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The invention concerns a process and a reactor arrangement for the

15 production of a gallium nitride crystal or an aluminium gallium. nitride
crystal.

Single crystals of group III nitride compounds can be used as high-
grade, low-dislocation substrates for group III nitride semiconductor
epitaxy, in particular for blue or UV lasers. At the present time however

20 such substrates are only limitedly available and are extremely costly:
production is restricted to small areas or, in the case of pseudosubstrates
which are produced by means of hydride gaseous phase epitaxy on foreign
Substrates, is limited to a few millimetres in thickness due to the procedure
involved. The result of this is that low-dislocation substrates can be

25 produced only at a high level of complication and expenditure and are
correspondingly costly. Growth out of a melt, for example similarly to the
liquid encapsulated Czochralski method in the case of GaAs has not been
successful hitherto and is also not possible in the foreseeable future by
virtue of the very high nitrogen vapour pressures which OoCcur over a melt.

30 - In contrast single crystals of AIN are primarily produced at the
present_time by means of sublimation procedures at very high pressures.
For that purpose AIN powder is heated, sublimated and diffuses to the
colder end of the growth chamber where an AIN crystal then grows.
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Elwell et al mentions in particular a surface reaction which was always
observed between metaliic gallium and ammonia, with the result that small
20  crystals grow on the gallium .melt and also at reactor parts covered by

gallium.

At the present time so-called pseudosubstrates are produced for the
growth of semiconductor lasers on GaN, by means of hydride gaseous
phase epitaxy procedures, such as for example in the case of one of the

25 largest manufacturers of such substrates, Sumitomo of Japan, see
JP002004111865AA. Here the gallium metal reacts in a region separated
from the nitrogen precursor ammonia to provide gallium chloride by
passing chlorine thereover, which then in turn reacts over a substrate with
ammonia to give GaN and ammonium chloride. The latter compound is

30 extremely problematical in terms of crystal growth as it occurs in large
amounts and as a solid can cover or clog the reaction chamber and the

exhaust gas system and often interferes with the crystal growth due to
severe particle formation.
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(1:ggr ?gf)gg}ga&?%r%'ﬁ%ggrg'8%33 alG'rS’ovxi(r)\u{)Paga%fby the Reaction between
Gal li um and Anmoni &he\hﬁghﬂ@l'o@*esgrrﬁééé"in RO LU\ PEr th%Sproduction of GaN single
. crystals, extending over 40 years, is astonishing in that reSpect. In that
connection, as already mentioned, most works are concerned with the
production of crystals from melts or from the gaséous phase by the
20  reaction of gallium chloride and ammonia. Few works are concerned with
the reaction of molten gallium and a reactive nitrogen precursor such as for
example ammonia and then always involving direct contact of the
substances at the melt such as for example in the works by Shin, H et al:
High temperature nucleation and growth of GaN crystals from the vapor
25 phase, Journal of Crystal Growth, 241, 404 (2002); Balkas, C M et al:
Growth and Characterization of GaN Single Crystals, Journal of Crystal
Growth 208, 100 (2000); Elwell, D et al: Crystal Growth of GaN by the
Reaction between Gallium and Ammonia, Journal of Crystal Growth 66, 45
(1984); or Ejder, E: Growth and Morphology of GaN, Journal of Crystal
30 Growth 22, 44 (1974). Shin describes that a crust is formed on the gallium
melt, which interferes with the crystal growth due to droplet formation,
caused thereby, of the gallium on surrounding walls. In particular, with
those methods a large number of small crystals are always produced in the
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15 A first aspect of the present invention concerns a process for the
production of a gallium nitride crystal or an aluminium gallium nitride

crystal. The process comprises the steps:

- providing a metal melt of pure gallium or a mixture of aluminium
and gallium in a melting crucible;

20 - vaporisation of gallium or gallium and aluminium out of the metal
melt; '

- decomposing a nitrogen precursor by thermal effect or by means of
-a plasma; and

- causing single-crystalline crystal growth of a GaN or AlGaN crystal

25 on a seed crystal under a pressure of less than 10 bars.

The vaporisation of gallium or gallium and aluminium is effected at a
temperature above the temperature of the growing crystal but at least at
1000°C. ' '

The process according to the invention provides that a gas flow of

30 nitrogen gas, hydrogen gas, inert gas or a combination of those gases is
passed over the metal melt surface in such a way that the gas flow over

the metal melt surface prevents contact of the nitrogen precursor with the
metal melt.
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reactivity of fdiestiMdt@Bf ents the nitrogen precursor from coming into contact with
the metal melt_. In this case different operative mechanisms can be used
depending on the respective gas employed. An inert gas sUch as for
example helium, argon or nitrogen (N2) can prevent the contact between
20 the melt and the nitrogen precursor when the gas flow is suitably guided
and involves a suitable flow speed. Depending on the respective reactor
pressure and the flow speeds involved on the other hand, when using
nitrogen gas, a crystalline GaN or AlGaN layer which is being formed on the
melt can be broken down by virtue of the high reactivity of the hydrogen
25  which occurs at the high temperature of the melt, thereby ensuring further
vaporisation of the metal.

