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

passi vati %{ &Fd portions of multilayer sem conduc es |ike
portions g@) J?@g% ayers exposed by etched trenches. I%egg?%?%ﬁPZ?, t he
present invention relates to the passivation of a buried oxide |ayer
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 acture of sem conductor devices conprises a great variety of etching
processes uRggsivatiomof EtchedSemiconductar Stcuctures | ayer
stacks of sem conductor and insulator materials. Integrated circuits are
typically conprised of a |large 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 enent . fGeyaasfahbontienpl urality of process technol ogies are currently
practiced, wherein for conplex circuitry based on field effect transistors,
such as m croprocessors, storage chips, and the |like, CMOS technology is

cur rent | yriNsreRénttiRferiiohtreRidi oSt aReNataT bestchee portions of syttiayer semi-
characteristics in view of operati g}g 'SH?Ed and/ or phowgr ccg{wu tsi @G‘?G}Dd/ or
cost ef f i aonduetpr stypties ke @ortiansiof bUrisd layers Bxpased By RehedIeRe s, s
using CMy, ‘?%P%@&)ﬁt irﬁlbﬁﬁ&ﬁ‘ﬁalzﬁfastté eRCh&ssialios O aWIr¥d RRIdedayertompisAmong

ot her procedural "steps heat treatnent of seniconductor cdgg,gonent at . .
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mat eri al causrng changes 1 n physical properties such as the conductivity,
strengt h layer starctires of dhee inventiomlaye kaetin elastronis. ARG rRICIQMAlIG OEW&‘QC: si zed
transi stors.apneal.i Vi i i an attenpt to provide tensile or
conpressiWQ"%ﬁagﬁnggam%ﬁgﬁ%ékggggﬂﬁggkﬁh order to enhance the performance
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 Batkyrauhdrofahe tineertiorai ned thin fil s,

The technology of the manufacture of semiconductor devices comprises a great vari-
ety of etching processes used for forming trenches and similar structures in multitayer
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 fransistors,
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.



However, in trenches and simlar etched structures the bottom and side
surfaces incl ude portions of material |ayers of the etched multilayer stack

that are W\%ﬁ Q,ht he environnment after the etching PPEERS0IEE791
en suc

conpl et ed et ched conmponents are subject to sone heat treatnent
constituents of these material |ayers gan diffuse fromthe exposed portions
out to the environnent. The diffusion can severely affect the subsequent
manuf act uri ng steps and performance of finished sem conductor devices due
to contam nation of the annealing environnent and the resulting
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growi ng |layer and thus affect performance of the built active layer. It is
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above-nenti oned problemis solved by the nethod passi vation o
semni con- hents 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 resuiting 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 resuits 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-



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 sem conductor structure, conprising the steps providing at |east one
first nmat &0 20P§¥r; form ng at | east one second mat erRGIER20404hat is to
be patterned above the first material |ayer; formng a diffusion barrier

| ayer between the at |east one second Aaterial |ayer and the at |east one
first material layer thereby formng a nmultilayer stack; and patterning, in
particular, etching, the at |east one second material |ayer down to but not

conpletely through the diffusion barrier |ayer and w thgut exposin
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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 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.



WO 2010/ 015301PCT/ EP2009/ 004791 4 According to an alternative approach it
“is provided a nethod for passivation of a sem conductor structure,

conpri si ngybeepiARs Providing a multilayer stack conprpg st one
buried | ayer forned bel ow a second material |ayer (in pg?trﬁi%gﬁ@g{r)d,ﬁ% surface

| ayer) of the nmultilayer stack; pattermdng, in particular, etching, the
surface of the multilayer stack through the second material |ayer thereby
exposi ng portions of the at |east one buried layer; and depositing a
diffusion barrier layer at |east on the exposed portions of the at |east
one buried layer such that diffusion of material of the at |east one buried
| ayer through the diffusion barrier_la
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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, molecuies) of the first material layer from the
etched structures is possible. The choice of the materiai 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 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 muttilayer stack at which
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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 walis 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;



