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Examination of thin dielectric films 
with ellipsometric method*

E l ż b i e t a  I d c z a k , E w a  O l r s z k i e w i c z , K r y s t y n a  Ż u k o w s k a  
I n s t i t u t e  o f  P h y s i c s ,  T e c h n i c a l  U n i v e r s i t y  o f  W r o c l a w ,  W r o c l a w ,  P o l a n d .

E l l i p s o m e t r y  in  r e f l e c t e d  l i g h t  m a y  b e  a p p l i e d  t o  e x a m i n a t i o n  o f  t h in  d i e l e o t r i o  
l a y e r s  o n  a b s o r b i n g  s u b s t r a t e .  T h e  b a s i c  o p t i c a l  p a r a m e t e r s  o f  t h e  d i e l e c t r i c  
l a y e r s :  i . e .  t h e i r  r e f r a c t i v e  i n d e x  In )  a n d  t h ic k n e s s e s  (d) m a y  h e  d e t e r m i n e d  
f r o m  t h e  m e a s u r e m e n t  o f  t h e  p h a s e  d i f f e r e n c e  {A) a n d  a z im u t h  (W) f o r  t h e  
e x a m i n e d  d ie l e c t r i c  f i lm  — a b s o r b i n g  s u b s t r a t e  s y s t e m .  T h e  t r a n s i t i o n  f r o m  t h e  
m e a s u r e d  q u a n t i t i e s  A a n d  W t o  t h e  f i l m  p a r a m e t e r s  (n a n d  d) m a y  h e  c a r r i e d  
o u t  b y  u s in g  a  g r a p h i c a l  m e t h o d  ( f o r  i n s t a n c e ,  S h k ly a r e v s k i i ’ s  m e t h o d )  o r  b y  
u s in g  a  r e s p e c t i v e  c o m p u t e r  p r o g r a m m e .  I n  t h is  p a p e r  a  c o m p u t a t i o n a l  e s t i 
m a t io n  o f  n  a n d  d  f o r  y t t e r b i u m  o x i d e  t h in  f i lm s  o b t a i n e d  f r o m  t h e  p r o g r a m m e  
e la b o r a t e d  f o r  c o m p u t e r  w a s  c o m p a r e d  w i t h  t h e  r e s p e c t iv e  r e s u lt s  o b t a i n 
e d  b y  a p p l y i n g  t h e  e l l i p s o m e t r i c  m e t h o d  d u e  t o  S h k ly a r e v s k i i .  T h e  r e s u l t s  
o b t a i n e d  s h o w  t h a t  t h is  p r o g r a m m e  m a y  b e  u s e d  f o r  t h e  c a l c u l a t i o n  o f  r e f r a c 
t i v e  i n d e x  a n d  t h i c k n e s s  o f  t h e  d i e l e c t r i c  f i l m  f r o m  t h e  r e s u lt s  o f  e l l i p s o 
m e t r i c  m e a s u r e m e n t s .

Introduction

An increasing interest in ellipsometric method observed in the course 
of last years is connected with the examination of very thin dielectric 
and absorbing films (several to tens nanometers) deposited on an absorbing 
substrate. These examinations are important because of metal oxidizing 
effects, they are also of some meaning in tunnel spectroscopy as well as in 
investigations of the state of material surface in ultrahigh vacuum. The 
layers to be examined may be created either in a natural way or 
deposited artificially.

Ellipsometry exhibits an essential predominance over other methods, 
since the ellipsometric methods do not require any special preparation 
of the examined surface and allow to carry out the examinations under 
different physical conditions (temperature, pressure, type of atmosphere 
and so on). Nowadays the development of ellipsometry is considerably 
simplified due to the advances of the computational technique.

The ellipsometric methods in the reflected light are based on the 
analysis of ellipticity of the light reflected from the examined object.