Nitrogen gas is referred to here separately from the inert gases
although it has properties of an inert gas, namely it does not involve any
chemical reaction with the metal of the melt (or with the nitrogen

30 precursor). That applies however only at lower temperatures at which
nitrogen is present in molecular form (N2). At temperatures of the metal
melt of for example 1400°C, which are also embraced by the process
according to the invention, nitrogen is present in atomic form and in
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_ Alternatively however the seed crystal can also be designed for a
small surface area. A GaN rod then grows first. That is helpful for reducing
dislocation concentrations which initially are inevitably high. A clever choice
In respect of the gas composition, in particular the V/III ratio, and the
pressure can then promote lateral growth on a desired diameter and

uitimately can provide for the growth of a long GaN rod of a diameter which
is also adequate for substrate production.

20

In comparison with the known hydride epitaxy process the process

according to the invention has the advantage of not producing any

25 troublesome deposits. In the case of hydride epitaxy for example the use of

gallium chloride and ammonia Causes the production of ammonium chloride
deposits which impede the growth of large crystals.

As a result the_refore the described method is ideally suited for the
mass production of large single crystals from which substrates for the
epitaxy of group III nitrides can later be produced by sawing and polishing.
Furthermore the process according to the invention, by virtue of the crystal
size which can be achieved, minimises reaction wear, as is the rule with

30

hydride gas phase epitaxy in quartz glass reactors. For, in hydride gaseous
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with metal® vapour ép ?rﬁgo ant @ the process according to the invention provides
that the metal melt is provided in a melting crucible vessel which, apart

from at least one carrier gas feed and at least one carrier gas outlet
opening, is closed on all sides. In this embodiment the gas flow is
introduced into the melting crucible vessel through the carrier gas feed
20 above the metal melt and transported with metal vapour of the metal melt
out of the melting crucible vessel through the carrier gas outlet opening.
This embodiment affords an increased level of protection from crust
formation on the surface of the metal melt, supplemental to the gas flow,
insofar as the melting crucible vessel is closed on all sides except for the
25 described gas feed and discharge means. In that way the structural
configuration of the crucible ensures that reactioh of the molten metal does
not take place on the surface of the metal melt but only in the reaction
region provided for that purpose near the seed crystal or the growing single
crystal. Furthermore, the closed structural configuration of the melting
30 crucible provides advantageous flow conditions for transport of the metal
atoms vaporised out of the metal melt, towards the growing crystal.
In an alternative embodiment the provision of the metal melt
includes arranging the melting crucible in a reactor chamber, wherein here
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the 25 described gas feed and discharge negns. In that way the structural
configuration of the crucible ensures that reaction of the nolten netal
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100°C. The metal vapo.ur pressure which is increased thereby can be used
to accelerate crystal growth. '
Various substances can be introduced into the reactor chamber for
20 specifically targeted doping of the growing single crystals. Ih a first
alternative that can be effected by the introduction of a gaseous precursor.
Silicpn Or germanium hydride compounds such as for example silane,
germane, disilane or digermane can be used for n-type doping.
Metallorganic compounds such as for example tertiary butyl silane are also
25  suitable for doping. A corresponding consideration also applies to p-doping.
Magnesium is predominantly suitable here, which can be passed into the
- reaction chamber with a carrier gas very easily, for example in the form of
metallorganic cyclopentadiényl magnesium. For example iron.in the form of
cyclopentadienyi iron, also known as ferocene, or other transition metals
which produce low impurity levels as far as possible in the middle of the

band gap of the semiconductor crystal produced are suitable for the
production of high-ohmic crystals.
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reactor arr ang_emen}\ second aspect of the invention is formed by a reactor arrangement
for the production of a gallium nitride crystal or a gallium aluminium nitride
crystal. The reactor arrangement according to the invention includes

20 - a device for feeding a nitrogen precursor into a reaction region of a

reactor chamber,

- a device for decomposition of the nitrogen precursor in the reaction
region by thermal action or by means of a plasma,

- @ melting crucible for receiving a metal melt of pure gallium or a
25  mixture of aluminium and gallium,
- a first heating device'which is adapted to set the temperature of
the metal melt in the melting crucible to a value above the temperature of
the growing crystal but at least at 1000°C,

- a carrier gas source which is adapted to deliver nitrogen gas,

30 hydrogen gas, inert gas or a combination of said gases, and

- at least one carrier gas feed which is connected to the carrier gas
source and which is arranged and adapted to pass a gas flow over the
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opening, is closed on all sides. The carrier gas feed is arranged above the
15  surface of the metal melt.

