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Abstract
Interesting relationship has been found between refractive index, microhardness and
bulk modulus. An attempt has been made for the first time to correlate only one
physical parameter refractive index with others. The calculated values are in good
agreement with the reported values in the literature. Refractive index data is the only

one parameter required to estimate all the above parameters.

1. INTRODUCTION

Recently much attention has been given to the study of binary tetrahedral
semiconductors because of their potential applications in linear and non-linear optics,
solar cells, light emitting diodes, laser diodes and integrated optical devices such as
switches, modulators, filters etc. the evaluation of refractive indices of a
semiconductor is of considerable importance for different applications, where the
refractive index of the material is the key parameter for the device design, Phillips and
van vechten’s [1] quantum dielectric theory, the refractive index, Plasmon energy and
energy gap are interrelated. Kumar et al [2] have successfully developed several
empirical relationships between Plasmon energy, microhardness and bulk modulus.
Plasmon energy and refractive index are will related with each other. Sincere efforts

have been made for correlating the above parameters, but still many uncertainties
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exist, on how different physical parameters affect the structural elastic and solid state
properties of semiconductor materials. In this paper, a number of equations have been
proposed to estimate Plasmon energy (nwp), microhardness (H) and bulk modulus (B).
Some compounds of this family are potential candidates for infrared detectors used in
military applications. Since the optical properties of semiconducting compounds play
an important role in devices development and fabrication. It is worth to study different

properties of these materials.

2. THEORY AND CALCULATIONS
Phillips and van vechten’s quantum dielectric theory has been used to correlate

refractive index, Plasmon energy and energy gap.

nwp =mexp(bn) ... 1)
Here, n is the refractive index and m and b are the constants. The following simple

relations between refractive index (n), microhardness H(GPa) and bulk modulus
B(GPa) have been proposed based on the work of Kumar et all for A'' BY' and A''' BY
semiconductors.

H (GPa) = Kiexp (Ken) - Kz ... 2)

B (GPa) = Kiexp (Kan)-Ks ... 3)
The relevant numerical constants presented in equations (2) and (3) are listed in Table
1.

Table 1: numerical values of constants K1, K2, K3

Parameter | Semiconductor K1 K2 Ks
Al' BV! 9.27 -0.177 4.97

H A BY 104.953 -0.3564 26.82

Al' BV! 275.33 -0.177 124.33

B A" BY 648.89 -0.354 130.32

Relevant refractive indices (from literature are substituted in the above equations and
estimated H and B values. One can estimated the above parameters with the

knowledge of refractive index (n) only.
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3. RESULTS AND DISCUSSION

The present paper reports different trends between refractive index (n), H and B in A"
BV and A" BY group semiconductors. The physical parameters are computed using
ElIf [1-3] and are listed in Table 2. The relevant K values are listed in Table 1. An
excellent agreement has been observed between the calculated values of the above
parameters and the values reported by different works as well as the available
experimental values.

The accuracy of the estimated physical parameters nop, H and B mainly depend on
the reliability and prelision of the refractive index (input data). The calculated values
of nwp for Sr Te, Mg Te, Sr Se, Ba Se are deviating more in comparison with other (6-
9). The obtained Plasmon energy values from equation (1) in the case of Il — V group
of semiconductors are in good agreement with the literature values.

The Plasmon energy microhardness and bulk modulus values for A" BY! and A" BY
group of compounds with the common cation decreases. Thus the calculated values
are in good agreement with the experimental values. Refractive index will act as a key

parameter to derive microhardness and bulk modulus values.

Table 2: Microhardness and bulk modulus of binary semiconductors

Refractive index n Microhardness H (GPa) | Bulk Modulus B(GPa)
Compound (10-12) Egn Expt Ref (2) Ref | Egn |[Expt Ref| Ref (2-
(4) 215 ()| @ |59
AII BVI
Cas 2.05 1.469 67
CaSe 2.09 1.423 66
CaTe 2.17 1.333 63
SrS 2.11 1.440 65
SrSe 2.13 1.378 64
SrTe 2.21 1.708 74
BaS 2.21 1.288 62
Base 2.38 1.101 56
MgSe 2.03 1.492 68
MgTe 2.12 1.389 0.48 | 65 37
ZnS 2.27 1.22211.70,2.80,3.50, 2.05 | 60 77 84
ZnSe 2.43 1.048 | 1.30-1.80 1.66 | 54 62 72
ZnTe 2.7 0.766 | 0.80-1.10 1.23 | 46 51 60
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CdS 2.38 1.101 1.20 1.28 | 56 62 61
CdSe 2.49 0.984 | 0.70-1.20 091 | 52 53 50
CdTe 2.70 0.765| 0.40-0.74 0.53 | 46 42 39
AIII BV

BN 2.10 23.020| 34.30-73.00 | 26.90 | 178 --- 202

AIN 2.16 21.968 12.30 23.48 | 171 --- 181

AlIP 2.75 12.759 5.50 9.64 | 114 86 95
AlAs 3.00 9.402| 4.8-5.00 7.67 | 94 77 83
AlSb 3.19 7.041 4.00 443 | 79 58 55
GaN 2.40 17.991 --- 21.32 | 146 -- 167
GaP 2.90 10.71 945 9.32 | 102 89 93
GaAs 3.30 5.747 7.50 6.79 | 71 75 78
GaSh 3.79 0.552 4.48 248 | 39 o7 o1

InP 3.10 8.141 4.10 550 | 86 71 70

InAs 3.50 3.518 3.30 3.99 | 57 60 64

SUMMERY

Refractive index and microhardness values of investigated semiconductors are
compared with each other and with the literature. Most of cases, our estimated values
are in good agreement with Kumar et al [6]. Comparing the results between Kumar et
al [6] and Neumann [9], it is noticed that the hardness values are deviating more than
in the case of Cas, Ba Se, MgTe, ZnSe and ZnTe. In view of the above, the average
percentage of refractive index and its deviation have not been estimated. However,
some refinement in the proposed model should yield more results.
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