Passi vati on of Etched Sem conductor Structures Field of Invention The
present invention relates to the passivation of etched portions of

mul ti| ayewoerwoissmmduct or structures |ike portions of becrapéopersst exposed
by etched trenches. In par ticular, the present invention relates to the
passivation of a buried oxide layer conpris ing a conpliant material |ayer
used for the relaxation of a strained |ayer enployed in the manufacture of
sem conductor devices. Mre particularly, the passivated nmulti |ayer
structures of the invention are used in electronic, optic, photovoltaic,
optoelec tronic field such as for LED, |aser application. Background of the
I nvention The technol ogy of the manufacture of sem conductor devices
conprises a_great vari ety of etching.processes usa&afo form ng _trenches
and si m | ar PassivationnofuEtched gSﬂiEk@Qndbltﬁ ﬁoé@fb‘cnt\‘ﬂgei%sul at or
materials. Integrated circuits are typically comprised of a |arge nunber
of circuit elenents |ocated on a given chip area according to a specified
circuit layout, wherein in conplex circuits the field effect transistor
repre sents one predom nant circuit elenent. Generally, a plurality of
process Fietdhaobinvgnéionare currently practiced, wherein for conplex circuitry
based on field effect transistors, such as m croprocessors, storage chips,
and the |like, CMOS technology is currently one of the nbst prom sing
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layer structures of the invention are used in electronic, optic, photovoltaic, optoelec-

tronic field such as for LED, laser application.

Background of the Invention

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 complex integrated circuits using CMOS technology, etching of trenches is

commonly performed.



known. In the manufacture of small-sized transistors annealing may be
included in an attenpt to provide tensile or conpressive strains to channel
regi ons iwoeotb@rsioe en hance the performance of the tramgirairoscod7or t he
context of conpliant substances facili tating the enpl oynent of strained
thin filnms heteroepitaxially grown on gone seed substrate etched trenches
can be provided for facilitating partial or conplete relaxation of the
strained thin films. However, in trenches and sim|lar etched structures the
bottom and side surfaces in clude portions of material |ayers of the etched
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heat treﬁttrmagttamaismm filmd) a pI astic deformation of the borophos phosilicate

gl ass layer and sonme reflow thereby elastically relaxing the strained | nGaN
| ayer. During the heat treatnent, however, boron and phosphorous atons
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are exposed at the walls and bottons of th bove- nenti one
t he heatCludedartiens of malesial ayatsdof thegtched multllayer stack that are exposed to the

environment after the etching process was completed. When such etched compo-
nents are subject to some heat treatment constituents of these material layers can
diffuse from the exposed portions out to the environment. The diffusion can severely
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 relaxed 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 trenches. If the heat treatment is performed in an
epitaxial reactor before or during the growth of an active layer, the diffused atoms con-



epitaxi al reactor before or during the growh of an active |layer, the

di ffused atons contam nate the reactor atnosphere and the grow ng |ayer and
t hus af f ewD 2pswdfissomance of the built active layer. It i ®ecrmrom@opriobl em
underlying the present invention to provide neans to avoid diffu sion of
material portions of buried | ayers expdsed by etched structures at the

i nner walls and the bottons of trenches etched in nmultilayer stack
arrangenents. Description of the Invention The above-nentioned problemis
sol ved by the nethod for passivation of a sem con ductor structure

i ncl udi ngndifiste Pk attaratafosphelief dndsthergrbwing layer andthuaaffectiperformanse®fns 1
and 2. Thus, it |is provided a nethod for passivation of a sem conductor

st ruct urt@e bé’ﬂh?)‘itl@i'%gert he steps providing at | east one first materi al

| ayer; formng at |east one second naterial |ayer that is to be patterned

above the first mate rial layer; formng a diffusion barrier, |ayer t ween
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| east one first material |ayer such that diffusion of nmaterial of the at

| east one first material |layer through the diffusion barrier |ayer during a
subsequepbséiption of tiierindentlort he nul til ayer stack is substantially
prevented. The patterning of the second material |ayer can be perfornmed by
etching trenches or simlar structures, for instance. Wereas the etching
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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 material 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.



