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ABSTRACT

This research illustrates the design of a parallel plate reflector operating in the visible and near infrared fields, with a reflection and/or transmission coefficients
equal to 50%, and robust to the polarization of the used light and its extinction ratio (PER), in each of the two directions of polarization (perpendicular S
and parallel P). Also there is no need for accurate adjustment of the plate so that the angle of incidence is exactly equal to 45°.

The research has its various applications in optical measurements laboratories, laser technology laboratories, optical communication laboratories, and
photography.

One of the most important applications of this plate is ophthalmology devices, which can be used as glasses for people with impaired vision, light measurements

in laser laboratories and optical measurements.

Purpose of the Research: The need for the use of one semi-reflector plate for all the visible and near infrared fields, instead of using one for each wavelength
or light field, which will reduce the number of needed optical pieces used in the optical measurement and laser technology laboratories, because of its wide

applications.
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Introduction

In general, the semi-reflector plates operate in a specified
wavelength of light each, and its efficiency is reduced when used
for a wavelength other than the specified one, i.e the reflection and/
or transmission coefficient varies. Also, the ratio of the reflected
(and transmitted) light is different for the two different incident
polarizations (perpendicular S and parallel P), and it needs a
highly accurate adjustment of the angle of incidence to 45° for
the proper work of the semi-reflector plate [1-5].

Traditional Methodology of Manufacturing

The traditional methodology of manufacturing reflector plates is
based on coating of the semi-reflector plate for a one specified
wavelength or more, and there is a need for a 45° adjustment of the
angle of incidence to obtain a 50% reflection and/or transmission
ratio of the incident light [2-7].

The Proposed Methodology

The proposed methodology is valid for any wavelength of the
incident light, and there is no adjustment needed for the reflector
plate to 45°, as it is effective whatever is the value of the incidence
angle.

In this work, the manufacturing of a semi-reflector plate has been
achieved, which can be used for all wavelengths in the visible
and near infrared fields, via reflecting 50% of the incident light
in terms of energy, and transmitting the other 50% [8-11].

Research Approach

The research work involves the following essential steps:

1. Design of the parallel plate reflector.

2. Coating of the parallel plate reflector.

3. Measurements and tests of the parallel plate reflector using
various types of continuous lasers with different wavelengths,
and high precision power meter.

4. Conclusion and Discussion.

Design of the Parallel Plate Reflector

The design of the parallel plate reflector has been done using the
advanced design software "Zemax", and the optical lightning chart
has been drawn. The chart illustrates the optical and surface quality
requirements during the manufacturing process, such as the type
of the used optical glass free from cracks, air bubbles, and all
other optical defects in the glass structure that causes refraction
and absorption of the light passing it, which in turn results in light
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loss of power. The chart also illustrates the allowed number of
newton rings N = 0.3 AN = 0.1, the null light absorption of the
used glass, and the parallelism precision between the two parallel
plate's surfaces of no more than 2". The optical diameter of the
plate is 85 mm, and its thickness is 8§ mm, and must be coated with
anti-reflective coating suitable for the visible and near infrared
field (ARC), to get rid of Fresnel reflection. Figure (1) shows the
optical chart of a parallel plate reflector designed according to
the Russian ['oct optical standard, where the used optical glass is
BK7, coated with chess squares of chrome light-reflective coating.
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Figure 1: the optical chart of a parallel plate reflector of BK7
glass coated with chess squares of chrome light-reflective coating.

Figure (2-a) shows the parallel plate reflector with the interference
fringes of the optical surface. The figure also shows the precision
manufacturing specification AN =A/4, surface flatness parameter
N < 0.3, and the equatorial parameter AN < 0.1 [12-14].

The measurements have been done using the Fizeau Interferometer
device shown in figure (2-b)

Figure (2-a): The parallel plate reflector with the interference
fringes of the optical surface. AN=\/4

Figure (2-b): Fizeau Interferometer device

Coating

After manufacturing of the semi reflective parallel plate, it
is cleaned properly in a white room, and then tested for light
transmission and the other optical parameters' measurements,
such as the precision manufacturing specification and parallelism
precision. After that, the optical surfaces are re-cleaned to ensure
the properness of the next coating process.

Through the coating process, the plate is first coated on the two
faces with an anti-reflective coating suitable for the visible and
near infrared fields (ARC), to get rid of Fresnel reflection, so
that it could maintain the required values of reflection and/or
transmission coefficients, of 50% each, and then re-coated with
many layers of chrome 100% reflective coating using the thin
films method. Next, the coating is removed from half of the plate's
surface in a chess-like shape with equal micro-dimensions squares
of 100pum x100um. In this way, the plate will totally reflect the
light on half of its surface through the chrome 100% reflective
coated windows, while it totally transmits the light through the
other uncoated half. That is, the reflection and/or transmission
coefficients are equally 50% of the incident light each, and the
semi reflective plate is thus achieved. It is worth noting that in the
case of mirror reflection, regardless whether the light is polarized
or not, and whatever is the type of polarization (perpendicular S
or parallel P), it is reflected in the same manner and in the same
amount for all wavelengths according to an incidence angle equal
to reflection angle (Snell's law). That is, it is no matter for the
incidence angle to be exactly 45°, as it is clear in the chart shown
in figure (3-a). Figure (3-b) shows the digital image of this semi
reflective plate called Polka Plate [15-18].
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Figure (3-a): Measurement method of reflected and transmitted
light through the semi reflective plate after chess-like coating
(Polka Plate).
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Figure (3-b): Horizontal image of the semi reflective plate after
coating showing the thickness and the deposit of the chess-like
coating

Figure (3-C): A digital image of the half-reflective plate of light
after chess paint, Fresnel reflection coating and vertical positioning
method.