In a variant of this embodiment the first heating device is adapted to
heat the walls of the melting crucible vessel 'above the metal melt to a
higher temperature than in the region of the metal melt. That prevents
droplets being formed in the rising metal vapour, which droplets can also

20 be deposited in the melting crucible or at the walls of the reactor chamber
outside the melting crucible.

Instead of a heating device which produces different temperature
ranges it is also possible to provide two heating devices. In this
embodiment the carrier gas outlet opening can form the end of a tubular

25 outlet. A second heating device is then adapted to heat the walls of the
tubular outlet to a higher temperature than the first heating device heats
the walls of the melting crucible vessel in the region of the metal melt.

In different embodiments, the carrier gas feed is adapted to
‘introduce a gas flow into the melting crucible vesse! or the reactor chamber

30 in adirection in parallel relationship with the surface of the metal meit or in
perpendicular relationship with the surface of the metal melt. It is also
possible to provide a plurality of feeds, of which one provides for
introduction in perpendicular relationship to the surface of'the melt and



In a Variant of this enbodi nent the first he?tigg deghgengfa?dﬁgffdtgoa
' ' above
he walls of the melting crucible vesse
Efgheﬁ tenperature than in the region ?;Itcgpgﬁ:alME?LL-dIQSTeP;eXSEtZIso
s being formed in the rising ne ,
ggoggegepositgd in the nelting crucible or t he maLIstqf tggv{ggc&ﬁ{Ch
chanber outside the nelting crucible. Instead of a heating

produces di f f ePBRthareprgwidasufor intmmlge’s’ohtinipsréllél&e@&@ﬁﬂi;gtv&@pgﬁnél)\%Qéggé"’\g%
[ i ce his enbodinent the carrier gas _ _
Pgﬁnl Pﬁedg\rﬁ:}lco?ﬁ%hﬁj ul ar 25 outlet. A second heating device is then

" . t 0 hi t ature
adapted to heat theVagibus aftetmative U%fzglﬁﬁb?gofo?t rt]lZe n%?l?fé;r{g gceag]a?,rasgeare

vessel i the gggg\tﬂﬂré%i{’dﬁ?i@%g@gg%'ﬁ%ﬁ’r@.‘”qﬁﬁra\wi‘che'ﬁéefengedbodhﬁﬁgurletsit ne

carrier gas feed i sltadaptefdratsle, ﬂ’ﬁlﬁ%ﬂ?‘%%ﬁﬁa@%!“?’gc‘%%ﬁd%%%&ﬁaﬂ gq?r the
' : t cha : .

el ati onshi p el PP RoteEbemare frernboras nimide BNpeamincedide Tac,

o ovi do & Pl Ural ity of Geons Cor RRaR Snee s icfdb B atin Bh bueianmpre

B(ra%laggi 2ur)lilrjr$#tilh%?gﬂ§?ﬁrﬁ'§-b the surface of the nelt and 11 anot her

' ' ' ' ral jonship with the surface of the
Tolt Varigus a1 @;ﬁi e ST SN OISR TE & Beftble tadrouise armelting
|

descri bed IPn ¢rHSiPls fofed sprrasepating metalixture 85 eReeribe | MelfaBeRS b ||
i s preferabl g,se'rlpragaéél%][ rﬁismgggtgﬂ%&%lie%ﬁ% ggl%ﬁot;q gﬁa;&%% i@gm Ractercrhamber,com

. e y . .
cruci bl e ¢ C, ek org canans 2 galium meltareped BfHdroh qunH?P@urﬁ[rg’éﬁg?B,tﬁ{ﬁ de

I al e . growth of Al crystals, 1t Is POSSI (
;hr?:?at imraltger Ilgez?%éé@méeﬁf otﬁearq;@r PLhenBivagMesals| inithe Wgrowing desel i ke be

i j bi ' .be._arranged in the
et o7 Chamba b repetaeting o7 e %%f??eﬂ?n“ﬁé#ﬁ%ﬁed t@rnefta%»@st an
;|eum' ni um %m ?)hp% ERPECE adiergas flowdntathertwd crbebleso netal s in

growi ng- crystal cafubter embodiments of the process according to the invention and
the reactor arrangement according to the invention are described
hereinafter with reference to the 'accompanying Figures in Which:
Figure 1 is a diagrammatic view of a first embodiment of a reactor
20 arrangement,
Figures 2 - 8 show various alternative configurations of melting
crucibles for use in a reactor arrangement according to the invention, and

Figure 9 shows a second embodiment of a reactor arrangement for
the production of a GaN or AlGaN crystal.