conductor structure, conprising the steps providing a nultilayer stack
conprising at |east one buried | ayer fornmed below a sec ond material |ayer
(i n partiwolarooissesur face |ayer) of the multilayer stackcrpebéosnnimg, in
particul ar, etching, the surface of the nultilayer stack through the sec
ond material |ayer thereby exposing pordions of the at |east one buried

| ayer; and depositing a diffusion barrier |ayer at |east on the exposed
portions of the at |east one buried |ayer such that diffusion of materi al

of the at |east one buried | ayer through the diffusion barrier |ayer during
a subsequent heat treatment of the nultilayer stack is substantially

prevent ed. both alter atlvest e.material, of the diffusi Ler: | ayer
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parti cul ?folv?ﬂuiig(?ﬂ-ﬁtﬂl%get B&cd éﬁ)ﬂﬂ)zi'si?{e@ §OehSt &t@ﬂ&r%@fay&h%rﬁ%sﬁéléwemééc of

the firs er an eratures involved in the heat

t r eat menonermaberi Jayien (lpapa:rimuaraa suutat:a layteo)ef the mylblayer stackiods may be
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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

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 layer 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



constituents of the first material |ayer frompatterned trench-Iike
structures (inter spaces) can be prevented but also diffusion of these
constit uewbefwmssoihe side sur faces of the multilayer gtampo0decowding to
an enbodi ment the step of depositing the diffusion barrier |ayer comprises
depositing the diffusion barrier |ayerson the patterned second nmateri al

| ayer and the exposed portions of the at |east one buried [ayer and on the
above-nentioned side surfaces of the multilayer stack and at |east portions
of the diffusion barrier |ayer de posited on the material of the patterned
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oxi de ond material layer are etched (or treated otherwise) for removal of the material of the

diffusion barrier layer previously deposited on the second material layer.

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 multilayer 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;



| ayer or a buried polyner |ayer, nade of a conpliant material and, in
particul ar, bonded to a support substrate;formng at |east one second

mat eri al weyero/aihit is to be patterned above the first RETEP2I0QI0047aYer toO
forma nultilayer stack, wherein the second layer is a strained materi al

| ayer, in particular, previously grownéon a seed substrate and transferred
to the sup port substrate by neans of the first material layer; formng a
di ffusion barrier |ayer between the at |east one second naterial |ayer and
the at least one first material layer; and patterning the at |east one
second rfatneing @it ldamy ene dewond oaterial hayer datgs ¢o be patternagdgbavechdifirstugaten
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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;



on a seed substrate and transferred to the support substrate by nmeans of
the first ma terial |ayer;patterning conprises etching trenches in the
strai ned wateromab3ohayer to form strained material islan#gsT/EReaodeqosi ting a
diffusion barrier layer at |east on the exposed portions of the at | east
one buried layer, etching of the barridr |layer on the strained pattern
surface. Mdreover, heat treatnent is perforned to at |east partly relax the
strained material islands, wherein diffusion of conpliant material out of
the nultilayer stack is substan tially prevented by the diffusion barrier.
In particular, in the context of the manufacture of InGaNOS structures that

are useful for the production of |EDs and LSy 1. ' . peat
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support substrate is a crucial step in the process line. The quality of
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by such diffusion. According to another enbodinent, the diffusion barrier

may al so be deposited after the relaxation step of the strained materi al
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i slands. It 'should be noted that InGaN represents only one exanple for the
material of the strained material layer. In fact, the strained materi al

| ayer may, o 8kubPSh IR BonfeXBf thePmahufeRilie 9 IGaROE Stridtumisehafareciisefain
froma bi n%ry, ternary quaternary all Oé. The above-nentioned, | ow vi scosity
| ayer (t éarribel proguctioscafsiERs iandoyadarr cells, fatdnstanee, heat treatment for partial or

