967, 185

inlet 11 a

50 p=
and &

AsCl [erg in
gaseous unreacted ..

ind

55

of producin
aver -

wei ght of 1
and

PRy

t aboyt 100

S wWhi B+ E

in

_ 3 1s admtted through
perature which is sufficiently | ow so that the
T CCITI. . 0045 mores/mn.).
“oup. \, el enents deposit

Gl [err]

The

~solid formas a relatively non-volatile com

P AThENRe.

allium arsen-

about 0.00244 nol es/ mn., |,

Ey\Ses passi ng a vapour phase :
S Date offipplicationand filifg\fampiesetpecifigation Pes
No. 42709/60. -

Application made in United States of America (No. 859060
Complete Specification Published Aug. 19, 1964.
© Crown Copyright 1964. :

of about 0.2 cc/mn.

A0, 44 g/mn. (average _sp%i. wlﬁgglfg@gAgE%CATION

2) and-

Index at acceptance: —C1 A(E6, E9A1)

International Classification: —C 01b ,
' L COMPLETE SPECIFICATION

10

15

30

35

'Method of Producing Specified ITI—V Conipoimds

We; TEXAS INSTRUMENTS INCORPORATED,
of 6000 Lemmon Avenue, Dallas, Texas,

- United States of America, a corporation organ-

ized and existing under the Laws of the State
of Delaware, United. States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by. which it is to be performed,
to be particularly described in and by the
following statement : —

This invention relates to a method of pro-
ducing a compound of an element from the
sub-grouping of Group III elements that in-
cludes gallium and aluminium (hereinafter and
in the claims called “specified Group III sub-

" grouping”), and an element from the sub-
grouping of Group V elements that includes
arsenic and phosphorus (hereinafter called
“specified group V sub-grouping”). _

A compound of an element from the speci-
fied Group III sub-grouping and an element
from the specified Group V sub-grouping will
hereinafter and in the claims be referred to as
“specified  III—V compound”.  Gallium
arsenide is exemplary of a specified III—V
compound. . T

Specified III—V compounds are customarily
produced by a variety of methods. For in-
stance, gallium arsenide is customarily pro-
duced by reacting liquid’ gallium with arsenic
in the vapour stage at a temperature at least
as high as the melting point of gallium arsen-
ide. . However, this method has the disad-
vantage of requiring 4 high temperature which
increases the susceptibility toward contamina-
tion. In addition, this method is not readily

adaptable as a continuous production process.

In an effort to overcome the above-men-
tioned disadvantages, it has been suggested
that gallium arsenide be prepared by reduc-
ing gallium oxide with a -gaseous stream of
heated hydrogen and arsenic vapours. Another
suggested technique has been to volatize gal-
lium and arsenic and thereafter codeposit on

{Price 4s. 6d.)

a relatively cooled surface to form the gaﬂium
arsenide. : _

Each of the above-mentioned techniques,
as well as other techniques known to the art,
are subject to their own difficulties. The

_hydrogen reduction of gallium oxide is diffi-

¢ult to complete, and the resulting compound
semiconductor is heavily contaminated with
oxygen. Similarly codeposition -of gallium
and arsenic is unusually difficult to control
because of .the difference in volatility of the
two ingredients.

An object of the present invention is to
provide an improved process for production
of specified JII—V compounds.

The present invention is a method of pro- '

ducing a specified III—V compound which
comprises passing a vapour phase mixture of

hydrogen and the chlorides of one of the ele-

ments of the specified group III sub-grouping
and one of the elements of the specified group
V sub-grouping into a high temperature zone,
the temperature being sufficiently high so that
the hydrogen reacts with the chlorides; there-
after passing the. still vapour -phase mixture

into contact with a condensing surface main-

tained at a lower temperaturé which is suffici-
ently low so that the Group III and Group V
elements deposit in solid form as a relatively
non-volatile - compound; and removing the
gaseous unreacted hydrogen, unreacted chlor-
ides and hydrogen chloride. )

. The present invention is also a method of

producing gallium arsenide which comprises.
‘passing a vapour phase mixture of hydrogen,
gallium trichloride, and arsenic trichloride.
through a reaction zone maintained at a tem-
perature exceeding 900°C, whereby the hyd--

rogen reacts with the chlorides; thereafter
passing the gaseous mixture into contact with
a surface maintained at a temperature of from
200°C to 900°C, whereby gallium arsenide

G oup ‘111
flask 18 contains a m xture of

in.the weight ratio of 37.5 to 50. The  pound; and rehbvrng.the
: _ _ 5 dripper 20 is controlled to give adriprate
hydrogen, unreacted: chl*orides. and hydrogen
corresponding to about
~'2.-The process
. n
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t96&ni ori de,
) on Dec. 11, 1959.

