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prevented from deterioration of crystallinity and caused to have low resistivity without occurrence of precipitates in the crystal.

The feature of tr
grown by a chem

e present invention consists In a method for the heat treatment of ZnSe comprising subjecting ZnSe crystal
Ical vapor transport method using iodine as a transport agent to a heat treatment in a Zn vapor atmosphere and

controlling a coo

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

Ing rate after the heat treatment in 10 to 200 “C/min.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

OPIC - CIPO 191




haaad an o Pl | AT AN S P o Ll var Bvd 7 B 7 ol N = vl v s T a TS ATRAF TRV T MM AASRAS AT T re e

CA 02212653 1997-08-08

TITLE OF THE INVENTION
A method for the heat treatment of ZnSe crystal
ABSTRACT OF THE DISCLOSURE

An object of the present invention is to provide a method for the heat
treatment of ZnSe crystal whereby the crystal can be prevented from deteriora-
tion of crystallinity and caused to have low resistivity without occurrence of
precipitates in the crystal.

The feature of the present invention consists in a method for the heat
treatment of ZnSe comprising subjecting ZnSe crystal grown by a chemical vapor
transport method using iodine as a transport agent to a heat treatment in a Zn

vapor atmosphere and controlling a cooling rate after the heat treatment in 10

to 200 °C/min.



CA 02212653 1997-08-08

BACKGROUND OF THE INVENTION

1. Field of the Invention
This 1nvention relates to a method of decreasing a resistivity of ZnSe
crystal grown by a chemical vapor transport (CVT) method using iodine as a

transport agent, comprising subjecting the ZnSe crystal to a heat treatment in

a Zn vapor atmosphere.

2. Description of the Prior Art

ZnSe crystal has a high resistivity even if containing iodine to be n-type
dopant due to self—compensation by Zn vacancies unless the ZnSe crystal is
subjected to a heat treatment after the growth. Thus, this crystal can be
caused to have low resistivity by activating iodine through a heat treatment in
/n vapor at a high temperature. In this method, however, if a cooling rate
after the heat treatment is small, a vapor pressure of 7Zn applied is decreased
due to lowering of the temperature and Zn holoes are again increased to increase
the resistivity. Thus, a rapidly cooling method has generally been employed
after the heat treatment.

For example, it has been reported in “J. of Electronic Materials"™, Vol. 8,
No. o (1979), p 619-633 that ZnSe crystal grown by a éhemical vapor transport
method using 1odine as a transport agent and Zn are arranged in two quartz
ampoules, one of which is heat treated at 800 °C for 13 hours and another of
which 1s heat (reated at 830 °C for 24 hours, and both of them are then charged
in an oil at 25 °C and rapidly cooled to obtain ZnSe crystals each having a
specific resistivity of 0.12 Qcm and 0.08 ¢ cm.

When the ZnSe crystal after the heat treatment is rapidly cooled in an
oil, however, crystallinity thereof is deteriorated, for example, dislocations
are increased and ordinarily, cracks occur in the crystal. This is probably
due to that the temperature of the crystal is rapidly lowered, the temperature

gradient in the crystal is increased and thermal stress is generated to deteri-

orate the crystallinity.

The inventors have found that when the ZnSe crystal after the heat treat-
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ment 1S gradually cooled at a cooling rate of 1 °C/min, cracks can be prevented,
but precipitates often occur in the crystal so that the ZnSe crystal having

predetermined crystallinity cannot be obtained.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method for the
heat treatment of ZnSe crystal whereby the above described disadvantages can
be overcome and the crystal can be prevented from deterioration of crystal-
linity and caused to have low resistivity without occurrence of precipitates
in the crystal.

It is another object of the present invention to provide a method of de-
creasing a resistivity of ZnSe crystal grown by a chemical vapor transport
method using iodine as a transport agent, comprising subjecting the ZnSe crystal
to a heat treatment in a Zn vapor atmosphere.

These objects can be attained by a method for the heat treatment of ZnSe
comprising subjecting ZnSe crystal grown by a chemical vapor transport method
using iodine as a transport agent to a heat treatment 1n a Zn vapor atmosphere
and controlling a cooling rate after the heat treatment in 10 to 200 °C/min.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing illustrates the principle and merits of the pre-

sent invention in detail.

Fig. 1 1s a schematic view of an apparatus for the practice of a method
for the heat treatment according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The inventors have made various efforts to develop a method of decreasing
a resistivitly of ZnSe crystal grown by a chemical vapor transport method using
lodine as a transport agent, and consequently, have found that a heat treatment
of the ZnSe crystal and control of a cooling rate after the heat treatment are
effective for this purpose. The present invention is based on this finding.