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 example for the material of the
strained material layer. In fact, the strained material layer may, for instance, comprise

or consist of a IlI/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



conpliance and deformation ability, that is for exanple material with a

glass transition tenperature between 500 and 95C0C. Mdst of undoped di oxide
mat er i al swbava/fissoexanpl e a gl ass transition tenperaturecalmre@b@H00C) can,
in particular, be a buried oxide layer that can conprise or consist of a
bor ophosphosilicate glass or an Si Q2 - 8conpound conpri sing boron or
phosphorous or a buried polymer layer. Areliable re laxation of the
strained material islands made of I nGaN can be achi eved when the conpli ant
material is a typical borophosphosilicate glass conprising about 4.5 % of
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first material layer, in particular, of boron and/or phosphorous of a borophosphosilicate

glass or an SiO, - compound comprising boron or phosphorous.

As already mentioned the herein disclosed methods are particularly useful for the
manufacture of semiconductor devices comprising the epitaxial growth layers on at
least partially relaxed strained material layers. Thus, it is provided a method for the
manufacture of a semiconductor device, comprising the passivation of a semiconduc-
tor structure formation according to one of the above examples, and further compris-
ing epitaxially or homoepitaxially growing a material layer on the formed at least par-
tially relaxed strained material, in particular, at least partially relaxed strained material

islands.

The at least partially relaxed strained material may be transferred to another substrate
before epitaxy. For example, in the case of partially or completely relaxed strained
InGaN islands thereby a free Ga face is obtained 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-polarity face of a donor substrate so that to bond the N-face onto the substrate and

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



The at least partially relaxed strained material nmay be transferred to

anot her substrate before epitaxy. For exanple, in the case of partially or
conpl et elwonreloamszbist rai ned | nGaN i sl ands thereby a freecGxrb@omoirol

obt ai ned on which (hono)epitaxially can eas ily be carried out. To avoid
this double-transfer to expose the Ga Pace (i.e. the Illelenent face) it is
al so possible to transfer directly the strained InGN | ayer fromthe
N-polarity face of a donor substrate so that to bond the N-face onto the
substrate and to free the Ga face of the InGN | ayer for subsequent

steps. The present invention, furthernore, provi des a sem conduct or
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described with ref erence to the draw n%éh In the description, reference is

made to least erecbupcmiateg PPgaeLdytthatpalieening And. i aF’F'!“BEt Fometisingragtive
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not represe pe o e invention. Figure 1 illustrates an
exanpl e piotovadtaicdevite layerns pwndﬁﬂﬂmrem ng the steps of the formation of
strained material islands above a diffusion barrier layer. Figure 2
Illustrates an exanple of the inventive nmethod conprising the steps of the
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.



formation of strained material islands and the deposit of a diffusion
barrier layer. Figure 3 illustrates another exanple of the inventive nethod
conpri si ngot2om/@asmps of the formati on of strained materipal/Eradcanogoand t he
deposit of a diffusion barrier layer. In the follow ng, exanples for
preventing diffusion of constituents ofo a conpliant mate rial |ayer
provided for partial or conplete relaxation of a strained material |ayer
during heat treatnment according to the present invention are explained. In
view of the de scription above the skilled person will appreciate that
generalization to any nultilayer structure is straightforward. Figure 1

shows an_exanple of a multila tack for accor dance he.herein
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bor ophosp 05|I|cate gl ass layer 2, a second boraophosphosilicate gl ass |ayer

