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Abstract:

This research includes theoretical and evaluation design of a polarizer filter of high transmission in
the near IR region of (900-1200nm) for different incidence angles to obtain a long wave and short wave pass
filter using analytical calculations. Results refer to a new configuration design in fewer layers than used in
previous studies in the long wave pass at incidence angles (45°50°,55°). Adopted Hafnium dioxide (HfO2)
and Magnesium fluoride (MgF2) as coating material at design wavelength (933nm), the study also included
design short wave pass polarizer by using the same coating material.
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Introduction:

Optical filters now adays play a significant
role in technology and communications «and its
known as a tool that rejects specific wavelengths
and it has wide applications of electromagnetic
spectrum extending from the Ultraviolet to the IR-
region(1) .A multilayer filter can be constructed by
a number of thin-films deposited on a substrate by
different coating methods. The multilayer filter has
the property of being able to reflect some
wavelengths and transmit others depending on the
relative constructive and destructive interference
between transmitted and reflected light rays.
Different applications exist for interference filters
including reflectors, anti-reflection coatings and
polarizers (2, 3).A filter that transmits a single state
of polarization of light while absorbing, reflecting
or deviating the rest of the other polarization states
is known as polarizer. When the state of
polarization is orthogonal to the wave with the
electric vector in the plane of incidence is known as
p-polarized or, sometimes, as TM (for transverse
magnetic), and a wave with the electric vector
normal to the plane of incidence called s-polarized
or, sometimes, TE (for transverse electric).

Polarizer filter has many applications such as

fluorescence polarization arrays and
imaging, second-harmonic-generation imaging and
laser materials processing, telephoto lenses,

prescription glasses,digital cameras,optoelectronics,
and spectroscopes filtration technologies (4,5, 6, 7).
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The concept of a filter is based on
interference within a dielectric optical multilayer
deposited on a substrate. Important benefits are
found in the optical polarizer including superior
transmission, low scattering, and very little wave
front distortion, and controllable bandwidth.

The optical polarizer is based on the
phenomenon known as polarization splitting (8).
The plane of incidence is known as that plane
containing the normal to the coated surface and the
incident ray direction. This plane also has reflected
and transmitted ray directions (8).in this paper
optical performance of polarizer filter of (LWP) and
(SWP) were performed and study depends on the
characteristic matrix of thin film layers, adopted
Hafnium dioxide (HfO,) and Magnesium fluoride
(MgF,) (9, 10) as high and low refractive index
material respectively deposited on glass substrate of
index of refraction 1.52

Theoretical approach:

The state of polarization of electromagnetic
(EM) radiation can be expressed by the
characteristic matrix of the thin film.The
characteristic matrix of thin film layers is simply the
product of individual matrices for the individual
layers of the assembly taken in the correct order,

which is given by
[C] _ (Hq [ cosd, (in8r)/nr] [ 1 ])
B r=1]in,sind,  cos &, ]|ng
where C and B are normalized totals tangential
electric and magnetic fields respectively at input
surface.
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or =2n n,d/Ae.....2

dr is the phase thickness, A, is the design
wavelength and dr and n are the physical thickness
of layers and the refractive index respectively.(11)
For s polarization, the refractive index is given by
the effective index

Mns=ncoso ....3

ns is the effective indexfor s- state, n is the index of
refraction and O is the angle of incidence.

For p polarization, effective indexn, also is given
by refractive index

np=n/coso ....4

The phase thickness of the thin film, in both cases,
is multiplied by cos6 thus, the effective phase
thicknesses are given by(11)

ds = (2m /ho) n dsc0s6s....5

dp = (21 /ho) n d,c0sH, ....6

The characteristic matrix is modified to a new form
for s and p polarizations as follows:

cosdg (i/ns)sin(Ss] 7
(ins)sindg cosbés |7

coséy (i/np)sind, o
(inp)sind, cosé, |77

Thus the transmittance of the multilayer system in
the oblique incident for s and p is given by:

_ 4nyRe(ng)
T (noB+C)(ngB-C)
Experimental Demonstration:

In this work, we apply approach depends on
the characteristic matrix to design polarizer filters
of long-wave pass and short-wave pass, for near
infrared region (900-1200nm) with utilize glass as
substrate and adopted (HfO,) as a high refractive
index material and (MgF,)as a low refractive index
material .

The design of optical polarizer depends on its
construction stacks and selected materials,
construction involves deposition of a number of thin
layers of high and low refractive index on a base
substrate according to a specific stack
configuration.

The substrate is glass of refractive index 1.52
coated by HfO, of a high refractive index (ny=1.98)
and MgF, of a low refractive index(n.-
1.38)sequentially.

