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Abstract

We present in this work a computational method for determining the optical parameters of thin films quaternary Culn(S, Se),
grown by Close-Spaced Vapor Transport and the variation of thickness (50 — 325 nm). The analysis of the basic properties of
the films was carrie out by spectrophotometer, was measured between 800 — 2500 nm. The modified Abele-Theye method of

numerical analysis was used to obtain the optical constants of the film.
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1. Introduction

hin films of quaternary Culn(S,Se), compounds have
I desirable and exeptional properties for terresterial
photovoltaic application [1-3]. Thus, it important that their
optical constants be known. A need exists for a convenient
method to determine the optical constants from relatively simple
measurements made on easily used commercial apparatus. The
accuracy of the determination should be better than the
repeatability of the constants from one production run to another.
The reflectance R .. and transmittance T, o of an
absorbing film of thickness d on a non- -absorbing substrate at
normal incidence are expressed by Murmann’s exact equations
[4]. Many author have applied difference methods for
determining n and k [1]. The most recent methods consist of
computerized algorithms intended to solve these complex
equations. Several modifications have been made for spending
up computation and enhancing accuracy. Bennett and Booty [5]
used computer program which is basically a univariate search
technique.
Their strategy is not good one of general optimization
problems. Abele and Theye [6] used the Newton-Raphson
method to obtain the solution of the two equations
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where T, ,and R ,,are the experimentally determined values of
Tand R respectevely

The main edvantage of their method is that n and k are
varied simultaneously in the search for the solution and thus the
convergence is improved. In the present work the Newton-
Raphson algorithm was modified: hence .a new computer
program was applied to determine the optical constants of
Culn(S,Se), thin films and the data were compared with those
obtained by other authors.

2. Method of Computation
Fig. 1 shows the flowchart of the modified method. The
program is intended to find the solution of the two simultaneous
nonlinear equations
fink)=T _, -T, =0 (1)
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where T, and R, refer to Murmann’s exact equations, i.e.
the descnptlon of the iteration process is as follows.

a) The optical constants of the film material obtained from the
literature are used as starting values,n and k. The are entered
together with the values of T, R, and film thickness d.

b) Equations a or b is expanded in a Taylor series around the
point (n,, k). Ignoring higher-order partial derivatives, the
resulting equations take the form
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c) Devided the resulting linear equation c or d by the largest
nonzero coefficient to get an expression for the variable,
corresponding to the coefficient, in terms of the other
variable.

d) Similarly, the second linear equation is processed through
step b and c and the resulting expression for a variable has
appeared.

€) When the processing of the two expressions is terminated,
the two variables will have numerical values (i.e. a solution).

) If the difierence betweern the solution obtained in step e and
the starting point used in step b is less than or equal to the
tolerance desired, then the solution is output, otherwise the
initial guess is updated by the solution and step b to step e
are repeated.




Calaulate : [ava|nx | arvannk
Subatitists in :
[aZidn|nk. o+ jatik|nk. x=0 @)

Celculate : |dRmn|nk |, JaRak|nk.
Substitute in :
ldaRdnink. o+ |dR&]lnk. =0 @

e

Exgxeos eqn () a0
i dR{dn
dR13k
Subetitute for this valua of
Ak insqn (1) snd
&t D and bance get Lic

An

Yes is No
—_erlmlnk= 0

A2 S

Express eqn(2) s
_dR/dk

dR /dn
Suhstitute for this vatua of
L7 i eqn(l) mad
eot Ak end bence get £n

L -

Letni= fn 54
5 & k= fe

N (53

—v{\ End )

~

~.
~.

T Tep ~ TRk =0 -,

< et 2 o
g R — ROTRE=6 e
i o2 A

-“"i; Yes
/ outpw mk
p ;

s

—

Figure 1 Flowchart of the computational method.

Results and Discussion

For comparison, data for five different wavelengths were
proposed using two modes of computation: namely, the method
of Abele and Theye and our modified method. Identical values
for n and k, accurate to the third decimal place, were obtained.
The only difference was the processing speed. The run time
taken by each mode to the process the data was found to be 21
sec for Abele-Theye mode and 14 sec for our mode.
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Figure 2 Spectral behaviour of the reflectance of Culn(S,Se),
films.

Thin films of Culn(S,Se), were formed by Close-Spaced
Vapor Transport, five samples of difference thickness in the range
50 to 325 nm were prepared. The reflectance R(A) (Fig. 2) and
transmittance T( A) (Fig. 3) at normal incidence in the wavelength
range 800 to 2500 nm were carried out at room temperature
using spectrophotometer (beckman UV 5270) provide with a
reflection attachement, the obtained data together with the film
thickness were fed to an IBM microcomputer.
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Figure 3 Spectral behaviour of the transmittance of Culn(S,Se),
films.
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The iterations proceeded using our modified Abele-Theye
method, and the computed valuesof n and k are indenpendent
of the film thickness. The variation lies within the associated
experimental error. The mean dispersion curves of n and k are
shown in Fig. 4.
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Figure 4 Main dispertion curves of the refractive index, n and
the absorption index, k of Culn(S,Se), films.

The restlts are in agreement with those obtained for
CuIn(S,Sc)2 crystal [7] and thin films was prepared by the
sputtering technique [8], as indicated in Fig. 4. The spectral
behaviour of the absorption coefficient, a = 47 k/A is shown in
Fig. 5. The plot of «? against the photon energy hi at the
absorption edge gives a straight line (Fig. 5), indicating direct
allowed optical transition with eV, in complete agreement with
the values eV obtained for Culn(S,Se), crystal for the
composition x = 0.2 [9].
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Figure 5 Plot of the square of the absorption coefficient of
Culn(S,Se), film against photon energy.

Conclusion

Optical computational method on Culn(S,Se), thin films
deposited by Close-Spaced Vapor Transport are reported for
the first time. The optical constants were obtained by a numerical
solution using an modified Abele-Theye method. The run time
taken by each mode to the process the data was found to be 14
sec for our mode.
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