WO 2010/ 015301PCT/ EP2009/ 004791 Passi vati on of Etched Sem conduct or
Structures Field of Invention The present invention relates to the

passi vation of etched portions of nultilayer sem conductor structures like
portions of buried |ayers exposed by etched trenches. In particular, the
present i nwemed1emspd| ates to the passivation of a buri EETERRUAYMEer
conprising a conpliant material |ayer used for the relaxation of a strained
| ayer enployed in the nmanufacture of sem conductor devices. More
particularly, the passivated nulti-layer structures of the invention are
used in electronic, optic, photovoltaic, optoelectronic field such as for
LED, | aser application. Background of the Invention The technol ogy of the
manuf act ure of sem conductor devices conprises a great variety of etching
processes used for formng trenches and simlar structures in nultilayer
stacks of seipaaiydtion’df Etetrsd SenrivohductorsSiracturesi ts are
typically conprise a |l arge nunber of circuit elenents |ocated on a
given chip area according to a specified circuit |ayout, wherein in conplex
circuits the field effect transistor represents one predom nant circuit

el ement. Generally, a plurality of process technol ogies are currently
practi ced,Figfdesfenveritimn conpl ex circuitry based on field effect transistors,
such as microprocessors, storage chips, and the |ike, CMOS technology is
currently one of the nost prom sing approaches due to the superior
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of the transistors. In the context of conpliant substances facilitating the
enpl oyment of strained thin filnms heteroepitaxially grown on sone seed
substrate etched trenches can be provided for facilitating partial or

conpl et e rgl@uRbliRd oPind IRGestiémi ned thin fil ms.

The technology of the manufacture of semiconductor devices comprises a great vari-
ety of etching processes used for forming trenches and similar structures in multilayer
stacks of semiconductor and insulator materials. Integrated circuits are typically com-
prised of a large number of circuit elements located on a given chip area according to
a specified circuit layout, wherein in complex circuits the field effect transistor repre-
sents one predominant circuit element. Generally, a plurality of process technologies
are currently practiced, wherein for complex circuitry based on field effect transistors,
such as microprocessors, storage chips, and the like, CMOS technology is currently
one of the most promising approaches due to the superior characteristics in view of
operating speed and/or power consumption and/or cost efficiency. During the fabrica-
tion of compiex integrated circuits using CMOS technology, etching of trenches is

commonly performed.



However, in trenches and simlar etched structures the bottom and side
surfaces include portions of material |ayers of the etched nultilayer stack
that are exposed to the environnment after the etching process was

conpl eted. Wien such etched conponents are subject to sone heat treatnent
consti t uenwso miodlsese material |ayers can di ffuse frompeCinErPEMpea®d portions
out to the environnent. The diffusion can severely affect the subsequent
manuf act uri ng steps and performance of 2fi ni shed semi conductor devi ces due
to contam nation of the annealing environnent and the resulting

contam nation of both al ready forned | ayers and structures and t hose
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affect the subsequent manufacturing steps and performance of finished semiconduc-
tor devices due to contamination of the annealing environment and the resulting con-
tamination of both already formed layers and structures and those structures being
formed during the annealing process.

In the manufacture of INGaNOS devices with reiaxed strained InGaN layers, for ex-
ample, the formation of strained material InGaN islands facilitates the relaxation of the
strained layer. The formation of the islands is achieved by etching trenches separating
portions of the strained layer. Relaxation is initiated by a heat treatment of the islands
that are formed above some compliant layer, e.g., comprising borophosphosilicate
glass (BPSG). The heat treatment results in a plastic deformation of the borophos-
phosilicate glass layer and some reflow thereby elastically relaxing the strained InGaN
layer. During the heat treatment, however, boron and phosphorous atoms diffuse out
of the portions of the borophosphosilicate glass material that are exposed at the walls
and bottoms of the above-mentioned frenches. If the heat treatment is performed in an
epitaxial reactor before or during the growth of an active layer, the diffused atoms con-



providing at |east one first material layer; formng at |east one second
material layer that is to be patterned above the first material |ayer;
formng a diffusion barrier |ayer between the at | east one second materi al
layer and the at |east one first material layer thereby formng a

mul til ayer WA #WeK015¥Whd patterning, in particular, etchi REI/EPHEHH7Ileast one
second material |ayer down to but not conpletely t hrough the diffusion
barrier layer and without exposing por 2i ons of the at |east one first
material layer such that diffusion of material of the at |east one first
material |ayer through the diffusion barrier layer during a subsequent heat

treatnment of the nultilayer stack is subst |_al
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Description of the Invention