25 Figure 1 shows a simplified diagrammatic view of a first embodiment

of a reactor arrangement -100. The reactor arrangement 100 is a vertical
reactor. In a lower portion thereof, a reactor vessel 102 contains a melting
- crucible A which contains a gallium melt (not shown). A high frequency
heating means 104 heats the gallium melt by means of a high-frequency
electrical alternating field. A high frequency heating means of that kind is
ideally suitable for achieving-a high temperature to over 2000°C because it
operates with a low level of maintenance and in contact-free fashion.
Disposed just above the melting crucible is a carrier gas feed 106 in the

30
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direction (indicated dhv SrdRYBhfant shown in Figure 1 the gas flow caused by the
carrier gas feed lines 106.1 and 106.2 provides for transport of gallium-rich
vapour out of the region of the metal melt in the melting crucible A in the -
direction of the growing crystal 112, That is necessary first and foremost in
20 operation under high pressure as otherwise the gallium vapour is
propagated only by diffusion. If the reactor walls were colder, gallium
vapour would be deposited there so greatly that, depending on the
respective spacing between the melting crucible A and the crystal 112, the
gallium vapour does not reach the crystal at all or reaches it only in a
25 reduced amount.

Besides the gas lnlets 106.1 and 106.2 shown in Figure 1 the carrier
gas feed 106 can include further gas inlets through which a further gas flow
is produced in the lower part of the reaction chamber 102, which further
gas flow can alter the gas mixture. The introduction of gas through the feed

30 line 106.1 and 106.2 crucially controls the composition of the gas
atmosphere in the region of the melting crucible A. The gases H; and N,
which are available in a high level of purity are most suitable. In the
present example for example the ratio of Hz and N; could be altered by



headed arrow 116) by neans of a suitable adjusting device (not shown).
That is effected on the one hand for introducing the seed crystal into the
react or chanber and on the other hand for holding the currently prevailing
15 growt h surface of the crystal being forned, at the sane verti cal
position. In the arrangenment shown in Figurgy;l the gas fl ow caused by the
carrier gas feed lines 106.1 and 106. 2 provides for transport of
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t he growt h suspedfically targeted doping of the growing single crystals. That can be done
by the introduction of a gaseous precursor. Silicon or germanium hydride
cpmpounds such as for example silane, germane, disilane or digermane can
be used for n-type doping. Metallorganic compounds such as for example
20 tertiary buty! silane are also suitable for doping and can be introduced into
the reaction chamber for n-doping. A corresponding consideration applies
to p-doping. Predominantly magnesium is appropriate here, which can be
very easily introduced into the reaction chamber, for example in the form of
metallorganic cyclopentadienyl magnesium, with a carrier gas. For high-
25 ohmic layers for example iron in the form of cyclopentadienyl iron, also
known as ferocene, is also appropriate, or other transition metals which
produce deep impurity levels as far as possible in the middle of the band
gap. Another possibility involves vaporising the dopants such as for
example silicon, germanium, magnesium or iron as pure melts, or
30  sublimating the respective solid. A further temperature zone or a separately
heated crucible in the reactor is required for that purpose. In most cases

similarly to the gallium-bearing melt, that crucible also has to be protected
from nitriding.
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should be pulled upwardly with increasing thickness in order to keep the

growth conditions at the growth front 118 at the lower end of the crystal
20 always the same.

W

If very long crystals are to be pulled, it is recommended that the
crystal should not be greatly cooled at the upper end when the crystal is
being pulled upwardly in order to avoid stresses which can lead to
dislocations and cracks. That can be implemented by the reactor or the gas

outlet 120 being of a suitably long configuration anc_l by heating of the
region in question.

25

An advantage of the hanging structure of the crystal holder 114, as
shown in Figure 1, is the avoidance of parasitic depositions on the crystal
112. When other geometries are involved, falling deposits which occur on
the reactor walls can give rise to parasitic depositions of that kind.

The material of the reactor chamber can be for example quartz glass.
When quartz glass is used however the growing layer on the reactor wall
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also tears away the glass, which entails complete destruction of the



