- 1 - Sem conductor |ayer structure-and nethod for
fabricating a sem conductor |ayer structure 5 The
invention relates to a sem conductor |ayer structure
and to a nethod for fabricating a sem conductor | ayer
structure. For realizing nodern conponents for

hi gh- power 10 el ectronics and al so optoel ectronics,
the prior art usually uses sulstrates which can only
be fabricated in a very conplicated and hence :
cost-intensive manner. Furthernore, said substrates
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a high-quality and cost-effective substrate, such as,
20 for example, on a silicon wafer. This yields lattice-
matched substrates which enable a low-defect epitaxial

deposition of further layers.

_ However, significant physical properties are determined
25 by the substrate in this case, in particular the
coefficient of thermal expansion. This is problematic
because, by way of example, the growth of TIII-V
compoﬁn'd semiconductors such as GaN by means of metal
organic chemical wvapor deposition (MOCVD) is often
30 effected at comparatively high temperatures of above
1000°C in order to ensure a sufficient quality for
component fabrication. If a layer deposited at such
high temperatures is cooled on a substrate having a
significantly lower coefficient of thermal expansion,
35 then firstly a tensile stream of the deposited layer
occurs and in the further course of events the layer

often cracks, which renders it unusable.



N.H Zhang et al., proposes the use of interlayers of
differing conposition and/or structure during the
deposition, which are intended to conpensate for the

5 strains that arise. One obvious disadvantage is the
conplicated process inplenentation, since in genera
different process steps and paraneters are necéessary

for the production 10 of the-imterlayers than for the
deposition of the desired layer. In principle,
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A method of this type is described for example in
Journal of Electronic Materials 29(7), 897-%200 (2000},
Hobart et al. ‘In this case, firstly an Si; . Geyx layer is
deposited on an SOI (vgilicon-on-insulator”} wafer, the

55 buried silicon dioxide layer additionally being doped
with boron and phosphorus. This borophosphosilicate
layer has the property of being able to flow viscously
starting from temperatures of approximately 800°C,
which enables a stress relaxation of any layers

30 deposited thereon.

The problem is manifested in this case, however, in
that deposited layers bulge out on these subgtrates.
The reason for this is due to the high viscosity of the
35 borophosphosilicate layer and the necessity of thermal
contraction of the deposited layer when cooling to room
temperature. Since the fabrication of modern.
semiconductor components places high demands on the
planarity of the layers, this ig a serious



- 3 - disadvantage. Such bul ging out has hitherto

been possible to be achieved in such material systens
only - as described in the above publication - by a
patterni ng of the substrates, which is undesirable in
many cases. 5 Further disadvantages arise fromthe
conplexity of the fabrication of such substrates. Use

is usually made of SO ("siltcon-on-insulator”)

waf ers based on technol ogically conpl ex processes
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-4 stribution by vacancy diffusion and

An ion implantation step is employed here which serves
to produce a defect region below the Ilayer already
deposited beforehand or a deposited layer system.
During a subsequent thermal aftertreatment, said defect
. 25 region leads to the formation of dislocations and
stacking faults in the original substrate, which have a
relaxing effect on the deposited layer or the Ilayer
system. A prerequigite for these methods is thin low-
defect layers on the silicon substrate which can relax
30 by means of a thermal aftertreatment after the ion

implantation step.

There is the problem in this case, however, that the
defect regions produced remain stable only over short

15 times and anneal with a longer process duration.

This is associated with the fact that Ostwald ripening
takes place that is to say that the cavities coarsen

their size distribution by wvacancy diffusion and



4 conbine to forma small nunber of |arger cavities.

As a result, the density of the cavities produced

becomes so |l ow that, for energetic reasons,
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Furthernore, the use of sem conductor wafers
fabricated 5 by neans of bondi ng nethods is al so
preferred. The use of an SDI ("silicon-on-insulator")
wafer as a substrate is |ikeaase preferred. 10
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stacking faults within the layer comprising cavities, the

at least one epitaxial layer being crack-free, and a
residual strain of the at least one epitaxial layer being

less than or equal to 1 GPa.

Also disclosed is a method for fabricating a
semiconductor layer structure, comprising the following
steps: aj pfcvision of a substrate made of a
semiconductor material; blapplication of a layer
made of a second semiconductor material to said
substrate for the purpose of producing a semiconductor
layer structure; c) implantation of light gas ions into
the semiconductor layer structure for the purpose of
producing a layer comprising cavities in the
semiconductor layer structure; d) stabilization of said
cavities by impurity atoms of a specific species; e).
application of at least one epitaxial layer to the

semiconductor layer structure. -



Here an inplantation energy is chosen in the first

case such that the cavities arise just below an

i nterface between the substrate and applied | ayer,

that is to say preferably within the range of 0-500

nm bel ow that interface. By neans of the inplantation

of light gas-ions, cavities or bubbles are produced

in the sem conductor |ayer stsucture. The inplanted

gas ions are-preferably hydrogen ions. |nplantation
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energles dependlng on the thickness and type of the
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pokycrys@k%ilne layers can be deposited are guitable.

20 The layer made of a second semiconductor material that
is to be applied 4in satep b) is preferably a

monocrystalline silicon carbide layer.

However, a silicon-germanium layer or a layer structure
25 comprising a silicon-germanium layer is also preferred

as layer to be applied in step Db} .

The application of the layer made of a second
semiconductor material for the purpose of producing a
30 semiconductor layer structure in step b) of the method
according to the invention is preferably effected by
means of chemical wvapor deposition (CVD}, molecular

beam epitaxy (MBE) or by ion beam synthesis (IBS}.

35 Depending on the method used for applying the layer in
step b), preferred Ilayer thicknesses are 0.5 nm to
100 um in the case of CVD, 0.5 nm to 5 um in the case
of MBE and 0.5 nm to 1 pm in the case of IBS.



The inplantation energies particular preferably lie
wi thin the range of 10-200 key. 25 In this case,
however, inplantation energi es of 20-50 key are
especially to be preferred. © The point in tinme at
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interface.

By means of the implantation of light gas ions, cavities
or bubbles are produced in the semiconductor layer

structure.
The implanted gas icns are preferably'hydrogen ions.

Implantation of noble gas ions of one or more atom types
selected from a group of helium ion, neon ions and argon

ions is also preferred.

The implantation of noble gas idons may also be an
implantation of mixtures of said atom types or else a

combination of separate implantations of said atom types.

By way of example, it is possible, therefore, to combine

a2 helium ion implantation with a neon ion implantation.

However, a combination of an implantation:of hydrogen

‘ions and an implantation of noble gas ions of cne or



-particularly preferred. It is known to the person
skilled in the art that the resulting concentrations

of inmpurity atons are 25 dependent on the inplanted
dose and on the thermal outdif fusion. The required
doses are therefore preferably determ ned

-experimental ly. A tilting of the sem conductor

-l ayer structure relative 30-tp the ion beam during

the inplantation is |ikew se preferred. The
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chi ppé ngingflfantand ocal senergiecegorvébylar eprafesraddye lie

[ Lhenfensid ye0lod! b §8Ybeb agoen account of
her

coarsenl ng. ore, the thermal treatnment of the
sem conductor |ayer structure and the deposition of
2epi taXi ahikayesseqn tHiwesemi coddipttotat Ayer steugiese of

ar S B S QAP L LI pe e &) LSMEAL eS80 600-
The point in time at which the cavities arise can be
controlled by way of the choice of the implantatiocn

30 teuperature:

Tf low implantation temperatures and high doses are
-' chosen, cavities having a certain size are already
produced directly after the implantation.
35

It has proved to be advantageous, however to choose
highei implantation ‘téﬁperaturés '-of"aipprbicimately 400°C
in order firstly to produce only seeds for cavities,
which, after suitable stabilization thereof by impurity



- 10 - If inpurity atons of one or nore atomtypes
which are preferably selected froma group of

ni trogen, oxygen and carbon are not present in
sufficient concentration 5 in the substrate or at

| east in the region of the cavities produced, an

i npl antation of ions of said atomtypes into the

sem conductor |ayer structuregis preferably. effected
in step d). 10 In this case, the inplantation is

pr eéﬁ&ﬁ@' Y Lhgsersysl thAdsdpReONEEALT @Eigﬂﬂ—ﬂ&@e&d&hre
npurity atonms and the co cetratlog gg Huth

of Pﬁ%c¢?ﬁﬂ%nn%ﬁ g RS EE PN Oatt2p
a stptdafertepiiraanges 46 Théwefsr er | Inplcemt atemmlt in a

‘ener %ﬁg%Cﬁ i gg k8¥s§ff§#¥i rFraQE¥hChQ§&gEage H§AVity

i n accordance wt tep e) | east one
Fepl ﬂa&m%ﬁerr%m GPPTapprrbely ol ¢ HEn sem conduct or | ayer
structure. That at |east one epitaxial layer is

bl I d f t il
DLl SRRy Bl avery made ol omRIeLYSiallne ol 60R eron
__corr_ppll_smr@ miftf i ldeeqoipoand ighnt ewprRitASTBIS PE&icesat up to

l'eagt LR LaXigl 1hayee preferably conprises 30
sem conductor material having a significantly

1Qifferent, namely higher, coefficient of thernal

expansi enoi de coipathes atoasist hod hghs ehydorghict or noble gas
mat erial  of e e. ;35 WAy, of agpLe, +ald a
thel%%%poghdﬁgen1 %%ﬁ%%%rééhgééea g?eafﬁ§ different, i
nanehicknegeate’ , el fampgnd oflaykEr mePdexBafsi oA nt

conpasi Sh M d esidriggon,

15

The doses of the hydrogen and/or noble gas ions to be
implanted preferably lie within ~ the range of
1x10* - 1x10%Y em™.