WO 2010/ 015301PCT/ EP2009/ 004791 6 form ng at | east one second materi al
| ayer that is to be patterned above the first material layer to forma

mul til ayery§h@glissgherein the second |ayer is a strai negepRbRbd/al47daYer. in
particular, previously growmn on a seed substrate and transferred to the

support substrate by neans of the first material |ayer; formng a diffusion
barrier |ayer between the at |east one second naterial |ayer and the at
| east one first material layer; and patterning the at |east one second
material |ayer down to but not conpletely through the diffusion barrier
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patternin I Ses es in the strained material layer to
form st reponesdlbmmerhyameanﬂ @frths firsdmopteealtlayereat nent is performed in order to
at least partly relax the strained material islands, wherein diffusion of
conpliant material out of the nultilayer stack is substant ially prevented
by the diféfmisg andifiasion darrexyleyer hatwete the ableast bve seeondmalsrial|layafeand n

claim?2 n ovidj | ayer stack conprising at |east one
buried | 36%3“? ln%tfp% ﬁ}eélgi nggya}'#’rat erial layer of the nulti-Ilayer stack
and patterning the surface of the rrultl | ayer stack through t he second
material | ayer there Xposin ort] of at |east e f |.&d
layers a P{ﬂ'%qleoa'ﬁﬁ éncgt?d PRE" ‘[sla @qwrbﬁ%g e%o%%égﬁ {F'zédaq%
| ow vi scapk t:l)ffulsmi%arnémwénwwltmm e?prﬂhg epd;rtmnsdﬁ thege feastroge ficst neate-
conpliant material and it |s {) } fcw ar, ?nde to a su Port sub%trate
rial layer such that dlﬁusmn of material of the at’least one first material layer throug
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-
tands, 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;



the second material layer is a strained material layer, in particular,
previously grown on a seed substrate and transferred to the support
substrate by nmeans of the first material |ayer; WO

2010/ 0153WROT/BI3P09/ 004791 7 patterning conpri ses et cRYHEFAPUMEHAs in the
strained material layer to formstrained material islands; and depositing a
diffusion barrier layer at |east on t he exposed portions of the at |east
one buried layer, etching of the barrier layer on the strained pattern
surface. Moreover, heat treatnment is perforned to at |east partly relax the
strained material islands, wherein diffusion of conpliant material out of
the multilayer stack is substantially prevented by the diffusion barrier.
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t r eat mentmdterialgslandsilangr conpl ete rel axation of strained InGN | ayers that
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| ayer in accordance with the present invention solves the problens caused
by such diffusion. cording to another [ , [ ' i er
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i sl ands. diafdslivifeteinadifiision iof compliaritamatetialhmd of dhee rpdtiayerstackuis fsabstapf t he
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subsequent heat treatnment as epitaxy of active layers performed on the
' shands. In particular, in the context of the manufacture of InGaNOS structures that are useful
for the production of LEDs and solar cells, for instance, heat treatment for partial or
complete relaxation of strained inGaN layers that are heteroepitaxially grown on a
GaN seed layer and fransferred 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 materiai
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 1II/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
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conpr i gP resd or S 47 E?Fﬁ@'%%‘!@&é’g °6r3'3§ﬁr\|'-ﬁg~°r? %gpt&éu?favy&%%fgﬁ '%‘?'%Erg%) i's

gggosi tedp rdet tbfqtrdfmaé #EufliieRtMrieehanialaigiditt & teripergtaresi @bbar $080CHhm t o
nm in order 10

r ) prevent diffusjion of constituents of the fi terial
| ayer, i rinysdvad weniiaxy ep tB%r‘%‘ﬂ"%ﬂ?’@)‘F‘egﬁ'E?gﬁ’I‘f%r% f@'f‘ga{°t§8redﬁﬁli’éépﬁﬁ%| i cate
gl ass or dﬁ& PlFrier 15 ,quﬁ.siamidrﬁbMebMy@ncempﬂﬁagmnmmsﬁsting%f sl02ady
ment i oned The herein di'sc