order to prevent excessively severe deposit of galliumon the aegftoaomall.
The growt h speed in various crystal directions can be mcreasshe N
inhibited as required by the gas conposition, that is to sgyb eratio of
for exanple H2, N2, as well as the nitrogen precursor, agl ¥ ach?eve
tenperature and the reactor pressure, so t it is possi fe g chieve
specific crystal orientations and crystal shHapes. By way of exanp
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gzgogr ¢ goéﬁtnhgljt d gttfﬂg mbadisrenthef Biguoa 1 Eesidualighses issue at the upper end
of the reactor where a pump (not shown) can be mounted to produce a
reduced pressure or a controllable throttle valve (also not shown) can be
mounted to produce an increased pressure.
Figure 2 shows a first variant of a melting crucible 200 for use in the
20 reactor arrangement of Figure 1 instead of the melting crucible A. Apart
from the carrier gas feeds 206.1 and 206.2 and a carrier gas outlet opening
222 the melting crucible 200 is closed on all sides. Unlike the embodiment
of Figure 1 therefore in this case the carrier gas feeds 206.1 and 206.2 are
passed directly into the melting crucible 200. A volume for providing a
25 vertical gas flow, indicated by arrows 226 and 228, is afforded above the
surface 224 of the metal melt, by virtue of the melting crucible 200 being
of an elongate configuration. The very substantially closed configuration of
the melting crucible 200 promotes the avoidance of pre-reactions of the
nitrogen precursor (for example ammonia) with the melting melt. The
30 resulting limitation of the gas flow to the diameter of the melting crucible
200 gives rise to a high flow speed for the carrier gas flow which
counteracts diffusion of the nitrogen precursor into the melt still more
efficiently than the example shown in Figure 1. At the same time the
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e melting crucible 200 except for the differences referred to hereinafter.
Instead of the opening 222, there is a thin outlet tube 322 at the upper end
of the melting crucible, through which the gallium vapour issues with the

20 flushing gas. A heating means 326 surrounds the outlet tube 322. To avoid
deposits and to reduce the risk of gallium droplet formation in the gas flow,

the wall of the outlet tube 322 should be heated to a temperature T, > T;.
Figure 4 shows a further variant in the form of a melting crucible 400
in which a feed 406 for the carrier gas is implemented through an opening
25 422 provided at the top side of the melting crucible. The melting crucible is
otherwise the same as the melting crucible 200 in Figure 2. The carrier gas
feed shown in Figure 4 also produces a gas flow which is passed directly
over the sLlrface 424 of the metal melt, is then guided upwardly together
with the issuing gallium vapour and is passed out of the outlet opening 422
in the direction of the reaction region. There is accordingly no need for the
carrier or flushing gas to be introduced in parallel relationship with the
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surface 424 of the metal melt in order to prevent contact of the surface



configuration for the nelting crucible and not to provide a separate cover
in 5 an upward direction. However that variant would not be as efficient
as the reduction in the dianmeter of the outlet opening, as shown in Figure
2. The enbodi ment of Figure 2 shows the crucible 200 with the carrier gas
feeds 206.1 and 206.2 as well as the lines é? a high frequency heating
means 204. When such a crucible structure i'S adopted it is advantageous 10
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in Figure 4 altbe qutiejtabe 62 20mSinkk daCh: B8 i rectl over the
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carrier of_fl klshi ngmgas_ to g‘gsiaﬁ?ﬁr@@ﬁc\égﬁ%ﬁt Bg?aﬂ"?&mq E'Ig-‘é'{t?'ﬁr?sqq i which ehe
surface 424 ofuRWer fsakingraneansn 730disr used pinsteaat of GNIHAGH Peqldifeys Webhg 17
thereof w th ke, toh <@r troduction in perpendi cul ar
relationship Lot |t‘le_ S;Srgfﬁglcszg @%ﬁ%@é&% E’é @&n@ekﬁ%@fqé?b'e is the same as that

wn in Figure 2.

Figure 8 shows a further variant in the form of a melting cfucible 800
in which, similarly to the case with the embodiment shown ih Figure 4, the
20 carrier gas feed 806 is passed through the outlet opening 822 at the top
side of the melting crucible. A tubular heating means 830 is used similarly
to the case with the embodiment of Figure 7.
In the case of the melting crucibles in Figures 4, 5, 6 and 8 in an
alternative configuration the carrier gas feed can be passed into the metal
25 melt so that the carrier gas rises in bubble form in the metal melt and
issues from the metal melt. That embodiment can also be combined with
those described hereinbefore so that both a carrier gas flow can be passed
on to the surface of the metal melt and can also be passed thereinto.
Figure 9 shows an alternative configuration of a réactor chamber
30 900. The difference in relation to the reactor chamber 100 in Figure 1 is
that this is a horizontal arrangement. The melting crucible A and the carrier
gas feed 906 are arranged in a corresponding fashion. In this case also only
one carrier gas line is also sufficient as the horizontal gas flow, after having



Firgure 5 shows as a further variant a nelting crucible 500 which conbines
together the characteristics of the nelting crucibles 300 and 400 5 (see
Figures 3 and 4). In this enbodinment the carrier gas is. introduced by way
of a carrier gas feed 506 at the top side 528 of the nmelting crucible