Accordingly, the present invention provides a method for the heat treatment
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of Znde comprising subjectling ZnSe crystal grown by a chemical vapor transport
method using iodine as a transport agent to a heat treatment in a Zn vapor
atmosphere and controlling a cooling rate after the heat treatment in 10 to 200
°C/min. '

According to the method of the present invention, ZnSe crystal grown by a
chemical vapor transport method using iodine as a transport agent, that is,
Zns>e crystal having a high resistivity because of self-compensation by Zn va-
cancies 1s subjected to a heat treatment in Zn vapor, thereby causing this
crystal to have low resistivity without deterioration of crystallinity thereof.
It is required to control the cooling rate after the heat treatment in a range
of 10 to 200 *C/min. If the cooling rate is less than 10 °C/min, the specific
resistivity cannot sufficiently be decreased and precipitates occur in the crys-
tal, while 1f more than 200 °C/min, cracks occur in the crystal and dislocation
density is increased to deteriorate the crystallinity. This is not favorable.

In the heat treatment of the present invention, ZnSe crystal as an object
of the heat treatment is preferably heated at 800 to 1100 °C and a Zn pellet is
heated at 750 to 1100 °C, in such a manner that a temperature gradient between
them be controlled in 0 to 50 °C, for a period of time of 50 to 200 hours.

Fig. 1 i1s a schematic view of an apparatus for carrying out a method for
the heat treatment according to the present invention, in which a ZnSe crystal 1
grown by a chemical vapor transport method using iodine as a transport agent
(hereinafter referred to as CVT crystal) is supported by quartz parts 3 in a
quartz ampoule 4 and Zn pellet 2 is charged in the bottom of the quartz ampoule
4, follwed by closing the quartz ampoule 4 and charging in a heat treatment
furnace 5 maintained at predetermined heat treatment conditions.

The present invention will be illustrated by the following Examples in

detail without limiting the same.

Examples

A CVT crystal was cut in seven samples each having a size of 5 x 5 x 1 mm3,
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each sample 1 was supported by a quartz part 3 and arranged with etched Zn
pellet 2 in seven quartz ampoules 4, as shown in Fig. 1. The quartz ampoule

4 was evacuated in a pressure of 3 x 107 Torr and sealed. This quartz ampoule
was charged 1n a heat treatment furnace 5, the crystal part was heated at

1000 °C and the bottom part having the Zn pellet arranged was heated at

980 °C, the assembly being thus maintained and heat treated for 100 hours.

S1X of the seven quartz ampoules were maintained in the heat treatment
furnace and cooled to room temperature in such a manner that the cooling rates
at the crystal parts were respectively adjusted to 1 °C/min, 10 °C/min,

20 °*C/min, 100 °C/min, 200 °C/min and 300 °C/min. The other quartz ampoule
was taken out of the heat treatment furnace and subjected to rapid cooling by
charging in a sufficient amount of water at room temperature.

The resulting ZnSe crystals were taken out of the quartz ampoules and
were subjected to investigation of specific resistivity, presence or absence
of precipitates in the crystals and increase of dislocation densities as com-
pared with before the heat treatment.

The specific resistivity was measured by the Hall measurements, the pre-
cipitate in the crystal was observed by means of Normarski microscope and the
dislocation density was investigated by measurement of an etch pit density when
etching with a bromine-methanol solution.

In the ZnSe crystal obtained at a cooling rate of 1 °C/min, there were

found linear precipitates with a high density in the whole crystal and no sig-

nificant increase of the dislocation density. The specific resistivity was in

a range of 0.07 to 0.08 ¢ cm.

In the ZnSe crystals obtained at cooling rates of 10 to 200 °C/min, there
were found no precipitates in all the samples, nor significant increase of the
dislocation densities. The specific resistivity could be lowered to a range
of 0.04 to 0.05 ¢ cm.

The ZnSe crystal obtained at a cooling rates of 300 °C/min was in the

form of finely broken pieces and had a number of cracks and increased disloca-
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tion density. The specific resistivity could not be measured because of finely

broken pieces of the crystal.

When the quartz ampoule was taken out of the heat treatment furnace and

subjected to rapid cooling by charging it in water, the quartz ampoule was

cracked and the crystal was also pulverized to give a size of about 1 x 1 x 1

mm®. In the crystal, there were found no precipitates, but found a number of

cracks and an increased dislocation density of from 104 cm -2 to at least

10° cm ~*. The specific resistivity could not be measured because of finely

broken pieces of the crystal.

Advantages of the Invention

According to the present invention, a low resistivity ZnSe crystal can

be obtained without occurrence of precipitates and deterioration of the crys-

stallinity by employing the above described constructions.
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What is claimed is:

i. A method for the heat treatment of ZnSe comprising subjecting ZnSe
crystal grown by a chemical vapor transport method using iodine as a transport
agent to a heat treatment in a Zn vapor atmosphere and controlling a cooling

rate after the heat treatment in 10 to 200 °C/min.

2. The method for the heat treatment of ZnSe, as claimed in Claim 1,
wherein the heat treatment is carried out by heating the ZnSe crystal at a
temperature of 800 to 1100°C and the Zn vapor at a temperature of 750 to 1100 °C
and maintaining a temperature gradient between the ZnSe crystal and Zn vapor
at 0 to 50 °C.

3. The method for the heat treatment of ZnSe, as claimed in Claim 2,

wherein the heat treatment is carried out for 50 to 200 hours.
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