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(57 ABSTRACT

The invention concerns a method for the production of
single crystal aluminium nitride doped with scandium and/or
yttrium, with scandium and/or yttrium contents in the range
0.01 atom % to 50 atom % with respect to 100 atom % of
the total quantity of the doped aluminium nitride, charac-
terized in that in a crucible, in the presence of a gas selected
from nitrogen or a noble gas, or a mixture of nitrogen and
a noble gas:

a doping material selected from scandium, yttrium, scan-

dium nitride or yttrium nitride or a mixture thereof

and

a source material formed from aluminium nitride

are sublimated and recondensed onto a seed material which
is selected from aluminium nitride or aluminium nitride
doped with scandium and/or yttrium.

The invention also concerns a corresponding device as well
as the corresponding single crystal products and their use,
whereupon the basis for novel components based on layers
or stacks of layers of aluminium gallium nitride, indium
aluminium nitride or indium aluminium gallium nitride is
generated.




Patent Application Publication  Sep. 13,2018 Sheet 1 of 9 US 2018/0258551 A1l

2400

o
o
- o~
&
(=3
(=]
L 8
&
~ —_
A (&)
=
0 o
+ E]
z K]
> 3 o g
=3
+ 8 | @ o
z & -~ g
G ¢ o
w [
+
Z
< 2
- w
@
o
Q
- -
2
-
2
o .
S
e —— 2
o —— —

(Aanoe) O+Bo7



US 2018/0258551 A1

Sep. 13,2018 Sheet 2 of 9

Patent Application Publication




Patent Application Publication  Sep. 13,2018 Sheet 3 of 9 US 2018/0258551 A1

/




Patent Application Publication  Sep. 13,2018 Sheet 4 of 9 US 2018/0258551 Al

2 g

[— T

b)

15

\1\_/

. Fig. 2.4

a)




Patent Application Publication

Sep. 13, 2018 Sheet 5 of 9

Fig.. 3

US 2018/0258551 Al



Patent Application Publication Sep. 13,2018 Sheet 6 of 9 US 2018/0258551 Al

T
[
>
&
o
£ —_ ¢
[S | ¥
& E £
8 E
© -
Q
7]
@
£
P
B L e
- ™
K
l]lll-—l—l]lll(l"[l]]o

o ©w o Ww o ©»w o ’w o

¥ @ m & &6 v v Q9 O

o o o o o 9o ©o© ©o o

%738 [NDS "DU0)



Une scan a-plane wafer

Line scan o-plane-3

Patent Application Publication

Sep. 13,2018 Sheet 7 of 9

&
2
D to
2
L o
- L @
A" &
«
<
et
=
Q‘ | .
= e
B
=
o
iy £
—a o
©
o
T T T T T L T
2 8 8 § 8 ¢ & 8 8
o o o d o S =} o o
%7 [N2S Duo)
-
o
5 u
[T -~
#
= @
E
E -0
[l
c
©° b
o
- o
4
-
g k]
®
- o
-
ES
o g
w x Lo
T T T T T T T
o o) 4 Ix] o~ [ o
o =3 =) =] o o o

%18 (N2S "Ju

0D

Length [mm]

L (mm]

Fig. 6

Fig.5

US 2018/0258551 A1



Patent Application Publication  Sep. 13,2018 Sheet 8 of 9 US 2018/0258551 Al

G |‘"
188

—=
=
g = {F
- =
& 8
H1
(-]
5 3
w
§ =
-=
: 13
~ = L2
g s |
éiégtggé
qunoo/;usualm
8
E
s 3 e
3t
v
g5 =
A=y
L §
g K
5 =
5
|
g g § & &

Sunco fAsuaiul



US 2018/0258551 A1l

Sep. 13,2018 Sheet 9 of 9

Patent Application Publication

0's

SL'0

4y

3

6 b4

wuwi jy3busTy
sy 0y se e m._N Oz gv O
NZ % g 0) spuodsaliod

wy K
b5 L -ﬁ-- £ l-ll-inlultll-fl nlln JL.:-&'._- .

-oe'0

o
%’1e IN3S "2u0D

g
o

ueds auj| Jake| Buiddes 99z~ z4

2



US 2018/0258551 Al

(SC,Y):AIN SINGLE CRYSTALS FOR
LATTICE-MATCHED AIGAN SYSTEMS

INTRODUCTION

[0001] UV light is used for sterilization, purifying water
and air, for medical applications in the case of skin diseases,
to promote plant growth, for the physico-chemical investi-
gation of solid surfaces and many more besides. UV emitters
(UV light emitting diodes (LED) and UV laser diodes (LD)),
sensors and related electronic components based on layers of
semiconductors with large bandgaps [aluminium gallium
nitride (AlGaN), indium aluminium nitride (InAIN), indium
aluminium gallium nitride (InAlGaN)] can be efficient com-
ponents for the UV-B and UV-C wavelength region. In this
respect it is important for the number of structural and point
defects in the layers to be as low as possible (dislocation
density DD<10° cm™2).

[0002] Currently, the best technology for producing layers
with a small number of structural and point defects in the
prior art is based on the epitaxial growth of pseudomorphic-
ally strained AlGaN layers which can only be grown on
aluminium nitride (AIN) substrates with aluminium (Al)
contents of more than 65%. Lattice-matched substrates are
required in order to prevent the relaxation of the layers with
lower Al contents in addition.

PRIOR ART

[0003] LEDs in the near UV and visible region exhibit
excellent external quantum efficiencies (EQE). In contrast,
those of AlGaN-based UV LEDs with wavelengths of less
than 365 nm, which are known as deep UV LEDs (DUV),
are an order of magnitude lower®. In order to produce the
components, AlGaN layers are initially deposited onto sap-
phire and onto single crystal AIN by means of physical
vapour transport (PVT) and hydride vapour phase epitaxy
(HYPE).

[0004] AlGaN/Al,O; or AIN-On-Sapphire Templates
[0005] The production of AlGaN layers is currently pri-
marily carried out on sapphire substrates and AIN-on-sap-
phire templates derived from them, which results in a very
high defect density (>10® dislocations per cm?) and is
therefore highly disadvantageous as regards the properties of
the component (service life, power density, efficiency etc).
Because of the high defect density, such layers are practi-
cally always relaxed, i.e. no longer lattice-matched. Methods
for reducing the dislocation density are known. This can, for
example, be carried out by means of intermediate layers with
a variable composition which alleviate the strain conditions
causing the defects, or by depositing superlattices (series of
thin periodic layers with a variable composition). In this
regard, Khan et al developed a method for depositing AIN
layers with a low defect density and improved surface
morphology onto sapphire by means of MEMOCVD (mi-
gration-enhanced metal organic chemical vapour deposition
WAL They were the first to use this method to produce
superlattices on c-plane sapphire DUV-LEDs by growing
layers of AIN and AIN/AlGaN. By using an ammonia pulse
flow method and multilayer deposition (ML), Hirayama et al
succeeded in obtaining AIN buffer layers with a low defect
density on sapphire™. Sensor Electronic Technology (SET)
developed commercially available UV LEDs with wave-
lengths of between 240 and 360 nm with a maximum EQE
of 11% for the 278 nm LED and a TDD (threading dislo-
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cation density) in the range of the MQW of <10® cm™2 ¢,
UV Craftory report a DUV-LED with a high EQE of
143%™ and Hamamatsu Photonics report the shortest
wavelength MQW UV-LD with a wavelength of 336 nm®.
Epitaxial lateral overgrowth (ELO) constitutes another prin-
cipal method for defect reduction, in which the layer growth
is initially locally suppressed. Subsequent coalescence of the
growing layer then brings about local defect-reduced regions
™. In the case of the intermediate layers, the target for a
dislocation density DD of <10® cm™ is not reached. For
ELO, the size and number of the processable components is
restricted to the size and number of the coalescing regions.