20 Doses within the range of 1x1015 em? - 5x10% em™? are

particularly preferred.

It is known to the person skilled in the art that the
resulting concentrations  of impurity  atoms are
25 dependent on the implanted dose and on the thermal
outdiffusion. The required  doses are therefore

preferably determined experimentally.

A tilting of the semiconductor layer structure relative

30 to the ion beam during the implantation is -likewise

preferred.

The semiconductor layer structure is preferably tilted
by an angle of 0-60° with respect to the ion beam.

35

Angles of 0-30° are particularly to be preferred,
angles of 0-15° being espe01ally to be preferred.



cf. Table 1. The deposited | ayers are typically

[1-1V and I11-V conpound seni conductors. In

particular, they are |ayers conposed of: A .Gal .N

A GalnlN Al . Gaylnl"yP Al xGlyl ni _x_yl VaPbSbi - a- b,
t%pzn ) ¢ W3 CiSenand Cgﬁeselcav,ltl'\@)t eri@l the

%f of T1n. thernal expansion (tub.)_ [1(16/1C,
eoBh FovfabEar L RgFmalS lexsangiFork (hex- 20 Bl )24 008/ Kpurity

atoms of one or more atom types selected from a group of

oxygen, nitrogen and carbon.

This i1s effected, in the case Whére' iﬁ the substrate
and/or in the applied layer, impurity atoms of those atom
types are already present at leaslt in the region of the
layer comprising cavities, preferably by means of a
thermal treatment of  the semiconductor layer structure

produced at at least 600°C.

In this case, the impurity atoms may be present in
dissclved form, in the form of compounds with the

substrate material, or as precipitates.

A separate thermal treatment is not necessary, however,
nor is it preferred if the application of the at least
one epitakial iayer -in accordance with step e) 1is

effected at a temperature of at least 600°C.

Sufficient densities of areal defects such as are
required for a relaxation of the depdsited layer are not

achieved below sald temperature.

A thermal treatment of the semiconductor layer structure
at very high temperatures of 1300°C or higher 1is
possible, in principle. However, the dynamic behavior of
Ostwald ripening must be taken into consideration here,
which may  lead to undesirable effects at such
temperatures, even in the case ~ of impurity-atom-
stabilizéd cavities. It is primarily necessary to prevent
the applied 1layer from chipping off, and aiso an
excessively great decrease in the density of the cavities
on account of coarséning. Therefore, the thermal
treatment of the semiconductor layer structure and the
deposition of epitaxial layers on the semiconductor layer
structure are preferably effected at temperatures of 600-

1250°C.



Coeff.of Ii

Si

10

15

20

25

30

35

n. thermal expansion (hex. ,aa) [10-6/K]
2.6 GaN 5.59 3.17 3C-SiC 3.8

_10 -

If impurity atoms of one or more atom types which are
preferably selected from a group of nitrogen, oxXygen
and carbon are not present in sufficient concentration

in the substrate or at least in the region of the

cavities produced, an implantation of iomns of said atom
types into the semiconductor layer structure is

preferably effected in step dy .

in this case, the implantation is preferably chosen
auch that the concentration maximum of the impurity
atoms and the concentration maximum of the implanted
gas ions coincide or at least lie in a similar depth

range.

Therefore, implantation energies of 10-200 keV are

preferably~choseh.

Finally, in accordance with step e) at leagt one
epitaxial layer is applied to the semiconductor layer

astructure.

That at least one epitaxial layer is preferably a layer

made of monocrystalline silicomn.

The at least one epitaxial layer preferably comprises a

nitride compound semiconductor.

Said at least one epitaxial layer preferably comprises
gemiconductor material having a . significantly
different, namely higher, coefficient of thermal
expansion in comparison with the semiconductor material
of the substrate.

By way of example, all the compound semiconductors have
a greatly different, namely a greater, coefficient of
thermal expansion in comparison with gilicon,

cf. Table 1.



611-SiC 4.3 -4.7 ZnO 6.51 3.02 AIN 4.15 5.27

Table 1: Coefficients of thernal
sel ect ed sem conduct or
these | ayers may,

expansi on for
material s In this case,
of course, be doped 15 with

inmpurity atonms of any desired type according to their

i ntended application.
orientation or crystal
(111)- or

10

15

20

25

Dependi ng on the desired
_ structyre (100)-, (110)L,.
el se misoriented : )

The deposited layers are typically II-1IV and III—VV
compound semiconductors. In particular, they are layers
composed of: Al Gai .., Al GayIng x-ylN, Al.GayIng .x.vP,

Al Gay,.x8b, Al Ga,Ing x-yNaSbi-a, Al GayIng x-yNaPuSbi apn, Gahs,

7n0, CdTe, CdS, CdSe and CdS.Seix.

In particular, layer stacks as a combination of the
above compound semiconductors are also conceivable and

preferred.
Material | Coeff.of lin. Coeff.of lin. Coeff.of lin.
thermal thermal thermal
expansibn expansion expansion
(cub.) [107%/K] | (hex.,a,) [10°°/K] | (hex.,o,) [L07°/K]
Si 2.6
GaN ' 5.59 . 3.7
3C-siC 3.8
6H-8iC 4 4.3 4.7
Zno 6.51 3.02
AlN 4.15 5.27

Table 1: Coefficients of thermal expansion for selected

semiconductor materials

In thisg case, these layers may, of course; be doped
with impurity atoms of any desired type according to
their intended application.
Depending on the desired orientation or erystal
(100)-, {110)-, {111)-
semiconductor wafers may be used in the case where

structure or else misoriented

gilicon is used as substrate.

1f the semiconductor layer structure is a silicon
carbide layer on a gilicon wafer, the deposition of
nitride compound gemiconductors and thus the

fabrication of starting materials for applications in

optoelectronics are preferred.




20 sem conductor wafers nmay be used in the case where
Silicon is used as substrate. If the sem conductor

| ayer structure is a silicon carbide |ayer on a
silicon wafer, the depositibn of 25 nitride conmpound
sem conductors and t e Lgati ar,

That e al §9°5¢ appli csgtliﬁocgjgl i %Qg%%{%gl elé.‘{l/lreg’{]i 2% gfeé&rably :
. pprekenr ednm 322dl B00Chins thsek.the silicon carbide

. l'ayer is preferably between 1 nmand 500 nmt hick.

The | ayer thickness particularly preferably lies

Thet Nidydhethangeess Jhoubcud ak80 npyefayeply lies within

t hi cknesses of between 50 nm and 100 nm bejn
t8epeEf PPy b B pr&f eF?edEBI'héml’hi 3@{8& %?9?1%%@5363 of
pdepasht edoni ti dead@yetopr eher abkynki esspeadeangi ngo  be
to the later application - within the range of 100 nm-
rrefesEePm | ayer thicknesses within the range of 200
nmto 20 pm being particularly preferred and | ayers
havi ng t hi ckness of between 500 nm and 5_pm bein
Taspediiatinean b Fhef clerapitad ank hyereshayerurr sadelly
136sCaN ALBo28: fgSiid COfle CARPEYS VRIS | ECQthsn the
i nvol ved, then ?t I'S possible to achieve threading .
rdingleocst | M0 densittd ek0df Hiteskaydan tBi CEgEGEFSE0 Wil the
: , Jprefer wi4hin t.he f.. < and
ghs R TR sbed Tl SSalT B Sy g e fbrred ¢
lsityeuet e, ngonpricings @ slibstracennhde oM and > pm being
sem conduct or . nat er i.al n which a | ayer made of a
e§8@8ﬁ8ﬂignigoﬁgugF§F%§§F§FiaI i s situated, '
furthernore a region enriched with inpurity atons,
which region is situated ei [} he | ayer -
g §‘ec1€r¥83%se3riﬁr&]§rifdﬂ:cet s toegr !}%N}ozgmato% a?p%&;}f‘(?cg? B rbige
1dgptrh bel ewitihesr nter faceo betdweentidre fayers madesobla to
second sem congduct qr, 3BterLal gpd t.ne s,ubs#rﬁteS than or
25BaRVEONAHISAH 1Ay B SWPERFACPhEFEGiTaIT et chead wit i
elgtRUr ity abBmem Wi phelfayeblgonpiiisies €hyi thege of 10% -
produced by ion inplantation, furthernore at |east
18ne @pitaxial layer applied to the |layer made of a
second sem conductor material and al so a def ect
" region conprising dislocations and stacking faults
Adisehi Siavel A38br - £BnPRi SISFFLCARAIEST t NPT | edlsfucture,
c%@%rgg!ig%x'aalsdbasyﬁat@'n&gjé afgel o CEA¢Kudt &€, matk- 821, on
residdal strain of the at |east one epitaxial - ,
- whaysr shdiawgt esade haf or segqead twwmiqypgluctor material 1s