500. Accordingly the gas flow firstly faces wnwardly as in the exanpl e of
Figure 4, then inpinges against the netal surface 524 in order fromthere

to rise upwardbgenmpsshdovertthetduefacessf the metal : ' sgd;
10 into the'regﬁ&ﬁérgggrgfr Ehraugh,anéguhlet tdgg&gggﬁeéﬁg&ﬁgJgﬁgﬁ%%gﬁds
further variant of- S Wgths EERTRN @5 Ghegraming crystal BuRian to dbe g2Wths
i ncreased in wsdtface 1916 thared® Ial es BRHYEIRGA hb & feed 606.
Figure 7 shows a\@é_grtpsr var | agt of a nelti n?ESP%Z&%ﬁjg)?';%%rﬁgam]ksﬁogﬁaé IS8
tubul ar heatinf YEXRE' FEECHQN SReugh, prequrser feedhlings B10guandy9 @2t itngother
means. Ot-hel wi eespdits tid HOde 6F ' ' LSt ame .as,_t hat
shown in Figur ﬁ'@%-' Figure 8 ShO%egﬁﬁaﬁh@r@%gﬁ%%ﬁkﬁg%%{gngﬁpﬁ igesimilar to
mel ting crucib giRsCrippdwith mefesence to Figure &.he case with the enbodi nent

shown in Figure 4, i L feed 806 is passed through the

outl et opening 822 gt{\ﬁ It”h%gta ggpéélgéeogﬁﬁth%%n%ﬂcﬁﬁﬁ aE&U g £ the inyrntian can
heating neans @'30 Besusedfprothe pradugtion of tgutycrgsealimd bryisk@isembodi ment  of
Figure 7. In the case of the nelting crucibles in Figures 4, 5, 6 and 8 in
an alternative configuration the carrier gas feed can be passed into the
metal 25 nelt so that the carrier gas rises in bubble formin the netal
melt and issues fromthe netal nelt. That enbodi nrent can al so be conbi ned
with those described hereinbefore so that both a carrier gas flow can be
passed on to the surface of the nmetal nelt and can al so be passed
thereinto. Figure 9 shows an alternative configuration of a reactor chanber
30 900. The difference in relation to the reactor chanber 100 in Figure 1
is that this is a horizontal arrangenment. The nelting crucible A and the
carrier gas feed 906 are arranged in a corresponding fashion. - In this case
also only one carrier gas line is also sufficient as the horizontal gas
flow, after having 18



been passed over the surface of the netal nelt in the nelting crucible A
is further guided in the direction of the growng crystal 912 on to the
growh surface 918 thereof. In this enbodi nent the feed of the precursor
gas is in a vertical direction through precursor feed lines 910.1 and
910.2. In other 5 respects the node of operation of the reactor arrangenent
900 is simlar to that described with reference to Figure 1. It will be
appr eci at ed t hGLAIM® process according to the invention can also be used
for the production of polycrystalline crystals. 19 CLAIMS 1. A process for
t he production of a.galliumnitride crystal or an alum niumagallium

nitride crystal conpriasprscesBefort €4S prod i dien al_.nelt of pure
galliumor a m'lxt ure of @J um ni um angoggﬁﬂlyﬁqcngfi% galﬁlfnt g rﬁa%ff'e,or-an
vapori sation df YU SPOUT Airidensrystel Qomprisiogtbatsteps:t he netal  nelt; -
deconposi ng a ni trogproidieus SA : e of or. by ans of a .

pl asma; and - a(é:_gﬁsi n_§ si ngI@e- cr sgét?aqq%!%n%ﬁ@%eglg%ﬁﬁ}g'?o%ﬂ %%H@s&%a&vmm'm
crystal on a galpys g melgielg crusitde;sure” of | ess than 10 bars; in which

t he vaporisation of. ori j ng lum niumis effected at a
t enper ature above thggéer'r%og{ 8??'33’#“'? hog) ?'ﬁmanér YTHniugy ouktof| g metal
1000C, and inMgitch a gas flow of nitrogen gas, hydrogen gas, inert gas or

a conbi nation of t ngﬁés‘?ﬁ ias iPassed over the netal nelt surface in such
a way that the gas TTow over? fhd RESH PIRSHFSURY Shermaleaftant ordon mernsoof

the nitrogen apl@smas@ndiith the nmetal nelt. 2. A process according to

claiml in which thearrgtnal nelt is gr_ovi ded in a reactor chanber in a
mel ting crucible vessSiNgiingle-c tiner gnystal groagh ofne Gall oireAlGas chessl

and at | east one seed crystabaad@vs IRbsaReBMNdss tsafhasslson all sides, and
in which - !
in which
the vaporisation of gallium or gallium and aluminium is effected at a
temperature above the temperature of the growing crystal but at least at
1000°C, and in which
a gas flow of nitrogen gas, hydrogen gas, inert gas or a combination
of those gases is passed over the metal melt surface in such a way that the

gas flow over the metal melt surface prevents contact of the nitrogen
precursor with the metal melt. |

2. A process according to claim 1 in which

the metal melt is provided in a reactor chamber in a melting crucible
vessel which, apart from at least one carrier gas feed and at least one
carrier gas outlet opening, is closed on all sides, and in which

the gas flow is introduced into the meiting crucible vessel through
the carrier gas feed above the metal melt and transported with metal
vapour of the metal melt out of the melting crucible vessel through the
carrier gas outlet opening, and '

the nitrogen precursor is introduced into the reactor chamber in a
reaction region.