45

50

55

60

65

70

75

85

condenses in solid phase onto said surface;



arsenic trichloride through a reaction zone 10 mole ratio

e -=1.84 mai nt ai ned at a tenperature exceeding

in the reaction zone of

-,

~900[ €rFTC 60 . — : Wh = XA'e —
eby the hydrogen reacts with the chlor- _where x equals_
V\Glt’zlar[e)r/r] andyAscjg[err], Gallium ides, thereafter passing the ga‘:&-edusi .
m xture arsenide is deposited in the regi on of tube 10 ﬁ‘l rﬁg
contact with a surface naintained at. a within heater 15.

f from200[err]Ct 0Q[err] C, where-: >
L;WM; ] ??62 gi d phase 65 N
EXAMPLE shd removing the gaseous unreacted hydr6§ah,0 P%uésg oS f:8GH invERd M AT X ][ | © '%@seous
the upfsacted. clipyiiay’ @id Ugdragen SHIGIAEL | N aideCfor fhe Ir ative § iltith the galli -0 T
hydr ogen, Emipdinsae af pprssentiinveation will and thet asfesic &0 vapsurt ghese @ik @8 t ube 10.

fi asks32%.

eference

Bt of arpemisn 7@

AsCl [ er rdhicRf 100[ err
flask 34 Eigwilltas sopemsuritatig linsrae:

i hod ]
excess stﬂl%gbiﬁr.@ng_ommﬂ ods acc‘”da'gl |for, gelligmasyenidie . SimilarlpOa ntesgaref | asks at
the 1o mﬁi- Lt?tlei Elf }eEeﬁ{T@{éBth?ngﬁes o om%ﬂi%ra % varé)arémb athere Mderein the
about 4@k gr6deddi dh.s arfedlld I8Iuction of an  actidn te G; ' 3&%}% cot :%fm;:vlg; rogen is

hyd-

ing, o $ghleride jo qs‘i eleypen
i R
rati qsofgr otidel 6f] said elédfeht

H err]

20

25

35

40,

5.

55.

lement of rifiqdr geap UHesupEroao ) :
3 e paslsof gh Iggi:ﬁogen gas prassufecind Ag:

{ & ol L

compound of thé EwoCéldnihts.d€ IR

ferred embodiment, the invention involves pro-
ducing the compound by the vapour phase
reduction of arsenic halide by hydrogen in
the presence of gallium halide or metallic gal-
lium under conditions whereby the gallium
arsenide is stoichiometrically produced.

According to one method of production
according  to the present invention, a.mixture
of arsenic trichloride and gallium trichloride
is introduced into a stream of hydrogen in
excess of that required for complete reduction
of the chlorides. The gaseous mixture is
then passed through a hot reaction zone,

‘It is theorized that in the hot reaction zone
the ‘hydrogen reduces the arsenic trichloride
to free arsenic. The combination of high
temperatures and low partial pressure keep
the arsenic in the vapour phase. It is
thought that the gallium trichloride reacts
with the hydrogen to form gallium dichloride.
Free gallium is not formed in the hot reaction
zone, and any free gallium produced immedi-
ately reacts with the various chlorides present
to form a chloride of gallium which is reduced:
to the more stable gallium dichloride. There
is no gallium arsenide deposited because under
these conditions, any' gallium arsenide pro-
duced would be unstable.

Thereafter, the gases are passed into con-.
tact with. a cool surface maintained at a tem-
perature. of from 200 to 900°C. The gal-
lium dichloride disproportionates and the gal- .
lium combines with the free arsenic to form
gallium arsenide which deppsits in solid form.
It is important to note that the deposition
temperature is still high enough to maintain
the other components of the gas stream in
vapour ‘phase, namely, hydrogen and hydro-
gen chloride which are gaseous even at room
temperature, and unreacted gallium and
arsenic chlorides as well.  Thus, pure gal-
lium- arsenide is deposited. Desirably, the
temperature of the gallium arsenide. crystals
is maintained high enough to also keep any
excess arsenic. from depositing on the crystal
product. ' , '
- An  extremely close control of - product