3, a di fdomyrises easuprart supsirata tarrfirst borenhesahosiiate 10iaasr lager 2 A SgcPRde
(upper) b%%%?hoglﬂcaégr@é{ﬁ er 3 %'dffftgwﬁ bhd¥fla ra@‘én\&aé sftr%'ir@%dlr@aN
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| nGaN ddayer Switls tarfesec(uppeh) Gaaaceaﬂm somerdetaif, élnlsmmultllaeersappbmasngmed ase
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subs quesliﬁbugfeﬁamemngﬂbmrapkfes la:homelswapbﬂ syibatratel dyiee fréewase dfposi ned
atop of the diffusion rier |a t he present exg e, thi

di f f usi dAaNdayeret hﬁam%@ palag é?‘?r\ﬁffus'f’% Fr'erfliﬂ%erf APedy“aégbsed

bor ophosphgid N ftleCo0| SN llayeT 5 %ridssﬂﬁé%%éh@,d tHEn séb@\dslbbmm{osﬁblbﬁﬁcfaiée 1
for bonding to the second borophosphosilicate glass |ayer 3 and transfer of

the str 89|ﬂ%€d|aVﬁ(5&Masa§@035€¢re\§W phthesdiffpsian Q@Hﬁfr'av%f 4.dnithe PEessRd exam-
subst ratrﬂe %hlsgn‘ﬁls Flé’ﬁ%g?hfﬁw@aﬁ Y Agu[?gll is obtained after this

t ransf er’, t he source strate. After the transfer the
strained I nGaN Iayer 5 is patterned by etching trenches 6 thereby formng

o D AR Gl B SR Y gBhSAEH 2 oby bl 1 ror
bor ophossditirid toctheesecond borophosphosilicate glass layer 3 and transfer of the strained
InGaN layer 5 from the source substrate to the support substrate 1. The structure
shown in Figure 1 is obtained after this transfer, i.e. detachment of the source sub-
strate. After the transfer the strained InGaN layer 5 is patterned by etching trenches 6
thereby forming strained InGaN islands 5. The trenches are etched down to but not
completely through the diffusion barrier layer 4. Thus, the first borophosphosilicate
glass layer 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 etching atmosphere or a significant change in the etching

rate is determined.

After the patterning of the strained InGaN layer 5 the multilayer stack is subject to heat
treatment resulting in some reflow (plastic deformation) of at least the second boro-
phosphosilicate glass layer 3 and thereby relaxation of the strained InGaN islands 5'.
Due to the provision of the diffusion barrier layer 4, no constituents of the first and
second borophosphosilicate glass layer 2 and 3 diffuse in the annealing atmosphere
generate for the heat treatment process and, thus, no contamination of subsequently

grown layers is caused.



gl ass |l ayer 2 mmintains covered by material of the second

bor ophosphosilicate glass |layer 3. The etching can, e.g., be stopped as
soon as maDepiwl1si the diffusion barrier |ayer 4 is dePettEPdononoi’he
etching atnosphere or a significant change in the etching rate is

determ ned. After the patterning of thdlstrained InGN | ayer 5 the
multilayer stack is subject to heat treatnent resulting in sone refl ow
(plastic deformation) of at |east the second boro phosphosilicate gl ass

| ayer 3 and thereby relaxation of the strained InGaN islands 5 . Due to the
provi si oMVhereashthisiekampleoof therinventiviegyassivationanetbad thias tbetasivantageeofffastst
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may af fect the relaxation process. In particular, the diffusion barrier

| ayer 4 Wit reference tedvigyeed-e rel axati on of the strained InGaN islands 5'.

An alternative nethod is described with reference to Figure 2. As shown in

Figure 2 a nultilayer stack conprising a support substrate 10, a boro

phosphosAkishaa igl Rigerd aye multilayerdstacls icoeipmisthgl a1 Gapp o yseibsttatei $0,pa doraled.
St ned |
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wal I s of the conpliant |layer 11 and at the side surfa on the multilayer

_ d de surfaces RSN
stack. N@neddn firpednpianddryasiy - Subpequentyy a diffusion bargetiayet 4 PASIINA isenove
the mat egLglsili on the strained InGaN islands 12, in the trenches 13, at least at the trench

walls of the compliant layer 11 and at the side surfaces on the multilayer stack.

