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The electron density distribution and the structure
of semiconductor HgCdTe
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Abstract A Hg(0.79)Cd(0.21)Te single crystal has been grown by the Traveling Heater
Method (THM). Its zinc blende cubic structure is identified from the X -ray diffraction patterns
and 1ts lattice constant 1s determined to be 6.464 A using the least-square method of Cohen.
From the values of the lattice constant, the composition x is determined to be 0.21. The electron
density is calculated from the relative intensities of the scattered X -ray and compared with the
theoretically calculated values. From the electron density distribution, it is shown that the crys-
tal binding of Hg(1 - x)Cd(x)Te (MCT) is mainly covalent and has tetrahedron bonds between

adjacent atoms.
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1. Introduction

The Hg(1 -x)Cd(x)Te (MCT) alloy sys-
tem has been extensively studied and devel-
oped as a variable energy gap infrared de-
tector material ( x is the mole ratio) [1].
An important property of MCT is a varia-
tion in energy gap with composition x. The
energy gap in MCT varies nearly linearly
with composion x between the two end point
values (from x = 0 to 1). In this paper we
have briefly described the growing proce-
dure and the crystal structure of MCT sin-
gle crystal grown by the Traveling Heater
Method (THM) using Te solvent [2]. The
crystal structure of MCT crystal has been
investigated by the X-ray powder method,
and the electron density has been calculated
from the relative intensities of the scattered
X -ray and compared with theoretical calcu-
lations. From the electron density distribu-
tion, the type of crystal binding has been de-
termined. By using the formulas of J.C.
Woolley and B. Ray on the relationship of
composition x to lattice constant for MCT
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Fig. 1. Lattice constant and density of MCT

as a function of composition x {3].

[3], we have determined the composition x.
The lattice constant vs. composition x is
plotted for MCT in Fig. 1. There is a small
deviation from Vegard’s Law, l.e.,, a non-
linearlity in the lattice constant a versus x
curve. We suggest the reason why the lat-

tice constant deviates from the Vegard line.

2. Experimental

2.1. Crystal growth

The binary compounds, CdTe and HgTe
crystals, were synthesized by the low tem-
perature nondetonative synthesis method
and by THM, respectively, prior to MCT
growth, To grow MCT from CdTe and HgTe
polycrystals, CdTe and HgTe were pulve-
rized and mixed in the proper mole ratio and
the mixture moulded under a pressure of
5000 kg/cm® Figure 2 shows an outline of
the crystal growing system. MCT mould was

loaded inside a fused quartz ampoule and
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Fig. 2. Outline of the MCT crystal growth

system.
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maintained under argon gas pressure of 30
atm. The crystal growth was carried out
over about 20 days be lowering the ampoule
at the rate of 2.5 mm/day. The temperature
of the THM furnace was increased by 0.5°C/
min up to 450C, and maintained at that
temperature for 2 hours. It was then in-
creased by 0.5°C/min again until the upper
temperature in the stationary furnace
reached 610°C and maintained there for 20
days. The obtained MCT crystal was 10 mm
in diameter and 40 mm in length. The value
of x for the whole ingot obtained in the pres-
ent work is in the range of about 0.19 to 0.3.
The midportion has a homogeneity of 0.21 +
0.03 for the axial direction. For the analysis
of the crystal structure, the sample used for
this study was assumed to be a alloy with
atomic percent composition of Hg(0.79)Cd

(0.21)Te.
2.2. X -ray diffraction experiment

The crystal structure of Hg(0.79)Cd(0.
21)Te has been studied by X-ray diffrac-
tion. The X-ray diffraction patterns of the
sample have been obtained using a Rigaku
diffractometer with Cu-Ke radiation with Ni
filter. Scattered intensities are measured
over 20 angles from 10° to 160° with step
intervals of 0.01° using filtered Cu-Ka(A =
1.5418 A) radiation. The scanning speed is

8 advances in 2§ per min.