[0006] Free-standing AlGaN crystal wafers with a suitable
Al content would be an ideal substrate for the production of
pseudomorphically strained AlGaN layers. Some groups
have produced thick free-standing AlGaN layers (Kyma,
Richter/FBH). In this regard, a sapphire seed or an AIN-on-
sapphire template is grown with the AlGaN layer and then
separated from the seed. Because it is grown on a foreign
substrate and because of technological challenges, however,
seed wafers produced in that manner have until now in
general had an insufficient structural quality (high disloca-
tion density, macroscopic structural defects, cracks), and so
no high quality AlGaN layers have been able to be deposited
on such thick layers.

[0007] AlGaN on AIN-On-Si Templates, Si and AIN—SiC
Templates
[0008] AIlGaN on AlN-based templates grown on silicon

(Si)™ and silicon carbide (SiC)®****) have also been
reported. However, such templates have a high defect den-
sity of 10® to 10'° cm™2, high surface roughness and require
expensive growth technology in order to compensate for the
various thermal expansion coeflicients and the lattice mis-
match between the template and the foreign substrate. SiC
substrates in fact have only a low lattice mismatch of 1%
with AIN, but are only transparent to visible light, which
makes their use in the UV LED range problematic.

[0009] AIGaN/AIN

[0010] The advantageous production of pseudomorphic-
ally strained AlGaN layers and component structures has
until now been carried out on single crystal AIN substrates
which had been produced by means of subilmation/recon-
densation on AIN or on thick single crystal AIN layers which
had been produced by HVPE on PVT-AIN)™™". The
structural quality and thus the suitability for component
technology is highest for single crystal AIN substrates which
have been produced on crystalline AIN wafers®*", The
AlGaN layers in the layer thickness of a few 100 nm
required for component engineering, however, only remain
pseudomorphically strained and low in defects if their Al
content remains above 50%-65%¥),

[0011] Globally, a number of research groups are con-
cerned with the production of AIN bulk crystals and sub-
strates. Recently, a number of spin-off groups have been
formed. The largest (with an estimated 25-40 employees) are
Crystal-IS (www.crystal-is.com), which has recently been
taken over by the Japanese firm Asahi Kasei, as well as the
firm HEXATECH (www.hexatechinc.com). Both firms have
started to develop component production for UV-C light
emitting diodes. Other smaller spin-offs such as, for
example, the German firm CrystAl-N GmbH (www.crystal-
n.com) as well as the firms Nitride Crystals (www.nitride-
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crystals.com) and Nitride Solutions (www.nitridesolutions.
com) are concerned with the sale of epitaxy-ready
substrates.

[0012] Until now, AIN substrates have only been commer-
cially available in very small quantities and with erratic
quality (as one-offs). In the context of publicly promoted
projects, first UV light emitting diodes, UV laser diodes®™,
HEMTs™), SAWs (SAW on AIN) and Schottky diodes (Xie
et al, 2011, on AIN substrates have been introduced by
the firms Crystal IS and HEXATECH. The above studies
should generally be understood to be in the context of a
“proof of concept” as neither material, epitaxy nor compo-
nents have been optimized as yet.

[0013] AlGaN/GaN

[0014] The production of pseudomorphically strained
AlGaN layers on gallium nitride (GaN) templates (GaN
layers on AIN-on-sapphire, SiC or GaN single crystals) is
only possible up to a maximum Al content of 25%-30%.
Therefore, the intemnal quantum efficiency of light emitting
diodes in the wavelength range 260-320 nm, in which
AlGaN layers with a high structural quality with an Al
content of 30%-65% are required, is substantially lower than
for shorter or longer wavelengths®.

[0015] AIGaN layers on GaN-on-sapphire deposited by
means of metal organic chemical vapour phase epitaxy
(MOVPE) contain in the range 2.4 to 5.3x10° cm™ or from
2.7 to 5.7x10° ¢cm™2 threading or step dislocations. The
increasing defect density (DD) is caused by an increase in
the Al content in the AlGaN layer from 15% to 50%¢.
AlGaN with low Al contents on GaN-on-sapphire can be
deposited completely strained and free from cracks. With
increasing Al content, the increasing relaxation of the
AlGaN—GaN epilayer results in crack formation. Further-
more, the tensile stress and roughness increase with increas-
ing Al content.

[0016] Components on ELO templates and on sapphire
were compared by Song et al™™ AlGaN layers on GaN
substrates from bulk crystals are suitable for the production
of high power LEDs and LDs which operate in the visible
and UV regions®™*~™"_ It has been able to be shown that the
DD in nitride heterostructures on bulk-GaN substrates does
not exceed 10* cm™2 9, Compared with AlGaN structures
on AIN, however, these have a lower transparency for light

emission and-are-under-tensile strain, which-leads-to-faster

crack formation®™"*?. Because of the poor availability and
the high price of GaN bulk crystals, quasi-GaN bulk material
with a low defect density of approximately 10* ¢cm™ has
been produced using HVPE™™.

[0017] Although large SiC and GaN substrates are avail-
able, because of the misfit with the foreign substrate or the
consequent high dislocation density already in the template,
no good components have been able to be produced using
this strategy (DD~10° cm™2).

[0018] Scandium Aluminium Nitride (ScAIN)

[0019] Layers and nanostructures formed from the mate-
rial scandium aluminium nitride (Sc:AIN) are known:
Bohnen et al (xxx,xxxi) have grown ScAIN nanocrystals
with § atom % Sc on scandium nitride (ScN) film by means
of HVPE; Lei et al®™™>™ produced Sc:AIN nanostruc-
tures (with approximately 1.4 atom % Sc) by DC plasma
discharge; AIN with 2.1% Sc (Sco 95, Alg 97oN) are known as
diluted magnetic semiconductors (DMS). They are ferro-
magnetic at room temperature, brought about by Al vacan-
cies. Sc doping leads to a reduction in the formation energy
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for Al vacancies. Moram’s group™®*) at Cambridge Uni-
versity have been investigating the properties and produc-
tion of thin ScAIN films since 2006:

[0020] a) ScAIN with the highest possible Sc content

(up to 43%) for piezoelectric applications:

[0021] High piezoelectric coeflicient predicted and
measured

[0022] Method: sputtering

[0023] b) ScAIN with “medium” Sc content for:

[0024] epitaxiaily strained or lattice-matched ScAIN/
GaN heterostructures for high electron gas concen-
trations in HEMTs, as a result of the high piezoelec-
tric coeflicients,

[0025] critical layer thickness is about 2 nm for the
lattice strained Sc, 3,5Al, 62sN/AlN-series of layers

[0026] Sc, ,gAly 5N is lattice-matched to GaN®=:
xxxei)

[0027] Zang®™™* and Moram®™™ et al indicale the
possibility of using Sc:AIN for components based on
AlGaN (UV-LEDs, HEMTs). The use of Sc:AIN
with a low Sc content as a substrate for AlGaN layers
was not mentioned, however¢== ==

[0028] c¢) Sc:AIN with a “low” Sc content (approxi-
mately 2 atom % Sc, i.e. Scy 5Alg0oN) is assumed to
be lattice-matched by strain when deposited on an AIN
substrate, i.e. the critical layer thickness for Scy 5,Aly.
9sN/AIN, for example, should be infinite®**.