3. A process according to claim 1 in which



the gas flowis introduced into the nelting crucible vessel through the
carrier gas feed above the netal nelt and transported with netal vapour of
the netal nelt out of the nelting crucible vessel through the carrier gas
outl et opening, and the nitrogen precursor is introduced into the reactor
chanber in a reaction region. 3. A proces 0according to claim1 in which
20 the. provision of the netal nelt includes arranging the nelting

crucible in a reactde grawisean dfhehgametaiownims iﬂt‘llﬁd&u%ﬁq]ﬁa the Fn%@?rligﬂr
chanber througa.u%ibqgrirg Eeife g)%s feetﬁ slightly above the netal nelt, and the
ni trogen precursor s Int 5 ch\dmiw o the reactor chanber in a reaction

region. 4. A procesthesgaofldiwng ihtrod0eed fintlohePFest Pambak @ﬁrd%hm'gihc%priépe

gas flowis i .either into the nmelting crucible vessel

react or chanbrgéré)fgr%%gg&%@c%%vﬁ the metal melt, @Bdat i onship with the surface
of the netal melt.the. nibrdaedc BsscLREEP ISl f eding, cl ai ns
in which the &ggfdf | ow_j s‘:@ir nt rgoduced ei trﬂg?a?%éta;?? etﬁrr%??f%ntggc&l%ﬁﬁ?'ém a
vessel or the PBFe90Ranber in a direction in per pendi cul ar rel ati onship
with the surface of the netal nelt. 6. A process according to one of the
preceding clains in which the vaporisation of galliumor gallium and

al umi nium i s ef f ectedARrogess argwdinaite ate af thegsecddifg&laifs An RYBIRBSthe

according to Ddwlibe ' ' in_which a _gaseous dopant
precursor is i(yna?r odvdé.ednqp%feg%gﬂpéﬁqqggwer@\!ﬁmé?ﬂ cgucitileyessel or hediegictar t o
one of the pr&8abeRY ivl aidinectian ihipzratiel doaedHshis vﬂff@Yﬁ@'%ﬂrﬁaEetc%fechfeoﬁ%\:Qlf a
melt or a soligekh the reactor chanber and is vaporised or sublinmated. 9.

A process according to one of the preceding clains in which the seed
crystal or the growing crystal rotates while the single-crystalline

5. A process according to one of the preceding claims in which the
gas flow is introduced either into the melting crucible vessel or the reactor

chamber in a direction in perpendicular relationship with the surface of the
metal melt.

6. A process according to one of the preceding claims in which the

vaporisation of gallium or gallium and aluminium is effected at a
temperature of at least 1100°C.

7. A process according to one of the preceding claims in which a
gaseous dopant precursor is introduced into the reaction region.

8. A process according to one of the preceding claims in which a
dopant is provided in the form of a melt or a solid in the reactor chamber
and is vaporised or sublimated.

9. A process according to one of the preceding claims in which the

| seed crystal or the growing crystal rotates while the single-crystalline
crystal growth is being brought about.



crystal growmh is being brought about. 21 10. A process according to one
of the preceding clains in which the gas flow contains hydrogen or consists
of hydrogen and the provision of the netal nelt in a nelting crucible

i ncludes the use of a nelting crucible of boron nitride BN, tantal um
carbide TaC, silicon carbide SiC, quartz gl@ass or carbon or a conbination
of two or nore of said materials. 11. Are or arrangenent for the

production of a gal 10.uA priocessi@ccordirg @b dHe af 8¢ Hré@é@hb‘@l&iﬁﬁmﬁ{‘%&g?he

crystal, conprisd I fpr feeding a nitrogen preclrsor
reaction regi o%a%oﬁgg%o$g%'8%g}y°%ﬂﬁﬁ5&’ COnSifts iof bvHspaeie andtbei nrovisiaf of bise
ni trogen precunstal meltt imlcar @@iting® erucip@ [ b ns_of
a plasm, a m%(#rJ qug[#ézl mj forg)rgléeli Vi ﬁ&l%ﬂeﬁ%?ﬁ q%\lgl ?P%f&%bt?rgg ﬁvag%mosr
a mxture of AlQM HFEE B %QFﬁleﬁaﬁlﬂer@@,@mm@M SeC vhiiattz igtass or
adapt ed to setcarben oerPesAbIHR iql Aothe, mel ting crucible
to a val ue above the terrperataﬁlrdglf%ftfﬂ?%ggggétewgﬁ%é'grrggﬁeﬂalﬁut at | east at