The above-mentioned problem is solved by the method for passivation of a semicon-
ductor structure including the provision of a diffusion barrier layer according to claims
1 and 2. Thus, it is provided a method for passivation of a semiconductor structure,

comprising the steps
providing at least one first material layer;

forming at least one second material layer that is to be patterned above the first mate-

rial layer;

forming a diffusion barrier layer between the at least one second material layer and
the at least one first material layer thereby forming a multilayer stack; and

patterning, in particular, etching, the at least one second material layer down to but
not completely through the diffusion barrier layer and without exposing portions of the
at least one first material layer such that diffusion of material of the at least one first
material layer through the diffusion barrier layer during a subsequent heat treatment of

the multilayer stack is substantially prevented.

The patterning of the second material layer can be performed by etching trenches or
similar structures, for instance. Whereas the etching may remove materiat of the diffu-
sion barrier layer in addition to parts of the second material layer, it is essential that
the diffusion barrier layer is not completely etched through, i.e. the first material layer
maintains completely covered by the diffusion barrier layer in the etched structures.



providing a nultilayer stack conprising at |east one buried | ayer forned
bel ow a second material layer (in particular, a surface |ayer) of the
mul tilayer stack; patterning, in particular, etching, the surface of the
mul tilayer stack through the second nmaterial |ayer thereby exposing
portions oWQav/gs3dieast one buried |ayer; and deposit iPEEFER2PBHII on
barrier layer at |east on the exposed portions of the at |east one buried
| ayer such that diffusion of material df the at |east one buried | ayer
through the diffusion barrier |ayer during a subsequent heat treatnent of
the nultilayer stack is substantially prevented. In both alternatives the
material of the diffusion barrier layer is chosen such that in a
subsequent |y perfornmed heat treatnment of the sem conductor structure no or
subst anti aaldcyrdmg tdiahfaiteirative bpproash itispovided atroethodiir gegsivationaff atseqnif i r st
mat eri al r fr e etch res i s possible. The choice of the
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constituents fromt surfaces of the nultilayer stack.
substantially prevented

In both alternatives the material of the diffusion barrier layer is chosen such that in a
subsequently performed heat treatment of the semiconductor structure no or substan-
tially no diffusion of constituents (atom, molecules) of the first material layer from the
etched structures is possible. The choice of the material of the diffusion barrier layer
may particularly depend on the diffusion coefficients of the constituents of the first ma-
terial layer and the temperatures involved in the heat treatment process. In particular,
both above-mentioned methods may be supplemented by the step of performing a

heat treatment of the multilayer stack.

By the provision of the diffusion barrier layer contamination of the environment during
the heat treatment, e.g., an annealing atmosphere generated in some processing re-
actor, can be prevented. For example, in the case of annealing of the semiconductor
structure in an epitaxial reactor used for epitaxial growth of a layer useful for the
manufacture of a semiconductor device on the semiconductor structure contamination

of the grown fayer by diffused atoms of the first material layer is prevented.

The step of depositing the diffusion barrier layer may advantageously comprise de-
positing the diffusion barrier layer on side surfaces of the multilayer stack at which



According to an enbodi nent the step of depositing the diffusion barrier

| ayer conprises depositing the diffusion barrier |layer on the patterned
second material |ayer and the exposed portions of the at |east one buried
| ayer and on the above-nentioned side surfaces of the nultilayer stack and
at | east pwaioorss®i the diffusion barrier |ayer deposiPCE@EPZ/SH®1IMat eri al
of the patterned second material |ayer are renoved. The renoval nay be
performed by selective etching CVMP. |f5the patterning results in trenches
separating islands the surface of the islands made of the material of the
second material |ayer are etched (or treated otherw se) for renoval of the
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In particular, patterning of the second material layer may comprise etching trenches
through the second material layer that extend to the at least one buried layer in which
case portions of the diffusion barrier layer are removed such that the diffusion barrier
layer only remains on the bottoms of the trenches and/or the walls of the trenches or
such that the diffusion barrier layer only remains on the bottoms of the trenches and/or
the walls and the side surfaces of the muliilayer stack at which portions of the at least

one buried layer are exposed.