d t hod | cul arl ful, f
manuf act uSi infpastiawl _wﬁMHﬁre%&ns&gems argiagi%hbfcgﬁ%sasre?ﬁqtdﬁri%aﬁ %?’g‘irxf'llqgl"eayers
on at |eagp iﬁ’?ﬁfgkﬁiﬁg%’ﬂ?ﬁh‘?‘i&eﬂoéhfrﬁ‘iir%ﬂié?‘% Févaint Liueion. of oustituettsios the

provi ded a'nme e manufacture of a sem conductor device rising

co
t he passifirstnateriaf iayers impadadat o boean and/er Rhasghareus O aé’(?&?ﬁ*lﬂsﬁboﬁ'lbcgg%e of

the above_exanpl es,~ al | 15rBH of BhdsbHordldsy or honoepitaxially
gr owi ng ag‘ﬁ%ﬁ gﬁ%%'?%%ﬁ%gndn{aﬁ%rﬁ% art I egst@gart ially relaxed strained
material, in particular, at least partially relaxed strained materi al

i sl ands. The, at | east,. part.ial e | '
transferréd aﬂ%ﬂ%é’i‘%’&ﬁ?%‘!? ri%g{nbgﬁgﬁgeiﬁ?gg‘% a?(;trp%g(%ir%@s?ﬁt ftﬂtr1etm?:ase
of parti apayufactuce mblsetritonduetadedices airmprising reNepitaxigl dsowiielayBiE anfdtee Ga

face is optained on which (honp)epi ' y easi |y | he TO
avor d ¢ hi Saaobiel FEIEEP T B R E i R el TR RbrtidRl o P EF (e the
face) it hanafasfurdo$ aidensicormiuctanisvive, domedsing thé passivationef a srPaReNdLer
fromthe N-polarity face of a donor substrate so ace
onto the Qﬁl?gf-‘?té'f%y%{ﬂ'@%f’ﬁ acreiding,lo e 913&13 OV? heé&' F@E%%&I%ng&gﬂhéggm%ﬁé
subsequeningsdiBsially 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 IH-
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.



WO 2010/ 015301PCT/ EP2009/ 004791 9 The present invention, furthernore,

provi des a sem conductor structure conprising a multilayer stack conpri sing
a buried |l ayer fornmed bel ow a second material |ayer, wherein both |ayers
are patt eMRYPIFAEIY di ffusion barrier |ayer deposited abCTEREPYWATMhe
portions of the at |east one buried Ia%er exposed by the patterning.
Moreover, that kind of sem conductor structure is provided wherein the
second material layer is a strained naterial |ayer after heat treatnent has
been performed for at |east partial relaxation of the patterned strained
material |ayer. Furthernore, a sem conductor structure conprising an at

| east partly relaxed strained naterial |ayer above a patterned buried |ayer

and a di frhg%rege Fhdrfibn) RIXBEAGRO prdvidhs?d sbRRndastot Bﬁuﬂ@fé temprigiig ahe at
| east one buried |ayer exposed by the patterning and, in addition

conpr i si myltiayervatackrompsisingnat brsiegh layeadarmes Pelgwl 9 seqond cmatariah \ayeh
mat eri al yHefiR okl i(?éjefg onaPatttérﬂé& fan@'a Hgﬂﬁﬁﬁ%érﬁélcia%r‘/ Uéﬁ‘oéﬂéd% Ieésﬁ on

provi ded herel n. eatures an vant ages of the present

i nvent i ofthexportiobe ofithecati lsast anetburiedfleyasreaposeas by thedpaligriigy. Mereqvgs that
descripti { r ant
to 111 uoi of SoBlaRados s & bRSIRETARHEN hEDsocl Mardaflal i BT .,
such errb(stfaimedtraatdoalriayetrafmrdfmhtreaimnerﬁlhas beeomeriormed dori aweaﬁtmﬂlal Megure 1

