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SEMICONDUCTING PROPERTIES OF Zn,P,—CdjAs, SOLID
SOLUTIONS
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It is shown that semiconducting compounds Cd,As, and ZnyP, (both of identical
crystal structure) form continuous series of pseudobinary four-components solid solutions
over the whole range of compositions. The results were examined by X-ray analysis and dilato-
metric measurements. The Hall coefficient and resistvity were measured between 300° and
800°K. The samples are found to be semiconducting, of a-type when less than 50% mole of
Zn,P, were present in their compositions. At higher concentrations of ZngP, the samples
were always p-type.

1. Introduction

As was reported earlier, cadmium arsenide — CdjAs,, which belongs to the isomor-
phic of AY By intermetallic semiconducting compounds forms complete solid solutions
with ZngAs, [1, 2] and CdsP, [3]. In this paper some results of our investigations on pseudo-
binary four-components solid solutions of ZngP, — Cd,As, are presented.

The semiconducting properties of Cd;As, have been investigated quite well. This
compound is always an n-type semiconductor with the concentration of degenerated elec-
trons never less than # = (1.6—2) x 1018 cm~3 with the mobility of electrons at room tem-
perature gy = 1x10* = 1.5x 104 cm?/Vs, o = 10*(Q - cm)™, and m, = 0.05m, [4, 5.
There are considerable differences between the widths of the forbidden band reported by
various authors (4E = 0.14—0.6 V) [4, 5, 6, 7].

ZngP, is always a p-type semiconductor, with low conductivity o = 1075 (Q - cm)~1
at 300°K, with AE = 1.15 eV and very low mobility of holes [8, 9]. In view of identical
crystal structures and very different electrical and thermal properties of both these com-
pounds some interesting properties can be expected from this system.
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2. Preparation of the sample

Various alloys of the system ZnyP, — CdsAs, were prepared directly from highly
purified compounds ZngP, and Cd,As, in fused quartz ampoules. The compounds synthe-
sized from pure elements (99.999 % pure) vere additively purified by sublimation in vacuum.
The compounds put into ampoules in required quantity were melted, then slowly cooled
slightly below their melting point and than annealed at this temperature during some
days or even weeks. The inside surface of the ampoules were carbon-coated by pyrolysis
of benzene.

3. X-ray analysis and dilatometric measurements

“In order to carry out X-ray analysis, the samples were pulverized and mixed with
about 20 per cent NaCl (@ = 5.6392 A) internal standard. The X-ray diagrams were ob-
tained with a Guinier focussing camera and CuK_ (4 = 1.54051 A) radiation, or with the
DRON-1 diffractometer.
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Fig. 1. Lattice constants of the system Zn,P,—CdsAs, as versus concentration

The lattice constants were calculated by means of the least squares method with an
accuracy of 0.02 per cent. The calculations were performed on the Elliot 803 digital coms-
puter.

The reflection lines were always sharp and no doubling was observed for theinves-
tigated compositions. The lattice constants of Cd, 4As, assumed in the present calculations
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are a = 8.963 A and ¢ = 12.68 A and for ZnyP, a = 8.097 A and ¢ = 11.45 A accord-
ing to Ref. [10].

Fig. 1 represents the variation of the tetragonal lattice constant in the Cd;As, lattice
by the addition of Zn,P,. It can be seen that the lattice constants vary almost in accordance
with Vegard’s law.