[0029] Only one mention was found in the literature for

(Sc,Y):AIN, namely for the growth of nanoprisms®=™.
[0030] The PVT process was used by Gu et al to produce
ScN crystallites®™.
[0031] A method for the production of an AIN crystal by
a sublimation method is already known, in which a nitrogen
atom is substituted for an oxygen atom. That method is used
to produce a semiconductor crystal with a low resistance (JP
2007 26188 3 A).
[0032] A method for the production of an AIN single
crystal by sublimation in which the source material can be
doped is also known (US 2015/0218728 Al).
[0033] Furthermore, sublimation assemblies which are
suitable, inter alia, for the growth of doped SiC single
crystals are also known. In this regard, the separated storage

_and heating of doping and source material in the sublimation
growth chamber is described. As a rule, the doping element
is guided to the seed over a long path via the gas phase (DE
10 2005 049 932 Al and DE 10 2008 063 129 Al).
[0034] A method for the production of long SiC or AIN
bulk crystals is also known. A bulky intermediate block is
placed between the seed and the source material. However,
this does not function as a diaphragm. The source material
is initially deposited on the underside of the block and then
sublimated again on the side facing the seed. Very long bulk
crystals can be produced in this manner (DE 10 2009 016
132 Al).

The Present Invention

[0035] The objective of the present invention is to provide
substrates which can be used to produce low defect, pseudo-
morphically compressively strained aluminium gallium
nitride (AlGaN) layers even at low aluminium contents,
preferably <65 atom % Al. Aluminium contents in the range
0.001 atom % to 60 atom % Al, most preferably in the range
0.01 atom % to 50 atom % Al are more preferred.
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[0036] This objective is achieved by means of the method
according to claim 1 and by means of a device according to
claim 20, as well as with the corresponding single crystal
products according to claim 10, 11, 12, 13 or 14 and their use
according to claims 15 to 17. The objective is also achieved
by means of the components according to claim 18. Further
preferred embodiments are defined in the dependent claims.
[0037] In other words, the objective is achieved by means
of a method for the production of single crystal aluminium
nitride doped with scandium and/or yttrium, with scandium
and/or yttrium contents in the range 0.01 atom % to 50 atom
% with respect to 100 atom % of the total quantity of the
doped aluminium nitride, wherein the method is character-
ized in that in a crucible, in the presence of a gas:

[0038] a doping material selected from scandium,
yttrium, scandium nitride or yttrium nitride or a mix-
ture thereof

[0039] and

[0040] a source material formed from aluminium nitride
are sublimated and recondensed onto a seed material which
is sclected from aluminium nitride or aluminium nitride
doped with scandium and/or yttrium.
[0041] Products in Accordance with the Invention
[0042] By using the method in accordance with the inven-
tion, both single crystal aluminium nitride doped with
yttrium and single crystal aluminium nitride doped with
scandium and yttrium, as well as single crystal aluminium
nitride doped with scandium can be produced.
[0043] Single crystal aluminium nitride doped with scan-
dium which is produced in accordance with the method of
the invention preferably has geometric dimensions of at least
3 mmx3 mmx100 pm. Similarly, single crystal aluminium
nitride doped with yttrium which is produced in accordance
with the method of the invention preferably has geometric
dimensions of at least 3 mmx3 mmx100 pm. Similarly,
single crystal aluminium nitride doped with scandium and
yttrium which is produced in accordance with the method of
the invention preferably has geometric dimensions of at least
3 mmx3 mmx100 pm.
[0044] As mentioned above, the aluminium nitride doped
with scandium and/or yttrium has scandium and/or yttrium
contents in the range 0.01 atom % to 50 atom %, with respect
to 100 atom % of the total quantity of the doped aluminium
nitride. Preferably, scandium and/or yttrium contents in the
range 0.1 atom % to 25 atom %, more preferably in the range
0.5 atom % to 10 atom %, respectively with respect to 100
atom % of the total quantity of the doped aluminium nitride,
is obtained.
[0045] When both scandium and yttrium are present, the
scandium content may be in the range 0.1% to 99.9% with
respect to the total quantity of scandium and yttrium. This is
also the case for the yttrium content, i.e. it may be in the
range 99.9% to 0.1% with respect to the total quantity of
scandium and yttrium.

Growth of (Sc,Y):AIN Bulk Crystals in Detail

[0046] The principal system and process control engineer-
ing corresponds to that for the production of AIN single
crystals as described, for example, by T. Paskova and M.
Bickermann in the article “Vapor Transport Growth of Wide
Bandgap Materials”, in: The Handbook of Crystal Growth,
Second Edition, Vol 2A: Bulk Crystal Growth—Basic Tech-
nologies, P. Rudolph (ed.), Elsevier Science Ltd. 2015,
ISBN: 978-0-44463-303-3, Chapter 16, as well as by C.
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Hartmann, A. Dittmar, J. Wollweber, M. Bickermann in the
article “Bulk AIN Growth by Physical Vapor Transport”,
Semicond. Sci. Technol. 29 (2014) 084002.

[0047] However, for the production of (Sc,Y):AlN, the
modifications in accordance with the invention as described
below are necessary.

[0048] Details of the Method in Accordance with the
Invention
[0049] The production of (Sc,Y):AIN is carried out by

means of a sublimation/recondensation process in a crucible
starting from scandium (Sc), scandium nitride (ScN),
yttrium (Y) or yttrium nitride (YN) or a mixture of these
substances as the doping material, and aluminium nitride
(AIN) as the source material, as well as AIN or (Sc,Y):AIN
itself as the seed material.

[0050] The gas used (synonym: process gas) is nitrogen or
a noble gas, preferably argon, or a mixture of nitrogen and
noble gas, preferably argon. Thus, preferred gases are nitro-
gen (N,), argon (Ar) or a mixture thereof (N,+Ar). The
process gas is not the only gaseous component which is
present inside the device in accordance with the invention
which will be described in more detail later on as the method
is carried out. Rather, in addition to the process gas, other
gaseous moieties which originate from the sublimation of
the source material and the doping material are present. The
total pressure during the method is correspondingly defined
as the sum of all of the partial pressures, i.e. the sum of the
pressure of the process gas and the partial pressure of the
gaseous moieties which originate from the sublimation of
the source material and the doping material.

[0051] Production is carried out at temperatures of 1500°
C. t0 2700° C. with the addition of or with a constant stream
of N, or Ar or N,+Ar, at system pressures of 10 to 1200
mbar, preferably between 200 and 1000 mbar, particularly
preferably between 500 and 900 mbar. The term “system
pressure” should be understood to mean the total gas pres-
sure, i.e. the sum of the pressure of the process gas together
with the partial pressures of the gaseous moieties which
originate from the sublimation of the source material and the
doping material.

[0052] The AIN source material is purified before being
used for growth, preferably by sublimation or sintering, in
particular in order to remove the oxygen and carbon impu-
rities. For the growth, the source material is used as a
powder or as polycrystalline articles.

[0053] The dopants Sc or ScN, Y or YN (the doping
material) may also be used without any further purification.
When using the pure metals Sc and Y, nitriding, i.e. the
formation of ScN or YN in situ, is carried out as the crucible
is heated up.

[0054] Various orientations of single crystal AIN sub-
strates (wafer) or AIN wafers which have alrcady been
doped with Sc, Y or both, are used as the seed (seed
material). In order to allow condensation onto the seed or the
seed substrate and thus to allow crystal growth, the tem-
perature of the source material must be higher than that of
the seed or the seed substrate.