The provision of the diffusion layer is particularly advantageous in the context of the
formation of at least partially relaxed strained material layers that are used for epitaxy
of layers used in electronic and opto-electronic applications, for instance. Accordingly,
it is provided a method for passivation of a semiconductor structure comprising the

steps

providing a first material layer that is a low-viscosity layer, in particular, a buried oxide
layer or a buried polymer layer, made of a compliant material and, in particular,

bonded to a support substrate;



formng a diffusion barrier |ayer between the at | east one second materi al
| ayer and the at least one first nmaterial |ayer; and patterning the at

| east one second material |ayer down to but not conpletely through the
diffusion barrier |ayer and wi thout exposing portions of the at | east one
first mat eMOROIWHFEEIE such that diffusion of material oFCT/EB2N8Y0FEASt one
first material |ayer through the diffusion barrier layer during a
subsequent heat treatnent of the rmltif?ayer stack is substantially
prevented, wherein the patterning conprises etching trenches in the
strained material layer to formstrained material islands; and heat
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the diffusion barrier layer and without exposing portions of the at least one first mate-
rial layer such that diffusion of material of the at least one first material layer through
the diffusion barrier layer during a subsequent heat treatment of the multilayer stack is
substantially prevented, wherein

the patterning comprises etching trenches in the strained material layer to form
strained material islands; and

heat treatment is performed in order to at least partly relax the strained material is-
lands, wherein diffusion of compliant material out of the multilayer stack is substan-
tially prevented by the diffusion barrier layer.

in the alternative method as claimed in claim 2 comprising providing a multilayer stack
comprising at least one buried layer formed below a second material layer of the multi-
layer stack and patterning the surface of the multilayer stack through the second ma-
terial layer thereby exposing portions of at least one of the buried layers according to

an embodiment

the at least one buried layer is a low-viscosity layer, in particular, a buried oxide layer,
made of a compliant material and it is, in particular, bonded to a support substrate;

the second material layer is a strained material layer, in particular, previously grown
on a seed substrate and transferred to the support substrate by means of the first ma-
terial layer;



7 patterning conprises etching trenches in the strained material layer to
formstrained material islands; and depositing a diffusion barrier |ayer at
| east on the exposed portions of the at |east one buried | ayer, etching of
the barrier layer on the strained pattern surface. Mreover, heat treatnent
i s performXDW0/E30 east partly relax the strai ned mat EETEP200Y0ATHs
wherein diffusion of conpliant material, out of the nultilayer stack is
substantially prevented by the diffusi dn barrier. In particular, in the
context of the manufacture of 1 nGaNCS structures that are useful for the
production of LEDs and solar cells, for instance, heat treatnent for
partial or conplete relaxation of strained InGN | ayers that are
heteroepitaxially growm on a GaN seed | ayer and transferred to a support
subst r at e pattemingreorhpises tedghingntremehes rin dess strainedo matetial dayar ta {ororstanedaxi al | y
formed | ayers. nlth ) face of the relaxed strained InGN | ayers can be
heavily afr?%ﬁ?agbswgd%ﬁ used constituents of the conpliant material used
for the relaxation. The provision of the diffusion barrier |layer in
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complete relaxation of strained InGaN layers that are heteroepitaxially grown on a
GaN seed layer and transferred to a support substrate is a crucial step in the process
line. The quality of epitaxially formed layers on the surface of the relaxed strained In-
GaN layers can be heavily affected by diffused constituents of the compliant material
used for the relaxation. The provision of the diffusion barrier layer in accordance with

the present invention solves the problems caused by such diffusion,

According to another embodiment, the diffusion barrier may also be deposited after
the relaxation step of the strained material islands. The diffusion barrier is then etched
to expose the surface of the at least partially relaxed strained islands without exposing
portions of the compliant layer such that no diffusion of elements occurs during sub-
sequent heat treatment as epitaxy of active layers performed on the islands.

