsland$,nlg pastieier, of latae! ﬁ!@@'@%@@'&fgg W@n 0.5 mm, sepa-
fur b g patterning the strained materi al
%‘Ea gfrgégé%ggheat treatment thereby form ng
st rai nedmaterl aI i slands, in particular, of |ateral

5 RG22 L B P iy potmes

t h%eﬁdré&iéﬁfb@ntlﬁgttﬁéls@coh@y@ﬁ vistopity l@éﬂ@d bogH ¢hiee strained material
depositing the second | ow vi SCOSI ty | er 0

th §
' Taaranchiae SPratd [y uscasil B e ARGl A ERISIS the sec-
| vy I@\R/Qn%tsﬁfH%F’oﬁftﬁe?&trﬁﬁé@%étém layae. sec ond

| ow-viscosity 1ayer on the strained naterial |ayer. 8.
Met hod according to one of the preceding clains,

wh q\h&h?d ta@?orlf‘ifr{g?fﬁ% SRthé p'r@éedn?a &5intd Wéréﬁst&e rlsl.tra ié'n.ed material

consists o mat er1 al rticular

Metldngeat canpoisds ng consista ®f df/Ntatepiak drepamigular.dn@aN.

wherein the first and/or the second | ow viscosity

| ayers conprise or consist of borophosphosilicate

gl asethoBRICHrdig BNofé ©F the pragedinydclaiomy isdrain therfost amd/or the

hosphor ous. t hod according to. of the -
Sr @@Eapqﬁ dowvgc%ltyw\%y@f% CAMPFge H)égqonﬂsg é:? horephasphosilicate glass

perBpsE brain S0, BBMpAURE Roftfpriging! 26k oB BRosKRorbus.
partl cﬁarr OItzeast p%o 0C. p11 gl\/let hod gccﬂfﬁdl ng to

one of the precedl ng clains, wherein the first and/or

S e%ﬁﬂgg | R riRf eV of tﬁf;‘ ?eé‘é&‘ﬂb’ blﬁﬁné ‘%ﬂferélhﬁtﬁe 5e%’f ﬁ’éatment is

oron, I'n particu |'ess t han % of wei ght
bomemformEd amtthmoem@r@rﬁlai@a% BBQeCom namcwarauatrkeaat 890 °C.
11, wherein the strained material layer, in particular
a strained InGN layer, is grown on a seed substrate,
i n Methotliacebmling to Gad\of theeprecedipg sildimd, wheeeirs thxpbirst and/or sec-
su%sntdr I%Evevgcecfs?tyqa)t/erecosmptp ise ress $Ran 5 % of weight boron, in particular,

less than 4 % of weight boron.

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-
ticular, 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 material 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.



iting the first lowviscosity |layer on the strained
material |ayer; and wherein the strained materi al

WO 20164015481 det ached from t he seed substrat e andPGUEBMG9/005694

13.

14.

15.

16.

17.

18.

by the first |lowviscositylfayer to the first

substrate before depositing the second | ow viscosity

| ayer on the strained material |ayer for bonding to

t he second substrate to formthe second sandw ched
structure.13. Method according to one of the preceding,

cl Metbodvacerrding tocorte @fsthelnﬁe@edlrsgzglglmy whgyein tlam&vabﬂow viscosity

| SR B SRR Y BT B RR RS PSRl per s
s e @biedfos dbtchatent of the fivkt dratlorf the sebendraubsteaté.ur e of a

sem conduct or device, conprising the forma tion of at
| east partially relaxed strained nmaterial according to

Onwtlétf\od Fiﬁ ﬁhé&néﬁt@faﬁmr? blilbr§|&r’r|1i6d$\11:lu.fct,t:Frtdwice;;1 @ﬁp'rdrislnggthe forma-
epitaxially growing material |ayer(s) ont rmed at

Eion o5 ptbast RANaseeKest SEARRITALE Al Bheording 16 Re o the pre-
parcbhﬁl 'aéms?Cédd"ﬁjrfhéy%Bﬁw‘b}lsfn?reﬁfé%dll‘}?gjrbﬂfhg fhalkgm layer(s) on

| aser ovol tal ¢ accord
théheprfetm@iarﬁt lenst portiahyrrelaxednhstrained gnaterighr in partigular, active

[el &t) iaj{ ||§£t|dnsmal. El'ése""oryh% Sftélegeﬁ'ﬁd wher ei n

he ’ep y grown or me
III-face poI arity 16. I\/Ethod according to cl a|m2,

54 S L BB RN g en
S eménblquaaom Nymbtyial and ehpeinlitioe bpitasiallyt grewindager is per-

of the str d material |ayer during at |east part of
théoﬂﬁ't‘?éio’ﬁa‘é’aﬁ'ﬁf@ﬁ? po '?V-I\/Et hod according to clai m 16,

wherein the pressure is applied i nhonbgeneously across
the first sandw ched structure, in _particular, such

t hafethpd q@p@sgrw to glaime2, fUrthenpPyIPFisiBehanplying @cmeeharnigal pres-
ot g Qf\ fdrr 5Y a ??ﬂoﬁ%otﬂg ot df'tﬁéﬂ%t%d'@é@ﬁ& Idvviscosity

the o e or her I'n e center than it is
at Iay&ss @@gw\dlqaar tbbmhdacat obthﬁ stepined enateriallayeihdyringat least

%aift&ﬁb$§1ggF Q%HenPg the second | owi scosity | ayer

irst substrate is bonded to the
flrst | ow vi scosity |ayer and

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.

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

viscosity layer

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



the met hod further conprises applying a nechanica

pressure, in particular, by a piston, to the surface
w@Roes48t rai ned material | ayer opposite to thECORER20091005694

which the first |owviscosil8y |ayer is bonded, and

wherei n the nmechani cal pressure is applied

perpendi cular to the faces of the strained materi al

| ayer during at |east part of the heat treatnent; orb)

is replaced by the step of depositing a | ow viscosity

Iayer on at |east one surface of a stiffener, in

r t t

PoR; SlsPlaced BYEIHE! 518 H RS R0 & vk 4pbsibyegePhn'dideast one
t he fsurfdcel afva stiffenesiin yoartiqa(ar, amaferterrangedanh theratherrface of the
conpri ses [ Vi a _nechani cal essur [ . .
a1 tinaed Al Todrcird 1 SpauBles adndey 1 e firstlow-viscosity
SE i ffl@pgf aﬁ?me irf*ettlmuommhtae gbﬁhptlbés apﬁlymgtaigf&d?hnatﬁressure in
strained material |ayer an endi cul ar

the fRRESUIAF, B PigtPRi Ser?a'f@ ?hé;?(éf? %ﬁh%tglsaqpms'te to the
| east o@bitatfed f%ethE%%tauferdetﬂbterFﬁNayellQnd belilélﬂperpendlcular to the

according to claim1 18, wheréin the surface o

t he sfacesmidhe agtv@quwmatersald@mmr@gt at leqst pae qfotﬁeemeat treat-
to fifs E" substrate and/or the surface of the piston,

and/ or F]e surface of the stiffener that are appli ed

to the strained mate rial have a roughness above 1 nm

on I\ﬁet%og accorrgln | e 16 to 18, wherein the surface of the strained layer
that is opposite to the one bonded to first substrate and/or the surface of the
piston, and/or the surface of the stiffener that are applied to the strained mate-

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



