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Optical properties of manganese films 
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The optical properties of thin manganese films in the thickness range 40 to 1200nm are 
reported for UV, visible and near infrared regions. The reflectance and absorbance of annealed 
and unannealed manganese films is measured from film side and substrate side, in the 
wavelength range 190 to 900 nm, and for normal incidence of light. These measurements are 
used to calculate the refractive index (n), extinction coefficient (k), and the imaginary part of 
the dielectric constant (a). 

1. In troduct ion  
There is very little experimental work published 
on the physical properties of manganese films [1]. In 
recent years some attempt has been made to study the 
transport properties of these films [2-8] which exhibit 
very interesting electrical properties [7]. To the best of 
our knowledge, there is very little published data on 
the optical properties of manganese films [9-11]. 
Sabine [9] was the first researcher to report on the 
optical reflectance of manganese films in the 
wavelength range from 40 to 450 nm, at an angle of 
incidence Of 18 °. Bueche [10] has reported on the 
reflectivity of evaporated films for five angles of 
incidence in the visible and near infrared (NIR) region 
and the data was used to determine the dielectric 
constant of the metal. More recently, Atkinson [11] has 
reported on the variation of the optical constants with 
wavelength in the visible region (400 to 600nm). So 
far no attempt has been made to study the absorbance 
in these films. A systematic study on the optical 
reflectance and absorbance may provide useful infor- 
mation on the possible application of manganese films 
in optical devices. 

Previously published work does not report the 
thickness and other deposition conditions which 
influence the optical properties of thin metallic films. 
In this paper, we report on the optical reflectance and 
absorbance in the wavelength range 190 to 900nm 
at normal incidence of light. The data for normal 
incidence is used to calculate the refractive index (n), 
extinction coefficient (k) and the imaginary part of the 
dielectric constant (e). The effect of annealing on the 
optical properties is studied for UV, visible and NIR 
regions. 

2. Exper imenta l  m e t h o d  
Manganese of purity 99.999% (obtained from Good- 
Fellow Metals, Cambridge, UK) was evaporated at a 
pressure of 10-4pa onto a glass substrate held at 22 ° C. 
The fihns of different thicknesses were deposited by 
electron beam evaporation process using Edwards 
High Vacuum System (Model E306). The thickness and 
the rate of deposition of film was monitored by a 
quartz crystal thickness meter with an accuracy of 
-t- 0.1 nm. The films were deposited at a uniform rate 

in the range 0.2 to 0.5nmsec -1. The films were 
annealed in vacuum using a radiant heater soon after 
film deposition for about 2 h at 150 ° C. 

The optical reflectance and absorbance measure- 
ments were carried out using a specular reflectance 
accessory and Philips UV/Visible/NIR Spectrophoto- 
meter (Model PU8800) in the wavelength range 190 to 
900 nm. The reflectance and absorbance data of freshly 
deposited manganese films was recorded on a chart 
recorder. 

3. Theory 
Metallic films are characterized optically by their 
optical constants, i.e. the extinction coefficient and 
refractive index. The extinction coefficient k is the 
imaginary part of the complex refractive index N = 
n + ik. Knowledge of n and k is required to calculate 
the reflectance of a metal surface at various angles of 
incidence, the effect of surface films on the reflectance, 
and the phase change on reflection. The contribution 
of light scattering to optical losses (L) is given by 

L = A + S, 1 = R +  T + L  (1) 

where A is absorption, S is scattering, and T is trans- 
mittance. If  several films of different thickness are made 
and if the thicknesses are determined independently 
then use may be made of the fact that, for thicknesses 
large enough for multiple reflection to be ignored, the 
transmittance of the film is given by [12] the following 
equation, 

T = 16n°nL(n2 + k:)  
[(n + nl) 2 + k2][(n0 + n) 2 + k 2] 

x exp ( -  4nkt /2)  (2) 

where n is the refractive index of the film, t is the film 
thickness, nl is the refractive index of substrate, n o is 
the refractive index of incident medium and k is the 
extinction coefficient of the film. A measurement of the 
reflectance for a thick film enables n to be found from 
the measured k values since, for normal incidence, 

(n - no) 2 + k 2 
R = ( n + n o )  2 + k  2 (3) 

It is reported that the absorptive part of the dielectric 
constant (e) of a thin film can be determined directly 
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Figure 1 Percentage reflectance against thickness for different 
wavelengths of light incident normally on unannealed films. 

by the following equation [13, 14], 

1 - ~ ' - Y  
nrlt = ~_ = ( 2 ~ e / 2 ) t  (4) 

where r/is the absorption coefficient of  the film, ~ '  is 
the reflectance from the substrate side, and Y- is the 
transmittance of  the film substrate assembly. The 
Equation 4 is valid for n t  ,~ 2, where ;L is the 
wavelength of the incident light. 
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Figure 2 Percentage reflectance against thickness for different 
wavelengths of light incident normally on annealed films. 
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4. E x p e r i m e n t a l  r e s u l t s  and  d i s c u s s i o n  
Fig. 1 shows the variation of  percentage of reflectance 0.8 
against thickness for different wavelengths of  incident 
light for unannealed manganese films. The reflectance 
is high in the NIR region for all thicknesses. The reflec- 
tance is very low in the UV region (320 to 190 nm). The 0.7 

