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HIGH TEMPERATURE LATTICE PARAMETERS OF ZnSiP2, ZnGeP2 AND CdGeP2 

A. MILLER (*), R. G. HUMPHREYS and B. CHAPMAN 

School of Physics, University of Bath, U. K. 

Abstract. — The variation of the lattice parameters from room temperature to 1.100 "C have 
been studied for the chalcopyrite semiconductors, ZnSiP2, ZnGeP2 and CdGeP2 using a high 
temperature X-ray camera. All three compounds show an increase in the tetragonal compression 
with temperature. The results are interpreted in terms of the thermal expansions of the II-V and 
IV-V bonds. 

1. Introduction. — The variation of the lattice 
parameters of three AnB™C\ chalcopyrite compounds, 
ZnSiP2, ZnGeP2 and CdGeP2 have been measured by 
the high temperature X-ray technique. The range 
covered was from room temperature to the decomposi
tion temperature for each material. There were three 
reasons for carrying out this study. 

Firstly, as some of these materials are potentially 
useful for use in heteroj unctions with binary semi
conductors, the lattice parameters at the temperature 
of growth should be known for liquid or vapour 
epitaxy [1]. Secondly, some of the compounds have 
been reported to have high temperature structural 
modifications which have not been identified directly. 
In particular, differential thermal analysis indicates a 
phase transition at 950 °C in ZnGeP2, but the high 
temperature structure has not been retained by 
quenching to room temperature [2, 3, 4]. Finally, it is 
interesting to observe how the tetragonal compression, 
or cja ratio varies with temperature and to consider 
this in terms of the two types of bond of the chalco
pyrite structure. 

TABLE I 

Room temperature lattice parameters 

ZnSiP2 (Zn solution) 
a = 5.399 c = 10.438 c/a = 1.933 

ZnGeP2 (Pb solution) 
a = 5.464 c = 10.708 cja = 1.960 

CdGeP2 (Pb solution) 
a = 5.741 c = 10.770 c/a = 1.876 

(*) Present address : Department of Physics, Heriot-Watt 
University, Edinburgh, U. K. 

Some work has previously been carried out on 
thermal expansions of these compounds. CdGeAs2 has 
been studied by X-ray [5] and optomechanical [6] 
techniques. There is also a Russian report of high 
temperature X-ray measurements of several II-IV-V2 

compounds including the three compounds of type 
ZnSnC2 which have zero tetragonal compression at 
room temperature [7]. 

2. Experimental. — Single crystals were grown 
from molten metal solution ; ZnSiP2 in zinc [8] and 
ZnGeP2 and CdGeP2 in lead [9]. Powdered samples 
were sealed in 0.3 mm diameter silica tubes and 
mounted on a 19 cm Unicam SI50 high temperature 
camera with Van Arkel film configuration. The camera 
was previously calibrated using alumina (A1203). 
Heating was by radiation from electrical elements 
surrounding the sample in an evacuated cavity. A least 
squares fit of the data to a correction function took 
account of absorption and eccentricity errors by 
extrapolating the results to 180° scattering. 

3. Results and discussion. — Figure 1 shows the 
results obtained for the variations of a, c, c/a and the 
volume V with temperature for the three compounds. 
The first point to note is that ZnGeP2 remained in the 
chalcopyrite structure until it decomposed above 
1.020 °C. The melting point of ZnGeP2 is 1.025 °C [2], 
so that no high temperature zinc blende phase appears 
to exist for this material, contrary to expectation from 
differential thermal analysis data. The results for 
ZnSiP2 (m. p. 1.370 °C) [10] were limited to below 
1.100 °C, due to softening of the silica container. The 
highest temperature obtained for CdGeP2 (m. p. 
800 °C) [10] was 755 °C after which it decomposed. 
Again, no high temperature phases were observed up 
to these temperatures. 
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Résumé. — Nous avons étudié la variation des paramètres cristallins des semiconducteurs à 
structure chalcopyrite, ZnSiP2, ZnGeP2 et CdGePî entre la température ambiante et 1 100 °C en 
utilisant un appareil de diffraction X à haute température. Pour les trois composés, la compression 
tétragonale croît avec la température. Nous avons interprété ces résultats en termes de dilatation des 
liaisons Il-V et 1V-V. 
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FIG. 1. - Lattice parameters of ZnSiP2, ZnGeP2 and CdGeP, 
between O0 and 1.000 OC. 

The second point of interest is the result that the c/a 
axial ratios are seen to decrease with increasing tempe- 
rature. This is away from the ideal value of 2. This seems 
surprising at first sight because one would normally 
expect a move towards the more symmetrical pseudo- 
cubic position with c/a = 2 at higher temperature. It is 
also evident from these three compounds that the rate 
of change of distortion increases with tetragonal 
compression as pointed out by Weaire et al. [Ill .  This 
also applies to the CdGeAs, results [5, 61 and for the 
results of the three zinc-tin compounds containing 
phosphorus, arsenic and antimony which have zero 
tetragonal compression at room temperature since no 
shift from cla = 2 was observed on heating to 
600 O C  [7]. 

