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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 (45o,50o,55o). 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.
Keywords: Characteristics Matrix, long-pass wave, optical interference filter, polarizer filters, short-pass
wave.

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 IRregion(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).

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 (HfO2) and Magnesium fluoride
(MgF2) (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
cosδr
(inδr )/nr 1
C
q
[ ] = (∏r=1 [
] [ ])……1
ns
inr sinδr
cos δr
B
where C and B are normalized totals tangential
electric and magnetic fields respectively at input
surface.
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δr = 2π nrdr/λo…..2
δr is the phase thickness, λo 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
s=ncos ….3
s is the effective indexfor s- state, n is the index of
refraction and  is the angle of incidence.
For p polarization, effective indexp also is given
by refractive index
p=n/cos ….4
The phase thickness of the thin film, in both cases,
is multiplied by cos thus, the effective phase
thicknesses are given by(11)
δs = (2π /λo) n dscoss….5
δp = (2π /λo) n dpcosp ….6
The characteristic matrix is modified to a new form
for s and p polarizations as follows:
cosδs
(i/ηs )sinδs
[
]…..7
(iηs )sinδs
cosδs
cosδp
(i/ηp )sinδp
[
]…..8
(iηp )sinδp
cosδp

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 (=5o,10o,15o,20o).

Figure1. Optical performance of polarizer at
incidence angles (= 5o,10o,15o,20o )
In increasing the value of incidence angles,
lines of p and s polarization begin to be clarified at
(=25o,30o,35oand 40o). and the separation between
two states of polarization
clearly starts at
o
o
(=35 ,40 ) and it can be considered that at angles
of incidence (=45o,50o,55o,60o) achieved
an
optical performance of polarizer filter as illustrated
in the figs (2a & 2b).

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

4no Re(ns )

o B+C)(no B−C)

.....9

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 (HfO2) as a high refractive
index material and (MgF2)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 HfO2 of a high refractive index (nH=1.98)
and MgF2 of a low refractive index(nL=
1.38)sequentially.

Figure 2.a Optical performance of polarizer at
incidence angle(= 25o, 30o,35o , 40o)

Result and Discussion:
The stack configuration of design (LWP)
polarizer are (12):
Air | (0.5H′ L′ 0.5H′)^3 (0.5H″ L″ 0.5H″)^8 (0.5H′ L′
0.5H′)^3 | Glass
And H′= 1.010H, L′= 1.146L, H″= 1.076H, and L″ =
1.220L with λo = 933nm, Where L represents the
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Figure4. The Optical performance polarizer at
incidence angle (= 45o, 50o,55o ) using stacks:
Air | (0.5H′ L′ 0.5H′)^3 (0.5H″ L″ 0.5H″)^6
(0.5H′ L′ 0.5H′)^3 | Glass[16]

Figure 2.b Optical performance of polarizer at
incidence angle (= 45o, 50o,55o , 60o)
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 (=65o, 70o) as shown in fig(3).

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
(=50o), with designed wavelength at λo=1064nm
by using the same coating materials were previously
used as illustrated in figs (5a & 5b).

Figure 3. Optical performance of polarizer at
incidence angle (=65o, 70o)
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 (=70o) 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 (= 45o,
50o,55o ), by using the same coating martial.

Figure 5a. Optical performance of polarizer at
an incidence angle (=50o) at wavelength design
1064 nm using stack no [L1.7 H L]^14 nS

289

Baghdad Science Journal

Vol.15(3)2018
55o) also the work included a short wave pass
design using non-quarter stack at (=50o) at
reference wavelength 1064nm with fewer number
of coating layers.
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تصميم وتقييم مستقطب بصري
دعاء مثنى

االء نزار عبد الغفار

عبدهللا ابراهيم ابو النعمان

قسم الفيزياء ,كليه العلوم للبنات ,جامعه بغداد ,بغداد ,العراق.
الخالصة:
البحث تضمن تصميم وتقييم مستقطب بصري ذا نفاذيه عاليه للمنطقة الحمراء القريبة ( )1200-900نانومتر.تم دراسه تأثير زوايا
السقوط للمستقطب البصري معتمدين الطريقه التحليلة .النتائج اشارت الى تصميم جديد بطبقات طالء اقل عدد من التصاميم المعتمدة في
الدراسات السابقه و عند زوايا سقوط ( .)45,50,55تم اعتماد مادتي ثنائي اوكسيد الهفانيوم وفلوريدالمغمنيسوم كمواد للطالء عند موجه
تصميم  933نانومتر.وايضا تضمنت الدراسه تصميم مستقطب امرار االطوال الموجيه القصيره بأعتماد نفس مواد الطالء.
زززززززززززززززززززززز
الكلمات المفتاحية :المصفوفه المميزه  ,مرشحات امرار الحزمه الطويلة,مرشحات التداخل البصري  ,مستقطب بصري ,مرشح

امرار الحزمة القصيرة

291