It should be noted that InGaN represents only one exampie for the material of the
strained material layer. In fact, the strained material layer may, for instance, comprise
or consist of a lIl/N material chosen from a binary, ternary quaternary alloy.

The above-mentioned low-viscosity layer (termed low-viscosity in order to indicate
compliance and deformation ability, that is for example material with a glass transition
temperature between 500 and 950°C. Most of undoped dioxide materials have for



tenperature between 500 and 950C. Most of undoped di oxi de materials have
for WD 2010/ 015301PCT/ EP2009/ 004791 exanple a glass transition tenperature
above 1200C) can, in particular, be a buried oxide |ayer that can conprise
or consist of a borophosphosilicate glass or an Si 02 - conpound conpri sing
boron or pMEs@ISHS or a buried polynmer |ayer. A reli &TEPI8YeAELI on of
the strained material islands nade of InGaN can be achi eved when the
conpliant material is a typical borophésphosilicate glass conprising about
4.5 % of weight boron and 2 % of wei ght phosphorous. Experinents have
proven that diffusion of boron and/or phosphorous can effectively be
suppressed when t e diffusion barri S&Sp n t
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InGaN islands thereby a free Ga face is obtamed on which (homo)epitaxially can eas-
ily be carried out. To avoid this double-transfer to expose the Ga face (i.e. the lli-
element face) it is also possible to transfer directly the strained InGaN layer from the
N-pofarity face of a donor substrate so that to bond the N-face onto the substrate and

io free the Ga face of the InGaN layer for subsequent steps.



Addi ti onal features and advantages of the present invention wll be
described with reference to the drawings. In the description, reference is
made to the acconpanying figures that are neant to illustrate preferred
enbodi nents of the invention. It is understood that such enbodi ments do not
represent we@e2fiebissscope of the invention. Figure 1 il poSEPz0sedzn exanpl e
of the inventive nethod conprising the steps of the formation of strained
materi al islands above a diffusion barfier layer. Figure 2 illustrates an
exanple of the inventive nethod conprising the steps of the formation of
strained material islands and the deposit of a diffusion barrier |ayer.
Figure 3 illustrates anot her exanple of the inventive nethod conprising the
steps of the formation of strained material islands and the deposit of a

di ff usi on Tharprésnt InvEetion, |fllil'tﬁehﬂofe0|pkwide?.ga s@nmomdmorfsjmomrev.empiisigg a

diff f t t t t
partial of MR ek SPBRIATGR B ESPL RR ety i Feral PRl 1 ¥hear
treat ment whep dbmgay@rstahe ppﬂelsleﬂtanldra/_eifm'snon barr&:_reaxelraiepesitedl at leastwonof t he
descr LPL! 5 GHOYR, 411 SLIb S P RTS8 Sabhi. AL on o
2010/ 0153k seRofifuott Adriictle: IS grovided whereis taa sexang materfal dayealis i@l ayer
tack f t
of o ser COBERFEICE UBL are e LSBT i eHbT peiified Bl HbEaliarkss yat ! on
subst r at e ldxation bf thetpaterredhdsfriedshatedalt teyegl Ee@wdrmy:a. azsermcmm struc-
st o ned BTy 37 1en L g o i et er oBURE ghtphed,
mul ti | ayerbusédEyenasd hodiﬁtmiombarfrier layes defisited tat dgast dn [thesabrtioay of the ats
t f : i ft
tranof o ofest ROC SEBL ML SRR by el Sho SRSl BB 3L %
the Ga pollarer(s}/on TﬂrﬁeatjIeBSUBamailybmiaﬂeérSfﬂaWdrmatemﬁs'"aPﬁ"Fé@d?f elBoldpee? on t he
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gl ass Iayé)r eposi the diffusion barrier layer 4. In the
present exanple this diffusion barrier layer 4 is an Si3N4 - | ayer.

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

Figure 1 illustrates an example of the inventive method comprising the steps of the
formation of strained material islands above a diffusion barrier layer.

Figure 2 illustrates an example of the inventive method comprising the steps of the
formation of strained material islands and the deposit of a diffusion barrier layer.