Our results showed linear increases of lattice para- 
meters with temperature within experimental error. In 
table 11, we quote the thermal expansion coefficients 
given by the best straight line fits to the data. These are 
thus average coefficients for the temperature ranges 
covered and are normalised by dividing by the room 
temperature values. 

We note that although the coefficients for a, c and 
c/a vary significantly for the materials studied, they 
have very similar volume coefficients. The values for 

Gap [12], the isoelectronic analogue of ZnGeP, are 
listed for comparison and are seen to be significantly 
smaller. The free x-parameter of the chalcopyrite 
structure complicates direct comparison, but this may 
be due to a larger average ionicity of the ternary 
compounds. This will be considered later. 

We have attempted to interpret the increase in tetra- 
gonal compression with temperature in terms of the 
thermal expansions of the individual 11-V and IV-V 
bonds, by applying the Abrahams and Bernstein rela- 
tions [13] to our results. Work by these investigators 
produced the presently accepted picture of the A " B ' ~ C ~  2 

compounds as consisting of an almost perfect BC, 
tetrahedral arrangement with tetrahedral angles within 
1 % of the ideal value of 109.47O. The IV-V bonds thus 
show strong directional covalent character while the 
distortion is taken up in the position of the group I1 
cations. The net result is a relative displacement of the 
anions (P) towards the two nearest neighbour group IV 
cations, figure 2. This shift determines the x-parameter 
of the chalcopyrite structure. Assuming a perfect tetra- 
hedron, the x parameter and the bond lengths can be 
expressed in terms of the lattice parameters, a and c,  

Lind and Grant [14] showed that, except for the 
compounds of type ZnSnC,, A"B'~C;  compounds fell 
close to the line defined by eq. (4). Figure 3 shows the 
calculated x parameters for the present results and also 
the previously measured room temperature values [13, 
14, 151. The x parameters all increase with temperature 
as expected for increasing distortion from the cubic 
value of 0.25, so the phosphorus atoms move relati- 

Average thermal expansion coefficients 

1 d t  Thermal expansion coefficients are defined by, a = - . - where to is the room temperature value. 
50 d T  
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vely closer to  the group 1V atoms. The thermal 
expansions of the bonds given by eq. (2) and (3) are 
shown in figure 4 and indicate the reason for the 
increase in tetragonal distortion with temperature. The 
more ionic 11-V bonds have higher thermal expansion 
coefficients than the covalent IV-V bonds, so that, the 
group V atoms move relatively nearer the group IV 
cations on heating, thus increasing the distortion 
through eq. (1). The calculated thermal expansions are 
listed in table 111 along with existing values for other 
materials [12, 16, 171. Unfortunately data d o  not 
exist for all of the binary analogues of these compounds. 
Covalent silicon and germanium have small expansion 
coefficients. The value for the slightly ionic gallium 
phosphide is larger. These may be compared with the 
Si-P and Ge-P coefficients although the value obtained 

CdGeP* 
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FIG. 2. - Chalcopyrite structure. 
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 calculated values using the 
Abrahams and Bernstein 
relations. 

FIG. 3. - Calculated x parameters. 

FIG. 4. -Calculated thermal expansions of the A- C and 
B - C bonds. 

Calculated bond expansion coefficients 

1 dx 1 d(A - C) 1 d(B- C) - -- 
xdT A-C dT B-C  d T  
- - - 

ZnSiPz 9.2 x 10-6 9.8 x 10-6 2.8 x 10-6 
ZnGeP2 5.8 x 10-6 9.1 x 10-6 5.0 x 10-6 
CdGePz 1.7 x 10-5 1.5 x 10-5 6.4 x 10-7 
Si 2.95 x 10 -6  

Ge 3.01 x 10-6 
Gap 4.65 x 10-6 
ZnSe 8.01 x 10-6 
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from this model for CdGeP, looks anomalously low. terms of the larger thermal expansion coefficients of the 
The Zn-P and Cd-P coefficients resemble the more ionic more ionic 11-V bonds. Bulk expansion coefficients are 
ZnSe value. larger than group IV and Il l-V analogues. 

To conclude, no high temperature structural modifi- 
cation has been found for ZnGeP, and the observed Acknowledgments. - The Science Research Council 
increase in tetragonal distortions of ZnSiP,, ZnGeP, and Honeywell lnc. are acknowledged for financial 
and CdGeP, with temperature can be interpreted in assistance. 
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