situated, furthermore a region ecnriched with impurity -
atoms, which region is situated either in the layer made
of a second semiconductor material or at a speéific depth
below the interface between the layer made of a second
semiconductor material and the substrate, additionally a
layer within the region enriched with impurity atoms,
which layer comprises cavities produced by ion
implantation, furthermore at least one epitaxial layer -
applied to the layer made of a second semiconductor
material and also a defect region comprising dislocations
and stacking faults within the layer comprising cavities,
the at least one epitaxial layer being largely crack-

free, and a



In this case, in the context of exanple enbodi nents,
cracks are to be understood as a stressi nduced

cracking of the at |east one epitaxial layer, it

bei ng possible for said cragcking to proceed right

into the substrate. Cracks of this type can

resdeiedi REAaby wéardeor topereal OFeﬁc.eaéééwalscléﬁﬁ. ngeing

1€l 8CthQ %lr%a%%qpxo at epl,c force nmicroscopy or X-ray
‘topography. The residual strain of the at |east one

epitaxi al Iayer Is preferably | ess than or equal to
70 yPa. The. royghnegs ofodhsat keaéiar@ﬁﬂﬁ% eRi-didlent s,

ayer I's pre ‘erably Tess than or equal to 0 nm RMS, |
qrarckisc Wrar |90 gref eRadr §teos.- 25 Oanﬁ1tR@BS‘Tﬁ€u§ﬁ§sﬁI§F§lng

6Faqgu9faﬁeqk%%Qdugﬁ@reﬂﬁEgﬁhéi E% ref erabbyiagwelesible

made of nonecystalline silicon rovi sion of an
fROT swdfle cras kd s trap&ocsed §égBFeFBEPe8hel\/ﬁP€8%?‘Fe
sem conduct or wafer fabricated by neans of a bondi ng
method is also preferred as substrate. However, the
Coalostsr ab8 mbyial savromsiEsebpol §EEgEEai NfRe by means of

' ?%Td%ﬁngH%E% %?ﬁer%@annH%@e%Q%ct@o%ub%ﬁkﬁ%%copy, atomic

onprising a sificon |ayer,” a silicon-gernmaniumlayer
forca gecmasicomyl ayer- ﬁﬁy'ép§@gﬁéphﬁvolved The region
-enriched with jnpurity atons is preferably enrlched
with inmpurity atons of one or nore atomtype
e estdidalonstar gioupLof-hexyidenl et r%@%ne&ltééﬁ-ﬁén tayer

%efeE@%lgﬁX %SCQ%EB'%&n%qﬁﬁi'%be§7ﬂﬂﬁbbn the

ion enri h 1npuritly atons is preferably
produced by |nplantat|on of light gas ions. 5 The

fn@'@&ﬁ@%@% lanscgLe pr ehenabl yomdre%g%mqs 13per is
I mpl ant gas ions are. preferably nob s ions o

rord cgrofyT d egtsorheypes’ selvéct &@ - &mﬂaﬁ &ﬁi’tﬁm Rﬁrtlcularly
AW 9N, 5190m iangand argon ions. 10

The substrate made of semiconductor material is

preferably a wafer made of monocrystalline silicon.

The provision of an SOI wafer as substrate is also

preferred.

Moreover, a semiconductor wafer fabricated by means of a

bonding method is also preferred as substrate.

However, the substrate may also comprise polycrystalline

semiconductor material.

However, a substrate comprising a silicon layer, a
silicon-germanium layer or a germanium layer may also be

involved.

The region enriched with impurity atoms 1s preferably
enriched with impurity-atoms of one or more atom types

selected from a group of oxygen, nitrogen or carbon.



Furthernore, it is also preferred for the cavities to
have been produced by conbi nati ons of inplantations
of noble gas ions of one or nore atomtypes, selected
froma group of heliumions, neon-ions and argon
ions. 15 By way of exanple, the cavities may have
~been produced - by an inplantation of heliumions and
an additional inplantation _ofigsneon or. argon ions.
Correspondi ng gas m xtures are al so concei vable for

pr
sa

hy dP g% et thh - 3Ry 5l &vCESi 8f 6F

?g&{s;i Ngajbe 2006a¥itigs. Eovevars thEcHipdughd onredion

cavities by a conbination of an iLnplantation of
SHBbrELhaB PORES BY

of bmelartawoe atomigbttypesiagel.ected froma group of
hel iumions, neon ions and argon ions is also
preferred. A conbination of hydrogen- d .

thel Thin TRHAESATEEY | PRESAEh A1 SEESRER PETERPSR 160S-

exanpl e here. 30 The | ayer made of a second

senj.conduct or terial_th [ i h -
sub ??eﬁﬁéﬂ%?tﬁggﬁéﬁagP§ga§%% %rj%#%ﬁ??ﬁ%gg%lsggnlons of
cartheleot ayere e i e |Selecsedr 5Py & group of helium
i ons heam, syt hetikzgdashhb&oniar.bi de on a 35
lsubs_trate made of nonocrystalline silicon. 15 ,
%ar bi de | ayer, which corresponds to a residual strain
of Fimetlsidmo@en car bislealayeprofermss fdranthe GPavities to

15

20

25

30

35

have been produced by combinations of implantations of
noble gas ions of one or more atom types, gelected from

a group of helium ions, neon iong and argon ions.

By way of example, the cavities may have been produced

“ by an implantation of helium ions and an additional

implaritation of neon or argom ions. Corresponding gas
mixtures -are also conceivable for producing the

cavities.

‘However, the production of . said «cavities by a

combination of an implantation of hydrogen ions and an
implantation of noble gas ions of one or more atom
types selected from a group of helium ions, neon ions

and argon ions is also preferred.

A combination of hydrogen- and helium-implanted

cavities shall be mentioned as an example here.

The layer made of a second semiconductor material that
ige situated on the subsgtrate is preferably a
monocrystalline silicon carbide layer, particularly

preferably ion-beam-synthetized gilicon carbide on a

. gubstrate made of monocrystalline silicon.

The relative expansion of the lattice constant of

gilicon carbide is less than 0.2% in said silicon



The residual strain of the at | east one epitaxia

| ayer deposited on the silicon carbide |ayer is then

| ess than or ‘equal to 370 MPa. Also disclosed is a

sem conductor |ayer structut®, conprising a |ayer

made .of .i_on- beam.synt ' jd i,con, c b N @3q4in
C?ﬁ%%??aggyﬁgdeWJl%%néﬁ%%éﬁﬁhf%%éggi ig%g%gga?efgfﬁsg.Of
téxpandiionnotatrheédkatbyes ebnseant thansl| FE8n car bi de

in said | ayer as nmeasured by nmeans of high-resolution
X-ray diffraction being less than or equal to 0.2%

The trivies doade,stiveinl apfi E8ScGrist titStane e h&PrEPAERYe J2YET

asLan hheneofs @ hd 0T o pXAmpk eth¥nmeass than

dgéeﬁggﬁgrSEOEﬁﬁﬁ8%@§§?g§a%%$§ractid%%(HR-XRD). The. '
opgsureédtehpff MERative to the unstrained val ue for

the lattice constant produces the specified value for
the residual strain of the material by conversion Qx
PBans GEIRECE astd ¢ Pr opEFtFREIUERGT aygrsaf%ﬁf ure,
cBRARS s0hgt he Bhasti maeenséBntoafbthe-senthenduretiorsilicon

material, IS hayer mde of g second semhqonduchaticon, &
ChaPaPPaP™ Rat WP EiAt a8 o t RSBt ate hay ~arso "’
rbeadilayesxsitsconr efconpei siaig caoroosysnal [ $he silicon
silicon carbide | ayer on_polyc lin LLigo i agh-
Cégl%%ae. Thead | éé’teronaegep%{?gé%?%aél gy:rﬁ%%htghgof high
reepil aohduc Kot alyayeirt Staaiciar dopred ekabt ytoonppirsegual To
Osggiconductor material having a.significantly

different, nanely higher, coefficient of thernal
expansion in conparison wth the sem conductor