Result and Discussion:
The stack configuration of design (LWP)
polarizer are (12):
Air | (0.5H' L' 0.5H")"® (0.5H” L" 0.5H")"* (0.5H' L'
0.5H")"*| Glass
And H'=1.010H, L'=1.146L, H"= 1.076H, and L" =
1.220L with A, = 933nm, Where L represents the
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low quarter wave of optical thickness and H
represent the high quarter wave of optical thickness.

The transmission has been calculated
according to the effects of the incident angles for
the materials using equations (9),as illustrated in
fig(1), it appears no obvious effects showing of the
optical performance of the polarizer at the incidence
angles (6=5°10°,15°20°).
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Figurel. Optical performance of polarizer at
incidence angles (6= 5°10°15°20°)
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In increasing the value of incidence angles,
lines of p and s polarization begin to be clarified at
(6=25°30°35%nd 40°). and the separation between
two states of polarization  clearly starts at
(6=35°40° and it can be considered that at angles
of incidence (6=45°50°55°60° achieved an
optical performance of polarizer filter as illustrated
in the figs (2a & 2b).
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Figure 2.a Optical performance of polarizer at
incidence angle(0= 25° 30°35°, 40°)
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Figure 2.b Optical performance of polarizer at
incidence angle (0= 45°, 50°,55°, 60°)

The results refers that there is a shift toward
the shorter wavelengths of the electromagnetic
spectrum with increasing of incident angle, and it’s
more obvious at (0=65°, 70°) as shown in fig(3).
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Figure 3. Optical performance of polarizer at
incidence angle (6=65°, 70°)

Thus we find that the characteristics of the
optical coating vary with the incidence angle, so the
shifting towards the shorter wave lengths is the
main observed effect, more than (6=70°) we were
an able to achieve an optical performance of the
polarizer because one of the polarization modes (p
mode) out of range due to the shifting that occurs
towards shorter wavelength.

Figure 4 shows design of polarizer filter
with fewer number of coating layers by reduction
the order of stack at incident angles (6= 45°
50°,55°), by using the same coating martial.
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Figure4. The Optical performance polarizer at
incidence angle (0= 45°, 50°55° ) using stacks:
Air | (0.5H' L’ 0.5H"** (0.5H” L” 0.5H")"°
(0.5H' L’ 0.5H")"* | Glass[16]

We see that by using only 30 number of
coating layer we were able to get an optical
performance of polarizer filter with high
transmission in the pass band without occurrence
ripples, this result is very important to overcome
manufacturing problems.

Now in this part we intend to changing the
stack formula in order to design an interference
filter in the short pass wave at the incidence angle
(6=50°), with designed wavelength at A,=1064nm
by using the same coating materials were previously
used as illustrated in figs (5a & 5b).
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Figure 5a. Optical performance of polarizer at
an incidence angle (6=50°) at wavelength design
1064 nm using stack n, [L1.7 H L]** ng



Baghdad Science Journal

Vol.15(3)2018

100 —————
i N\ /) p
90 j\ /\ | | A4 “‘ — — —s
VoV \
80 | |
|
I |
70 b | \‘
| |
60 | |
| |
° |
S 50 | |
[ | \‘
40+ | |
| \
\
30+ | ‘
|
20 | \
10 l
[ \ \ ]
\ \ S
O 1 S~ 1 e, L L —_
900 950 1000 1050 1100 1150 1200

wavelength nm
Figure 5b. Optical performance of polarizer at
an incidence angle (6=50°) at wavelength design
1064 nm using stack 0.7945504H 0.93769344L
0.9662688H 0.9291632L 0.8393224H 0.8647632L

0.821912H 0.86649648L 0.8383872H
0.88035536L 0.8602832H 0.85821648L
0.8470336H 0.12804192L 0.826168H

0.85097056L 0.824656H 0.5451L 1.3017144H

0.55837744L 1.4539336H 0.3075744L
1.7784928H 0.60333968H 1.6246048L
0.37695712H

Fig (5a) represent design of short wave
polarizer filter using quarter wave stack for 42
number of coating layers we notice narrow
separation between the two state of polarization
with being ripples in the both pass and stop band
while figure 5b represent submitted new
construction stacks for optimal design of short wave
polarizer by using non-quarter wave stack for fewer
number of layer with the observation of no ripples
occurs in the stop band.

Conclusions:

An Optical polarizer filter in the near IR
(900-1200nm) has been designed for oblique
incidence for both short and long wavelengths. The
optical performance clarifies shifting towards
shorter wavelength as the incidence angle increase.
The analytical method gave us the possibility to
decreasing the number of layers of the stacks while
keeping at the same time good performance of the
polarizer filter at angle of incident (0= 45° 50°,
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55° also the work included a short wave pass
design using non-quarter stack at (0=50°) at
reference wavelength 1064nm with fewer number
of coating layers.
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