[0055] Inparticular, the temperature of the source material
is 1K to 300K higher than the temperature of the seed
material. Preferably, the temperature of the source material
is 50K to 200K, more preferably 100-150K higher than the
temperature of the seed material. The advantageous tem-
perature of the AIN source material in the production of (Sc,
Y):AlN is in the range 1700° C. to 2700° C. (preferably in
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the range 2100° C. to 2400° C.). The advantageous tem-
perature of the doping material in the production of (Sc,
Y):AlN is in the range 1900° C. to 3100° C. (preferably in
the range 2100° C. to 2800° C.). The advantageous tem-
perature of the seed is in the range 1400° C. to 2400° C.
(preferably in the range 1800° C. to 2100° C.).

[0056] In a further advantageous embodiment, as an alter-
native to or as a supplement thereto, the temperature of the
doping material is 1K to 400K higher than the temperature
of the source material.

[0057] Preferably, the temperature of the doping material
is 50-300K, more preferably 100-200K higher than the
temperature of the source material.

[0058] Highly advantageously, then, the temperature rela-
tionship is as follows:

T(seed)<T(source material)<I{doping material)
or

T(doping material)>>T(AIN-source material)>T
(seed)

[0059] This overcomes a problem which is central in
(Sc,Y):AIN growth, namely that the Sc and Y partial pres-
sure (also that of the nitrides) is lower than that of Al over
AIN (FIG. 1).

[0060] In an altemative embodiment, the temperature of
the doping material is the same as or lower than the
temperature of the source material.

T(doping material)less than/equal to T(AIN-source
material)>1{seed)

[0061] In this alternative embodiment, advantageously, a
(mechanical) inhibition, i.e. an inhibiting means, is used in
order to inhibit diffusion of the source material.

[0062] In a preferred embodiment, the seed material is
disposed or can be disposed in the crucible separated from
or separable from the source and doping material, preferably
separated from or separable from or disposed or can be
disposed above the source and doping malterial. In a par-
ticularly advantageous arrangement, the seed in the crucible
is retained in a mechanical, chemical or physico-chemical
manner above the source and doping material, preferably on
the crucible cover, and the source as well as the doping

material are located in the lower and middle region of the

crucible and, for example, the source material is resting on
the floor of the crucible so that it does not have to be held
in a specific manner.

[0063] Inan advantageous arrangement, the doping mate-
rial is spaced from and, in an advantageous embodiment, is
in a region of the crucible with a higher temperature or at a
higher temperature than the source material. In other words,
in the crucible, the source and doping materials are spatially
separated or separable or spaced apart or can be spaced apart
from each other. This means that the relatively rapidly
cooling vapour from the doping material can reach the seed
material. Usually, at least a portion of the source material
lies in the lower region of the crucible and the doping
material is disposed or can be disposed above it. This also
encompasses arrangements in which the doping material is
actually separated from but is at least partially embedded in
the source material, for example in an inner crucible. In
particular embodiments, at least a portion of the doping
material is also present in the lower part of the crucible,
wherein the spatial separation of the source and doping
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material is preserved. Insofar as the doping material in one
region of the crucible is at the same or at a lower temperature
than that of the source material, an inhibitor, preferably
mechanical, is added, i.e. an inhibiting device, which pre-
vents diffusion of the source material.

[0064] In an alternative advantageous arrangement, the
doping material may also be mixed with AIN source material
or sintered with the AIN source material, or be in the form
of scandium and/or yttrium-doped AIN. In other words, in
the crucible, the source and doping material are completely
or partially mixed, sintered or already present as aluminium
nitride doped with scandium and/or yttrium. In general, the
doping material and source material are intimately mixed,
although it is not important whether the mixing is homoge-
neous or inhomogeneous (for example doping material on
the hot crucible floor). The temperature gradient between the
source material (for example AIN) or doping material and
the seed is preferably between 1 and 100 K/cm; more
preferably between 2 and 30 K/cm.

[0065] In order to obtain a sufficient/different/desired Sc
or Y content in the growing AIN crystal, a special experi-
mental protocol is necessary which includes the use of an
advantageous growth chamber construction. The following
have a decisive influence on the result:

a) the temperature range in the crucible, in particular the
temperature differences between the source material and
seed, between the source material and doping material as
well as the temperature gradients at the surface of the source
material, at the surface of the doping material and at the
surface of the seed, as well as, connected therewith,

b) the geometric position of the doping material in the
crucible, in particular with respect to the temperature therein
and the position relative to the source material and to the
seed.

[0066] The temperature as well as the temperature range in
the crucible are adjusted by the heating power, the position
of the induction coil and/or the resistance heater with respect
to the susceptor, the position of the crucible in the susceptor,
appropriate lines for the gas streams and changes in the
position, shape, geometry and choice of materials of the
various parts of the growth chamber assembly (crucible
including the parts and means therein, susceptor, heat insu-
lation, pyrometer holes, etc).

[0067] Details Regarding the Crucible in Accordance with
the Invention

[0068] In general, the assembly comprises a crucible the
upper region of which can be closed with a cover, thermal
insulation, which surrounds the floor of the crucible and at
least part of the sides (lower region of the crucible) as well
as a heating means, preferably an induction coil (connected
to an appropriate radio frequency generator), which sur-
rounds at least a portion of the crucible as the sides thereof.
[0069] The crucible is advantageously in a graphite assem-
bly consisting of a felt and susceptor. An alternative advan-
tageous assembly includes a susceptor formed from tungsten
(W), tantalum carbide (TaC) or tantalum nitride (TaN) and
a heat insulation formed from graphite felt, porous nitride,
carbide or oxide high temperature ceramic, and/or from
tungsten or tantalum heat deflectors. Heating is preferably
carried out inductively by means of coils or as resistance
heater. The aim is to have a growth rate in the range 1 to 800
wm/h, preferably 30 to 300 pmv/h.

[0070] Preferably, the crucible material is TaC, tantalum
(Ta), tungsten carbide (WC), W, TaN or a mixture thereof. A
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seed support may also be prepared from these materials, and
may be connected to the crucible. The crucible may also act
as the susceptor.

[0071] A heating means (for example an inductive coil or
a resistance heater) is disposed or can be disposed outside
the crucible, preferably at least in the lower region of the
crucible, whereupon the temperature which is produced by
the heating means, as described above, is in the range 1500°
C. to 2700° C.

[0072] The device in accordance with the invention com-
prises, preferably consists of a crucible modified in accor-
dance with the invention and is characterized in that in a first
region which is preferably the upper region of the crucible,
the crucible is provided with a first means in which a seed
material can be accommodated or is accommodated or
which can hold a seed material, and in a second region of the
crucible, which is preferably the lower region of the cru-
cible, at least one second means is provided in which a
source and/or a doping material may be or is/are accommo-
dated. In particular, when both a source and doping material
are present as explained above, this may be at least one
second means of the lower (inner) region of the crucible
itself.

[0073] By spatially separating the source and doping
material, the at least one second means may comprise at
least two said second means, of which one is configured to
accommodate the source material and the other is configured
to accommodate the doping material. Preferably, the mean
separation of the second means for accommodating the
doping material from the first means for accommodating the
seed material is less than the mean separation of the second
means for accommodating the source material and the first
means for accommodating the seed material. In this embodi-
ment again, one of the two devices may be the lower region
of the crucible itself, which preferably contains the source
material or constitutes the second means for accommodating
the source material.

[0074] Preferably, in addition to the crucible in accordance
with the invention, the device in accordance with the inven-
tion also comprises a heating means (induction coil or
resistance heater) which surrounds at least a portion of the
outside of the crucible at the height of the second region per
se.

[0075] Preferably again, the heating means is configured
or configurable such that the temperature in the region of the
second means for accommodating the source material is 1K
to 300K higher, preferably 50K to 200K higher, more
preferably 100-150K higher than the temperature in the
region of the first means for accommodating the seed
material.

