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Fry [9] has depicted the variation of the electric field intensity at the surface of 
metals versus the incident angle of light.  Later, France and Ellison [10] have used same 
picture to explain the mechanism of the enhancement of absorption of thin films on a metal 
at the grazing angle of incidence. Hansen [11] has derived a method for arbitrary depth for 
stratified films with N phase using a matrix method [6] in terms of the electric field E and 
magnetic field H, which includes the calculation of inversion of the matrices. Ohta and 
Ishida [8] introduce a new algorithm to calculate the electric field intensities for stratified 
films including metal without the need of the calculation of inverse matrices. However there 
method was limited to IR spectrum. Macleod [7] have established another computed method 
when a very thin of absorbing material is embedded  in a multilayer to normal incident of 
light  which covered visible and NIR region. In the present work, the electric field intensities 
for weakly absorbing monolayer coating was computed over a wide range of  incidence 
angle based on the Abele's matrix method [12] in terms of forward and backward 
propagating electric fields to calculate the reflectance and transmittance . The present study 
represents another tool for the analysis of absorption in the visible and near-IR spectral 
region. 
  

2. Basic Theory 
 

              The basic matrix technique for the calculations of the properties of an optical 
coating is actually already contains the electric and magnetic fields so that only a slight 
modification is required to extract it. The matrix expression, with the usual meaning for the 
symbols, is [6]: 
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where E and H are the components of the complex total electric and magnetic field 
amplitudes parallel to the surface which include the relative phase. For a single propagating 
plane harmonic wave the magnetic and electric fields are associated through the 
characteristic admittance, y, of the medium, i.e  
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The corresponding terms in the other column matrix, are normalized total tangential 

electric and magnetic fields. The admittances y, too, are normalized so that they are in free 
space units (1/377 Siemens) rather than SI units. To have absolute values for the total 
tangential electric field amplitude through the multilayer, it remains simply to give an 
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absolute value to one of the E’s. However the easiest, is to put a value on the final tangential 
component at the emergent interface, which is the interface with the substrate. This is 
normalized to unity in (1) and is related to the incident irradiance through the transmittance 
T. If the incident irradiance is Iinc, then we can have [7]: 
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If   T   is zero then the field must be designated at a different place, usually some convenient 
interface where there is a non-zero B value. 
 

2.1 Irradiance and Electric Field 
 

Irradiance defined as the mean power per unit area at any point carried by the waves, 
the orientation of the surface was chosen to maximize the power. The direction of the 
irradiance is then considered to be parallel to the normal surface. Any other orientation 
receives a component of the irradiance. The component of irradiance across any unit surface 
is given by [6]:  
  

I=
2

1
Re [EH*]                                                            (6) 

                            
The admittance y   at optical frequencies,  
 

y= (n-ik)	                                                                   (7) 
                               

  being the admittance of free space (1/377 Siemens). Then we can write the irradiance of 
the wave as 
 

 I=
2

1
 y2  2                                                            (8) 

 
2.2 Absorption of Light 

 
From (1) and (2), the input and exit irradiances are given by, 
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The irradiance lost by absorption in the layer is the difference between these two 
quantities. Since the layer is absorbing, the phase thickness   at oblique incidence is then 
given by, 
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using Snell's law, the angle of incidence Өj at the jth layer is :  
 

jjo  sinsin0                                                         (11) 

 
ηj  is the effective  refractive index of jth layer, 
 

                        ηiS = njcos Өj       for     S-Polarization                                      (12) 
 

                       ηiP = nj/cos Өj      for      P-Polarization                                     (13) 
 
Equation (10) defines the quantities α and . By extremely thin, we mean that d/ λ should be 
sufficiently small to make both α and  vanishingly small, whatever the size of either n or k. 
Then substituting equations (3-5) in (1) we can get: 
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i.e 
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where we have including terms up to the first order only in  α and .        
 
The irradiance at the entrance to this layer will then be given by: 
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(16) 

 
The second term of (10) is zero. This follows since ( α - i )/(n - ik) is real [from (6)] and  
HH* is also real. The contents of the square brackets is therefore imaginary and the real part 
is equal to zero. We can also deduce this result from the fact that H has no interaction with 
the material. The first term gives 
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where 
 

αk+n=(4 π nkd/λ)   and   E.E*=2                                           (18) 
 
Equation (17) show that the irradiance that has been absorbed is given by the difference 
between the irradiance incidents on the thickness element I inc, and that emerging on the exit 
side I exit , that is: 
 

2..
2 

nkd

Iabsorbed                                                 (19)                     

  
where the magnitude of the absorbed energy is directly proportional to the multiplication of 
n and k. Both must be nonzero for absorption to occur. The absorption will be small for a 
metal with vanishingly small n, and a dielectric with vanishingly small k.  
 