Figure 3 illustrates another example of the inventive method comprising the steps of
the formation of strained material islands and the deposit of a diffusion barrier layer.

In the following, examples for preventing diffusion of constituents of a compliant mate-
rial layer provided for partial or complete relaxation of a strained material layer during
heat treatment according to the present invention are explained. In view of the de-
scription above the skilled person will appreciate that generalization to any multilayer
structure is straightforward.



The first borophosphosilicate glass layer 2 is deposited on the support
substrate 1 for bonding to the second borophosphosilicate glass |ayer 3 and
transfer of the strained InGN layer 5 fromthe source substrate to the
support substrate 1. The structure shown in Figure 1 is obtained after this
transfer, wooig@smchment of the source substrate. AftectTahmoyeoarssfer the
strained InGaN layer 5 is patterned by etching trenches 6 thereby formng
strained InGN islands 5. The trenche® are etched down to but not
conpletely through the diffusion barrier |layer 4. Thus, the first

bor ophosphosilicate glass |ayer 2 maintains covered by material of the
second borophosphosilicate glass |layer 3. The etching can, e.g., be stopped
as soon as material of the diffusion barrier layer 4 is detected in the
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12 well as a strained InGaN | ayer 22 simlar to the stack shown in Figure 2
I's provided and trenches 23 are etched through the borophosphosilicate

gl ass layer 21 and the strained InGaN | ayer 22. A diffusion barrier |ayer
24 consisting of Si3N4 is deposited on the remaini ng borophosphosilicate

gl ass | ayewo2D1e@iiaBost rai ned | nGaN | ayer 22, in the treREREB209Z004HI at t he
side surfaces of the nultilayer stack as shomn in Figure 3. Subsequently,
ani sotropic dry etching is performed idlorder to remove material of the
diffusion barrier layer 24 fromthe top of the remaining parts of the
patterned strained InGN | ayer 22 and fromthe bottons 23 of the trenches
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whi ch (hono)epitaxy, e.g., of an InGN layer, can be carried out.

Alternatively, the face of nitrogen polarity of the heteroepitaxially grown
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't is desi rn%dm the lower part of the trenches 13 as shown in Figure 2. Whereas this example
includes the additional step of photolithography, it provides the advantage that relaxa-
tion of the strained InGaN islands 12’ by subsequent heat treatment is not significantly
hindered by the diffusion barrier layer 14, in particular, since the strained InGaN is-
lands 12' are in direct contact with the compliant borophosphosilicate glass fayer 11
that causes the relaxation by reflow during the heat treatment. Moreover, relaxation of
the strained InGaN islands 12’ is improved by removing the diffusion barrier layer 14
from the upper surface of these islands. Similar to the example described with refer-
ence to Figure 1 diffusion of constituents of the borophosphosilicate glass layer 11, in
particular, of boron or phosphorous atoms, during the heat treatment is prevented by

the diffusion barrier layer 14.

Figure 3 illustrates another example of the herein disclosed passivation method. A

stack comprising a support substrate 20 and a borophosphosilicate glass layer 21 as



It should be noted that trenches m ght be formed through the strained | ayer
and the conpliant |ayer down to the support substrate w thout the formation
of any d{fLy?}on_barrier ir order to decrease the out diffusion. In this
case, ou i ffusion can only occur at the trench walls, since the bottons
of the treMHe/Hf¥free of the material of the conpli ZRIT/EPE)UIIovever,
provi sion of the diffusion barrier |ayer represents the nost efficient way
of preventing out diffusion of mat er i al portions of buried |layers. All

previ ously di scussed enbodi nents are not intended as limtations but serve
as exanples illustrating features and advantages of the invention. It is to
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InGaN layer 22 and from the bottoms 23 of the trenches 23. The inner walls of the

trenches remain covered by the diffusion barrier layer 24. Since the etching of
trenches was only stopped at the support substrate 20, no diffusion of boron or phos-
phorous atoms during subsequent annealing for relaxation of the strained InGaN layer
22 occurs.