1000C, a carrier gas source which is adapted to deliver nitrogen gas,

hydr ogen gas, inertyiga ' | f id ses, and at | east one
IITP9E" 225% o ut S5, Rector SRURRGR, - 150 lBiERen S o embir e 1

carrier gas feed which is connecte
arranged and &9¥PAbAr 83l alugusiur oitrieeeryisks, coRIgAlsige! t surface in

such a way that th L nts.contact of the nitrogen precursor
with the netal nel t% &%@_c&ﬁ%%%%ﬁ AN RGNS ECYSOh It g Hegctipainegion of a

whi ch the nelreagtgrehaoitsdre is in the formof a nelting crucible vessel

whi ch apart from th r.er, gas feed and at | east one carrier gas outlet
opening is closed %nge\g%g fé'i- (q@gog‘rﬂ?sltfp"\/\ﬁf &Retniroganrprecutres inethe reaction

arranged aboveegite yutteroelaictionhsr BEhadad®bt a plasm4, ' eact or arrangenent
according to claim12 in which 'he first heating naei/i ce is adapted to heat

the wal I's of the n8l TSRS EFiBie forgeesiving a metal melt of pure gallium or a
mixture of aluminium and gallium,

a first heating device which is adapted to set the temperature of the
metal melt in the melting crucible to a value above the temperature of the
growing crystal but at least at 1000°C,

a carrier gas source which is adapted to deliver nitrogen gas,
hydrogen gas, inert gas or a combination of said gases, and

at least one carrier gas feed which is connected to the carrier gas
source and which is arranged and adapted to pass a gas flow over the
metal melt surface in such a way that the gas flow prevents contact of the
nitrogen precursor with the metal melt.

12. A reactor arrangement according to claim 11 in which the
melting crucible is in the form of a melting crucible vessel which apart from
the carrier gas feed and at least one carrier gas outlet opening is closed on

all sides and in which the carrier gas feed is arranged above the surface of
the metal melt.

13. A reactor arrangement according to claim 12 in which the first
heating device is adapted to heat the walls of the melting crucible vessel



above the netal nelt to a higher tenperature than in the region of the
nmetal nelt. 14. A reactor arrangenent according to claim13 in which the
carrier gas outlet opening fornms the end of a tubular outlet and in which
there is provided a second heating device which is adapted to heat the
walls of the outlet to a higher tenperature than the first heating device
heats the walls of the nelting crucible v@?sel in the region of the netal

melt. 15. A reabver the maegamaelt & GORHHY dePn ' 1 to.14 i
whi ch the carrj g{ g_gs feed is adapt ed‘ato intr@ uég'teawé%éqﬁlt [F4'8Nt Y the
melting crucib 3 €% or the reactor chamber in a direction in par al | el

relationship with the surface of the netal nelt. 16. A reactor arrangenent
according to one of clainms 11 to 15 in which the reactor chanber has an

i ntroduction openi ngtfAreaFor @angement aeeutdingy & alaimnt ® i RehiEIRRRL 'cgprier
region. 17. A i cor di o.one of clains 11 to 16 in
which the nel tqar?g_él?:%tciagﬁ'ﬂg?% e %ﬁ?@%?%ﬁiuhv{%r iQHtlesNang immdhigmtbareisie
TaC, silicon dUP¥ided Eiserondidientingl dmscowtieh RoBdaptets ABEE BRE WlisOks {hvé)
or nore of sgjfefRbe hgh%r téﬁqu feac or %r-r&_m enent according to one Of -
clainms 11 to 17 conprising a Hol ard§ W& drstihpatingedevice dreats thaivedils s
adapted to rotothe meltingezrdcibly stedel duithageidn @ﬁtﬁ%gélr;ﬂ\é&h- 19. A

react or arrangenent according to one of clains 11 to conmprising a
second nelting crucible which is adapted to receive an alum niumnelt.

| 15. A reactor arrangement according to one of claims 11 to 14 in
which the carrier gas feed is adapted to introduce a gas flow into the
melting crucible vessel or the reactor chamber in a direction in parallei
relationship with the surface of the metal melt.

16. A reactor arrangement according to one of claims 11 to 15 in

which the reactor chamber has an introduction opening for introducing a
seed crystal into the reaction region.

17. A reactor arrangement according to one of claims 11 to 16 in
which the melting crucible is made from boron nitride BN, tantalum carbide

Tac, silicon carbide SiC, quartz glass or carbon, or a combination of two or
more of said materials. |

18. A reactor arrangement according to one of claims 11 to 17

comprising a holding means for the seed crystal, which is adapted to rotate
the seed crystal during the crystal growth.

19. A reactor arrangement according to one of claims 11 to 18

comprising a second melting crucible which is adapted to receive an
aluminium melt.