Tt ?fﬁ@l Ofsd he substyrati6 .o Achkkahrepkhaxigle | ay8ative
preferably conprises a -nitride conmpound ' ,
egpancdABUCHBIZCO sBEBNAEHNDE af 0L | &FEFPEENRY siPAgha ©F
h@bBLEQQOQQEE@an{—Sﬁd? coneeci Of 14 PARERRBPLY Tapphictured
to the sem conductor layer 16 structure. Thetggrﬁgttice

sepittaxielatigifer Lpr &1t aBl§tEBRPPH s &€ TaSunt Alim
cBhtihbde, @nchides segendsepiiaxi@l vhayer frefehablaesidual

conprises galliumnitride. Optoel ectroni.c
sSEmBorticloe - BBRBENaAt SUNCERTAPLEE 4dY | JEFNgh OF the
c@Bktiki gptcpavingsan enecgyiof th 1520 Y camabe of the
abri.cated on_sem_conductar. |ayer r of this
ol g T RgeE  RaadTer h isaiatosB A aRes
material situated On the substrate is also preferably
n SiGe layer or. a | ayer struct whose 4 QSt that |
Tﬁgy YRS 5‘%‘% i G5 Iaaysge?/c.onld?l S.retqﬁlcg{n?élse, the epitaxial =~
stiayeteds qur efrer ablipsamagpi mawi & ls&ilPe can legipar siHivEFure
LeoapRLied on ] Yl oriptihaly | auer skr uci e
C@%ﬁ%ﬁ%%hﬁg %ié%.l _é§%§?¥%d$an Jiﬁé é%niconéuctor £ on
pbayerysterddtnee siillicage caxpiigiened bel ow usi ng
- particularly preferred enbodi nents and for the case

of a sem conductor |ayer structure conprising 30-SiC
Tos siti deAstl tohas PP Siown BHEF e FBfhoTssonductor

1Rkt cukar, ¥ WLl syibedrhpldeposthpigs@s  semiconductoer
conparatively thick crack-free I%%§¥' havi ng a  gher
TEREERAes § 3T N Bnee Ig0 Tt En T that? st ¥ grhohers

ceayractbBheknessipérRad RMparericexaipl epmparthon with the
conprises Al xGl, N.h vigg hi%% %oegg ci ent of
SERe PR Gk BANSPGRE oy Cax sl &G T

i on- beansynt heti zed seni conductor |ayer struCture,

such as 30.sili.con carbid i_licon : l e,
‘ AwH%Eﬁghagpé%ﬁgﬁﬁgoef?Y%Fe fﬁgﬁé%%%%&nﬁFmég%gﬁéggﬁ,e%ﬁtrlde
chingbuhenpesatnicesdoctappr oxAmat efgonrd00CGMhEehiake - layer
typi cal. of al_. ' ' : it
B Y @t R GRS CARAlC APOR ) fkerably
abphibdamos yhehetimdedrsvitegnd@sedr | ayer structure is
- advant ageous for the later crack-and, stress-free
deposition of nitride conmpound sem conduct ors.



For this pupose, Preferably,in a 3CS1C S
sem conduct or | ayer structure, by inplantation of
l'ight gas ions, such as hydrogen, helium neon or
argon (or el se conbinationsl@hereof), a defect-rich
kS e el ou,othat Eé ke1gax
Eer e bty e DRt SR R e R e P Fof o B e
aﬁemmmmmtheuﬂnﬁektaceabdtmsénéSCSSQGﬁdnd‘%@Mﬁiﬁﬂﬁl layer
whi_ch ign Ls fit}egdybubbles or cavities
p§ﬁgera%?gpﬁ?% ??g%e,sgég???ona#?y a di sl ocati on
netmork and stacking faults between said 15 bubbl es

ies. The e | ft

BreBTEe L ERrg hEBRPLTRIN O S LAY Pte,  apeer
ar:esubmonneama\luwtsthamw eracooihpani ed Byldéfece¥ can
abaqve t.he.interface, t | at of racrn;
bﬁat &IaﬁaV|ng a mlﬁgPE%%EQ?iéggﬁg 5%5: ermﬁ*}3 e
t@ppan5|on at high tenperature, that is to say at
| east 600C up to at nost just below the nelting point
of silicon - this defect structure has the effect -
Thbatldg@kngn@@& caﬁiin@ opecatflonsemheongugpper paierial

the .silico r an, pl e e
Sﬁ Bl ép?esses §£v?%?tg Qd?§1ocg%%%ﬁéféﬁ%y an  SiGe
lstyackiomgaf aakes bEKngthmenWQOBet%@QWOEhelBNEEIé§ en SiGe
caviti dlor _silic I Of por.at d
18557c1 38, 000PrrRa i )t RGP tat Gaosr. arsFasar angy "
e@ﬁlda&taaklsngl:fcmﬂtiagﬂd al'sbch hés | aewl podt abhontipdt SiGe
silicaon avities would_.h that a
18RS P8 SPPEI ROSFL ety er oo bttt LRy SFbet

e rayer or yers |ed to the

- layer structure, 35 during the cooling operatlon
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sem conductor |ayers, since cavities fabricated by

ion inplantation are subject to the phenomenon_ of _
Iﬁsuwaidbéé@eBhngmmﬁhamethﬁaMEbﬁmﬂti%sparéleuéagéMe@ell

ca i ffusi.on, Thi _ d edf&dﬁ“%
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en etically since th r gy. of i s} ocat J.S68,1
t%ﬁ?h E?st?lﬁégr ex%% ?%%Qsmhf% % gh Ve thgggff%c%® <
whhah dishocaséondlace: Ay Im@mgf@rnbdqéndccaef%i@@m@ of

ffe is_no_longer present had al pgady - _
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stabilizing :the cavities in order to optim ze _
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e enbodi nment ented .her it .has been

ngSe BReR REGSERAL Cav L(Toe rodtsey By tign ot detect
inplantation in silicon can be stabilized by

i npl antation of oxygen,. nitrogen or carbon ions or
conbi nation of inplantations of said ion types; even

at high tenperatures, in particular far beyond the

time and tenperature range of 900C and 30 m nutes

consi dered by Donnelly



In this case, the inpurity atons can be introduced by

ion inplantation also after the production of the

- helium bubbles into the rel evant. depth range. -19 -

In particular, it is thereby possible to realize

hi gher surface densities of the cavities and thus

hi gher densities of relaxing defect structures,

wher eby extensive rel axatiomof- the deposited | ayers

can be achieved. Only this enables a deposition of
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to p rmt furth onent -rel evant process
stgﬁgecF? RO oW t Fﬁ@gggrson skilled in the art
that the thermal stability of the cavities can be

ol NPLeay dt@e degeeasedubt ieta tiari-ghetaiing onetigher
OX)CI:%SIEf .1c::1.e1€jlli[_1 t gtfl ?:n e%?n% erx%s nes%tolnvealty high Qemperature,
that is to say at..least 600°C up to at most just below
the melting point of sgilicon - thie defect structure
has the effect that during the cooling operation, the
25 upper part of the silicon substrate can plastically
relax thermal stresses by virtue of dislocations and
stacking faults being formed between the bubbles or
cavities and/or silicon being incorporated into said

. cavities.

30
Primarily the formation of dislocations and stacking

faults and also the incorporation of silicon into-
cavities would have the effect that a tensile strain of
the layer or layers applied to the layer structure,
35 during the cooling operation, would be reduced
dynamically and be absorbed by the region of the layer

structure near the surface.



In particular, it should be pointed out that typica
deposition tines and tenperatures in the case of
MOCVD are hi gher than correspondi ng paraneters for
gettering 5 of inpurities. 3@ has been ascertained in
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reduced b n.25 L mpur . m 1.npl atd.on Leh
ngFEarTy roSirT e S T ih Ao o hal P e formed
abdbbl eslarivavefiest As aorésuer phesdehsity of
- cavities remains high even for |ong periods of time

at high tenperatures - that is 30 to say for severa
Thoures! anbirerdy elserat Hr@s of reB50TDrSHi ghef F T umants and
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relaxation remai ns energetically favorable. 35
tenpEGUERERYD (He Qs Wbt FoRe o1 ¢ he’ pFBauCPRoRs6P aR o -
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rovi sion .of _a high-tenperature-stabl e.defect regi.on
agF?HPﬁt?ﬁe st&Fti I@ﬁggtﬁaielﬂpiaﬁgsflgﬁ | gbqCFLROD o
osYhshr aheof ar rkbeon in which a defect region composed of-

bubbles is subsequently produced, for example by means of

helium implantation followed by a thermal treatment. This
would be sought in particular for the purpose of

stabilizing .the cavities in order to optimize gettering

of metallic impurities.

in the context of example embodiments presented here, it
hes been ascertained that cavities produced by ion
implantation in silicon can be stabilized by implantation
of oxygen, nitrogen or carbon ions or combination of
implantations of said ion types, even at Thigh
temperatures, in particular far beyond .the time and
temperature range of 900°C and 30 minutes considered by

Donnelly.