Next, a photolithography step is performed in order to partly remove the material of
the diffusion barrier layer 14 such that this diffusion barrier layer 14 is maintained on
the side surfaces of the multilayer stack, at the trench walls of the compliant layer 11
and in 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 layer 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



the diffusion barrier |ayer 14 such that this diffusion barrier layer 14 is
mai nt ai ned on the side surfaces of the nultilayer stack, at the trench

wal I's of Wheowdnpiotant | ayer 11 and in the |lower part ofPCTHP2WOMBES 13 as
shown in Figure 2. Wereas this exanple includes the additional step of
phot ol i t hography, it provides the advalt age that relaxa tion of the
strained InGaN islands 12' by subsequent heat treatnent is not
significantly hindered by the diffusion barrier layer 14, in particular,
since the strained InGN is lands 12' are in direct contact with the
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|l ayer 24,4 pqupeé he top of the remaining parts of the patterned strained
InGaN | ayer 22 and fromthe bottonms 23 of the trenches 23. The inner walls
of the trenches remain covered by the diffusion barrier |ayer 24. Since the
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rel axati mdoqnbdtslﬂmostgiaameﬁthiqktmss phgleut 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 glass 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 layer 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



22 occurs. In the exanples described above with reference to Figures 1 to
3, an Si2 | ayer or undoped silicon glass of thickness of about 50 nm for
i nst ance,woayionaszeposi ted on the InGaN | ayer before thecispeeviooahlt he
bor ophosphosilicate glass in order to i mprove adherence of the

bor ophosphosilicate glass |layer to theldnGN | ayer. The boro
phosphosilicate glass |ayers of Figure 1 or the borophosphosilicate glass

| ayer of Fig ure 2 and 3 may have a thickness of about 500 nm and nmay
conprise 4 - 5 % of weight boron and 2 % of wei ght of phosphorous. The
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the
di f f usi oAl lpsevivesly idisansged arobemicestssare Aet Bliendad PRJINVIAONR RULiSeYR8S, out
di ffusi ngacrﬁ&eg rfl“étr%‘t\iﬁé”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.



at the trench walls, since the bottons of the trenches are free of the
material of the conpliant |ayer. However, provision of the diffusion
barrier Iwpaniwepsesents the nost efficient way of preveotriergooowo47di f fusi on
of material portions of buried |layers. Al previously discussed enbodi nents
are not intended as limtations but set4e as exanples illustrating features
and advantages of the invention. It is to be understood that sonme or all of
t he above described features can al so be conbined in different ways. d ai ns
1. Method for passivation of a sem conductor structure, conprising the
steps prOMigisng at | east one first material layer; formng at |east one
second material layer that is to be patterned above the first materi al

| ayer; formng a diffusion barrier |ayer between the at |east one second
materialq | ayajiefad fbNSaskivdtRATIF acsemitbhdictomstarctire, temprisingenebtepbor m ng a
mul tilayer stack; and patterning, in particular, etching, the at |east one
second material |ayer down to but not conpletely through the diffusion
barrier |ayer W i Lpns of the at | east one first
material |ay rr%g@& %‘ﬂ%’gtﬁ?ﬁﬁ r@%te@%ﬁ Iraf]gtlaf'e)'ri al of the at |east one first
material |ayer through the diffusion barrier |layer during a sub sequent
heat treatment of t ltilayer st i t. al) VSR

Met hod for paftggm?gﬁqg?\é%fonﬁ S?éﬂpggﬁ%gﬁ?lﬁyez#ﬁ%%?g&r Le)8 p@ﬁﬁ{)}{efdm ng 3 g%gstteps
provi di ng a nmbtdriafleger;st ack conprising at |east one buried |ayer forned
bel ow a second material |ayer; patterning, in particular, etching, the
surface of the nultilayer stack through the second material |ayer thereby
exposi Ng por t{;ofHq0d diffiRich barfidslayeNBetNdenafle latYeadt onarsecory asateriialdayer

diffusion barrier "l ayer at | east On the exposed portions qf th? Ef<t
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 por-
tions 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 sub-