| l ustrates . .an t f th
for mat 1 olbGHOR e InBaerard haneRdTante ahs; EainRREL SRR RRue, 11
Fi gure 2 tirel ¢orhpridies aﬂrateléasmia‘rtipfrelam straiaad maatenalt lager alooyer aspa‘ttgrﬂelufe
steps of the formation of; strai ned, mat |sI n&ehe depo t of a

di f f usi orPupgd fayer angha diffusjqy, barrigr fqyﬁﬁgﬂ)%ﬁ"@g %t 8? d Refiang, P l'P?e

i nvent i V%d@%@%lﬁ%@lﬂh?éﬂ é‘ﬂods@é Bt #Respatferting dndl imbigno®f comhprdimpdctivet er i al
i sl ands and the deposi

ffusion barrier |a er. [ | owi n
exanpl es ’Wﬂf(sbloévféﬁtqtdgaﬂlH%‘Yd’ﬁ'%}ed@équt matsrigh Jp Pé”&&'ﬁ?diéﬁn'aﬁ%'t %‘gi al

layer pr oyl ARGithie deRRE Iar, B'pré VAR RéRid.€l axation of a strained material
| ayer during heat treat nt accord| ng to the present invention are

expl ained. In view of the description above the skilled person wll

gffglegh?;lgdr&itm%l RenfEakihd 2ldvantahls 8MtheBthiddtanaintioh WiFbe d8séfbed 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.



10 Figure 1 shows an exanple of a nmultilayer stack fornmed in accordance
with the herein disclosed nethod for passivation of a sem conductor
structure. i | ayer stack conprises a support sub first
bor ophospt%ds_?‘ﬁio)gg‘sltﬁef gl ass layer 2, a second bor ophosphog‘lty‘r/lﬁ%%?%eoﬁgéss | ayer
3, a diffusion barrier layer 4 and a s{gained InGaN layer 5 with a free
(upper) Ga face. In sone detail, this multilayer stack was forned as
follows. The strained InGaN |ayer 5 is transferred froma N face polarity
| nGaN donor substrate such that after transfer on the support substrate 1
the free face of the InGN layer 5 has the Ga polarity. The diffusion
barrier |layer 4 was already deposited on the N face of InGN |ayer 5 and
subsequerfiguye tl irhows EsveKample of 8 SpUitiayen Haskiognad & aegpsdanse with Heisteifted

X ¢ the: difusi ! ‘ b
500,18 P Jor BRI, TP Sk
bor ophos gbowpribés atsipgba ssibstgter 1,2a ifisst depophosphiosilicater glass payart2, susesondt e 1

for bondi the. h il gl t f f

the st r apRtenBRRBIERT prsSodh S8 Wiyt Bafiel AR 4 (s SudfiSa 1heaR' o ©

tsubst rat Gaybr 5With 5 fres (upier) Sachate.i In sBirgudatail, this nulitilayeredlacit was farivied as
ransrtrer,

i.e._detach t of, the source substrate fter, the n t he
strai ned f?’W&NTHE?HP"@EHEGB&t?E?rniéF ?"%?'E‘Fl‘fhamt? gh@ﬁggo@rg%g}tcgeﬁagﬁérm ng
stra: nedlshaﬁaaﬂeh is%hnmﬁa édftefrftfaih;%férrcﬁﬂﬂheﬁj_ p@Toﬁ s&ibstleté_rﬁﬂmfrt-ﬁ fb?a_t ohthie In-
co ete t hrou the diffusion barrjer, er 4. s, the first _.
o1 bphos ANk YRt Sthas Ihedaa AR, I LU SIR PARIR doval b Janel Bar cRBpsited,
second bgyopROYPRLCEidfiIIREER [yass Ay Shibsequehtly Bie Bethds Borophogphosiligatet opped
as soon as material of the diffusion barrjer Ia%ggéAﬁﬁ etected in the