* T h is  w o r k  w a s  c a r r i e d  o u t  u n d e r  t h e  R e s e a r c h  P r o j e c t  M .R .  1 .5 .
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If the medium is of absorbing type or a thin film occurs on its surface, 
then the plane polarized light falling under an angle different from 90° 
becomes elliptically polarized after reflection.

Results of the experimental examinations

The most common quantities measured experimentally in ellipsometry 
are: phase difference (A) between p- and ,9-components of the Fresnel 
coefficients for the light reflected, and the angle W (tan W determines 
the p- to s-amplitude ratio for the respective Fresnel coefficient compo
nents for reflected light).

In all the applications of ellipsometry the interpretation of the values 
A and W (i.e. of the so-called ellipsometric angles) measured directly is 
reduced to the transition from these quantities to the optical constants 
n3, k3) of the substrate as well as to the optical constants (n2, k2) and the 
thickness (d) of the surface film. Mathematically this means the neces
sity of solving the inverse ellipsometric problem, i.e. the finding of values 
of n3, k 3·, n2, k2 and d on the basis of the values A and lP measured 
experimentally.

If the calculation of A and lP from system parameters {n3, k3·, n2, 
k2 and d) does not present any essential difficulties due to application of 
computers, an explicit solution of the general equation of ellipsometry 
with respect to n3, k3, n2, k2 and d is still unachievable. Therefore, in 
practice the ellipsometry equation is solved by using either graphical 
methods or simplified formulae which are valid only for very thin films 
(some nanometers thick) or finally by using special programmes for com
puters which allow to solve the general equation of ellipsometry.

The graphical ellipsometric method proposed by Shklyarevskii [1-4] 
allows to determine simultaneously the refractive index and the thickness 
of the thin layers, both of dielectric and absorbing type, deposited on an 
absorbing substrate. In this method the refractive index and the thickness 
of the surface film are determined from the film-absorbing substrate system. 
For the given experimental values X,<p, n3,lc3 a set of dependences A (d) 
and P(d) is calculated from the general ellipsometry equation for some 
reasonably accepted values of the refractive index (n2) for the examined 
film. These calculations are carried out on a computer. The intersection 
points of the curves A(d) and P(d) obtained in this way with the straight 
lines corresponding to the experimentally measured values of l/yexp and 
Aexp (see fig. 1) give two new dependences nA(d) and nw(d). The inter
section points for curves nA and nv determine the sought values of both 
the refractive index and thickness of the examined film (fig. 2). The 
Shklyarevskii’s method is very laborious and requires plotting of a series 
of curves. The accuracies achieved with this method for dielectric film
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P i g .  1. T h e  c a l c u l a t e d  f a m i l y  o f  c u r v e s  A  (d) a n d  XF (d ) f o r  t h e  la y e r s  Y b 20 3 o n  c h r o m i u m .  
T h e  i n c i d e n c e  a n g le  7 0 ° ,  o p t i c a l  c o n s t a n t  o f  c h r o m iu m  f o r  A =  5 0 0  p .m , n 3 =  2 .1 1 ,  
k 3 =  2 .1 0 . T h e  h o r i z o n t a l  l in e s  r e p r e s e n t  e x p e r i m e n t a l  d a t a  ( A e x p , IPoxp)» w h i le  

t h e  n u m b e r s  c l o s e  t o  c u r v e s  d e n o t e s  t h e  v a lu e s  o f  n2

P i g .  2 . D e t e r m i n a t i o n  o f  t h e  r e f r a c t i v e  in d e x  (m2) a n d  t h e  t h i c k n e s s  id )  f o r  t h e  y t t e r b i u m  
o x i d e  l a y e r s :  1 ) n ^ (d )  f o u n d  f r o m  t h e  f ig . 1, 2 )  n<p(d) f o u n d  f r o m  t h e  f ig .  1

on chromium substrate are of order of some percent both for the refractive 
index and thickness of the layer.

Therefore, a programme for computer has been elaborated which 
allows to determine from the experimental data of A and W the refractive 
index and the thickness of the dielectric layer deposited on an absorbing 
substrate [5].