sequent heat treatment of the multilayer stack is substantially prevented.
2. Method for passivation of a semiconductor structure, comprising the steps

providing a multilayer stack comprising at least one buried layer formed below

a second material layer,;

patterning, in particular, etching, the surface of the multilayer stack through the
second material layer thereby exposing portions of the at least one buried lay-

er; and

depositing a diffusion barrier layer at least on the exposed portions of the at
least one buried layer such that diffusion of material of the at least one buried
layer through the diffusion barrier layer during a subsequent heat treatment of

the multilayer stack is substantially prevented.



| east one buried | ayer such that diffusion of material of the at |east one
buried | ayer through the diffusion barrier |ayer during a subsequent heat
t r eat mentwof2otonasvul ti | ayer stack is substantially prevenra®®9/odMsvhod
according to claim2 , wherein the step of depositing the diffusion bar
rier |ayer conprises depositing the dififusion barrier |ayer on the
patterned sec ond material |ayer and the exposed portions of the at |east
one buried layer; further conprising conprising renoving at |east portions
of the diffusion barrier |ayer deposited on the material of the patterned
second nét er i MethadyaccordingMetdiaich acwbeddim¢he etepl afi deRysititigethei diffpsion dani ng
of the second .material |ayer conprisgs ching trenches throu t he second
e al | ayePoh Rut SrmBiNes dSRngt R ilon BairleTav o e balfprontsEe
portions of tbed dhdtbral RYeband itké expyssd pbRioheBTVRE HUSHstt drid blihéd thyleusi on
barrier layer_only remains on the bottons of the trenches and/or the walls
of the trenchB¥thg§hGOMRESEOde surfaces of the nultilayer stack at which
portions of the at |east one buried | ayer are exposed. 5. Method according

to one of the preceding clains, wherein the step of deposit ing the
di f f usi on bar ¢9MBPrising semevingrat deast pepissistaf e difusionibargeviaysndenasited®per on

si de surfacesth%fmg{gﬁapy{%gﬁﬁqﬁ)ﬁn@m%ﬁghﬁgggti ons of the at |east one

buried | ayer are exposed. ccor claim1l, wherein the first
material layer is a |lowviscosity layer and it is, in particular, bonded to

a support sub ate; the second material. | ayer .is traine terial
Cayer 1 # par U peCalfind Gy o Bkt neteeins of 4t ReaT AR RRBYRY ¢ oo
to the supporgoraphsds atchiryy trepeties Biroddietid BetoriBhRitérmdl Ihperethat eRnd to
patterning conprises etching trenches 1n the strained material |ayer to
form the at least one buried layer and wherein 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 and the side surfaces of the

multilayer stack at which portions of the at least one buried layer are exposed.

5. Method according to one of the preceding claims, wherein the step of deposit-
ing the diffusion barrier layer comprises depositing the diffusion barrier layer on
side surfaces of the multilayer stack at which portions of the at least one buried

layer are exposed.
6. Method according to claim 1, wherein

the first material layer is a low-viscosity laver 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 material layer;

the patterning comprises etching trenches in the strained material layer to form

strained material islands; and



strained material islands; andheat treatnment is perforned in order to at

| east partly relax the strained material islands. 7. Method according to
cl aim 6, wbaensinsiohe heat treatnment is perfomed before sdepEeRdamom7of the
di ffusion barrier layer. 8 Method according to one of the clainms 2 to 5,
wherein the at |east one buried |layer 16 a |l owviscosity |ayer conprising 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 substheat ereymemtds pedbrrad irf order tavat leastpartinyelax thesstrained material
conpri ses etqhing trenches in the strained material |ayer to form strained
mat eri al isldﬁ@E,&and heat treatnment is perforned to at |least partly rel ax
the strained material islands, wherein diffusion of conpliant material out