0~ 
percentage reflectance is minimum at 70 nm thickness u e-- 

f o r  all wavelengths except for the UV region. Fig. 2 
shows the variation of  percentage reflectance against o 0.6 

d:l 

thickness for different wavelengths of  incident light < 
for annealed manganese films. The reflectance is 
generally higher for all thicknesses by about 4 to 6% 
compared to unannealed films. This is expected in 0.5 
view of the formation of larger grains after annealing. 
A decrease in the electrical resistivity of manganese 
films has also been reported on annealing for a few 
hours [3]. The reflectance is again found to be a 0.4 
minimum for 70 nm thick films. It is not clear to us 
why reflectance is minimal for 70 nm thickness. Fig. 3 
shows the variation of absorbance against thickness 

0.3 
for different wavelengths. Here the absorbance data is 20 
for unannealed films and for normal incidence. The 
absorbance shows a maximum at 70 nm thickness and 
is maximum for all thicknesses in the UV region. For  

1 972 

I I I I I I 

40 60 80 100 
t (nm) 

\ 

, ",~ 
120 

Figure 3 Absorbance against thickness for different wavelengths of 
light incident normally on unannealed films. 
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Figure 4 Absorbance against thickness graphs for different 
wavelengths of light incident normally on annealed films. 

annealed films (Fig. 4) however, the absorbance is less 
compared to unannealed films for all thicknesses. 

Equation 2 can be used to plot a graph of log T 
against thickness (t). The slope of this graph is used to 
calculate the extinction coefficient k for different 
wavelengths. For normal incidence, Equation 3 can 
be used to calculate the refractive index of films for 
different wavelengths. Fig. 5 shows the variation of 
the refractive index with changes in wavelength of 
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Figure 5 The variation of refractive index against wavelength for 
different thicknesses of unannealed films. Film thickness (rn) 
100nm, (ix) 70nm, (0) 60nm. 
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Figure 6 The variation of refractive index against wavelength for 
different thicknesses of annealed films. Film thickness (A) 120 nm, 
([]) 100nm, (O) 40nm. 

the incident light for unannealed films. The changes 
in the refractive index values are quite large near 
the infrared region compared to those in the visible 
region. Fig. 6 shows the graph of refractive index 
against wavelength for different thicknesses of annealed 
films. The variation of refractive index against wave- 
length is approximately linear for annealed films. 
Fig. 7 shows the thickness dependence of the refractive 
index for fixed wavelength for unannealed films. In the 
NIR region, the refractive index reaches a maximum 
for 70 nm film and diminishes at higher thicknesses. 
However, for annealed films (Fig. 8), the changes in n 
are small compared to unannealed films. Fig. 9 shows 
the absorption (m/versus v) for different thicknesses. 
This plot is used to determine the imaginary part of 
the dielectric constant (e). 

It is important to note that Equations 2 and 3 are 
approximate and valid only for large thicknesses. 
Therefore, the accuracy of the values of n and k are 
dependent on the accuracy in the measurement of film 
thickness and surface conditions. Our values of n are 
much higher compared to those reported by Atkinson 
[11] and Bueche [10] for the visible region. The optical 
constants of films are dependent on the method of film 
formation and deposition conditions [12]. This might 
be the main contributing factor for the discrepancy 
among the published experimental data on the optical 
constants of manganese films. The error due to any 
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Figure 7 The thickness dependence of refractive index for a constant 
wavelength for unannealed films. 
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Figure 8 The thickness dependence of refractive index for a constant  
wavelength for annealed films. 

contaminating layer on the surface is considered to 
be small since all our data was taken immediately 
after the evaporation. Although the uncertainties in 
our experimental data due to the changes in the 
deposition conditions are difficult to estimate, we 
expect that the n and k values are accurate within 
+ 5 % .  

5. Conclusions 
We have reported on the optical constants of manga- 
nese films in the thickness range 40 to 120 nm. These 
constants are determined in the wavelength range 
190 to 900nm for annealed and unannealed films. 
The absorbance and reflectance measurements on the 
film and substrate side are utilized to determine the 
imaginary part of  the dielectric constant (e). We 
find manganese films to be highly absorbing for the 
entire wavelength range (900 to 190 nm) studied in our 
investigation. In view of  this, manganese films are 
being used to develop a spectrally selective surface 
using a multilayered thin film structure [15]. We have 
also measured the optical reflectance and absorbance 
of  these films for variable angles of  incident light. 
The analysis of these experimental results is far more 
complex than reported here for normal incidence and 
these results will be published in a future communi- 
cation. The reflectance and absorbance of manganese 
films depends also on the various deposition par- 
ameters such as, deposition rate, substrate temperature, 
the type of  substrate and the pressure inside the 
vacuum chamber. Experimental work on this aspect 
of the investigation is currently underway and will be 
reported in due course. 
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