3. Results

3.1. Diffraction patterns

Figure 3 shows X-ray diffraction pattern
calculated theoretically. Figure 4 shows X -
ray diffraction patterns taken at room tem-
perature for HgTe, CdTe and Hg(0.79)Cd
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Fig. 3. X-ray pattern of MCT (x = 0.21)

calculated theoretically.

($9) ! T ) i T
r
f-eo
—HgTa
Fao -
CdTe —y
|20 4
T T T T T
—f— 3 <0 30 80 10
pe—— 1]
D100 B 0 0 0 0 5 5 0 0 5 0 0 0 040 1 0 0 0 0 0 5 0 T ¢
- 60 : .
(KR 120) p
+ (i { KCT (xro.21)
LQD -
L (24} 4
Fag) -
|
‘ (300) an (e72) (333)
L (400} (“‘){
1 ! N W W
20 E] a0 sa (1) 10

Fig. 4. X-ray patterns of HgTe, CdTe and
MCT (x =0.21).
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(0.21)Te. From the X-ray diffraction pat-
terns, it is observed that the 26 peak - angles
and peak intensities of MCT is decreased as
the composition x is increased. It is found
that the shapes of the diffraction lines of
MCT are similar to those of HgTe. As the
angles of the diffraction lines are shifted to
lower values, the lattice constant is In-
creased. The structure factor of Hg(0.79)Cd
(0.21)Te i1s affected by the atomic scatte-
ring factor of Cd atom which is smaller than
that of Hg. Thus the diffraction intensities
of Hg(1 - x)Cd(x)Te are smaller than those
of HgTe. The 28 peak -angle of Hg(0.79)Cd
(0.21)Te obtained for the (111) plane i1s 23.
806°, shifted slightly lower from that of
HgTe by about 0.01°. It was determined
that MCT has the zinc-blende cubic struc-

ture over the whole composition range of x.

Table 1

Table 1 shows X-ray intensities and 26
peak -angles of Hg(0.79)Cd(0.21)Te. In
Table 1, there are diffraction lines of mixed
indices, such as the (211), (300), (221)
planes, that can not occur in the zinc - blende

structure.

3.2. Lattice constant

The lattice constant is calculated from the
28 peak-angles of X-ray pattern. The lat-
tice constant of the grown sample has been
determined to be 6.464 A using the least-
square method of Cohen [4]. The composi-
tion of the MCT sample can be obtained
from measurement of the lattice constant
which varies with x. Comparing the value
for the lattice constant with those of Wool-

ley and Ray, the composition for this sample

Diffraction intensities and 2 8 peak - angles of Hg(0.79)Cd(0.21)Te

Planes(hkl) Angles(26) Intensity Rel. Intensity
[(111)Stand. %]
(111) 23,806 1,769 100
(200) 27,563 104 6
(211) 35,500 52 3
(220) 39,411 1,727 98
(300)
42,000 64 4
(221)
(311) 46,581 1,005 57
(400) 56,967 245 14
(331) 62,620 210 12
(422) 71,463 199 24
(511) 76,560 171 10
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was determined to be 0.21 + 0.03.
3.3. Electron densily

In order to investigate the crystal struc-
ture of Hg(0.79)Cd(0.21)Te, the electron
density is calculated from the relative
intensites of scattered X-rays by the Fou-
rier synthesis method and compared with
theoretically calculated values. The electron

density in the zinc blende structure [ 8] is

o =[8/V] %%% | F(khL) | [cos 27 hx

cos2mkycos2mlz cos a (hkl)
-sin2xhx sin2xkysin2rlzsina (hkl)]

a (hkl) =tan ' (B/A)

where A and B are | F(hkl) | cosa (hkl)
and | F(hkl) | sin @ (hkl), respectively. In
order to describe the electron density
destribution, the structure factor F is calcu-
lated from the diffraction Intensity and
phase @ (hkl) is calculated theoretically. Fig-
ure 5 shows the electron density distribution
of Hg(0.79)Cd(0.21)Te.