The programme elaborated requires the measurement of ellipsometric 
angles A and W for. the given incidence angle (cp) for the examined film
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absorbing substrate system as well as the knowledge of the optical con
stants (n3, k3) or ellipsometric angles (3 , W) of the substrate.

The programme has been written for R-32 computer in Fortran IV. 
It has been verified for a number of tabularized values taken from the 
work by G e r g e l y  [6] for the system Si02 on Si. First when the obtained 
numerical results were consistent with the corresponding tabularized data 
this programme was applied to calculation of the refractive index and 
the different thicknesses of this ytterbium layers on the chromium sub
strate. To be sure that the programme works correctly the results obtained 
had to be verified by comparing them with those obtained by a different 
method. The Shklyarevskii’s method the correctness of which seems 
to be unquestionable was chosen as a reference method.

The ytterbium oxide films were obtained by thermal evaporation 
in vacuum, opaque chromium films being used as the substrates. The 
ellipsometric measurements have been carried out on a EL-6 ellipsometer 
[7] in the visible spectral range 450-650 nm.

In the table the results obtained from the computer and those given 
by Shklyarevskii’s method have been collected. The comparison of these 
data indicates that the elaborated programme may be considered as 
a correct one since the compared data do not differ practically from each 
other. The accuracies of evaluations of n and d are conditioned by the 
accuracy of ellipsometric angle measurement. The ellipsometer applied 
by us allows to measure the ellipsometric angles with the accuracy not 
better than 3', which results in the 1 % accuracy of calculation of n and 
0.5 % accuracy of the thickness for a definite wavelength.

In this paper the ellipsometric measurements have been carried out 
for 9 different wavelengths from the visible spectral range. The deviations 
from the mean value of the thicknesses of the same film for different 
wavelengths ranged between 2 and 4 %.

Conclusions

The results obtained in this paper indicate that the elaborated programme 
allowing to evaluate simultaneously the refractive index and the thickness 
of a dielectric layer on an absorbing substrate is correct and may be 
applied to calculations of the parameters of the dielectric films from the 
ellipsometric measurements.

In the future a further development of the programme is forseen to 
make it applicable to absorbing films on absorbing substrate, too*.

* T h is  p a p e r  h a s  h e e n  p r e s e n t e d  a t  t h e  F o u r t h  P o l i s h - C z e c h o s l o v a k i a n  O p t i c a l  
C o n f e r e n c e  in  R y n i a ,  n e a r  W a r s a w ,  P o l a n d ,  S e p t e m b e r ,  1 2 - 1 9  1 9 7 8 .
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T a b l e

A  c o m p a r i s o n  o f  t h e  r e s u lt s  o b t a i n e d  f r o m  t h e  c o m p u t e r  w i t h  t h o s e  g i v e n  
h y  S h k l y a r e v s k i i ’ s m e t h o d  f o r  t h in  y t t e r b i u m  la y e r s  o n  c h r o m i u m

п d п d и d d d d dп т п т п т п т п т п т п п т п п т

450
_ _ 2.20 8.70 1.89 22.70 1.84 44.60 2.12 64.00 *

2.19 8.59 2.19 8.59 1.53 19.63 1.89 22.86 1.83 45.07 2.65 60.75 **
475 2.56 3.33 2.10 7.69 2.15 7.65 1.98 12.10 1.89 23.10 1.82 44.80 1.95 76.00 *

2.57 3.32 2.15 7.60 2.15 7.60 1.95 12.20 1.89 23.23 1.83 44.41 1.93 76.68 **
500 2.04 7.81 2.08 6.62 2.03 11.00 1.83 23.90 1.81 44.70 1.85 81.80 *

2.07 6.56 2.07 6.56 2.03 11.07 1.81 24.27 1.81 44.41 1.83 84.25 **
525 1.93 8.12 2.02 8.09 1.87 11.90 1.84 22.40 1.83 44.10 1.86 80.40 *