In this case, the impurity atoms can be introduced by ion
implantation also after the production of the helium

bubbles into the relevant depth range.



deposition of sem conductor |ayers or structures
having greatly different coefficients of thermal
expansi on. |on-beam synthetized sem conductor | ayer
structure can 5 be fabricated by a procedure in which
ions are inplanted into a specific depth of a
Substrate, the latter is then treated thermally, as a
result of which in the substrate a buried
nonocrystalline | ayer and al so, above and bel ow t he
nDnocrystaIIine | ayer, 10 transition regions form and
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ed I ons hermal treafnent ste aid
ﬁupﬂ@§t201%o§ﬁ§§@élaﬁﬁ%FHFﬂP§'cﬁﬁtl 35150n with
nD@ggﬁw@halllne | ayer. The fabrication of a buried
3C-SiC layer in silicon by inplantation of carbon
ions into a silicon substrate shall be nenti oned here
as Tan mxaripldar25byn mepder ofhat PiFe EsREOEKRJOL cavities,
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between said cavities up low temperatures at
approximately 600°C. Dynamic relaxation of an ep1tax1al
layer on the semiconductor layer - structure is
consequently possible.
20
If po cavities were present, or if the density of
cavities were 1low, the distance between two cavities
would also be large and, consequently, dislocations and
gtacking faults would be energetically unfavorable
25 gsince the energy of said defects is dependent on their
. expansion. Therefore, production of a high.density of

stable cavities is to be striven for.

In particular, the cavities must also be thermally
30 stable, that is to say are not permitted to coalesce
and form a thermal separating layer in a temperature

range of 25-1250°C.

Furthermore the cavities must also be mechanically
35 stable in order to permit further component-relevant
process steps. It is known to the person gkilled in the
art that the thermal stability of the cavities can be
increased or decreased further by a Zhlgher or lower

oxygen implantation dose, respectively.



| ayer May al so be uncovered by neans of oxidation and

subsequent chem cal renoval of this oxide forned or
by polishing or else by reactive ion etching or

pl asma 35 et ching.

Optional |y, t heuncover edsur f aceof t he nonocrystalline
| ayer can then subsequently be snoot hed by chem ca

mechani cal- nmeans -or by a thepgal treatment - 22 -
‘step at high tenperatures, typically to a surface
roughness of 5 nut RMS or |ess. RVS roughness

values of 1 nut RMS or less are preferred,
parkn cRaEFi Gl ekabPyoBlE REt PRVBLGR (B, tlﬁ‘t typical -
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with otherwige identical parameters, pre-implantation
ieads to blistering, that is to say to the detachment
of parts of the layer structure from the substrate. It
ig therefore possible to achieve higher cavity
densities, and hence also higher densities of zrelaxing
defects, by means of a post-implantation of the

impurity atoms.

The inventors have furthermore recognized that the
stabilizing effect can in this case be attributed, on
the one hand, to the formation of strong $i-O or 8i-C
bonds which first have to be broken for alteration of
an expaﬁded cavity. On the other hand, the diffusivity
of helium and wvacancy complexes is reduced by an
impurity atom iﬁplantation, which greatly restricts an
Ostwald ripening of helium bubbles or cavities.

As a result, the density of cavities remains high even
for long periods of time at high temperatures - that is
to say for several hours and at temperatures of 1050°C
or higher) - and the formation of dislocations for a

desired plastic relaxation  remains energetically

favorable.

Consequently, the combination of the production of an
ion—beamwsynthetized.layer structure with the provision
of a high—témperature—stable defect regién within the
starting substrate produces an ideal substrate for the



20 below, that is to say typically a few tens of nm
bel ow the interface between substrate and the

i on-beam synt hetized. [ ayer. . However, the

i mpl antation energy may al so be chosen 25 such that
the inplantation maxinumlies within the

i onbeam synt heti zed | ayer. Furthernore, the
tenperature during the inplamation is to be. chosen
such that no anorphi.zation:of the 30 seni conduct or

layﬁ@gé&fﬁ%ﬁ rS%‘%%HHE%nddE%Br‘§a§9r§adrF&ﬂfﬁ&ﬂﬁﬂésyhav1ng

onl ol nt defects- are produced. e of g
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be chosen above 130C, so that an i onbeam i nduced

AL BN BAM N Y LGEURANBES, FapUY eONEECuD can

usi on o | ant ed
hydbegefizbripobt@ gos i3 tﬁﬁ@ﬁﬁé%%ﬁrF%%edﬁthMaﬁoﬁﬁ are

t he ; L,ETREE AL UnBEoCONSgUENELY, dbPEhi 8l ant atibstrate 23the

- shoul d take place at, a.,t er at.ure _of _| a
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prefier altley 48Ps800C1 % buried monocrystalline layer -and
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feferred. The choice of t |
1@enﬁ@ﬁﬁﬁﬂ?%ﬁ%aﬁeﬁéo%%eéoF@ PRE| fBRce Etﬁ%ﬁ’gﬁﬁF?l ggver
aresharmadsas ead y nsition  region lying above the

monocrystalline layer are subsequently removed, as a

result of which the monocrystalline layer is uncovered.

15 An implantation of the desired ion type under
corresponding conditions results in the production
firstly of swall epitaxial crystallites of the intended
compouhd composed of substrate atoms and implanted
jons. In a thermal treatment step, said crystallites

20 coalesce and form a contiguous monocrystalline layer.

The fabrication of a buried 3C-8iC layer in silicon by
implantation. of carbon ions into a silicon substrate
shall be wmentioned here as an example.
25
In order that the compound semiconductor layer produced
is brbught to the surface, in a subsequent step the
substrate covering layer and also the transition region
lying above the monocrystalline layer are removed. A
30 chemical etching treatment is preferably carried out
for this purpose. As an alternative, however, said
layer may also be uncovered by means of oxidation and
subsequent chemical removal of this oxide formed or by

polishing or else by reactive ion etching or plasma

35 etching.

Optionally, the uncovered surface of the
monocrystalline layer can then subsequently be smoothed
by chemical mechanical means or by a thermal treatment



10 during the inplantation, or not until in a later
thermal treatnent step. In order to obtain narrow
cavity distributions with snmall average cavity

di aneters, higher inplantation tenperatures (- 400C)
have proved to be useful. 15 In a subsequent ion

i nplantation step, the cavities are then forned
preferably by inplantation ofydight gas ions, for
exanpl e by inplantation of hydrogen, helium neon or
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structure firstly carbon, oxygen or nitrogen ions or
combinations thereof are implanted  into the
semiconductor -layer structure produced with a dose of

at most 5x10Y7 cm2.

" In thie case, the ion energy is preferably chosen such

that the maximum of the implantation profile lies Just
below, that ie to say typically a few tens of nm below
the interface between substrate and the ion-beam

synthetized layer.

HoWeve;r_, the implantation energy may also be chosen
such that the implantation maximum lies within the ion-

beam-gynthetized layer.

Furthermore, the temperatui‘e during the implantation is
to be chosen -such that no amorphization of the
semiconductor layer structure occurs, that is to. say
principally only point defects are produced. In the
cage of pure silicon, therefore, the temperature is
typically to be chosen above 13G°C, =0 that an ion-

beam-induced amorphization no longer occurs here.

Moreover, an excessively great outdiffusion of the
implanted hydrogen or noble gas is to be restricted by
way of the temperature; consequently, the implantation



- 24 - This suppresses the process of Ostwal d
ri pening and thus counteracts the decrease in the
density of the cavities. 5 The result, therefore, is

. a sem conductor |ayer structure having a high density

of conparatively small cavities of a few nanoneters
bel ow the interface between ion-beam synthetized :
| ayer and original substrategsFurthernore, there is a
high density of 10 other defects at this |ocation,
BromeLes the dkorymt boncffpdratkerst idi aledef ettan or

agg nerates an dislocations. If a layer or a |ayer
syst @ FiHEi%Si’hg a seni conductor 15 material having
a greatly dlfferent coefficient of thermal expansion

N FOLAY 15% O W3R (hersent coad ustoprEraRial abotbeooc,
sta I ng subs

trate (and hence the entir :
5 e ERyRItEtGON ayeFe§??¥Q§%ﬁ§§ proagced)ﬁgo—%qgen being
deposii £116 150 tabd peafeomstict or | ayer structure at
a 20 tenperature of at |east 6000C, dislocations and
stacking faults forned during the cooling of the
| ayEhe sthoitares | fhe hbmefefuat nbﬁe?8ﬁ€ag%¥%e%ﬁnth% used

cavidi @ﬁf§héfnlze PLESEALy NWERE BUskY agBd fdensdl ywsonearly as
account of the stabiljzation achleogd a §1of
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durhéﬁbtﬁﬁbﬁémiﬁi&ﬁﬁ&gsfun the | ayer system|later are
reduced dynamically and-a the sem conductor |ayer
tructure cracking. 35 cooling operation, that is

depbsi 4 edubssqrerdepos tawlentAsipn et ed e GRvities are

then formed preferably by implantation of 1light gas
ions, for example by implantation of hydrogen, helium,

neon or argon ion or combinations of ion implantations

20 of sald atom types, which may lead to the later

formation of compressive stresses in the gilicon and

the formation of dislocations.

"The implantation energy is preferably chosen such that

25 the density maximum of cavities lies within the Max i mum

cof the implahtation profile of the oxygen, carbon or

nitrogen implantation step.

A subsequent thermal treatment step leads, on the one

30 hand, to the formation of larger cavities and at the

same time, by means of compound formation between the
" implanted oxygen, carbon or nitrogen atoms and the
gubstrate, for example, in the case of silicon, to the
formation of 8i-0, 8i-C or 8i-n bornds, which makes it

35 considerably more difficult for the cavities formed to

experience a thermally activated diffusive size

coarsening.