4. Discussion
4.1. Electron density distribution

In Fig. 5, the electron density distribution
Is symmetric and distributed uniformly. The

electron density distribution of Hg(0.79)Cd
(0.21)Te 1s similar to that of HgTe with
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Fig. 5. Electron density distribution of
Hg(0.79)Cd(0.21)Te.

Fig. 6. Tetrahedron bond in MCT.

some of the Hg (21 mol %) replaced by Cd.
It is not easy to distinguish between Hg and
Cd ions in Fig. 5. Figure 6 shows the
hypothetic structure of Hg(0.75)Cd(0.25)Te
m which the Cd ions are located only at the
(0,0,0) position. Then diffraction peaks oc-

curred only for mixed indices (hkl) planes as
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Fig. 7. Electron density distribution in Hg
(0.79)Cd(0.21)Te compared with the theo-
retical distribution calculated assuming only

mixed indices.

well as unmixed indices. The intensity for
mixed indices varies with F = [f(Cd) - f
(Te)], where f(Cd) and f(Te) are the
atomic scattering factors of Cd and Hg
respectively. In order to investigate the vari-
ation of electron densitsy due to mixed indi-
ces, we have calculated the electron densi-
ties from the intensities of which the theoret-
ical mixed indices are added as well as
maeasured ones for comparison with the ex-
perimental electron densities when x is 0.21.
This is shown in Fig. 7, and it indicates that
Cd and Te ions are displaced by 0.6 A and
0.2 A in the x -y plane, respectively. Thus
the distorton of the crystal structure is in-

ferred from the scattered intensity is due to

the mixed indices of planes. But the effect of
these values is too small to be observed
when the electron density is described. In
fact, it is found from the electron density
distribution that crystal binding of MCT is
mainly covalent with tetrahedron bonds be-

tween adjacent atoms.

4.2. Lattice constant and Vegard’s law

Using the X-ray technique, J.C. Woolley
and B. Ray determined the dependence of
the lattice constant ¢ on composition for the
alloy system MCT. The resulting curve for
MCT is plotted in Fig. 1. It is interest that
there is a small deviation from the Vegard
line in the alloy system of MCT. The maxi-
mum deviation is about 0.002 A. We assume
two possible reasons for this deviation from
the Vegard line.

1) Variation in lattice constant due to dis-
tortion of crystal structure.

2) Non-linear variation in lattice con-
stant because the atomic distance does not
vary linearly with composition as Hg lons
are replaced by Cd ions.

In the first case, the deviation of lattice
constant is not apparent because the elec-
tron density distribution is symmetric. Thus
the first case can not be explained why the
lattice constants deviate from the Vegard
line. In the second case, we know that the
lattice constant is related to the atomic dis-
tances in the zinc blende structure. Thus the
deviation of the lattice constant from the
Vegard line is infered that non-linear varia-

tion in atomic distances are related to bind-
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ing energy. It can be concluded that the non
-linear variation 1n lattice constant is not de-
viated due to Cd atoms concentrated at spe-
cial sites but the non-linear variation of

atomic distance.

5. Conclusions

Hg(0.79)Cd(0.21)Te single crystals have
been grown by THM and their crystal struc-
ture has investigated by the X -ray powder
method. Their structure has been studied in
terms of electron density distribution. The
points in this paper are

1) The lattice constant is determined to
be 6.464 A. From the value of the lattice
constant, the composition of this MCT 1s
0.21 £ 0.03.

2) The atomic bonds are mainly covalent
with tetrahedron bonds between adjacent
atoms based on the distribution of electron
density. MCT has a structure in which Cd
and Hg atoms are uniformly distributed
around Te atoms in the zinc blende struc-
ture.

3) The non-linear variation in lattice con-

stant may be related to a variation in bind-

ing energy in MCT.
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