2.03 7.99 2.03 7.99 1.87 11.91 1.83 22.53 1.81 44.82 1.83 83.15 **
550 2.46 2.80 1.92 7.18 2.08 8.15 1.76 14.10 1.84 23.30 1.80 45.30 1.86 80.00 *

2.47 2.64 2.09 8.21 2.09 8.21 1.77 14.00 1.85 23.14 1.81 45.00 1.85 81.27 **
575 2.45 3.21 1.68 8.50 1.90 9.25 1.62 15.50 1.79 25.30 1.81 44.70 1.82 84.00 *

2.47 3.19 1.91 9.23 1.91 9.23 1.61 15.55 1.79 25.32 1.81 44.83 1.81 84.13 **
600 2.23 3.62 1.81 8.91 2.02 8.80 1.62 15.65 1.84 24.20 1.89 43.40 1.85 78.20 *

2.17 4.40 2.01 9.62 2.01 9.62 1.63 16.47 1.85 24.84 1.85 43.05 1.81 83.06 * Ф

625 2.09 3.83 1.72 11.63 1.88 10.20 — — 1.81 26.70 1.81 44.50 1.80 84.60 *
2.11 5.03 1.89 10.15 1.89 10.15 1.53 19.43 1.81 26.49 1.81 44.47 1.81 83.28 **

650 1.97 4.71 1.70 9.05 2.06 8.70 1.60 17.00 1.81 26.60 1.83 44.20 1.80 85.00 •
1.97 5.00 2.07 8.75 2.07 8.75 1.59 16.98 1.81 26.63 1.83 43.81 1.79 86.01 **

* -  experimental results obtained by Shklyarevskii’s method,
** — computer results.
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Исследования диэлектрических тонких пленок методом эллипсометрии

Э л л и п со м е т р и я  в о т р а ж е н н о м  св е т е  м о ж е т  п р и м ен я ть ся  д л я  и ссл ед ов а н и я  д и эл ек тр и ч еск и х  
то н к и х  п л ен ок , н а х од я щ и хся  на п о г л о щ а ю щ е й  п о д л о ж к е . О сн о в н ы е  оп ти ч еск и е  п а р а м е т р ы  
д и эл ек тр и ч еск ой  пленки, к оэф ф и ц и ен т п р ел ом л ен и я  (п) и  её  то л щ и н а  (й ), м о г у т  б ы т ь  в ы ч и с 
лен ы  и з и зм ер ен и я  р а з н о ст и  ф азы  А и а з и м у та  хр д л я  и ссл е д у е м о й  с и ст е м ы  д и эл ек тр и ч еск а я  
п л ен ка — п о г л о щ а ю щ а я  п о д л о ж к а . П е р е х о д  о т  и зм ер ен н ы х  величин  А и  у> к п а р а м е т р а м  

пл ен ки  (п  и  6)  м о ж е т  б ы т ь  в ы п ол н ен  л и б о  гр аф и ческ и м  м е т о д о м  (н а п р и м ер , м е т о д о м  
Ш к л я р е в ск о го ), л и б о  с о з д а н и е м  п р о г р а м м ы  д л я  Э Ц В М . В  р а б о т е  ср а в н ен ы  р е зу л ь та ты  
р а сч ета  п  и  d то н к и х  п л ен ок  ок и си  и тер би я , п ол уч ен н ы х  из р а з р а б о т а н н о й  п р о г р а м м ы  в ы 
чи сл ен и й  на Э Ц В М  и  э л л и п со м е т р и ч е ск о г о  м е т о д а  Ш к л я р евск ого . П ол у ч ен н ы е  р е зу л ь та ты  
п о к а з ы в а ю т , ч т о  п р о г р а м м а  Э Ц В М  м о ж е т  п р и м ен я ть ся  д л я  вы числ ен ия  к оэф ф и ц и ен та  
п р ел ом л ен и я  и  т о л щ и н ы  д и эл ек тр и ч еск ой  п л ен ки  из эл л и п сом етр и ч еск и х  и зм ер ен и й .