[0076] As an alternative or in addition to installing the
heating means, the temperature profile described above is
obtained by the special design of the crucible itself or by the
positioning of the (devices for accommodating) the seed,
source and doping material.

[0077] Optionally, in particular when the source and dop-
ing material are spatially separated, clectrical contacts
formed from graphite, TaN. TaC or W may be provided to
supplement the heating. These are preferably installed out-
side the crucible at the level of the doping material or at the
level of the second means for accommodating the doping
material.
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[0078] Preferred embodiments of the crucible in accor-
dance with the invention will now be described in detail,
wherein the crucible has a cover (crucible cover) in every
form:

[0079] In one embodiment in accordance with the inven-
tion as shown, by way of example, in FIG. 2.1, the seed 1
or the first means for accommodating the seed is fixed to the
crucible cover 2. The lower portion of the crucible 3 forms
the second means for accommodating the source and doping
material (4, 5). The doping material 5 and source material 4
may be intimately mixed therein, but it is not important in
this regard as to whether the mixture is homogeneous or
inhomogeneous (for example doping material on the hot
crucible floor). The separation between the seed and surface
of the source material, i.e. between the first means for
accommodating the seed and the upper boundary of the
upper crucible region which forms the second means for
accommodating the doping and source material, is at least 1
mm, preferably between 1 and 50 mm.

[0080] In an alternative embodiment, in which the seed 1
or the first means for accommodating the seed 1 is posi-
tioned as before on the crucible cover 2, the source material
4 and doping material 5 are separated into different zones of
the crucible 3 as can be seen, for example, in FIGS. 2.2a and
b. This alternative embodiment uses the lower inner region
of the crucible itself as the first second means for accom-
modating the source material 4. Disposed in the upper region
of the crucible, i.e. still below the crucible cover 2 and the
body 1, is a second means for accommodating the doping
material. As an example, to this end, FIG. 2.2a shows an
apertured diaphragm 6 as a partial diffusion barrier and FIG.
2.2b shows a further, separate (smaller) crucible 7. This
further, separate crucible 7 is preferably supplemented by an
apertured diaphragm 6 which is disposed over the separate
crucible but under the seed and crucible cover and which
covers the source material but not the opening of the
separate crucible 7. Preferably, in this embodiment, the
position of the further separate crucible 7 within the source
material can be freely selected. The apertured diaphragm 6
in both embodiments has the function of inhibiting the
vaporization of the source material by mechanically pre-
venting diffusion. The further, separate crucible 7 also acts,
inter alia, to additionally inhibit vaporization of the source
material by kinetic inhibition or mechanical inhibition of the
diffusion. The respective sizes of the two crucibles can be
freely selected; as an alternative/supplement, the size of the
aperture in the apertured diaphragm may also be freely
selected.

[0081] The material of the further, separate crucible 7 is
preferably selected from TaC, Ta, WC, W, TaN or mixtures
thereof.

[0082] Optionally, electrically conductive contacts 13,
preferably formed from TaC, TaN, W or graphite, are present
as supplemental heating, which are attached outside the
crucible 3 at the level of the doping material or of the second
means for accommodating the doping material (for example
apertured diaphragm 6).

[0083] The scparation between the seed and surface of the
source material or doping material, i.e. between the first
means for accommodating the seed and the upper boundary
of the upper crucible region which forms the second means
for accommodating the doping and source material, is at
least 1 mm, preferably between 1 and 50 mm.
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[0084] In an alternative embodiment in which the seed or
the first means for accommodating the seed 1 is positioned
as before on the crucible cover 2, the source material 4 and
the doping material 5 are in a modified crucible 11, as can
be seen by way of example in FIGS. 2.3a-d. This crucible 11
has a thicker wall in the lower region than in the upper
region 11a, i.e. the region closer to the seed 1. The crucible
wall 1156 (hatched) which is thicker compared with the upper
region 11a extends over 1-90%, preferably over 10-60% of
the crucible height (measured from the floor to under the
cover) and extends completely round it. Compared with the
diameter of the crucible (the extent inside the crucible), the
thicker wall 115 extends over 1-90%, preferably over
10-30% of the crucible radius. In the lower region, the
thicker wall 115 acts to support setting up the variable
temperature zones. Preferably, it has an upper surface 11¢
(upper face 11¢) which is approximately horizontal, i.e.
parallel to the crucible floor. The term “approximately
horizontal” encompasses being parallel to the crucible floor,
but also with inclinations of +. 10%, preferably +5%. The
second means for accommodating the doping material 5 is
cither formed by the upper side 11¢ of the thicker crucible
wall 115 or is an appropriate device, for example an aper-
tured diaphragm 8, which is applied to the upper side 11c of
the thicker crucible wall 1156 or the heat shields 9. In
preferred variations of this embodiment, in the lower region
of the inside of the crucible, one or more heat shields 9 are
positioned which may be in any configuration.

[0085] These preferably have a tubular shape and extend
over 1-90%, preferably over 10-60% of the height of the
crucible. In a particularly preferred variation, the height of
the heat shields is approximately that of the thicker crucible
wall 115, i.e. there is only a 1-10% difference between the
height of the thicker crucible wall and the height of the heat
shield 9. Inside the thicker crucible walls and in the pre-
ferred variation with one or more heat shields 9 even within
the heat shield, the second means for accommodating the
source material 4 may be disposed or can be disposed. This
is preferably in the form of a crucible 10 and may be
described as the separate, inner crucible 10 in the lower
region. It should be understood that the height of this
separate crucible 10 is 1-90%, preferably 10-60% of the
crucible height; preferably, the height of the separate cru-

~cible-10-is-less-than-the height of the-thicker-crucible-wall

115 or less than the height of the heat shield(s) 9. Similarly,
it should be understood that the diameter of the crucible is
selected such that the crucible 10 within the thicker crucible
wall 115 of the crucible 11 and when heat shield(s) 9 is/are
present may be positioned within said heat shield.

[0086] Alternatively or in addition, a further separate
device, for example an apertured diaphragm 8, may be
present or can be installed on the heat shield(s) on which
doping material can (also) be positioned. This further sepa-
rate device or component of the second means for accom-
modating the doping material is also present, if applicable.

[0087] Optionally, in each and any embodiment of the
modified crucible 11, for additional heating of the doping
material 5, graphite contacts 13 may be installed on the
outside of the crucible 11. These are preferably attached or
attachable outside the crucible 11 at the level of the second
means for accommodating the doping material.

[0088] In a preferred alternative of the modified crucible
with thicker crucible wall 1154, at least one additional cru-
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cible opening 12 is provided, preferably at the floor of the
crucible. This acts to reduce vaporization of the source
material (cooling).
[0089] The material of the smaller crucible 10, the second
means for accommodating the doping material (for example
apertured diaphragm 8) as well as the heat shield(s) 9 is
selected from TaC, Ta, WC, W, TaN or mixtures thereof.
[0090] Different temperature zones in the crucible may
additionally be set by specific selection of the parameters
such as, for example:

[0091] variable size of the crucible opening 12,

[0092] electrical contact 13 for additional heating of the

doping material.