i

et chi ng aansdpyrirewes depasitpd atop aithe Ailygionihary ¢ Riesepexam-
determ nzﬂetHfg&iﬁﬁsi&ﬁ%aﬁ@ﬂﬂe’?gﬂﬂaﬁfSiSIQ-@-ﬁiy%ﬂi ned InGaN | ayer 5 the

mul til ay stack 1's subject’ t eat treatrment resulting in sonme reflow
(plastic deformation) of at |east the second borophosphosilicate gl ass

ayer 3 ol delsaNndBhBERtAE it |5p§ry%§sr§éﬁa%ﬁea BFaN% Sapatsutrarddol O the

provi si on of asion r , no constituents of the first
and secormbndimgaptbe seosid bomphogphasilidate glase layed 33andl trangfer phihendrainfsdeal i ng

at nospher,e rate for t I

cont am ndiea Bres el hpeyRa! shtRLER e SAEEAT sBBtka i Tnd Srugture,
exanpl e afhotvheni Fiyeet 1 e obaisidvaltérothistiraimsder, lias detashmgntint thgesafrc sub- and
si npl e processj t he diffusiqgn.barriern 4 i 4

compl { antStat AT 0% CARUSHBLTTA a e e E oyt By st BhdrtS e

i sl ands Ghemeby faming istraimedriaGakakslamds (& oTles endhesparetétchidadowa e bat hdusi on
barrier |ayer 4 hi nder .conpl et e .r el axat,i f,th rai .

i sl ands 59 PA%BB{F‘%\E/?% &@edlﬁ@?lﬁagbqrgeﬁ EF % u%. e ﬁ@frg gdrf{:@g?@%ere 2.
As shown digssHageir 2 nRaiftalidl ddviefott by ShateKalasfithe isstorg! horophpsptiosiichtet glase 10,
a borophosphosi_licate glass |layer 11 and a strained .l Cﬁhl Ia@/er 1% iis

provi ded.'aysfi% TdeRighip §6"r%§ulQ%S‘PPBﬁq?ﬁéoppéﬁsrf@enﬂPot g IRY"Fhean
layer 12 \Gygm wa&eééadinsme%témﬁg diPobiteere UPRPENBILAN! cinge 1IN thd etchig ai ned
InGaN | ayer 12 is patterned by etching trenches 13 thereby form ng strained

| nGaN i sl ratedis defermingée t renches may al so be formed in the conpliant |ayer
11. Subsequently, a diffusion barrier layer 14 of Si3N4 is deposited on the
strained InGaN islands 12', in the trenches 13, at |east at the trench

wal | s of After thepphtéraing ofdhestrained iGaN layes S¢heouliilpyesstackdn subjectiaihent ayer

stack. 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.



Next, a photolithography step is performed in order to partly renove the
material of the diffusion barrier layer 14 such that this diffusion barrier
| ayer 14 is maintained on the side surfaces of the nultilayer stack, at the
trench waW@2Yp/OIRY conpliant layer 11 and in the IomerPﬁ'H\é?mﬁ?’O‘l“ﬁ’é
trenches 13 as shown in Figure 2. V\hereas this exanpl e includes the

addi tional step of photolithography, ith pI’OVI des the advant age t hat

rel axati on of the strained InGaN islands 12' by subsequent heat treatnent
is not significantly hindered by the diffusion barrier layer 14, in

arti cul since. the strai.ned. | nGaN i sl ands 12' di rect, contact with
o Comm! Mo IR I IS O M invE i, pEsign taathoh Bt das sUUatage P ARk at | on
by refl ovaritisimide tﬁr&d%gmtg mee\ﬁﬁmaﬁ baMi&relﬁyé}M prr@h@efoabbmeehf theheorfipliant ned
InGaN islands 12" is inp renmovi ng di ffusion barrier Iayer 14