This process also reduces the formation of threading

di sl ocations for |ayer relaxation in the deposited

| ayer or |ayer structure, since the required nunber

of dislocations for relaxation is greatly reduced. -

25 - One possible variation relates to the order of

the Inplantation steps for introducing the

cavity-stabilizing inpurity. atpoms and for producing

the cavities thenselves or for producing the seeds
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be ehkosieted0 arbitrarily here. In a further

alternative enbodinent, it is possible to dispense

W th the separate thernmal treatnent -step after the
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st abbthaiaidmn of thetessiittiies. |defidrd stagaliomgrates and

subﬁ%gfg§éggéﬁgf al ready conprises inpurity atons of
25 I's type, selected froma group of oxygen,
carbon, nitrogen or conpounds of said elenents with

t hersuhsisate smterialer tdyemean conpkaniagi @nsefisaidhctor
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ei ther be dissolved in the substrate and/o%_%%d) is then
pr e€BRITG pSemicon uctor layer structure produ

deposited on to said semiconductor layer structure at a
20 temperature of at least 600°C, dislocations and
stacking faults formed during the cooling of the 1aye:f
structure in the defect-rich zone between the cavities
still present numerously and densely on account of the
stabilization achieved by means of impurity atoms.
25
The deposited semiconductor layer structure relaxes
elastically by means of a plastic deformation in a
defined region - namely in the region comprising the
cavities, and also defect structures - of the

30 substrate. Consequently, during the cooling operation,

the stresses in the layer system that is deposited
later are reduced dynamically and a 1ayér depogited on
the sgemiconductor layer structure is prevented from
cracking.

35 '

This process also reduces the formation of threading
dislocations for layer velaxation in the deposited
layer or layer structure, since the required number of

dislocations for relaxation is greatly reduced.



preci pitates of a conpound containing said inpurity
35 atons. Furthernore,the nethod described permts

t he fabricationofsubstratesfor thel arge-area
realization, e.g. of Il1l-V sem conductors since it is
26 independent of the size of the starting substrates
and is therefore .dependent only on the availability
of said substrates. In partiegglar, -conventiona
silicon wafer dianeters of 100 mm 150 nm 200 mm
300 nm shal | -be nentioned here, 450 nn1mafers
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may be effected together with the depos:Ltlon of the
layer or layer structure.
20 _
A further variation of the method relates to the
provision of the impurity atoms required for the
stabilization of the cavities, If the starting
substrate itself already eomprises impurity atoms of
25 this type, selected from a group of oxygen, carbon,
nitrogen or compounds of said elements with the
gsubstrate material, then an impIantation of said
elements is preferably dispensed with if said impurity
atoms are present in a high number behind the interface

30 between ion-beam synthetized layer and substrate.

In this case, the I1mpurity atoms may either be
dissolved in the substrate and/or be present - in
precipitates of a compound comntaining said impurity

35 atoms.

Furthermore, the method described permits the
fabrication of substrates for the large-area
realization, e.g. of III-V semiconductors since 1t is



Figure 1 shows a semi conductor |ayer structure,
conprising a substrate 1 and a |ayer 2 having the

t hi ckness dl . - 27 - thic@ﬂ§ss dl and a region 8

having a specific inpurity atomdensity or a specific
ihnppentiynat om tbat airengfptéei pteaténdensisfrates and is

igure 3 s uct.or yer
B A A o
sthistkaess . d1lat raau'emthlmf arﬂqnﬁﬂnﬁwwalt orfli lgsicant e fer
gl anet o 3shayd ngpbhet hi gkpess, c12¢gpanhdyYe504 mm shall be
conprising cavities or seeds for cavities, and
ekt heed] dyeres 6450 hawi gt F9es t KakFesd vd3PaRto7 in the
d@@%}?ﬁm&ﬁ@ thigkness d4 having greatly different
coefficients of thermal expansion in conparison with

the substrate material, which |eads to the production
18f &d ayefod §§ﬁprb%'Hbﬂﬁﬁﬁéﬂﬁﬂpéﬁ§mﬁdwﬂSbabktﬂgtes are
faults. 15 Figure % .a sem condu to at
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S rat ' QU can be entirel
d%é%%?%?%ta?Tlﬁgﬁ%l?fﬁx%ilgﬁfgﬁggﬁpﬁcon. 30 A buried .
ob&yered-havi ng a thickness of approximately 150 nmis
produced by means of hi gh-dose carbon ion
npl antation (energy E = 180 key, dose D =
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power components, .such as e.g. high electron mobility

transistors (HEMTS),.which are based primarily on III-V

semiconductors such as AIN and GaN, and a%so Sic.

Thé subject matteér of the invention will be explained in
more detail below with reference to examples' and with

reference to Figures 1-4.

Figure 1 shows a semiconductor layer  structure,
comprising a substrate 1 and a layer 2 having the

thickness dl.

Figure 2 shows a semiconductor layer structure,

comprising & substrate 1, a layer 2 having the



Afterward, at a tenperature of 400C, He ions are 5
inplanted with an energy of 22 key and a dose of 2 x
1016/ cnR into the region 3, which until now does not
~contain inpurity atons. Directly afterward this is
foll owed by, |ikewise at a 10 tenperature of 400C, an
i mpl ant ation of 5 x 1014/cn2 04 ions at an energy of
85 key into the region 3, whpgh is situated a few nm
to a few tens of nmbelow the interface between

| onpeameax¥nibethded kayesn 28 anghvsndpsd r @peciliid Sinhisity
results in the formtion, nadeflned de

of aFTayEfPdit t Pad tF@%CJoFl%eéLH?uF Yt% folaé afraining
gr ouitceipfitebwi déesitit he density maxi mum of cavities

approxi mately coinciding with the maxi num of 20 the

oxygen concentration. Firstl a 150 nm_t hick I‘
Srade 99 ealuni $hANi t Ri de?eﬂi%@ufﬁ%’ﬁ depdsitt eds% u(fture’
thIcS:)r@Q'I:‘ﬂsQﬁQduat osubayestst ruct ux e Iyyereands dfawoevDthe

t enpey at o] 0¢ t
B - b i
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r oxi mat ‘%h h so hat_.t {
%Pﬁatt&% ﬁcrﬂrﬁgtser 3%t & ?)e/e}r%‘itw r{§e c00 EF gﬁ%}%ﬁééss de
depﬁﬁmk@ﬁ lgpeert liys different coefficients thermal
expangion in comparison with the substrate material,
which leads to the production of a layer 5 comprising

dislocationg and stacking faults.

15 ) )
Figure 4 shows a semiconductor layer structure,

compriging a substrate -1,‘ a layer 2 having the.
thickness d;, a region 8 having a specific iwmpurity
atom density or a specific impurity-atom-containing
20 precipitate density, at a depth ti, a layer 3 having
the thicknees d: comprising those dimpurity atoms, &
layer 4 comprising cavities or seeds for caﬁities, and
further layers 6 having a thickness d; and 7 having a
thickness d, having greatiy different c¢oefficients of
25 thermal expansion in comparison with the substrate

material, and a layer 5 comprising dislocations.

By way of example the substrate 1 in figure 1 1is
monocrystalline (111)-coriented silicon.

30
A buried layer 2 having a thickness of approximately

150 nm is produced by means of high-dose carbon ion
implantation {energy E = 180 keVv, dose
D = 6.75 x10%7 cm™?, temperature T = 550°C), which layer
35 was uncovered by a further amorphizing implantation of
helium ions (50 keV, D = 8.0 x 10*/cm® at 0°C) and by
means of chemical etching in a solution comprising

1:5 HF:HNO;. This gives rise to an approximately 70 nm



| argely stress-free and, in particular, exhibits no

35 cracks. This results fromthe formation of a

defect structure conprising cavities 4 and

di sl ocations 5 which dynami cally reduces the stresses
in the |ayer structure since that defect structure
permts a plastic relaxation between substrate 1 and
the nitride- - 29 - containpg@g-layers 6 and 7. This
occurs without the substrate being-torn through

| ategriakl ¥ohnbéba-£egiiee ofed e - tiagerprodyced akhehe
resul |ng s§n1qgndqgtq£ﬂJa¥er structure is shown in

& variation-of this method is the use

of a sen1conductor | ayer structure with an
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Afterward, once again a 150 nut thick |layer 6 made of
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r own S yDCV LN ef pot
stF%%PﬁF@Q%B%p?ES|§g cavi |§¥&%ﬁg%§ao o%gtgo%siﬁs/mn o
t héwngortrednagaenoandt AT AIP &BSorpgiPhe’ | ayfech 18
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i nstibetabbgelexanpl e, the 25 i mmobilization of the

i gurati w se largely thernostable. 15

iscavities can be optimzed by the surfaces of the

20

25

30

35

cavities being |deaII% coated with ippurity
borf¥4 8i nTeHrt T ade SFIE
St epnpki, Ofoft Oat NeyyW2C\WWD aephsidavittiefheomeededisr fouclthe

a &r%%%SSg%ggghiS ergggﬁngspn E%% densgity maximum of
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cavities approximately c01n01d1ng with the maximum of

the oxygen concentration.