[0093] In an alternative embodiment, in which the seed or
the first means for accommodating the seed 1 is positioned
as before at the crucible cover 2, the source material 4 and
the doping material 5 may be in a modified crucible 16,
which is described as being a “long crucible”. In this regard,
the various temperature zones for the seed, doping material
and source material can be adjusted better by displacing the
crucible within the induction coil than in the embodiments
described above. This means that the first means for accom-
modating the seed, the second means for accommodating the
doping material and the second means for accommodating
the doping material are separated from each other by so
much that the crucible with the source material 4, for
example, is outside below the induction coil/resistance
heater (cooling of source material), the doping material is in
the centre of the induction coil (hottest zone) and the seed is
outside above the induction coil (coldest zone).
[0094] The second means for accommodating the doping
material may be formed by any device, for example a
diaphragm 14 or a step 15 which is disposed under the first
means for accommodating the seed but above and spatially
separated from the second means for accommodating the
source material. This is shown in FIGS. 2.4a-b by way of
example.
[0095] Further Use of the Products in Accordance with the
Invention
[0096] The single crystalline scandium- or/and yttrium-
doped AIN ((Sc.Y):AIN) produced in accordance with the
invention is used as a quasi-eigen substrate for low defect
pseudomorphically.strained AlGaN.-layers. The lattice con-
stant for the quasi-eigen substrate is prescribed by the level
of the scandium or/and yttrium content in the quasi-eigen
substrate. The level of the scandium or/and yttrium content
can be set during the production of the quasi-eigen substrate
and thus be matched to the desired lattice constant and/or
strain of the AlGaN layer. The restrictions as regards layer
thicknesses and Al contents which result in pseudomorphic-
ally strained AlGaN layers are lessened when the quasi-
eigen substrate is used in epitaxy compared with using pure
AIN substrates.
[0097] Even small (Sc, Y) contents of a few atomic
percent are sufficient to obtain a quasi-eigen substrate which
is lattice-matched to, for example, Al, sGa, sN layers.
[0098] The single crystal aluminium nitride doped with
scandium produced in accordance with the invention is used

" as a substrate (wafer) for the production of layers or stacks

of layers formed from aluminium gallium nitride, indium
aluminium nitride or indium aluminium gallium nitride,
preferably with a layer thickness of more than 2 nm, more
preferably with a layer thickness of 100 nm to 50 pm.
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[0099] Similarly, the single crystal aluminium nitride
doped with yttrium is used as a substrate (wafer) for the
production of layers or stacks of layers formed from alu-
minium gallium nitride, indium aluminium nitride or indium
aluminium gallium nitride, preferably with a layer thickness
of more than 2 nm, more preferably with a layer thickness
of 100 nm to 50 pm.

[0100] In addition, the single crystal aluminium nitride
doped with scandium and yttrium is used as a substrate
(wafer) for the production of layers or stacks of layers
formed from aluminium gallium nitride, indium aluminium
nitride or indium aluminium gallium nitride, preferably with
a layer thickness of more than 2 nm, more preferably with
a layer thickness of 100 nm to 50 pm.

[0101] The expression “layers or stacks of layers™ respec-
tively encompasses individual or a plurality of layers, i.e. in
an extreme case just a single layer may be present. A stack
oflayers may respectively consist of individual or a plurality
of stacked layers.

[0102] The layers or stack of layers produced from alu-
minium gallium nitride, indium aluminium nitride or indium
aluminium gallium nitride produced thereby, produced by
means of single crystal aluminium nitride substrates doped
with scandium and/or yttrium, are used as components for
the UV-B and UV-C wavelength regions (220-340 nm).

Components

[0103] Semiconductor components may be produced from
the aforementioned layers or stacks of layers on single
crystal aluminium nitride substrates doped with scandium
and/or yttrium using the known structuring and metallization
processes and using a suitable stacking and bonding tech-
nique. Preferably, the layers, stack of layers or parts thereof
form the electrically active regions of the component. Com-
ponents in accordance with the invention thus comprise
layers or a stack of layers of aluminium gallium nitride,
indium aluminium nitride or indium aluminium gallium
nitride, which are on single crystal aluminium nitride sub-
strates doped with scandium and/or yttrium (the quasi-eigen
substrate). These layers or a stack of layers of aluminium
gallium nitride, indium aluminium nitride or indjium alu-
minium gallium nitride are also known as the “low defect
first layer” which may also be abbreviated to the “first
layer”. Optionally, at least one further layer formed from
crystalline aluminium nitride or a layer formed from alu-
minium gallium nitride which contains more aluminium (as
an atomic percentage) than the “(low defect) first layer”
which contains the layers or stack of layers of aluminium
gallium nitride, indium aluminium nitride or indium alu-
minium gallium nitride, is applied to this low defect first
layer. It is known that the physical (in particular electrical,
optical, mechanical, thermal and acoustic) properties of the
individual layers or stack of layers can be specifically
adjusted by appropriate adjustment or variation of the con-
centration of the chemical elements constituting the layers
(optionally aluminium, gallium, indium, nitrogen) as well as
further chemical elements which act to adjust the properties
(dopants, impurities). The invention can now be used to
produce layers or stacks of layers formed from aluminium
gallium nitride, indium aluminjum nitride or indium alu-
minium gallium nitride.

[0104] Advantageous semiconductor components in
accordance with this invention are components formed from
the stacks of layers mentioned above, in which, in accor-
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dance with the invention, the layer lying directly above the
quasi-cigen substrate or the pack of layers lying directly
above the quasi-eigen substrate (“first layer”) has the desired
lattice constant and/or strain due to lattice-matching to the
quasi-eigen substrate in a manner such that the density of the
locally extended structural defects formed by a residual
lattice mismatch the extent of which in the direction of the
layer surface is larger than the extent in the plane of the layer
(penetration dislocations) in this “first layer” is less than 10°
cm™2 (“low defect first layer™). It is also known that a low
defect density in the first layer also leads to a lower defect
density in the other layers if the process used to produce the
layers is suitable. The low defect first layer forms an
electronic or optical guide layer for the component produced
on the quasi-eigen substrate.

[0105] In anadvantageous arrangement for a semiconduc-
tor component, a “low defect first layer” consisting, as
described above, of layers or stacks of layers formed from
aluminium gallium nitride, indium aluminium nitride or
indium aluminium gallium nitride is produced directly (i.e.
without further intermediate layers) on the quasi-eigen sub-
strate. In contrast to solutions to the problem applied up until
now, this means that structuring of the substrate which is
employed, often “nucleation layers” applied at low tempera-
tures and “masking layers” or “buffer layers” used to reduce
the structural defects, can be dispensed with. A very thin
layer formed from crystalline aluminium nitride or a layer
formed from aluminium gallium nitride which contains
more aluminium (as an atomic percentage) than the “low
defect first layer” is applied to the “low defect first layer”
which has the desired properties. Both layers are contacted
by other layers, stacks of layers and/or metallizations. It is
known that such component structures can be used as
HEMTs. The construction of the component is substantially
simplified by using the quasi-eigen substrate and dispensing
with nucleation, masking and buffer layers. Because of the
resulting low density of penetration dislocations, the prop-
erties of the component are improved. The said components
function well when the layers are produced on a metal-polar
surface with retention of the polarity. However, it may also
be advantageous for the very thin layer to consist of crys-
talline gallium nitride or a layer of aluminium gallium
nitride or indium aluminium nitride which contains less
aluminium (as an atomic percentage) than the “low defect
first layer”, as in this case what is known as the two-
dimensional electron gas is on the other side of the boundary
(depending on the polarity of the surface) between the “low
defect first layer” and the very thin layer. If necessary, what
is known as a “capping layer” and/or a passivation layer has
to be applied to the very thin layer, as is known in the prior
art.