of the nmultilayer stack is substan tiall, revented, by the diffusiaq
barrier.79. I\Mgﬂl@é econding g Q'@Ji”bﬁe“@P’Q'Kéﬁ%ﬁ‘ﬁaﬁéreé,tmgmaﬁdp%%orﬂﬁi:%ﬁ{et he

| ow-vi scosity, [ WidsRmh 1artieeialeéyer and conprises or consists of a
bor ophosphosi?‘%p?aélﬁ{gngcﬁet@%gor san Si O|2 -bcorrpound conpri sing boron or

phosphorous. 10. Method according to claim9, wherein the conpliant
material Si s bor opho L L glﬁ-.as, thgparticular, conprising 4.5 %
of wei gh?' bofwﬁﬁlé’ﬁog]cf%%gg%\ebb%%%ﬂ‘p%%sp 02r })@ug 11. Method according to
claim9 or 10, wherein the diffusion barrier |ayer comprises or consists
of SiNor SiQ2 12, t had _accordi n 0 e : i ; ein
the strained WRE®N &/\% %‘39@% lﬂﬁ'%je%ysér)gcaof?(s'\f'\zlp cgosg*ngﬁl (I%/ N h’sﬁge?wgﬁ{

chosen from ap|Rinkftateridiindat ig, musdrecular, oatieédyo 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 material layer,

patterning comprises etching trenches in the strained material layer to form

strained material islands; and

heat treatment is performed to at least partly relax the strained material islands,
wherein diffusion of compliant material out of the multilayer stack is substan-

tially prevented by the diffusion barrier.

9. Method according to one of the claims 6, 7 and 8, wherein the low-viscosity
layer is a buried oxide layer and comprises or consists of a borophosphosilicate

glass or an SiO, - compound comprising boron or phosphorous.

10. Method according to claim 9, wherein the compliant material is a borophospho-
silicate glass, in particular, comprising 4.5 % of weight boron and 2 % of weight

phosphorous.

11.  Method according to claim 9 or 10, wherein the diffusion barrier layer com-

prises or consists of SiN or SiO,.



13. Method according to claim12, wherein the strained material |ayer
conprises or consists of InGN. 14. Method according to one of the clains 6
to 13, wwoenrn/tib®istrai ned material |ayer is transferredTimrosmomao4massi ve
[I'l/N material substrate and the exposed |ayer face polarity is the I

el ement - face. 15. Method according t one of the preceding clains,
wherein the diffusion barrier |layer is deposited at a thickness of 10 nmto
3 microneter, in particular, 10 nmto 200 nm 16. Method for the

manuf acture of a sem conductor device, conprising the pas sivation of a
seni condit oiMethod caceorifigtorene af the axdaiotisng to d 1omibecdin tthe stlaiiedsmaterial 14,

d f h e : ol | . .
21 east par doT SpmtfssScy Endhts el TN thafer (RRSR) Y 2 by, ey "¢
partially relqmeéjng,tyr@ioly,ed material islands. 17. Method according to the

preceding claimconprising formati on of at |east one active |ayer on the at
| east partially relaxed strained material, in particular LED, |aser or

phot ovol {zai ¢ \#e%ba@ck8MiiFto claim 12, wherein the strained material layer comprises or

consists of InGaN.

14.  Method according to one of the claims 6 to 13, wherein the strained material
layer is transferred from a massive llI/N material substrate and the exposed

layer face polarity is the Il element - face.

15.  Method according to one of the preceding claims, wherein the diffusion barrier
layer is deposited at a thickness of 10 nm to 3 micrometer, in particular, 10 nm
to 200 nm.

16. Method for the manufacture of a semiconductor device, comprising the pas-
sivation of a semiconductor structure formation according to one of the claims 6
to 14, and further comprising epitaxially growing a material layer on the formed
at least partially relaxed strained material, in particular, at least partially relaxed

strained material islands.

17. Method according to the preceding claim comprising formation of at least one
active layer on the at least patrtially relaxed strained material, in particular LED,

laser or photovoltaic device layers.