Firstly, a 150 nm thick layer 6  made of aluminum
nitride {A1N) ig then deposited on to  this
semi conduct or layer structure by means of MOCVD aht a

temperature of 1100°C.

After reduction of the temperature to 1080°C, a 3 um
thick layer 7 made of gallium nitride (GaN) is grown
from the precursdis tetraethylgallium and ammonia. The
growth rate is approximately 1 um/h so that the entire

process lasts approximately 3 h.

After the layer has cooled, the deposited layer is
largely stress-free and, in particular, exhibite no
cracks. This results from the formation of a defect
structure comprising cavities 4 and dislocations 5
which dynamically reduces the stresses in the layer
structure since that defect structure permits a plastic
relaxation between substrate 1 rand the nitride-



30 process duration and tenperature of the MOCVD
deposition, since these paraneters determ ne the
kinetics of the Gstwald ripening of the cavities or
gas-filled bubbles. In particular, such a process

step is preferable, particularly in the case of |ong

35 depositions (> 2h) at high tenperatures (> 1000C).

It is primarily possible hereggto choose the heat
treatnment conditions such that.a sufficient nunber of

st aliddazimiagbondse-as e6f afmedy . buthian &stwed d wiitpenktngthe

f ities | Ly, fail o 15 BRerdis
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substely bYeREAASARYSa comon interface and, on the
ot her hand the formation of Si-C bonds at the cavity

that_th it domi-nant L.y _at t '
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a semrdgungec#or material; b) application of a |ayer

As an alterhative to this, in the above example, the
immobilization of the cavities can be optimized by the
surfaces of the cavities being ideally coated with
impurity ‘atom bonds - in this case $i-0O bonds - in a
thermal treatment step prior to the MOCVD deposition.
The need for such a process step is dependent on the
process : duration and temperature of _the MOCVD
deposition;r since these parameters determine the
kinetlics of the  Ostwald ripening of the cavities or
gas-filled bubbles. In particular, such a process step
is preferable, particularly in the case of long
depositions (> 2h) at high temperatlures (» 1000°C}. It
is primarily possible here to choose the heat treatment
conditions such that a sufficient number of stabilizing
bonds are formed, but an Ostwald ripening of the

cavities largely fails to occur.



made of a second sem conductor material to said
substrate for the putpose of producing a

sem conductor |ayer structure; c) inplantation of gas
ions of one or nore atomtypes, selected froma group
of hydrogen and nobl e gases, into the sem conductor

| ayer structure for the purpose of -producing a

| ayerconprising cavities in the-sem conductor |ayer
structure; d) application of at |east one epitaxia

| ayer to the sem conductor |ayer structure,

ch;\area lﬁ,ﬁ{iﬁzﬁd als’{nﬁﬂttg%tﬁ‘ Sgaeﬁﬁtt at ec nt %onql Id%prbfmgc gi0
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fur-the purpose o stabilizing the Cavities
pr ab&mybyafu ﬂrﬁlfﬁﬁhétmbﬁf”@fené‘%i PEASIF PTS LT3 %5 he
met hod as clalmsd in claiml1l, wherein the substrate
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cla ne aim1l, wherein
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1 cl aimd,  wher ehan hetﬁaé c?sas%.tblqllﬁ%/e@ft a%k@king the total
& ayé}app i €d” i comprises a ni de canpound
interface energy with respect to the silicon substrate

vl

by means of a common interface and, on the other hand
the formation of Si-C bonds at the cavity surface. It
has been shown, however, that the immobilization effect
‘50 can be further reinforced by a further implantation of
oxygern, so that an even greater relaxation can bDbe
achieved. The necessity of such an implantation step
thus emerges in each case from the degree of relaxation
of the deposited layer that 1is desired for the

25 respective application.



sem conductor. 32 G The nethod as clained in claim
1, wherein the noble gas ions are selected froma

group of helium neon and argon. 7. The nethod as

clainmed in claim1, wherein the energy required by

i mpl antation of gas ions in step c) is chosen such

that the |ayerconprising cavities which is produced
in the sem - conductor |ayer structure in step c) is

situated below an interf ac-gi'be'tween ‘appl i ed | ayerand
“[lqgf rakgsm8. The nethod asiclained in.claiml,

g ergin_tﬁg | ayercom prising cavities which is
produced in the sem conductor |ayer structure in_st _

£) al Sesiddiatead fdbtrthicat{ b apsicgniayert @Yefhégmcg‘ere' Lem

met hod, as ¢l ai_ Lo gl i, Whereirdspsi arf tao substrate
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t ypede oklectesd ongrRCROHr BFOR 0x§gen?pn| rogen _and

car bon 4@ deher mlchreatmbmindaictoensepdbondigc egid substrate

| ayer structure at a teMPe 18 f 8hitSaslct6@0Cayer struc-

ef f ect &K G®. PPHECRE ﬁgdpﬁéé{% an%m%dsi nclaimi, com types
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" substrat ich i | LE-he@fbgiaf ahd hbeld afdsers,i snto the

théﬁi?%'é%{ %%e&r ??ﬁfl%@ as_a r%@:t of _which il y}%ducing a
subsint edredudior ddViesn6EFYSHEFT i SPFi RORPTarti de

I a?(g{égpd al %gﬁg\i%gaedvbeiéﬁv irheheorent gerdyctar féyer
sif'rcon car bi layer, transitj regi gAs {oria-and layer

t hetuppetraulst PH Hcﬂéfmacﬁ%d %ﬁogoeat he tranlg,)inCti,ondl .\ that
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-~ of SWAFLthe mn?oozi}l{%é al ?lgne o  3ed by uncovering a

carbide, that in step b). layer is prov;dé 24 unr el _
huried silicon carbide layer produced by implantation of car-

bon ions into substrate, and that impurity atoms of one or

selected from a group of oxygen, nitrogen and

more atom types, : ' .
carbon, with a dose of utmost 5x10%7 cm? are implanted into the
I

miconductor layer structure fur the purpose of thermally
ion of gas ions

se
stabilizing the cavities produced by implantat

in layer.

5. The method as claimed in claim'l;‘wherein the substrate

provided in a} is 2 wafer made of monocrystalline silicon.

3. The method as claimed in claim 1, wherein the substrate

provided in a) is an 501 wafer.

4. The method as claimed in claim I, wherein the layer ap-

plied in b} is a layer structure comprising a region contain-

ipi L 111 ide
ing 8iC precipitates and a monocrygtalllne silicon carbi

layer.

5. The method as claimed in claim 4, wherein the at least one

epitaxial layer applied in e) comprises a nitride compoupd

semiconductor.



Silicon carbide | ayeris uncovered. 11. A
sem conductor | ayer structure, conprising a substrate
(1) nmade of silicon,-on which a |ayercontaining
silicon car,- bide is situated, furthernore a
regi onhaving inpurity at- ons of one or nore atom
types sel ected from oxygen,3ani trogen and car bon,
which region is situated either in | L ow
i nt evhacestetweenclayee@nt? SUFSPr bt & E‘e Hob{'¢ gas sons
cont ai.ns, sidd-canseanbh dgrpieeitphtates, rwd:du Bmdnargyna

yerw Fthin the regi onhaving inpurity atons, which
Iayer conpri ses cavities of hydrogen or nobl e gas a
bupbbes ¥ 9pd 38 duaededyin alaimpl anthayeo the energy require
furtherpore at least_.o a Y ra}gﬂch@@ehOsuch that the
| ay ePAntRlaes 25 g8t ecté]rsegﬁgﬁagg g?%%lér? | ocat i onE,he cemi-
and Bapeki ng Faubtiswnd HEaviTHEs) §Harh 19 %HS Frsi i

cavil ] ucto@elg&ekeggh@g@r@mﬂ axenl ¢l aiysers:h:euangd below an in-

crack iree a residual strain of I t one
epi t bea Edcd @?éWB@Pn@PPJe%%ét]r?érﬁ Tor equaCFeEngbtsf%.g%

The seni conductor l'ayer structure as clained in cl al m

11, the residual- rain.of t tql taxkal -
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wherein priox torimplanta~

9. The method as claimed in claim 1,
selected

tion of impurity atoms of one or more atom types,

from a group of oxygen, nitregen and carbon, a thermal treat-

ment of the semiconductor layer structure at a temperature of
at least 600°C is effected.