[0106] In a further advantageous arrangement for the
semiconductor component, a plurality of alternating very
thin layers are produced on the “low defect first layer” which
differ in the atomic concentration of the constituent ele-
ments. It is known that such alternating series of layers can
increase the electrical conductivity of the stack of layers as
a superlattice structure without producing large mechanical
strains or structural defects. Other alternating series of layers
can be used as a Bragg mirror, for example in vertical laser
components. These structures can also profit from the inven-
tive simpler construction of the component on the quasi-
eigen substrate and from the low defect density in the layers.
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[0107] In a further advantageous arrangement, the com-
position of the “first low defect layer” is selected in a manner
such that it simultaneously forms an electronic or optical
guide layer (conducting layer, blocking layer or guiding
layer) for the component produced on the quasi-eigen sub-
strate, wherein the component itself acts to produce and/or
detect electroluminescence or laser light in the wavelength
region of 210 nm 380 nm (UV-LED, UV laser diode, UV
sensor). In the current prior art, such components and thus
also the electronic or optical guide layers are deposited on a
nucleation, masking or buffer layer. Because of the advan-
tageous production of the “low defect first layer” on the
quasi-eigen substrate, these can be dispensed with.

[0108] The invention will now be explained in more detail
with the aid of examples which are not limiting in any way.

EXAMPLES

Example 1—Investigation of Nitriding of Sc by
TG/DTA Measurements

[0109] Sc in graphite crucible in stream of N, to 1640° C.,
rate of heating 10 K/min
[0110] Nitriding of scandium in accordance with the fol-
lowing reaction:

Sc+YaN,-->ScN

[0111] commences from 1000° C., with a strong exother-
mic peak at 1375° C.

[0112] The phase composition of the reaction product
produced pure ScN.

Example 2—PVT of Sc:AIN (Crucible Design as
Shown in FIG. 2.1)

[0113] Up to 1% by weight of Sc intimately mixed into

AIN source material
[0114] Tp, =2030° C., t=15h; growth rate 180 pm/h

[0115] AIN seed, h=5 mm; top diameter 3 mm

[0116] As a result, a hexagonally grown crystal was
obtained:

[0117] Diameler 7x8 mm; h=8 mm (sample reference

FZ_221, see FIG. 3)
[0118] The crystal was sawn into one a-plane wafer and
four c-plane wafers. Chemo-mechanical polishing (CMP)

~~was used to obtain uniform thin layers (bothr sides). Scwas

found in all of the wafers (EDX, XRF), with uniform Sc
distribution in c-plane wafers (EDX, XRF).

[0119] The result of the X-ray fluorescence analysis (XRF,
line scan c-plane capping layer) is shown in FIG. 4. The ScN
concentration was between 0.3 atom % and 0.35 atom % this
corresponded to ScN in AIN or 0.65 atom % to 0.7 atom %
Sc in ScAl.

[0120] This gives: Scyg07Alp.003N

[0121] The variations in the Sc concentration result from
the unevenness of the capping layer.

[0122] The result of the X-ray fluorescence analysis (XRF,
line scan c-plane capping layer) in the vicinity of the seed is
shown in FIG. 5.

[0123] The ScN concentration was between 0.3 atom %
and 0.4 atom % ScN in AIN, or 0.6 atom % to 0.8 atom %
Sc in ScAl. An increasing Sc concentration was observed in
en-plane grown AIN. This gives as a maximum: Sc, gosAlg,
992N

[0124] The increasing Sc concentration in the a-plane
wafer (XRF) was 0.4 atom % ScN; the result of the XRF is
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shown in FIG. 6. The ScN concentration was between 0.3
atom % and 0.4 atom % ScN in AIN;

[0125] The rocking curve for the capping layer of sample
FZ_221 (as-grown) was 33.1 arcsec and is shown in FIG. 7
(primary beam apertures 2 and 0.05 mm; open detector).

[0126] The result indicates the presence of several grains.
[0127] Determination of Lattice Parameters (XRD Etc).:
AIN ScAIN
Sample CHB879 FZ_221 (capping layer)
a 3.1113 3.11287 0.00157 A
c 4.9812 4.981996

[0128] For Sc,Al,_N, using the Da according to Morarn
(2014) produced:

[0129] Scg oAl 9oy N—this corresponds to 0.9 atom %
Sc or 0.45 atom % ScN

[0130] The result compared well with the XRF values
given above.

Example 3—PVT of Sc:AIN with Crucible
Configuration as Shown in FIG. 2.256 (Sample
FZ_266)

[0131] Tp, ,=2030° C.; t=15 h; p=600 mbar

[0132] The aim was to obtain a very good quality hex-
agonal crystal:

[0133] One centre of growth (Nomarski),

[0134] Rocking curve, capping layer=21.4 arcsec (shown
in FIG. 8)

Lattice Constant (XRD):

[0135]
AIN ScAIN
Sample CH879 FZ_266 (capping layer)
a 3.1113 3.1132 0.0019 A
c 4.9812 4.9822

[0136] _For Sc Al, N, using the Da according to Moram
(2014) produced:

[0137]  Scg0097Alp 9903 N—this corresponds to 0.97 atom
% Sc or 0.48 atom % ScN

[0138] The XRD line scan on the capping layer of the
sample FZ_266 produced a ScN content of approximately
0.4 atom % ScN.

[0139] Overall, the agreement with the XRD values was
good.

Example 4—Doping of AIN with Y or (Sc,Y)

[0140] Doping of AIN with yttrium or (Sc,Y) was carried
out in a manner analogous to that for scandium. The success
of the doping was based on the comparatively small partial
pressure difference for Sc and Y (FIG. 1) in connection with
similar ionic radii of 73 pm for Sc and 93 pm for Y.

BRIEF DESCRIPTION OF THE FIGURES

[0141] FIG. 1 partial pressure of Sc, Y and Al in presence
of AIN as a function of temperature at 600 mbar (FactSage);
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[0142] FIG. 2.1 crucible 3 with crucible cover 2; inside is
the source material 4 and the doping material 5; the seed 1
is attached to the cover 2;

[0143] FIG. 2.2 source material 4 and doping material 5
separated in different zones of the crucible

[0144] 2.2a) the doping material 5 is on an apertured
diaphragm 6 which functions to inhibit the vaporization of
the source material kinetically;

[0145] 2.2b) the doping material 5 is in a small crucible 7
below the seed 1; the design also includes an apertured
diaphragm 6 on the source material 4;

[0146] FIG. 2.3 crucible 11, 11qa, 115 with different wall
thicknesses with separate crucible 10 in the lower region,
heat shield 9 (crucible height may exceed that of heat
shield), seed 1 on crucible cover 2; additional crucible
opening 12 to reduce vaporization of source material (cool-
ing)

[0147] 2.3 a) doping material 5 in central, hot region of
crucible on a step or the like, i.e. on surface 11c;

[0148] 2.3 b) doping material 5 on small apertured dia-
phragm 8 which is either on the inner heat shield or directly
on the crucible 10, apertured diaphragm serves to accom-
modate the doping material and for “orientated” vaporiza-
tion of source material 4 in the direction of the seed 1;
[0149] 2.3 ¢) doping material 5 both on apertured dia-
phragm (small) 8 and on step in crucible 11, i.e. on surface
11c; apertured diaphragm 8 is either on inner heat shield or
directly on the crucible 10;

[0150] 2.3 d) doping material 5 both on apertured dia-
phragm (small) 8 and on step in crucible 11, i.e. on surface
11c; apertured diaphragm 8 is either on inner heat shield or
directly on the crucible 10; additional heating of the doping
material 5 by graphite contact 13 (formed from graphite, etc)
between susceptor and crucible wall installed outside the
crucible 11;

[0151] FIG. 2.4 long crucible 16;

[0152] 2.4a) with diaphragm 14 to accommodate doping
material (powder/granulate/etc); with and without external
contact 13, source material 4 in lower region of crucible;
[0153] 2.4b) with step 15 to accommodate doping material
(powder/granulate/etc); with and without external contact
13, source material 4 in lower region of crucible;

[0154] FIG. 3 Sc:AlIN single crystal, as-grown (sample
FZ_221);

[0155] FIG. 4 XRF line scan over the “as-grown” capping
layer of sample FZ_221;

[0156] FIG. 5 XRF line scan over a c-plane wafer near
seed in sample FZ_221;

[0157] FIG. 6 XRF line scan over an a-plane wafer (FZ_
221);

[0158] FIG. 7 rocking curve of Sc:AIN capping layer
FZ_221; primary beam apertures 2 and 0.05 mm; open
detector; result indicates the presence of a plurality of
grains;

[0159] FIG. 8 rocking curve of capping layer of Sc:AIN
(FZ_266); peak width at half height of 21.4 arcsec;

[0160] FIG. 9 XRF line scan on capping layer (FZ_266),
ScN content at approximately 0.4 atom % ScN.