In the examples described above with reference to Figures 1 to 3, an SiO2 layer or
undoped silicon glass of thickness of about 50 nm, for instance, may be deposited on
the InGaN layer before the deposit of the borophosphosilicate glass in order to im-
prove adherence of the borophosphosilicate giass layer to the InGaN layer. The boro-
phosphosilicate glass layers of Figure 1 or the borophosphosilicate glass layer of Fig-
ure 2 and 3 may have a thickness of about 500 nm and may comprise 4 - 5 % of
weight boron and 2 % of weight of phosphorous. The InGaN iayer may have a thick-
ness of about 100 nm and may comprise 5 - 7 % of molar mass indium.

The deposition of the diffusion barrier layer (see reference sign 4 in Figure 1 and ref-
erence signs 14 and 24 in Figures 2 and 3, respectively) at a thickness of, e.g., 10to
200 nm, can be performed by any deposition method known in the art, for instance, by
low-pressure plasma enhanced chemical vapor deposition (LPCVD) or plasma en-
hanced chemical vapor deposition from metal organic compounds (PECVD).

The at least partially relaxed strained (InGaN) islands can be used for epitaxy of a
layer that is useful for the formation of a semiconductor device or solar cells. The at
least partially relaxed strained islands may be transferred to another substrate such
that they show a free Ga face on which (homo)epitaxy, e.g., of an InGaN layer, can be

carried out. Alternatively, the face of nitrogen polarity of the heteroepitaxially grown



2. The nethod of claim 1 wherein the diffusion barrier layer conprises SiN
or Si02. 3. The method of claim1 wherein the thickness of the diffusion
barrier layer is 10 to 200 nm 4. The nethod of claim1 which further
conprises depositing the diffusion barrier layer on those portions of the
si de surfadax20ed/0159e nul til ayer stack where the first [PafaP2008084Iosed. 5.
The nmethod of claim1l wherein the first material |ayer is bonded to a
support substrate. 6. The nethod of cliim 1 wherein the passivating is
such that, during a subsequent heat treatment of the nultilayer stack,

di ffusion of material fromthe first material |ayer through the diffusion

barrier |ayer tantlal gwherein
the formni §§aged ?r}éa YT MYy 4%\5&5%%%&% edzo tﬂ-é]gu es: glﬂ:'rsg\%'\}":'.ct‘oadtbﬁael'Jrsecond
materi al lrétyasd fese facs eegalurh potazityefor tﬁhﬁsubsequent epltaxy process. Obwously, an

~ InGaN structure with a free face of gallium polarity might also be obtained, if it is de-

sired.

It should be noted that trenches might be formed through the strained layer and the
compliant layer down to the support substrate without the formation of any diffusion
barrier in order to decrease the out diffusion. In this case, out diffusion can only occur
at the trench walls, since the bottoms of the trenches are free of the material of the
compliant layer. However, provision of the diffusion barrier layer represents the most
efficient way of preventing out diffusion of material portions of buried layers.

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.



depositing at |east part of the first material |ayer on the second materi al
| ayer; and transferring the first and second naterial |ayers to a support
substrate. 8. The nethod of claim1 4ere| n the patterning conprises
etching trenches through the entire thrckness of the second material |ayer
so as to extend at least to the di rectly under |l ying the second materi al

| ayer. oClaime met hod of claim1 which further conprises formng the

di ffusion barrier |ayer between the first and the second material |ayers;
and patterning the second material |ayer down to, but not conpletely

t hrough, fthe dafrhethodrfobpassiestidrayica semdortdmtorrmmcmreiammrm‘ing:he first
material | ayer becone ex sed. qJ?g The met hod of ¢ {n 1 which f]yrther
conpri ses pattgz}”m"'l'ﬂgat'??éI F%’F‘PHF'”Q&@/@FW%@HEFI rates aayer & fhi ckness

so that pgicki d t PEARIELEPOSR Aiterde

passi vatlﬁlgtlrﬂ u és ﬁrr‘#%ﬁeeﬁﬁ F?r*?ws %&‘E)al’l’l er layer to cover the

now exposeverhong thmﬁrsd)fnettemlflayes‘t material layer. 11. The method of claim
So that the sUPPLERLINERBTURKHISIN 1o (0o hitr Seecert Bt i poser.
whi | e t heppgbbeaniddd Frﬂ'@a CPIUI%‘htyn@ﬁlQ{a'nGb ayer at the side walls of the