10. The mefho& as claimed in claim 1, wherein the ion beam in

step b) is 1mplanted into the substrate;

-con wafer, the latter ‘ig then theated thermally, as a regsult

of which in the substrate a buried menocrystalline silicon

" and also, above and below the monocryetal—

transition regions form and the

which is & sili-

~ carbide laver .
line silicon carbide-layer,
yer and also the transition region lying

upper substrate la
are subse-

above the monocrystalline silicon carbide layer

quently removed, as a result of which the monocrystalline

“dilicon carbide layer is uncovered.
11. A semiconductor layer structure, comprising a substrate —{3-
made of silicon, on which a layer
bide is situated, furthermore a region having impurity at-
oms of one or more atom types selected from oxygen, nitrogen .

containing silicon car-

and carbon, which region is -gsituated either in layexr- or
below the interface between layer and substrate and
which contains silicon carbide precipitates, additionally-a
layer within the region having impurity atoms, which

layer comprises cavities of hydrogen or noble gas bubbles pro-



0.5-7.0 nm RV5. 14. The sem conductor |ayer structure
as clainmed in claim 13, the roughness of the at |east
one epitaxial |ayerbeing 0.5-2.0 nm 15. The

sem conductor |ayer structure as clained in claim11,
wherein the-substrate is a wafer made of
nmonocrystalline sili- con. 446. The sem conductor-

‘layer structure as clainmed in _clajm1 erel Nyt b&. itaxial
subs@uegd 4w ignsdrPhafertory. fﬁ‘ﬁghglémm ceo\rl%‘(gu'tzzttg grgtl ay%r?pl'ax-la :
strugiye as gppiaed t6 Tdwim 11, anberldn o ReLPayef e on

a layer structure,conprisi Lk contig@isniwighShGhe layer
pr ecF PR HSIafd 54° nﬁ%%? yg%éflsi ne gxiq%i con car- bide ;..

| ayer. IfwpHieisgnievhdieg ortheagér 1eFtu @i P45
claiyed in.claimll,, el aidbildhal acteastofonde at least one

epit X A qayercorrprlses a ni- tride com : 1 @pa.
sem ewiithrcitedr 12¥9T The %‘:‘e’rﬁ%(}l’ﬁf&ckg?nl%\ryee%&é?r GCtare
as claimed in claim118, wherein a further epitaxial

| ayerconprising a nitride O SeMLGORTAGHST S claim 11,
appl-i edleos% %réirﬁc&_’gﬁdug%’%]? ayer ugt%ructure.

34
the residual strain of the at least one epitaxial 1ayer

being less than or equal to 370 MPa.

13. The semiconductor layer structure as claimed in dlaim i1, .

the roughness of the at least one epitaxial layer being

0.5-7.0 nm RMB.

14. The semicanductor.layér stiucture as claimed in claim 13,
—-the’rbughness of the at least one epitaxial layer  being

0.5-2.0 nm.

15. The semiconductor layer structure as claimed in claim 11,

 wherein the substrate is a wafer made oﬁ_monocrystalline sili-

con .-

16. The semiconductor layer structure as claimed in claim 11,

wherein the substrate is a SOI wafer.

17. The semiconductor layer structure as claimed in claim 11,
wherein the layer is a layer structure comprising a region_

containing SiC precipitates and a monocrystalline silicon car-

bide lavyer.

18. The semiconductor layer structure as claimed in claim 11, .
wherein the at least one epitaxial layer comprises a ni-

tride compound semiconductor.

15. The semicénductor layer structure as claimed in claim 18,

wherein a further epitaxial layex comprising a nitride

compound semiconductor is applied to the semiconductor layer

structure.



20. The sem conductor layer structure as clained in

claim 19, wherein the | ayerconprises al um num

‘nitride. 21. The sem conductor- | ayer structure as

clainmed in claim20, wherein the |ayerconprises
galliumnitride. 22. The sem conductor |ayer

structure as clained in claim1l, a relative

. expansion of the lattice constant of silicon carbide-

in layeras neasured by neans of high-resolution X-ray
diffraction being |l ess than ¥ equal to 0.2% 23. The

sem conductor | ayer Structur Lai oed.+ n; 4R 23aim 19,
o SObet PATIRNREE AFdRbtSF T Brearer {har o
eqUathe tdnil @Benay24. Thecammisssdabeninyydiride.

structure as clainmed in claim11l, having a defect

-regi onconprising dislocations in or bel owthe.l :

25, Thibe semioTHiRtor RayeF StTiritdFe aso bt MiThdh Siaim 20,
cl ajn.24. that 1Lgyer conpedngimigesayall ben beitygde .-

resistant to thermal cleavage at tenperatures of

. 25-1250C. 26. The sem conductor |ayer structure as . . -
oAl MEBe | Sermi @irmdukBorf dRYREr RETECtAERAPS FRETBRE Yt ctaim 11, 2
[‘E;ﬁ%fa‘)ﬁ' 'tv%x"e%%ah'é&%' aY e Sidewatedebeivmen dfayenandn carbide

l H - -
east one épitaxial |ayer conprisi,ng a RiLEG _ ,
conpourgeseni co@@um@@wﬂz@z.bYA%@ﬁchﬁd%H%‘?fesoq“tﬂOgex ray.

CoNpONENior iRHOBWGBE D8s@ el eandyatbred ayars.
structure as clainéd in claim18, which after -

activation emts |light having an energy of greater _ _
than ke eqbi cdeltbreYagrt bewsctiuyen 26r céguaed t i wlaim 22,

ev. thesssu%bs%tr%%%t having a diameter of greater than or equal

to 100 mm.

24. The‘semicdnductorrlayer structure as claimed in claim 11,
having a defect region comprising dislocations in or below

the layer.

725. -The'éemiconductor layer structure as claimed in claim 24,

that lavyer compriging cavities being_reéistant to thermal

cleavage-at temperatures of 25-1250°C.

26. The semiconductor layer structure as claimed in claim 18,
furthermore compriging one Or more epitaxial interlayers situ-

ated between layer and the at least one epitaxial layer

comprising a nitride compound semiconductor.

27 a semiconductor component, produced on a semiconductor layer

structure“as claimed in claim 18, which after activation emits

light having an energy of greater than or equal to 0.1 eV and

less than or egqual to 7 &V.



Sem conductor | ayer structure and nethod for
fabricating a sem conductor |ayer structure

Sem conductor | ayer structure, conprising a substrate
(1) made of sem conductor material, on which a |ayer
(2) made of a second semiconductor material is.
situated, furthernore a regi (3) enriched with
impurity atoms, which regio s situated either in

| ayer (2) or at a specific depth belom1the interface
bet ween | ayer (2) and‘subgﬁ additionally a
| ayer (4) within the regi ? nrlched W th
impurity atonms, which layer conprises cavities

br oducedgbi; . s aﬁagyxag;a%trogtrtyt&t@rm hedboleast

one epltaX|a [ayer (2) and al so

a def ect ﬁ@gl@ﬁte-sy eo?ﬁm%qwcm E!;e&?’foﬁ*% Urigre
stacking faults W|th| n the | ayer (4) corrprl Si ng

cavjti.es | east I taxi aI

I ar%eé'flfoéfiﬁsgoﬂ e8Y¢hnd gu ggrgual S ral nngf 6% he %]&ate
I ea@t) ormieepof aﬁemllctba@'efrt@ﬁ)m@wwjl esent Waachr a layer.

equgy 3‘na§de@aof Meg hodefghaf aQéﬂnﬁ?@gﬂdiQ:tﬁbr mater:tal is
sem Con ctor er structure,

f ol¥idWeR§9st eﬁngE?Hﬁ?J&%l s¢ onr%$1gnpsug$s r a?’%rj(?}e%a‘%ith
of ﬁmpm&ﬁtgonﬂtmmSN' whtiehi ategidy) applsdatdtmd okigher in
_Ia er a_s m u |

sai d:;1 ubs rat e (%? Fofs%)t%f%%r ﬁ%%gﬁogélr %ﬁgﬁg‘cé]@faee
serﬁ@@t@@t}cthﬁ%yé?) sttt Grestrade i fip Fantaﬁq%ﬁonaﬂlf a

?f lightr gasi @AEhAKLO thie r%grirbﬁortducteﬁmt:m@rwstm Uthpinei ty
or_the pur eof roduc:|n ala er%5
caA s i N e F8 dyer s s s g)q% ton
st amphaz:aamnn of featdernwyid | @13 byastpemns t 9pat@7hﬁsalofl%yer
spe 'aggipiﬁ%ﬁ' &3 1%)ye%0|0 JdiCali Pl af dt@@éctt Of@glon (5)
epi t axi | ayer to the s mcon]gluct of 1ae/
st MREPFEeing” dis ocatlons and stacking faults within the
layer (4) comprising cavities, the at least omne
epitaxial layer (6) being la;gely' crack-free, and a
regidual strain of the at least one epitaxial layer (6)

beiﬁg legs than or equal to 1 GPa.

Method .for fabricating a semiconductor layer structure,
comprising ‘the following, steps: a) prbvision of a
substrate (1) made of a semiconductor material;
b) application of a layer (2) made of_‘ a second
semiconductor material to said substrate (1) for the
puiposé of producing a semiconductor layer structure;
c) implatntation of light gas ions  into the
semiconductor layer structure for the purpose of
producing a layer (4) comprising cavities in the
gemiconductor layer structure; d) stabilization of said
cavities by impurity atoms of a specific species;
e) application of at least one epitaxial layer {6) to

the semiconductor layer structure.

Fig. 3



