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The electrical and optical properties of the ternary compound semiconductors

CuInS2 and CuInSez, which crystallize in the chalcopyrite structure, have been
studied ext msively by several authors /1 to 4/. This is because they are pro-
mising candidates for applications in electro-optical devices. From X-ray and

S , for the
2x72(1-x)
whole range of x between 0 and 1, has been established and their lattice param-

DTA studies, the existence of their solid solutions CuInSe

eters have been reported /5/. Recently, the lattice thermal conductivity (K)

of p~type polycrystalline CuInSezxsz(l_x) samples, which gives valuable infor-

mation about the interatomic forces and lattice anharmonicity, has been publish-

ed /6/. It is suggested that K decreases for the mixed ternary' compounds be-

cause of the decrease in lattice periodicity, 4
Inthe present note, after exarﬁining briefly the different models that have been

proposedto explainthe thermal conductivity of ternary compounds at room tempera-

ture, the mechanism responsible for variation of K withx in CulnSe hasbeen

S
2x°2(1-x)
suggested. The empirical relation found for K satisfactorily explains this behavior.

The thermal conductivity of CulnSe at 300K for different values of

2xs2(1—x)
x, taken from /6/, is plotted in Fig, 1. As compared to the initial CuInS2 and
CuInSe2 compounds, the latlice thermal conductivity of the solid solutions de-
creases and has a2 minimum at about x = 0.5. It can perhaps be argu_ed that this
reduction in K for x different from 0 and 1 could be due to additional scattering
of phonons at the grain boundaries of the polycrystalline samples, However, this
effect, if present, should be small since the K value of CulnS, and CuInSez, al-
so polycrystalline samples, are in good agreement with that calculated by Wasim

- /7/ and Makovetskaya et al. /8/,
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Fig. 1, The thermal conductivity of CulnSeg,S9(1_x) s a function of x taken
from /6/. The continuous and dashed lines represent the calculated thermal
conductivity with (1) and its modified form explained in the text, respectively

Fig, 2. The thermal conductivity of CulnSegyS9(1-x) taken from /6/ as a func-
tion of the corresponding parameter A calculated from /6/. The continuous and
dashed lines represent the calculated thermal conductivity with (3) and its mod-
ified form discussed in the text, respectively

To explain the thermal conductivity of the ternary compounds at room tem-
perature, three different approaches have been made, Wasim // has calculated
the K value of all the I-III—VI2 and II-IV—V2 chalcopyrite compounds by extend-

ing the expression of Leibfried and Schldman as modified by Steigmeier. This is

given by
kN3 = .3
12 ,1/3 ("B Mde
K=73¢ (“E“) I )
(3"4'"2') T

where M is the average atomic mass in grams, 63 is the average volume oc-
cupied by one atom of the crystal,® is the Debye temperature, and ¥ is the

Griineisen constant. The predicted values of K for [-III-VI compounds at 300K,

2
with ¥ = 1.7 as an adjustable parameter, are in fairly good agreement /7/ with
the reported values. : )

Garabato and Rucei /9, 10/, using the Philips ionicity scale defined by the di-

electric model, propose an expression for the thermal conductivity of II-VI,
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ni-v, I-HI-VIZ, and III—IV-V2 tetrahedrally bonded semiconductors which is
given by
* * %o 2 f"i
c*-xg, (2] i1 ).
Here K * = kT/T *, where T ¥ is the melting point and K the lattice component
of» the thermal conductivity, K;‘OV refers to the K™ value of the purely covalent
semiconductors, and Fi = 0,78 is the critical ionicity‘ which separates the tet-
rahedral and octahedral structures. R and n correspond to the number of atoms
in the unit cell of zincblende and chalcopyrite structures which are 8 and 16, re-
spectively, The thermal conductivity at 300K of the II-IV-V2 compounds calcu-
lated by this formula seems to agree with the measured values, However, in
the case of CuInS2 and CuInSe2 of the I-III—VI2 family, which are less ionic
than the II—VI—V.2 compounds, recent experimental data of K /7/ are higher by
at least a factor of 3 as compared to their corresponding calculated value, For
this reason, in the present analysis, this model has not been considered,
Makovetskaya et al. /8/ have suggested an empirical relation of the form

K=aAe BA , (3)

where A= (2-c/a)/(c/a) gives a measure of the tetragonal distortion of the crys-
‘tal lattice, A logarithmic plot of the experimental values of X of some of the
I-III-'-VI2

a straight line,

compounds against their corresponding A, as expected, seems togive

Using (1) with the corresponding M and & for CuInSeQXS2 (1-x) and O calcu-
lated from the melting point as given in /6/, the thermal conductivity at 300K
of the solid solutions is calculated with y = 1,87. This is also shown inFig, 1,

To check the possible validity of the empirical relation proposed in /8/ for
the I-III-VI, compounds also for their solutions, A is calculated for different
values of x from the smoothed out curve /5/ of the ratio of the lattice constant
c/a versus x, With A =8.87 mW/cm K and B = 30.84, as in the case of I-III-VI,
compounds, the thermal conductivity of CuInSeZXS(l_X) is calculated from (3).
This is plotted in Fig. 2. In the same figure, the thermal conductivity measured
for these values of A is also shown.

It can be observed from Fig. 1 and 2 .that the two models which satisfactorily

explain the thermal conductivity behavior of the I-III-VIg compbunds at room

temperature cannot be used to account for the low magnitude of K of their mixed
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] L N e ¢ Fig. 3. The variation ofthe calculated y(x)/y(0,1)
7 from the measured thermal conductivity of

- o | CulnSegySg(;_x)in /6/ as a function of x. The

B 7 dashed curve represents a theoretical fit with"

B 77 R an expression of the form exp (B x(1-x)), where

B =3
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/ \ alloys. Several empirical relations were tried
15— 1 Vo to explain the K data between 0 and 1, A rea-

! \ sonable fit, as shown in Fig, 1 and 2, can be ob-
o 0‘\‘ ~ tained by multiplying the thermal conductivity

. , .
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Lulns; — CulnSe, tional term of the form exp(- ¥2xx(1-x)) where

o = 4, Physically, this term can be related to

expressions given in both (1) and (3) by an addi-

the fact that the substitution of one type of anion
with another of the same group, for example S with Se, in the chalcopyrite
structure increases the lattice anharmonicity, Since the Griineisen parameter
¥ 1is a measure of this anharmonicity, it is reasonable to expect that it should
be higher for the solid solutions as compared to the initial CuInSz and CuInSe2
compounds. This would thus explain the decrease of the thermal conducitivity
of CuInSe2XSe2(1“X). An increase in y has also been reported /11/ for the Si—G-e
alloy, For this reason, with the measured value of K of CuInSeZXSZ(l_X) and (1),
the corresponding 7y (x) is calculated, The ratio 1 (x)}/1{0, 1) would thus give
an estimate of the change in the lattice anharmonicity. This is plotted in Fig, 3
as a function of x and fitted again, as expected, to an empirical relation of the
form exp( B x(1-x)) with B = 3. The scattering of the data from the theoretical
curve could perhaps have its origin in the contribution of the thermal resistivity
from the additional scattering of phonons at the grain boundary of the polycrys-
talline samples /12/, '

It would be interesting to find out if the relation of the form T(X) = 7(0) «
xexp(Bx(1-x)) also holds true for other mixed ternary systems of the I[-III-VI,
family such as CuGaSersz(l_x).
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