An additional data about ZnyP, — Cd;As, system was received by the supplied dilato-
metric method. Thermal expansion was measured by the use of a Leitz-Wetzlar optical
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Dig. 2. Dilatometric curves for ZngP,, Cd,As, and their solid solutions

dilatometer. Cylindrical samples 4.5 mm long were obtained by cooling of the melt in
a graphite tube sealed in a quartz tube filled with argon. Dilatation 4/ was measured with
respect to chronine. The temperature was determined by a Pt-PtPd thermocouple. Dilato-
metric measurements of the ZngP, — Cd,As, alloys were carried out for 9 different compo-
sitions with the molar contents of Zn,P, increased in 10 per cent stops. The results of
measurements are given in Fig. 2. In all ranges of temperature (20—100°C) and concentra-
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Fig. 3. Temperature dependence of the conductivity samples 0 — CdyAs,, I — 10% mole ZngP, — 90%

mole Cd;As,, 2 — 20% mole Zn,P, — 80% mole Cd;As,, 3 — 30% mole Zn,P, — 70% mole Cd,As,,

4 — 40% mole Zn,P, — 60% mole Cd;As,, 5 — 50% mole Zn,P, — 50% mole CdzAs,, 6 — 60% mole

Zn,P, — 40% mole CdyAs,, 7 — 70% mole ZngP,— 30% mole Cd;As,, 8 — 80% mole ZnyP, — 20%,
mole CdsAs,, 9—90% mole Zn,P, — 10% mole Cd;As,, 10 — Zn,P,
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tions. of the investigated solid solutions only one high temperature reversible phase transi-

tions a— B(a”/f — CdzAs, — 595°C, «/f — Zn,P, — 880°C) [2,11] is obseived.
Therefore, from the above measurements it may be concluded that the pseudobinary

four-component system ZngP, — Cd;As, consists of a continuum of solid solutions.

4. Electrical measurements

The resistivity and the Hall coefficient of individual samples, polished to the size of
1.5x4x 12 mm® were made by taking the voltage-drop by means of a d. c. potentio-
meter. The electrodes were soldered to the samples with tin.

Fig. 3 shows the temperature dependence of the. conductivity of some n-type [1-4]
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and p-type [5, 6, 8] samples between 300 and 800°K. The conductivity of the investigated
samples at T = 300°K varies from about 4000 (Q * cm)~2 for Cd,As, to about '10-4Q - cm)~?
for Zn,P, [4]. Fig. 4 shows the results of the temperature measurements of the Hall coeffi-
cients R, for n-type samples.

The concentration of the current carriers Np,—N, calculated from the formula
n= Np—N, = —1/eR at T = 300°K, varied for all n-type samples very slightly, with
the addition of Zn,P, to Cd,As,, and did not differ distinctly from the n-concentration in
Cd;As,.

Because of a lack of stability and reproducibility it was impossible to measure the
temperature dependence of the very small Hall coefficient for samples [6, 7, 8, 9} and [10].

Fig. 5 represents the results of Hall and resistivity temperature measurements obtained
for p-type sample No 5. The inversion point lies at about 430°K. From the relation
R, b?

R, 4(0—1)
coefficient in the extrinsic region, it was found that for the sample No 5 b = p,/u, = 19.
Fig. 6 shows the temperature dependence of the Hall mobility y;= R - o the investi-

where R, — the maximum value of the Hall coefficient, R, — Hall
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Fig. 6. Temperature dependence of the Hall mobility of electrons and holes in ZnyPy—Cd,As,
samples
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gated samples of n-type. For Cd;As, and for sample No 1 (n-type) above room temper-
ature, the mobility is determined by scattering on lattice vibrations (ugy ~ T77).

For samples with higher concentration of ZngP, [2, 3, 4] the mobility is almost con-
stant, which shows that electrons arc scattered mainly by ionized impurities.

The width of the forbidden bands (4E,) of the investigated solid solutions have been
calculated from the temperature dependence of Ry and ¢ in the intrinsic range. Fig. 7
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Fig. 7. Dependence of the forbidden bands AE, in Zn,P,—Cd,As, samples on the concentration of ZnyP,

represents values of A4E, for n- and p-type ZngP,—Cd;As, samples deduced by means of
the relations

Alog (RT??)
AEy, = 0.397- 2108 RTT)
(1000)
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For the n-type samples the 4E, values are in good agreement with AE,, values. For

p-type samples (more than 509, Zn,P,) it was possible to calculate AE, only from ¢ meas-
urements.
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