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Abstract

The importance of infrared filters has increased at the present time, as
some military communication systems today are heading towards these
wavelengths as they are invisible to the human eye, as well as the
possibility of using them in the medical fields and diagnosing diseases in

addition to optical uses using solar cells and others.

In this work, an extensive study was carried out in the design and
simulation of different types of infrared filters such as a-Si-Al,O3) (and
(GaAs MgF>) and others, all filters use a chip of Germanium or crystalline
silicon material with a thickness of 500 um and a orientation <100> and

precipitated on it Several layers of two materials alternately.

Four designs of multi-layer infrared filter were obtained, three of which
are in the far region um (14-8) with full width at half maximum (FWHM)
length of 6um and one design in the near region um (1-3) with full width
in half The maximum (FWHM) length is 2um using many kinds of
materials such as Al,Os3, a-Si, Ge, LiF, GaAs, ZnS and MgF..

The optical properties of these different types of semiconductors and
insulators were studied, and it was found that they are suitable for

designing multilayer infrared filters. Aluminum oxide is used

(Al,03), gallium arsenide (GaAs), amorphous silicon (a-Si), Germanium
(Ge), zinc sulfide (ZnS), lithium fluoride (LiF) and others to produce
multilayer thin-film filters such as (Ge-ZnS) operating in the um (14-8)
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ranGe. . Germanium is used because of its high refractive index, while zinc
sulfide (ZnS) is used because of its low refractive index. Three valid results
were obtained from a multi-layer infrared filter (Ge-ZnS) consisting of 17,

21 and 72 layers, respectively.

A computer simulation program called (TF Calc) was used to make
infrared filter designs, which is one of the modern programs used to
simulate and analyze infrared filters, and another program was used to
check the results called (Essential Macleod), which is also a program

specializing in thin films. The ability to audit and analyze designs.

The obtained simulation results show, that the transmittance of the infrared
filter (Ge-ZnS) with 17 layers is about 78% for um wavelength (12-8.5)
and with 21 layers is about 84% for um wavelength (13-8.5), While it 1s
about 92% for the wavelength um (13-9) with 72 layers, we notice that the
transmittance increases within the required ranGe with the increase in the
number of layers, and therefore because the increase in the number of
layers blocks the wavelengths outside the required ranGe, which positively

affects the response of the filter.

The transmittance values of the infrared filter (Ge-ZnS) are in a clear
improvement by increa-Sing the number of layers, while the transmittance
outside the required ranGe has decreased and this proves that (Ge-ZnS) is

very suitable for designing sharp infrared filters within the far region.

The simulation results were also obtained for a multi-layer infrared filter

GaAs MgF,) with 129 layers and a transmittance value of up to 91% for
( _MgF>) y p
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the um wavelength ranGe (3-1), while the transmittance values of 176

layers are higher and up to 95% for the um wavelength ranGe. (3-1).

As for the transmittance outside the required wavelength ranGe of the
filter, which is um (3-1), it is constantly decrea-Sing with the increase in
the number of filter layers for any type of infrared filter. For example, in
the infrared filter (a-Si-AL,Os3), the transmittance was outside the length
ranGe. The required wavelength reaches about 28% with the filter with 19
layers, while it was about 15% in the same filter with 27 layers. As for the
filter with 49 layers, the transmittance outside the required wavelength
ranGe did not exceed 7%, from this we notice a decrease in transmittance
outside the length ranGe The waveform required by increa-Sing the

number of layers.
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