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ABSTRACT 

Thickness and refractive index of non-light-absorbing surface films can be found out accurately from 
optical measurements by ellipsometry. However, the mathematical calculations are extremely tedious 
requiring the use of modern computers. The present paper describes a computer programme developed 
for this purpose. 
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INTRODUCTION 

T he formation or removal of a film is involved in most of the electro- 
chemical processes. These events are usually of crucial import-ance in 

determining the course of the process being studied, and studying them 
gives us an insight into the nature of the process. The ellipsometer is an 
experimental tool that allows us to do this with very high accuracy. In 
ellipsometry, one observes the change in the state of polarization of a 
polarized beam of light caused by reflection at the specimen surface. From 
this, one may obtain the thickness and optical constants of the specimen 
when the specimen is a surface film 11-71. The ratio of the complex 
amplitudes of the p and s components (vibrating parallel anwrpendicular 
to the plane of incidence, respectively) of the electric vector E gives the state 
of polarizationhL Single observation of change i n y i s  enough for the 
determination ortwo optical constants of a transparent film, (with k - 0) 
say, the thickness and refractive index [8-131. But, when the film is 
absorbing, its refractive index becomes complex (n = n - ik) and an 
additional observation is necessary. 

THEORY 
The reflection coefficients for a film covered surface are given by 

where the superscripts p and s denote the components of light parallel and 
perpendicular to the plane of incidence, respectively. 

The reflection coefficients for the boundary between iLh and jth medium, 
r t  and ri, are given by the equations, 

rp. = 
ni cos 4j - nj cos 0i . . . (3) 

ni cos 6, + nj cos 01 

I r.. = 
ni COS @ji - n. cos 

J 0) . . . (3) 

ni cos 6 + nj cos 0 J 

where ni and di are the refractive index of the iLh medium and an angle of 

incidence in that medium respectively; i is 1, 2 and 3 for the ambient 
medium (air or solution), the film and the substrate underneath, 
respectively. ni and 4i are in general, complex members. 

D is related to the thickness of the film D2 and wavelength as 

D = -4.D2n, cos 4 2 / A  . . . (5) 
d- 
n2 = n - ik . . . (6) 

Thus RP and Rs are complex functions of the three unknown quantities 
of the film n, k and D2 and other variables in the expressions A, 41, n, and n, 
are all known or measurable. 

In order to determine the film constants, two arameters A and are f' measured hy ellipsometry. These are related to R and R' as follows : 

R 
tan eiA=- . . . (7) 

R ' 

Equation (7) is, in fact, two equations because both sides have complex 
members. We can write [14] 

tan eiA = F (n, k, D2.. .) exp [ i q  (n, K, D2.. .) ] . . . (8) 

tan y = F(n,k,D 2...) . . . (9) 

The above two equations are extremely complicated and their solution and 
use for interpreting ellipsometric data requires electronic computation. 
Iteration technique is generally adopted. For e&h value of refractive index 
of the film, various values of A and y parameters are generated varying the 
thickness of the film. Computer programme has been written for generating 
tables of A, y and thickness. 

The optical constants of transparent films can be found out by using the 
experimentally determined A and w values in the above tables. The 
programme given below is for finding the thickness and refractive index of 
silicon dioxide film on silicon substrate. The programme is suitable for 
nonabsorbing films,and is designed for use with amicrocomputer with lesser 
memory capacity also. Test runs have been made in AL 2000, computer. 
Results have been cross checked and found to be accurate u to 2nd decimal 
place (as evident from Table I) with literature values [15r 
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Table I : PSI and DELTA values generated for various film thicknesses 

N, = 1.5 

D2 PSI PSI [I 51 DELTA DELTA 1 1  51 

A' 

This programme has been extended to accommodate absorbing films 
also. It requires a computer which has a facility to handle complex numbers 
as such. The advanced programme has also been tested in IBM 30/1.55 
system for iron oxide films on iron substrates. 
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