3. Experimental Work 
    

SnO2 thin films were deposited by chemical spray pyrolysis (CSP) technique onto 
glass substrates from aqueous solution of 0.1 M of SnCl4.5H2O. For a careful cleaning of 
glass substrate, the substrates were initially boiled in chromic acid for 15 minutes, then it 
was washed with distilled water. These substrates were further treated in ultrasonic bath for 
a further 15 minutes prior to deposition. The optimized preparation conditions being arrived 
at the following: substrate temperature was kept at 500 oC, and controlled within ±5 oC 
through a chromel-alumel thermocouple as a sensor for the temperature controller. The 
distance between nozzle and substrate was about 30 cm, the spraying rate was maintained at 
5 ml/min, compressed air was used to atomized the solution containing the precursor 
compounds through a spray nozzle over the heated substrate. Weighting method was used to 
measure the thickness of the deposited films and was found to be in the range of about 
0.35±0.05 μm. The obtained films exhibit good adherence to substrate surface. 
Transmittance and absorbance were recorded with a Shimadzu 1650 double beam UV/Vis 
spectrophotometer in the wavelength range (350 -900) nm. 
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4. Results and Discussion 
 
4.1 Normal Incidence of Light 

 
The profile of normalized electric field intensity vs. film depth was computed with 

the aid of TF calc software package [13].  
The refractive index n and extinction coefficient k was computed from the 

measurement of film transmittance (thickness of about 400 nm) within the spectral region 
(350-900 nm) taken into account the effect of dispersion. Fig. 1 and 2 illustrates the 
dispersion phenomena and the transmittance of SnO2. 
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Fig. 1: Dispersion phenomena of SnO2 (normal incidence). 
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Fig. 2: Measured transmittance of (thickness of about of 400 nm) against wavelength. 
The reference wavelength is 632 nm (normal incidence). 

 
 
 
 
 
 

n

k



 

 

 

wave
and s

 

 

B 

C 

4.2 Obli

The effe
elengths (55
shown in Fi

 
M   repre
1    the m
S   the su
 

ique Incide

ect of angle 
50 nm and 
ig. 3. The pr

esent the in
monolayer, 
ubstrate (ma

A 

S-polarization 

P-polariz

S-polar

P-pol

nce of Ligh

of incidenc
632 nm) on
rofile was c

cident medi

ay be air) 

zation 

rization 

larization 

ht 

ce of light 
n the electr

computed ov

ium, 

 

Int. J. Nan

over the an
ric field dis
ver three zo

noelectronics an

ngle range (
tribution w

ones:  

 

nd Materials 6 

(0-90º) and 
were also inv

(2013) 87-95 

93 

reference 
vestigated 

 

 



Nadir F. Hab

 

94 
 

 

Fig. 3: Th

 
It

achieved
interface 
elsewher
 

5.
 

Fr
 T

ab
de

 It
ab

 T
ex

 T
ab

 
 
 
 
 

D 

E 

abubi, et al. / El

he depth prof

t is clear f
d, regardless

in layer c
re which ma

. Conclusi

rom the res
The electric 
bsorption c
epth. 
t is possible
bsorbing lay

The best sel
xtent. 

The Present 
bsorption in

ectric field dist

file of electri
w

from figure
s the referen
coatings is

ade it suscep

ions 

ults one can
field descri
an be evalu

e to reduce 
yer. 
lection of l

study offers
n many appl

S-polariza

P-pola

S-pola

P-po

ribution in wea

ic field distri
wavelengths

e that high
nce wavelen
 usually ex
ptible to abs

n conclude t
iption of th
uated using 

the electric

layer thickn

s a useful to
lications in 

ation 

arization 

arization 

olarization 

akly absorbing…

ibution of ob
550 nm and

h reduction
ngth. This b
xhibit a gr
sorption and

the followin
e light abso
the profile

c field ever

ness reduce

ool in the un
spatially re

… 

blique inciden
d 632 nm. 

, low sens
behaviour m
reater conc
d scattering 

ng: 
orbed at a c
 of the field

rywhere us

es the field 

nderstandin
eflection spe

nt of light at 

itivity to p
may be due 
centrations 

to a great e

certain thick
d along the

ing a mono

at the inte

ng of the me
ectroscopy. 

t for two refe

polarization
 the fact th
of defects 

extent. 

kness to the
e direction o

olayer of w

erface to a 

echanism of
 

 

 
 

erence 

n was 
at the 

than 

e total 
of the 

weakly 

great 

f light 



Int. J. Nanoelectronics and Materials 6 (2013) 87-95 

 

95 
 

References 
 

[1] Z. Pen Ayadi, J. El Ghoul, K. Djessas, S. Alaya, International Journal of 
Nanoelectronics and Materials, 3 (2010) 78 

[2] R. Slama, F. Ghribi, A. Houas, C. Barthou, L. El Mir, International Journal of 
Nanoelectronics and Materials, 3 (2010) 133 

[3] A. H. Macleod, C. Clark, 40th Annual Technical Conference Proceedings, New 
Orleans (1997) 

[4] A. H. Macleod,  C. Clark, 17thInternational Conference on Vacuum Web Coatings. 
Miami, Florida: Bakish Materials Corporation, New Jersey (1997) 

[5] A. H. Macleod, C. Clark, 42nd Annual Technical Conference Proceedings. Chicago: 
Society of Vacuum Coaters (1999) 

[6] A. H. Macleod, Thin-Film Optical Filters. Third ed., Bristol and Philadelphia: 
Institute of Physics Publishing (2001)  

[7] A. H. Macleod, Optical Science OPTI575. Notes produced by Thin Film Center Inc. 
Tucson, USA (1999-2007) 

[8] K. Ohta, H. Ishida, Applied Optics,  29 (1990) 1952 
[9] T. C. Fry, J. Opt. Soc. Am. 22 (1930) 307 
[10] S. A. Francis, A. H. Ellison, J. Opt. Soc. Am. 49 (1959) 131 
[11] W. N. Hansen, Advances in Electrochemistry and Electrochemical Engineering, 9 P. 

Delahay and C. W. Jobias (Ed’s) Wiely, New York (1973) 
[12] F. Abeles, Ann. der Physiqe, 5 (1950) 596 
[13] Thin Film Design Software for windows. http://www.sspectra.com 

 
 