fromthe %8s6EH Wﬁ@@@h%"‘%ﬁ%g@sﬁslﬁﬁfd% anglth? ISH?""?Q IntsaNdglands & maycaf bed
with ref efeneg rE%inn&PbFocésQ' If’:fﬂéﬂé?fbrofhecﬂﬁﬁébﬁ Bﬁme?#é%fer URay hinder com-

borophosphosilicate glass layer 11, in partlcular boron or phosphorous
atomrs, dupleiggrelavatioe &f the éaaln@chtlnﬁszsleoém‘Sed\rbyltemetmﬁ methsidois drscribed
layer 14. ained InGN layer 22 simlar to the stack shown
in Figure wgééf%b%%?%g UFég trenches 23 are etched through the
borophosph05| licate glass |ayer 21 and the strained InGN | ayer 22 A
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phosphorous atons durin sequent annealing for relaxation of
strai ned #eRagReY 2pdbe EKZaBSQ d?‘@aN lislapd 18x dhibediensass A ?’b@*deﬁﬂo@)téhwﬂteﬁc*‘

ref er enceybi gy E:Sﬁlgﬁaﬁt(?ag?er 13knd A3né ARTsUPRCELIER BROMBitldyepStagkass of

t hi ckness of about for instance, may be deposited on the InGaN | ayer
before the dep05|t of the borophosphosilicate glass in order to |nprove

dh I
bor ophosphat PisRARALISEn SRp & RMRpmbaNE ol ] Rno L FIn hBt o
gl ass | aythe d;ﬂfumrgbawez layed 13 sweh thal/thisadiffisioh begier ddyestiduis rﬁa)etamacbmd may
conprise fhe snc?e r?gce\é'edeE g%gerg&?gclﬁoﬁﬁglggﬁélﬂmns%f tﬂg% ‘?u%RPr%y%rT Ji‘F 7 o

I nGaN | ayer nmay ave at nm and  may Cormnpri se
of nol ar amdm thedowen parhef timptna'idhieerﬂ Sods sthmvrdinf Figefeo? Waerdasrthissgrampls ee
ns,14.and, 24.in es 2 and

i 1 f
5 T oopoctiyaRy fhe odietelSioh EPnal AR, B hiu g Rie i EiRca by
alny depostidn @ﬁ‘thmstrbméd HnGaN |slandéd1e2'am sulbdsequentdicahtreatriant imtmigmfmanﬂy

asha enpance or 0S| D r asma C .
P cal DAIURJSNEE FRsioR Rafmardnss: 1B Hactcian,oiice dhe BERURE PR i
| east par fanas$ I12 a&i mmﬁbeshbmaﬂednthItn@@N)npna:htamemhbemcaecblés:srlayen taxy of
a layer that is useful for the for

a se ctor devic or .sol ar
el T 2C ik eajssadhe Felaxation B relpu NG pe NREU M AMENHIGHE0 o aPAERal - o

to anot hefhesé%mﬁétﬁﬁr@aw%i’aﬁdlaaiz tishwprét?@%g hB@in&ané AFfisA k\M‘rhéth!ayer 14
(hono) epi t axy of | nGaN_| ayer, can be carried out. Alternatively,

the face fﬁ)mrﬂW@ WQ@hSWC@r ok t}negq: ‘&‘W%&'@H@e‘ﬁl the exampie gmmbed \kgith refer-
2010/ 01539%%#5&%096%&%%3& 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



13 strained InGaN layer may directly be transferred to the support
substrate to obtain a relaxed free face of galliumpolarity for the

subsequenty&RibhaisePr 0cess. Qoviously, an InGaN struct ' ee face
of gallium p(%? arity mght also be obtained, if it is dgﬁ@ﬁ@1®4£ oul d be

noted that trenches might be formed thyough the strained |ayer and the
conpliant |ayer down to the support substrate w thout the formation of any
diffusion barrier in order to decrease the out diffusion. In this case, out
di ffusion can only occur at the trench walls, since the bottons of the