i sl ands, between the islan at the side surfaces of the multilayer

stack renmin cpgesivating the mukiayeststack by femaingnaldiffisios; barriae layver tatnat er i al
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further cragtiters topr fsarfacag af gl skedsment teo sscond ahaletiabt lager.t |y
relax the strained material islands, while diffusion fromthe first

material |ayer and out of the rrultllayer stack is substantially prevented

by the di5fusi ?He%émo‘%{r of claim Thﬁhé\% Aok ifs déﬁ @a%mgungﬁﬁ&%es

| ow-vi scosity conpliant naterial conprises one a conp m xture
conpri si nBifNBio®Bi@nd boron, a compound or m xture conprising Si02 and
phosphorous, and a

3. The method of claim 1 wherein the thickness of the diffusion barrier

layer is 10 to 200 nm.

4. The method of claim 1 which further comprises depositing the diffusion
barrier layer on those portions of the side surfaces of the multilayer stack

where the first layer is exposed.

5. The method of claim 1 wherein the first material layer is bonded to a
support substrate.

6. The method of claim 1 wherein the passivating is such that, during a
subsequent heat treatment of the multilayer stack, diffusion of material from
the first material layer through the diffusion barrier layer is substantially
prevented.

7. The method of claim 1 wherein the forming of the mullilayer stack
further comprises:

growing the second material layer on a seed substrate;



16 borophosphosilicate glass and the strained sem conductor materi al

conprises a Goup Ill-nitride material or a binary, ternary or quaternary
alloy of a Goup Ill-nitride materi al 14. The method of claim 13 wherein
at | east part of the exposed face of ﬁe strained, second material |ayer

has Group I'll elenment polarity he net hod of claim12 which further

conpri ses epi t 4xpesiting gt @@ﬁ’h@aﬁ°|fﬁ}%ﬁr%miﬁef@r'ﬁﬁ@rOfi‘rﬂi%ﬁ‘?%ﬂndo'fﬁ‘aifﬁ@ surf aces
of at | ea&&ﬁ dof the partially relaxed islands of strained sem conductor
mat eri al , érein the further material conprises a sem conductor suitable
for fabricati otrandéfetidy theviilsband Isesend deatedaklayers fthatsoppott aubstiate. ces.

8. The method of claim 1 wherein the patterning comprises etching
trenches through the entire thickness of the second material layer so as to

extend at least to the directly underlying the second material layer.

9. The method of claim 1 which further comprises forming the diffusion
barrier layer between the first and the second material layers; and patterning
the second material layer down to, but not completely through, the diffusion
barrier layer such that no portions of the first material layer become exposed.

10.  The method of claim 1 which further comprises patterning the second
material layer through its entire thickness so that portions of the first material
layer become exposed; and the passivating includes forming the diffusion

barrier layer to cover the now-exposed portions of the first material layer.

11.  The method of claim 10 which further comprises removing portions of
the diffusion barrier layer so that the surfaces of the islands of the second
material become exposed, while the portions of the first material layer at the
side walls of the islands, between the islands, and at the side surfaces of the

multilayer stack remain covered.

12. The method of claim 1 wherein the first material layer comprises a low-
viscosity compliant material, and wherein the second material layer comprises
a strained semiconductor material, and which further comprises performing a
heat treatment so as to at least partly relax the strained material islands, while
diffusion from the first material layer and out of the multilayer stack is

substantially prevented by the diffusion barrier.

13.  The method of claim 12 wherein the low-viscosity compliant material
comprises one of a compound or mixture comprising SiO; and boron, a

compound or mixture comprising SiO, and phosphorous, and a
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borophosphosilicate glass and the strained semiconductor material comprises
a Group lll-nitride material or a binary, ternary or quaternary alloy of a Group

[ll-nitride material.

14. The method of claim 13 wherein at least part of the exposed face of the
strained, second matenal layer has Group lll element polarity.

15.  The method of claim 12 which further comprises epitaxially growing a
layer of a further material on the surfaces of at least one of the partially
relaxed islands of strained semiconductor material, wherein the further
material comprises a semiconductor suitable for fabrication of LED devices,

laser devices, or photovoltaic devices.