Measurements

Measurements have been conducted by various continuous lasers
of different wavelengths, using a high precision power meter, and
taking into account the light noise, as it is shown in figure (4) [16-
18]. Figure (5) shows a real image of the mentioned semi reflective
plate during testing, using a Gaussian homogenous (He-Ne) laser
light of 632.8 nm wavelength.

power meter(2)

power meter(1)

Figure 4: Test method of the semi reflective plate using high
precision power meter

Figure 5: Real image of the semi reflective plate during testing.

The following table (table 1) shows the conducted measurements
using different wavelengths of various lasers in the visible and near
infrared fields, which represents the most used lasers in the optical
and communication measurements and applications. These are:

- Blue laser diode of 445 nm wavelength.

- He-Ne laser of 632.8 nm wavelength.

- First harmony ND-YAG of 1064 nm wavelength.

- Second harmony ND-YAG of 532 nm wavelength.

- Red laser diode of 650 nm wavelength.

- Adjusted power, near infrared laser diode of 808 nm wavelength.

The conducted measurements include measurements of the
incident light before the plate, the reflected light from the plate,
and the transmitted light through it. Also taken into account in
these measurements, as it is shown in table 1, is the light noise,
whose power SN doesn't exceed 50 pw, which is a low power
value comparing with that for the signal of laser light source.
Light dampers have been used to make the power level of all used
lasers close to each other.

Table 1: Test measurements of the parallel plate reflector for
different wavelengths

The type of Wavelengths | Total Refection | Transmitted | Optical
laser used AMnm) power power power noise
P(mw) pl p2 N

He-Ne laser 632.8nm 236mw | 1.17 1.18 50pw
ND:YAG 1.064nm Smw 2.54 2.4 50uw
laser

(ND:YAG) 532nm Smw 2.55 2.50 50pw
SHG

Laser Diode 650nm 2.86mw | 1.44 1.42 50pw
Laser Diode 808nm 10mw 5.18 5.1 50pw
Laser Diode 445nm Smw 2.55 2.50 50pw

The light detectors used in the power and noise measurements are
of high precision coherent type, having a resolution of 0.5 pw.
The measured signal to noise ratio is:

S/N = Log (2500/50) = 3.92

J Phy Opr Sci, 2021

Volume 3(3): 3-5



Citation: Mohammad Saeed Marouf (2021) Design and Implementation of a Semi-Reflective Plate Operating in the Visible and near Infrared Fields, with Reflection
Coeflicient Robust to the Light Wavelength and Angle of Incidence. Journal of Physics & Optics Sciences. SRC/JPSOS/167. DOI: doi.org/10.47363/JPSOS/2021(3)154

The value above is for low power lasers in the rank of 2.5 mw. For
moderate and high power lasers, the noise power measurement is
negligible. Figure (6) shows Measuring laser optical noise with
Coherent light detector.

—r

Figure 6: shows Measuring laser optical noise with Coherent
light detector

Figure (7) shows the curves for the percentage of light for each
of the reflected and transmitted beam at different wavelengths,
and for different incidence angles. In these curves the vertical
axis represents the percentage of light, and the horizontal axis
represents the wavelengths for the lasers used in the experiment.
As it is shown, the difference doesn't exceed 1% between the two
beams at different incidence angles. That is, unlike the traditional
parallel plate reflectors and cubic beam splitters, the percentage is
the same whatever is the incidence angle, and regardless whether
it is exactly equal to 45° or not. This result is very important
especially as it is very hard to adjust the incidence angle in the
laboratory tests.
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Figure 7: The curve for the percentage of light for each of the
reflected and transmitted beam. The upper curve is for the
transmitted light, and the lower is for reflected light

Conclusion and Discussion

In this work, a semi reflective parallel plate, that can be used for
all wavelengths in the visible and near infrared fields, has been
achieved. The plate transmits half of the light power, and reflect
the other half in the visible and near infrared fields. It has been
proven by test that, unlike the traditional parallel plate reflectors
and cubic beam splitters, the difference between the percentage
of transmitted light and the that of reflected light doesn't exceed
1%, whatever is the incidence angle, and regardless whether
it is exactly equal to 45° or not. This result is very important
especially as it is very hard to adjust the incidence angle in the

laboratory tests. The designed plate is better than many other types
of reflectors because of its low cost and wide applications in the
visible and near infrared fields.

Applications for this Work

One of the most important applications of this plate is
ophthalmology devices, which can be used as glasses for people
with impaired vision, light measurements in laser laboratories
and optical measurements.

Data Availability

The detailed experimental data used to support the findings of this
study is available from the corresponding author upon request
https://orcid.org/0000-0003-2657-1605
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