LIST OF REFERENCE NUMERALS

[0161] 1—seed/seed material

[0162] 2—crucible cover

[0163] 3—<crucible (large)

[0164] 4—source material/AIN source
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[0165] 5—doping material

[0166] 6—apertured diaphragm (large)

[0167] 7—small crucible/smaller (inner) crucible (to
accommodate doping material)

[0168] 8—apertured diaphragm (small)

[0169] 9—heat shield(s)

[0170] 10——crucible (small)/separate crucible (inner) in
lower region to accommodate source material

[0171] 11—crucible with steps/(differing) wall thick-
nesses
[0172] 11a—upper crucible region (with thinner wall)
[0173] 11b—thick-walled crucible region
[0174] 1l1c-(upper) face of thick-walled crucible region
[0175] 12—opening
[0176] 13—graphite contact
[0177] 14—diaphragm
[0178] 15—step
[0179] 16—Ilong crucible
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1. A method for the production of single crystal alu-
minium nitride doped with scandium and/or yttrium, with
scandium and/or yttrium contents in the range 0.01 atom %
to 50 atom % with respect to 100 atom % of the total
quantity of the doped aluminium nitride, wherein in a
crucible, in the presence of a gas selected from nitrogen or
a noble gas, or a mixture of nitrogen and a noble gas: a) a
doping material selected from scandium, yttrium, scandium
nitride or yttrium nitride or a mixture thereof; and b) a
source malterial formed from aluminium nitride are subli-
mated and recondensed onto a seed material which is
selected from aluminium nitride or aluminium nitride doped
with scandium and/or yttrium.

2. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein the temperature of the doping material is
1K to 400K higher than the temperature of the source
material.

3. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein the temperature of the doping material is
the same as or lower than the temperature of the source
material.

4. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein the temperature of the source material is
1K to 300K higher than the temperature of the seed material.

5. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein the total gas pressure is in the range 10 to
1200 mbar, preferably in the range 200 to 1000 mbar,
particularly preferably in the range 500 to 900 mbar.

6. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein a heating means is disposed or can be
disposed outside the crucible, preferably at least in the lower
region of the crucible, wherein the temperature provided by
the heating means is in the range 1500° C. to 2700° C.

7. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein the seed material is disposed or can be
disposed in the crucible separated from or separable from
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the source and doping material, separated from or separable
from or disposed or can be disposed above the source and
doping material.

8. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein in the crucible, the source and doping
material are completely or partially admixed, sintered or
present as aluminium nitride doped with scandium and/or
yttrium.

9. The method for the production of single crystalline
aluminium nitride doped with scandium and/or yttrium of
claim 1, wherein in the crucible, the source and doping
materials are spatially separated or separable or spaced apart
or can be spaced apart, wherein the mean separation of the
doping material from the seed material is less than the mean
separation of the source material from the seed material.

10. Single crystal aluminium nitride doped with yttrium,
produced in accordance with the method of claim 1.

11. Single crystal aluminium nitride doped with scandium
and yttrium, produced in accordance with the method of
claim 1.

12. Single crystal aluminium nitride doped with scan-
dium, having geometric dimensions of at least 3 mmx3
mmx100 pm, produced in accordance with the method of
claim 1.

13. Single crystal aluminium nitride doped with yttrium,
having geometric dimensions of at least 3 mmx3 mmx100
pm, produced in accordance with the method of claim 1.

14. Single crystal aluminium nitride doped with scandium
and yttrium, having geometric dimensions of at least 3
mmx3 mmx100 pm, produced in accordance with the
method of claim 1.

15. Use of single crystal aluminium nitride doped with
scandium in accordance with the method of claim 1, as a
substrate (wafer) for the production of layers or stacks of
layers formed from aluminium gallium nitride, indium alu-
minjum nitride or indium aluminium gallium nitride, pref-
erably with a layer thickness of more than 2 nm, more
preferably with a layer thickness of 100 nm to 50 pum.

16. Use of single crystal aluminium nitride doped with
yttrium as a substrate (wafer) for the production of layers or
stacks of layers formed from aluminium gallium nitride,
indium aluminium nitride or indium aluminium gallium
nitride, preferably with a layer thickness of more than 2 nm,
more preferably with a layer thickness of 100 nm to 50 pm.

17. Use of single crystal aluminium nitride doped with
scandium and yttrium as a substrate (wafer) for the produc-
tion of layers or stacks of layers formed from aluminium
gallium nitride, indium aluminium nitride or indium alu-
minium gallium nitride, preferably with a layer thickness of
more than 2 nm, more preferably with a layer thickness of
100 nm to 50 pm.

18. A component comprising a first layer consisting of
layers or stacks of layers of aluminium gallium nitride,
indium aluminium nitride or indium aluminium gallium
nitride which are on single crystalline aluminium nitride
substrates doped with scandium and/or yitrium, which are
produced in accordance with the method of claim 1.

19. The component of claim 18, comprising at least one
further layer formed from crystalline aluminium nitride or a
layer formed from aluminium gallium nitride, which con-
tains more aluminium (as an atomic percentage) than the
first layer.
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20. A device, in particular for carrying out the method of
claim 1, in particular for the production of single crystal
aluminium nitride doped with scandium and/or yttrium, with
scandium and/or yttrium contents in the range 0.01 atom %
to 50 atom % with respect to 100 atom % total quantity of
the doped aluminium nitride, comprising a crucible which in
a first region, is provided with a first means in which a seed
material can be accommodated or is, and in a second region,
is provided with at least one second means in which a source
material and/or a doping material can be accommodated or
is/are accommodated.

21. The device of claim 20, characterized in that the at
least one second means in which a source and/or a doping
material can be or is/are accommodated comprises at least
two said second means, of which one is configured to
accommodate the source material and the other is configured
to accommodate the doping material, wherein the mean
separation of the second means for accommodating the
doping material from the first means for accommeodating the
seed material is less than the mean separation of the second
means for accommodating the source material from the first
means for accommodating the seed material.
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22. The device of claim 21, characterized in that the
second means for accommodating the source material is
formed by the lower inner region of the crucible and the
second means for accommodating the doping material is
disposed or can be disposed above the means for accom-
modating the source material and below the means for
accommodating the seed.

23. The device of claim 21, wherein the lower region of
the crucible has a thicker wall than in the upper region,
which has an approximately horizontal upper face.

24. The device of claim 21, characterized in that in the
inside of the crucible within the thicker wall, a separate
crucible is disposed or can be disposed which forms the
second means for accommodating the source material, and/
or one or more heat shields, with a further separate device
which is disposed or can be disposed thereon.

25. The device of claim 23, wherein the upper face of the
thicker wall and/or the further separate device which is
disposed on the heat shield(s) forms the second means for
accommodating the doping material.
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