" purity is possible when the compound semi-

conductor is produced in accordance with the
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bodies important advantages, it has
found that the utilization of gallium trichlor-
ide as an initial constituent presents problems
in that gallium trichloride readily hydrolyzes
with moisture and is very corrosive.
second embodiment of the invention, such
problems are minimized by forming the gal-
lium trichloride in the reaction chamber.
According to this second mode, the gaseous
stream which contains only the hydrogen and

arsenic trichloride is passed into contact with

liquid gallium heated to above 900°C. At
this reaction temperature, the arsenic, trichlor-
ide is reduced by the hydrogen to elemental
arsenic vapours and HCl.  The HCI pro-

duced when the AsCl, is reduced reacts with-
the liquid gallium to produce gallium tri-.

chloride.  This reaction continues until all of
t‘}ile'gallium is converted to gallium trichlor-
ide.
the same mechanism described in the first
embodiment of the invention,

Although the foregoing description has-been
largely given in terms of the production of

gallium arsenide, it should be noted that other-
specified III—V compounds can be similarly.

produced by employment of other combina-

tions of reactants, being elements or chlorides.

of - elements one.from each of the specified
Groups III and V sub-groupings, for example
chlorides of aluminium and phosphorus could
be employed to produce aluminium- phosphide

and other combinations of the reactants named

could be employed to produce aluminjum.

arsenide and gallium phosphide.

For a further understanding of the inven-
tion, the following
sented. o
. . ExampLE I .

_ Apparatus as shown in Fig, 1 is used. The
apparatus consists of a quartz tube 10 25
mm O.D.; 22 'mm 1D.) having an inlet 11
connected to a suitable hydrogen supply and
an exhaust outlet 12.  Heaters 14 and 15
are provided to maintain the temperatures
noted 'in the legend. A flask 18 terminating

'in a dripper 20 is positioned in a branch tube

22 a_djacent one end of tube 10. In con-
ducting the process of the invention, hydrogen

In a

Gallium arsenide is then produced by.
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' tJﬁﬁiar’at‘as Eshown in Fig. 2 is used. The
tube 30 is the same as tube 10. A flask 32
attached to tube 30 contains AsCl, at 100°C.
A flask 34 similarly attached contains GaCl,
at 100°C. Hydrogen is blown through the
two flasks at about 400 cc/min. to cause a
vapor pressure of 20 mm for GaCl, and 400
mm for AsCl,, The mole ratio *of AsCl,

H,
to GaCl, is 20 to 1 and of — (where x is
x .
AsCl, plus GaCl,) is 2.5. Gallium arsenide
is depos:ted in the rightmost region of tube
30.
ExampLE III

Apparatus as shown in Fig. 3 is used. A

" tube 40 like tubes 10 and 30 is employed.

30

35

40.

45

A flask 42 is attached at one end of tube 40
and contains AsCl,, A boat 44 of liquid
gallium is located in tube 40. Hydrogen is
bubbled through the AsCl, and also admitted
to the end of tube 40. Hydrogen flow is
about 1 litre/min. The mole ratio of H; to
AsCl, is about 76 to 1.  Gallium arsenide is
deposited at the right end of tube 40.

WHAT WE CLAIM IS:—

1. A method of producing a specxﬁed III—
V compound which comprises passing a vapour
phase mixture of hydrogen and the chlorides
of one of the elements of the specified group
III sub-grouping and one of the elements of
the specified Group V sub-grouping into a
high temperature zone, the temperature being

- sufficiently high so that the hydrogen reacts

with the chlorides; thereafter passing the still
vapour phase mixture into contact with a con~-
densing surface maintained at a lower tem-

ot w@gg@@:fr"s.ﬁﬁﬁ,ﬁ R
thér§aft

gasedus mi

%emppramtqﬁ (f@‘é ngal
y gallium arsemd s%c;

onto said surface; a

still gaseous hydrogen, hydrogen chloride and

unreacted chlorides.

3. The process of claim 2 wherein arsenic
trichloride is present in excess of stoichio-
metric requirement for gallium arsenide.

4. The process of claim 2 wherein the hyd-
rogen is present in the ratio by volumes of
better than 1.75:1 to the mixture of arsenic
trichloride and gallium trichloride.

5. A method for the production of gallium
arsenide which comprises forming a vapour
phase mixture of arsenic trichloride in hydro-
gen, passing said mixture into contact with
liquid gailium maintained at a temperature ir
excess of 900°C whereby a chloride of gal-
lium is formed, reacting said arsenic trichlor-
ide and chloride of gallium with hydrogen,
and thereafter passing the still vapour phase

- mixture into contact with a surface maintained

at a temperature of from 200°C to 900°C
whereby gallium arsenide condenses in solid
phase onto said surface, and removing there-
from the still gaseous hydrogen, hydrogen

6. A method of -producing gallium arsenide
substantially as hereinbefore described in Ex-
ample I, IT or ITIL.

7. Gallium arsenide when produced by any
of the methods of claim 6 or its obvious chemi- -

- chloride, and unreacted chlorides.