trenches a6 %gﬁgflﬂ%?tmea NBhGEr 83 sRhildr 18 1 ERick Ahowhnal FigursRysrovided

provision of 't usion barrier |ayer represents the nost efficient way
of preveanidenshes @3farasteiedthraughtheaborephesritpsilisaterglase yetygdand thg

pr evi ousl i i L aAne A | : | dfeks I
as exanp Isﬁgﬂleﬁ ﬁﬁ%@@g'ﬁ‘f‘%@?‘? ég? ﬁ"glg ﬁaﬁr?éﬁ%dsgé]ni %{]g?%c‘)?ﬁ‘tg hégrsll%ehé Ir'f Fg%&hlbg ) |e; Vte 0
be under shahe rémainingoberophosphosilitaterglasslayer aé sodi uingdeGaN:layeaa2.dhso be

Com e S b B e e O RAREAAN Q06 WA T 1

provi di nGSubkedueasly, anisotfopis tdryrelichingads pedfpamed in order to remove material of the
diffusion barrier layer 24 from the top of the remaining parts of the patterned strained
InGaN layer 22 and from the bottoms 23 of the trenches 23. The inner walis 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 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., 10'to
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



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

t her eby f 8¥3MGOE3MUIti | ayer stack; and patterning, in PaVEPEM/HH91et ching,
the at |east one second material |ayer down to but not conpletely through
the diffusion barrier |ayer and wi t hout? exposi ng portions of the at | east
one first material |layer such that diffusion of material of the at | east
one first material |layer through the diffusion barrier |layer during a

subsequent heat treatnent of th lLtilayer, stack is sub ieal Ly .

pr event egtraiped Nﬂ@ﬁﬂdaYﬂrmE&%PG& Bgﬁraﬁﬁ%gregetﬂit %r‘T’HBB?'ilsué%tﬁ]%ttﬁrog?am a
conpri si ?Qaiélffréé%“e ganiueh peladity o the supgeqedrt@pitaynprocesfDintioushasn one
buried |ayer tfornmed bel'ow a second material |ayer; patterning, .in.

parti cul anGaMistuciige Withea Fae fagacobgalliya pelarty P'H@}Hrafgq ae be%?%j.ldén't {s¥e-second
mat eri al gyer t hereby exposing portions of the at |east one buried | ay-

rea, . . . . .
er; and 3ep05|t| ng a diffusion barrier layer at |east on the exposed
portions of the at |east one buried | ayer such that diffusion of materi al

2 subsequbHiowL ke et ierBHes FSfhprd Hichighihe Buiahie Byer diepinelur o
prevent edompliant 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.



15 3. Method according to claim2, wherein the step of depositing the
diffusion bar- rier |layer conprises depositing the diffusion barrier |ayer

on the pat‘%ﬁr&?@%lﬁg@pond material |ayer and the exposed p@f/tﬂi,ﬂ,@%‘ﬂfmt he at

| east one ayer; further conprising conprising renpoving at | east
portions of the diffusion barrier |ayensdeposited on the material of the
patterned second material |ayer. 4. Method according to claim3, wherein
patterning of the second material |ayer conprises etching trenches through
t he second naterial | ayer that extend to the at |east one buried | ayer and
wherein Rﬂ%:hgns of the diffusion barrier |ayer are renoved such that the
di ffusion barrier layer only remains on the bottons of the trenches and/ or
the walls of the trenches and the side surfaces of the nmultilayer stack at

whi ch porfi Oni\{@hg{l 'fkﬁw%%s&bﬁf?oﬁ oioapgelﬁ%h&gctblaé’tﬂfcttﬁ%e%&ﬁﬂ?sﬁﬁéjthe%te pét hod

according-to _ préeceding clarns, wh e step of depositing
the diffusion barrier |ayer conprises depositing the diffusion barrier

| ayer on side surfaces, of, the | ti tack at which portions of the at
| east one bur iPERViFiGg 'ez?%o’é?(Brg"g té@‘%f@fhod according to claim1, wherein