“cal equivalent.

H. D. FITZPATRICK & CO.,
Chartered Patent Agents,
3 Gray’s Inn Square, London, W.C.1, and *
94 Hope Street, Glasgow, C.2,
Reference has been directed in pursuance
of Section 9, subsection (1) of the Patents
Act, 1949, to patent No. 944,872.

Leamington Spa: Printed for Her Majesty’s Stationery Office by the Courier Press.—1964.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtaineq.
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mm for AsCl,.

to.the end of tube 40.

mole ratio in the reaction zone of —=1.84

x
. where x equals GaCl, and AsCl,.  Gallium

arsenide is deposited in the region of tube 10

"within heater 15.

ExampLE 11
Apparatus as shown in Fig. 2 is used. The
tube 30 is the same as tube 10. A flask 32

attached to tube 30 contains AsCl; at 100°C. -

A flask 34 similarly attached contains GaCl,
at 100°C. Hydrogen is blown through the
two flasks at about 400 cc/min. to cause a
vapor pressure of 20 mm for GaCl, and 400
The mole ratio of AsCl,
H,
to GaCl, is 20 to 1 and of — (where x is
X
AsCl, plus GaCl,) is 2.5. Gallium arsenide
is deposited in the rightmost region of tube
30. ‘
ExampLE III

Apparatus as shown in Fig. 3 isused. A
tube 40 like tubes 10 and 30 is employed.
A flask 42 is attached at one end of tube 40
and contains AsCl,, A boat 44 of liquid
gallium is located in tube 40.  Hydrogen is
bubbled through the AsCl, and also admitted
Hydrogen flow is
about 1 litre/min. The mole ratio of H, to
AsCl, is about 76 to 1.  Gallium arsenide is
deposited at the right end of tube 40.

WHAT WE CLAIM 1S:—

1. A method of producing a specified III—
V compound which comprises passing a vapour
phase mixture of hydrogen and the chlorides
of one of the elements of the specified group
11T sub-grouping and one of the elements of
the specified Group V sub-grouping into a
high temperature zone, the temperature being
sufficiently high so that the hydrogen reacts
with the chlorides; thereafter passing the still
vapour phase mixture into contact with a con-
densing surface maintained at a lower tem-

maintained at a temperature exceeding 900°C,
whereby the hydrogen reacts with the chlor-
ides, thereafter passing the gaseous mixture
into contact with a surface maintained at a
temperature of from 200°C to 900°C, where-
by gallium arsenide condenses in solid phase
onto said surface; and removing therefrom the
still gaseous hydrogen, hydrogen chloride and
unreacted chlorides.

3. The process of claim 2 wherein arsenic
trichloride is present in excess of stoichio-
metric requirement for gallium arsenide.

4. The process of claim 2 wherein the hyd-
rogen is present in the ratio by volumes of
better than 1.75:1 to the mixture of arsenic
trichloride and gallium trichloride.

5. A method for the production of gallium
arsenide which comprises forming a vapour
phase mixture of arsenic trichloride in hydro-
gen, passing said mixture into contact with
liquid gallium maintained at a temperature i
excess of 900°C whereby a chloride of gal-
lium is formed, reacting said arsenic trichlor-
ide and chloride of gallium with hydrogen,
and thereafter passing the still vapour phase
mixture into contact with a surface maintained
at a temperature of from 200°C to 900°C
whereby gallium arsenide condenses in solid
phase onto said surface, and removing there-
from the still gaseous hydrogen, hydrogen
chloride, and unreacted chlorides.

6. A method of producing gallium arsenide
substantially as hereinbefore described in Ex-
ample I, IT or IIL.

7. Gallium arsenide when produced by any
of the methods of claim 6 or its obvious chemi-
cal equivalent.

H. D. FITZPATRICK & CO,,
Chartered Patent Agents,

3 Gray’s Inn Square, London, W.C.1, and *

94 Hope Street, Glasgow, C.2.
Reference has been directed in pursuance
of Section 9, subsection (1) of the Patents
Act, 1949, to patent No. 944,872,

Stationery Office by the Courier Press.—1964.
W.C.2, from which copies may be obtained.
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