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



the first material layer is a |lowviscosity layer and it is, in particul ar,
bonded to a support substrate; the second naterial layer is a strained

material |ayer, in particular, previously grown on a seed substrate and

t r ansf er r 8@ WPQFI1s yppor t substrat e by neans of the fiFGVERMPEWHIARL | ayer;
WO 20101015301PCl 1EP20091004791 16 heat treatnent is perfornmed in order to
at least partly relax the strained matéfial islands. 7. Method according to
claim6, wherein the heat treatnment is perfomed before deposition of the

di ffusion barrier layer. 8 Method according to one of the clainms 2 to 5,

wherein the at | east one buried layer is a | owvi 5005|t | a conprising a
conpl i ant3- mat Mathed areprding; tg claim Ba\”h?@ﬂ the StBBrﬂﬁé’&pE’%‘t' L%Btﬁuﬁmﬁlﬂ?ét rate;

rier layer comprises depositing the diffusion barrier layer on the patterned sec-
ond material layer and the exposed portions of the at least one buried layer;
further comprising

comprising removing at least portions of the diffusion barrier layer deposited on
the material of the patterned second material layer.

4, - Method according to claim 3, wherein patterning of the second material layer
comprises etching trenches through the second material layer that extend to
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 materiai layer to form
strained material islands; and '



the second material layer is a strained material layer, in particular,
previously grown on a seed substrate and transferred to the support

substrat e Jy.iBanseef the first material |ayer; patternj
. (LIS : ! : ! PEFEPLN04 PR S
etching trenches 1n the strained material layer to formstrai ne%mrrateri al

i sl ands; and heat treatment is perfornmgg to at |east partly relax the
strained material islands, wherein diffusion of conpliant material out of
the nultilayer stack is substantially prevented by the diffusion barrier
9. Method according to one of the clains 6, 7 and 8, wherein the -

| owvi scosi ty peay@éathienfistitiridtfhe@ih driek & aY leastdbariywiaxite stirinedmsaterisl of a
bor ophosphosilicate gl ass% an Si 02 - corrpounéb conpri sing boron or

phosphor ous. iglandeet hod according to claim9, wherein the conpliant

material is a borophosphosilicate glass, in particular, conprising 4.5% of
wei ght boron and 2% of wei ght phosphorous. 11. Method according to claim9
or 10, wher ei Methed dictordigote Blaim ifewhessiarthe diegk treatment ig fiegho B§fom N or

Si02. 17 12. ﬁe/ﬁﬁgﬁ%ﬁfﬁ@rﬂ%@m{Bam@?'aggf--the clains 6 to 11, wherein the

strained mate onprises or consists of a Ill/N material chosen
froma binary, ternary quaternary all oy.

8. Method according to one of the claims 2 to 5,

wherein the at least one buried layer is a low-viscosity layer comprising a com-
pliant 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 material layer;

patterning comprises etching trenches in the strained material layer to form

strained material islands; and

heat treatment is performed to at ieast partly relax the strained material isiands,
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 fayer 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, wherein the strained material |layer is transferred froma nassive
111/ N mat B804t rat e and the exposed | ayer face pol BETESROPH00dH || |

el ement - face. 15. Method according to one of the preceding clains,
wherein the diffusion barrier layer is!'™eposited 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 passivation of a

sem conductor_struycture formatio ccor.di tQ . one of the cl.ains tg 14,
and furtHer  QORPAAETARG e TG RIS 1P he BPPERI I8, sFaiGhd rhaleFa mod
at |east partjapdd Yorhfigtectr ebhaistaest aTMI/RI indlerial Bhosdr Fre arbindy, teraady

partially relaxed strained material islands. 17. Method according to the

precedi ng cl AyAtDAPt alA¥ag formation of at |east one active layer on the at
| east partially relaxed strained material, in particular LED, |aser or
phot ovol tai ¢ device | ayers.

13.  Method according to 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 lII/N material substrate and the exposed
layer face polarity is the lll element - face.

158. 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 partially relaxed strained material, in particular LED,
laser or photovoltaic device layers.



